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This Month's Cover. An a
lysts m ay look with pride at thei r
record of ac hievement in aiding the
progre ss and accomplishm ents of
m ed ical re s earch . Alt hou gh their
work bas not been so lou dly pro
claim ed as the effo rts of ot he rs , it
has been a significant factor in
pushing ou tward the frontier s of
m edi cal s cie nce. A new tracer tech 
nique , an im prove d ins trument de
s ign, or a bett er analy tical m ethod
often prov ides the ke y to op en up a
new or hith erto blocked lin e of
m ed ical re search. Th e cover fea
tures a n ewly dev eloped ins trument
for scanning body areas in whi ch
rad ioact ive is otop es ma y ha ve
lo calized . Th is wa s one of many
analytical ins trum e nts an d m ethods
dis cu ss e d at th e re cent Symp os iu m
on Ana lytica l M ethods sp ons or ed
by th e Nationa l Institutes of H ea lth
(see page 21 A) and at the Fou rth
Annual Res ear ch Equ ipm ent Ex
hihit hel d in co nj u nction . This
m e e tin g and others give s trong indi
cation that th e rol e of th e analyst
in medical re s earch is an ex pandi ng
one.
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"ND8ERG-
HIGH FREQUENCY COMBUSTION UNIT

In New York City, a Lindberg two-station High
Frequency Co mbustion Unit .. along with a Lind
be rg Volumetric Carb on D eter minator and a Lind
berg Sulfur D eterminato r is used in varied types of
ferrous analyses by Sam Tour & Company, Inc.,
one of the nation's leading commercial testing
laboratories.

Hundreds of laboratorie s . . commercial and pri
vate . ."have installed Lindberg H igh Frequency
Combustion un its fo r the igni tion of iron-steel sam
ples in carbon and sulfur determinations .

H er e are some of the reasons why yo u will select
Li ndberg equipment:

• Both carbon and sulfur can be analyzed with the
same unit.

• Lindberg "HF" com bustion units are ready for in
stant use; preliminary warm-up, only once a day,
requ ires 57 seconds.

• They take only a small frac tion of the power re
quired by resistance element furnac es.

• "Vycor" glass combustion tube permi ts easy visi
bility of operation .. costs only one-hal f as much . .
lasts many times longer than the old, conventional
furnac e tubes.

• Only samples are heated . . no excess heat in lab-
oratory .. no elements to burn out.

Fo r additional information call your nearest labora
tory equipment dealer .. or write for bulletin # 1000.

Leading Laboratories Like
LINDBERG LABORATORY EQUIPMENT

6A

UNDBER(; LABORATORY EQUIPMENT
Laboratory Division, Li ndberg Engineering C ompany, 2440 West Hubbard Street, Chicago 12, Illinois

For further information, circle number 6 A on Readers ' Service Card, page 41 A
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For More Accurate Fast Weighing - Ainsworth Keyboard-Balances

THE KEYBOARD OPERATED WEIGHTS:

• Hang from the stirrup - have same effect as weights
in the pan

• Are units of mass - not arbitrary weights adjusted '
to the balance

• Are not handled in weighing - reta in their accuracy
longer

• (an be removed easily - for cleaning, checking or
intercalibration

• (an be used with conventional weighing - or with
subst itut ion method

• (an be used with tare weights - and have the range to
cover many variations.

THE KEYBOARD OPERATION: -----..

• Is simple, sure - proved for 50 yea ~s

• Deposits or lifts any "carrier weight"- without opening
the case

• Eliminates handling of smaller milligram weights - is
fast and convenient".

KEYBOARDS ARE AVAILABLE ON:
Ainsworth Micro, Semi-M icro, Assay, and
Two Series of Analytical Balances.

WMoAINSWORTH ffSONS,INc.
2151 LAWRENCE ST. • DENVER 2, COLORADO

For furlher informalion, circle number 7 A on Readers' Service Card, page 41 A
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H-2450-30. . . . . . . . . . . . . $240.00
(Simila r to H-2440-30 but has a se para te pan release.)

H-1843-Model AB-l . . . . . . . . $695.00
(Projectomatic with notched b eam. Direct read ing 0 to 100 mg. No
loose weights required up to 1.1 gm .)

H-2440-30. . . . . . . . . . . . . $235.00
(Sa me os H·2440 but equipped with notched beam, drum cha in,
e q uilib rium adiuster, and magnetic damper. No loose weights re
quired up to 1.1 gm .)

$177.00
276.00

$110.00

AINSWORTH
H-l 550-Type LC. . . . . .

H-l 560-Type LCB . . . . .
(Capacity 200 gm., sensitivity 1/10 mg.)

H-l 570-Type DL $254.00
H-1580-Type DLB 353.00

H-1600-Type B . . . . . . . . .. 285.00
*H- 160 5 - Type BB . . . . . . . .. 384.00
(Capacity 200 gm., sensitivity 1/20 mg. H-1560, H-1580, H-1605

are equipped with chainweight and notched beam. Magnetic
dampers extra ot $38.50 single end, $60.50 double end .)

(Similor to H-2440 but has a separate pan relecse .]
H-2450-No.200

SARTORIUS "SELECTA"
*H-24 24 Sartorius "Selecta". . . . . $890.00
(Single pan; d irect reading; no weight handling at all . Weights are
placed on beam by merely rotating external knobs. last 100 mg .
projected on screen automatico lIy.)

Harshaw Scientific stocks many other types of balances
including micro, semi-micro, specific gravity, etc. We will
welcome your request for literature or specific information.

*lIIustra te d

CHRISTIAN BECKER
H-1803-Model AB-7. . . . . . . . $177.00

H-1813-Model AB-4. . . . . . . . 353.00
(Ca p acity 200 gm ., sensitivity 1/10 mg ., 1/20 mg . with lo a ds up
to 100 gm.)

*H- 1823 - Mod el AB-2 $449.00
H-1813-10 Model AB-5. . . . . . . 310.00
(Copocity 200 gm ., sensitivity 1/20 mg. H·1813, H-1823 are
equipped with dial reading chainomatic, notched beam, magnetic
damper. H-1813-1O is same, but without damper.)

VOLAND
*H-2440- No. 100 . . . . . . $105.00

(Ideo I for student use . Aluminum cabine t. Single knob releases beam
and pan simultaneously. Capacity 200 gm ., sensitivity 1/10 mg.) .

Harshaw Scientific can DELIVER IMMEDIATELY any of
these ANALYTICAL BALANCES

For further information, circle number 8 A on Readers' Service Card, page 41 A
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in the measurement of percentage hydrogen

2 .0

/

1

'/

Benz~n~ ~

/

/. 5

i i H--t/r+-+_~1-1
I -pr t ---1f-t--+-+-i

1 '/ Cyc!ohl'xa" ..

i 7

-;Cyc/opel1fon~

o.s 1.0
N (Oi ol 6"919 l?~odiI19)' tn cnes

Fi(1 8. T,/pico/ Callbrclion Curv e

f-+-+-I--t-I+ -- j

..,0 1 I

+
?

",>

+
~ .1$0 f---f---l-l-.L..J.-.J.-+-,,E-+.-+-...l-+-+-+--1--l--l-+ + -l
•
"{

-:-. .8 5 I i I I I

f-f- f-- t+ _LL _T..!_V'+:::q::!::.;~:= - +-+- I--+- j
I- f-~- -Y / I- +--1--I- t-t--+-I-t---j-j

I '/
I I I /' j"-Ocfa".. i I_~-+--t--t-+--t. - t--/ --- I- l-'-f--- -j

f-f-I- --f-~~~~;;~~1-l1--+-f----+-,=~:=~=~~=1=1~
I-l-f---!-=]I -~I=t-I- I-H-f- + +- +---t-

.7S I--.J.-.J.-.J.-..,L-.L-+--I--I--l--J.--J.-...L+ +++++-\--
I 1/ "E-zz: - l-l il l

I-Lk': 1- 1- -1- U-f--1-l-+-1 +-1-H -I---l-+
f- lL'C C - 1- ~!~IT_I---t-+-t-+1--t-+-l---t--+--'
~~r1--- j_-jl_If---:!-l-f--+-I-+- t--f---+-t-

.7 0
0
L-L-.L-.L-.L-,L--"--"--'-..L-...L,--'---'---'---'---:'::--'--'--'--'--::'

utilizes radioisotopes

The New Cenco Beta R ay H / C M et er fills a long
felt need in numerou s pet roleum processing operations
.. . where the hydrogen -carbon ratio is altered .. .
wh ere the percent age of hydrogen is an index to the
performance of end products such as jet fuels, fu el
oils , gasolines , etc. Our B ulletin N o. 115 contains full
deta ils about t h is precision inst ru ment. Write for
your copy t od ay.

Exclus ive manufacturing an d sales rights for the Cenco B eta Ray H IC M eter have been assigned to Central Sc ienti fic
Company by S tandard Oil Comp any (Indiana ).

H ere is a practical , efficient preCISIOn in strument
designed for use in research as well as in product
co nt ro l and routine analysis. It provides a fast ,
accurate means of measuring the percentage of
hydrogen, or the hydrogen-carbon ratio, in liquid
hydrocarbons.

THE NEW Cenco ®

BETA RAY Hie METER

* Makes complet e determ inatio n in 5 mi n utes

* Accura te to w ithi n 0.02 w e ig ht perc e nt hydrogen

* Handles hydro carbon s ran g ing from no rma l pen tane to 1.6-d imeth y l
na ph tha le ne w ith no change in pr eci s ion o ver the full range

* Calibration is independe nt of press ure change s in io n iza tion cha m bers
s ince th e y s har e a common s up ply of gas

* Temperatu re chan ge s do not a ffe ct me as urem en t si nce bo th specific
gravity a nd beta absorption m easu re ments a re made automatica lly
at sa m e temperature

* Tw in beam ins trument u s ing s in g le beta ray source is in depe nd e nt
of so ur ce vari a tio ns

in liquid hydrocarbons

* Adequate shielding makes instrume nt sa fe fr o m rad iat ion haza rd s

* Null-po int ba lance i. inde pe nde nt of e lectro met er variati on s

COMPANY5 C lEN T.I F I C
MAIN OFFICE - PLANf - CENCO INrERNAflONAL CIA.
1708 I RV I NG PAR K R OA D. CH ICAG O 13 , ILLINOIS

BRANCHES AND OFFICES - CHICAGO N EWA RK BO STO N
WASHINGTON DETROIT SAN FRA NCISCO SANTA CLA RA LOS A NG ELES

CENfRAL SCIENflF IC CO. OF CANADA, LrD. (and Hendry Division)
T ORONTO MONTREAL VA NCOUVER OTTAWA

REFINERY SUPPLY COMPANY - T ULSA HOUSTO N

CENTRAL

•
cenco

r • • • • •
The most complete line of
scientific instruments and lab-
oratory supplies in the world

"- ' .

For f ur ther informati on, ci r cle number 9 A on Readers' Service Card. page 41 A
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A ct ual stroboscopic ph ot og raph of a M erck plas tic conta iner, taken a t 1/ 30.000th of a seco nd .

THESE
MERCK
REAGENTS

•come In
plastic
containers
SUPEROXOL®

Acid Hydrofluoric Merck

Mercury Merck

Acid Hydrofluosilicic Merck

Keep laboratory accidents at

a minimum. These high

purity Merck Reagents are
packaged in safe, convenient,

chemically-inert plastic

bottles. Order them and
other laboratory chemicals
from your nearest distributor

of M ER CK LABORATORY

CHEMI CAL S.

Use coupon below.

r---------------------------------------------------,
ME RC K & CO" [ NC •• Ra hway, New Je rsey, Dep t. AC-() :

I
Please send names of distr ibu tor s of MERCK I

L ABORATORY C HEMI CA LS.

NAME TITLE _

( Pleas e Prim )
FI R M _

MERCK & CO.• INC.
Ma n,y;zcturin!J Chemists

RAHWA Y, NEW JERSEY

lOA

I

CITY ZONE--STA T E I
I

L ~

For lurther inlonnat ion, circle number 10 A on Readers ' Service Card, page 41 A
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PHOTOVOLT pH METER
MOD. 115

• SIMPLE in operation and
maintenance.

• FAST and dependable in
daily service.

• FULLY stabilized for wide
range of line voltage
fluctuations.

Write for Bulletin #225 to

••• made possible by recent

advances in electronic tubes and

circuits.

A full-fledged line-operated

pH Meter of remarkable accuracy

at the UNPRECEDENTED price of

IpH meters IElectronic Photometers
ReAection Meters Multiplier Photometers
Glossmeters Interference Filters

A photoelectric precrsion instrument for the
rapid and convenient evaluation of strips and
sheets of filter paper in partition chromatog
raphy and paper electrophoresis.
Write for Bulletin #8 0 0 to

New York 16, N. Y.

PHOTOVOLT CORP.

LUMETRON Colorimeter Mod. 450
for Nessler Tubes

A new photoelectric instrument of high accuracy for the
measurement of pale colors and faint turbidities.

• For all analytical colorimetric determinations in which
only a slight coloration can be developed.

• For sanitary examination of drinkable water and for
analysis of water for municipal and industrial purposes.

• For color standardization of lightly co lored liquids sucb
as keresenes, sugar solutions, solvents, varnishes, liquid
waxes , vegetable oils, beverages, cosmetics.

• Replaces visual color comparison in Nessler tubes.
W ri te f or literature to

95 Madison Ave.

CORP.
New York 16, N. Y.

PHOTOVOLT Densitometer
for

Partition Chromatography

and Paper Electrophoresis

95 Madison Ave.
Also
Colorimeters
Fluorimeters
Nephelometers

PHOTOVOLT

For fur ther information, circle numbers 11 A-1, 11 A-2, 11 A-3 on Readers' Service Card, page 41 A
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how t he M icrob.ll"et .vorks*

..... ........
...... ..<,S....-.............. ~

...._~

price list
G 15391 A Ult ra·Microbu ret , Gilmont , Capacity 1.0 ml. in .00 1 ml.
divisions Each $75.00

G 15391 B Same as G 15391 A but Capacit y 0.1 ml. in .000 1 mi.
div isions Each $7 5.00

G 15391 C Same as G 153 91 A but Capaci ty .0 1 ml. in .0000 1 ml.
divisions Each $75 .00

G 15392 Att achments (complete set includ ing 3 clamps, test tube
support, bubbling tube support , bubbl ing tube, milk glass, rubber
bulb and pinchc tarnp) Each $19.00

Accuracy: within 0.1 % of capacity. Constru cted of cor rosion resista nt mao
t er ials. Deli vered fil led with mercury ready for operatron wit h instruct ions.

Eliminates MERVE·RAt~\K~ Titration
Completely red esigned, this new ve rsion of the Gilmont
Ult ra-Microbu re t provides vast ly improved means of
achieving ra pid titration. It accom plis hes this with
complete elimination of time consu m in g and nerve
racking manipulation.

This altogether improved Ultr a-M icrobu ret is now so
sim ple to op erate that it is ac tuall y ea sier to use than
th e ordinary bu ret of the ana lytical laboratory, besides
being capahle of a h igher degre e of precision.

Co m p lete ly n ew mou rrt in g of g lass p ar-t a s e m 
p luyed i n th e micro pi p e t-bur e t .

Si rn p le mount inu of ~Ul1~e r e d uees hre akage o f
g lass .

Conrp let uly n e w d rive m eehanism, s im il a r to t hat
u sed in o u r m ie ro p ip et-b ur-et . Handle r emu in s
s ta t io nary.

Ncw glas> p art c li m ina les T c o rm ec t irm a n d p erm it s
" c r y cas}' fillin;.: .

A p r eci sion I!ro u nd p l u ng er, I."" in g t lre re q u ire d d iam et e r
so that t h .. d ia l mi cr or uet e r gau ge r(' ail s di r ectl y in vo l urn e
u n its, d isp laces m ercu r y in a r ..,ervo ir scale d o ff by a sil i
co ne r ubbe r gas ket, co n tu inerl in a n a lu m in um h ush in g. T h e
disp la ced m er t-ury in t urn forr es exa ct ly the sa llie vo lu m e o f
t it ra tin g l iqu id th ro u gh a fine o r- ifie .. immersed in the solu
l io n hein g a nalyzed , wh ich llIa y h.. stirred hy a fin e str ea m
o f ai r b u h h les . " Ctlm c n t . R.. A "al. Ch.em, 20 . 110 9 ("1948 )

these are :;
of tl.e redesign feat.u"es
O Si n~le eus t irrg wi th l eveli n~ screws. Pcrmi ts

a ttachme n t to ta ble if d esi r e d.

e
6)

e
o

For further informat ion, circle number 12 A on Readers' Service Card, page 41 A
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P ATE N T NO . 2U U 33

DENSiTY I
REAOINGS I

I

with Transmission
Light Source

· 1
I

No. 38358

DENSICHRON
o-combines the

MEMO From the ACS Editors

TO The Chemist or Engi
neer Who Seeks Success

An importa nt service p rovidcd hy ANALYT ICA L C IIEJ lIST HY is the
R E AD EH S' INFO HJ IA T ION SEHV ICE sec tion . Thi s sec t io n p rovid es
a n easy a nd si rnpli fie d rn eans for t he reader 10 o btai n a d d i t ional in fo r 
rnu t.io n on prod ucts offered in t he .tdrer t i .• ing Pa g e s and the New /'rodn c l.
releases.

'Wekh TRANSMISSION DENSITOMETER for
QUANTITATIVE PAPER CHROMATOGRAPHY

The special Welch Tr~nsmission light source with a filter peper guide for ho ld ing and ad vancing the
papergram at 3 mm increments, when used with the Dens ichron becomes a complete transmission densitometer
for quantitative paper chromatography. The quantitative analysis of complex compounds such as PRO..
TEINS, SUGARS, virAMINS, etc ., has been simpliSed by reading maximum densities of papergrams with
the DENSICHRON.

This new apparatus and procedure will speed up your work and permit the analys is of very small sample•.
Works eq ually well Forquantitative paper electrophoresis.

This Insltumen t was demonsltated last December at the Chem ical Induslt ies Exposition in Philadelphia.
Write for literature de scribing the production of papergrams and the use of the Densichron for quanti-

lali.e determination by the maximum dens ity method . $425.00

SUBJECT ... READERS~ INFORMA
TION SERVICE

T he ed i tors believe s t rongly t ha t t his rna terial o ffe rs the c he m ls t. a n d
engineer, young and o ld , i n fo rm a tio n of g-rea t p ract ical va lue. Jta nu
fae t u rers con tinua lly send in fo r r e vie w t hei r prod uct a nnounee nlCnts a n d
indus t rial l i t e ra t ure . The s e a r c screened b y the ACS e d i tors to m ake
sure t h a t t h e Infor rnu t.io n pub li she d is really new and conta ins val u a b le
scien t ilie or techn ical da ta. Addi tiona l Irrfo r-rrra t.io n can be o b ta i n ed
si mply by mu r kj ng up a n d n lai ling t he h and y re tu rn co upon o r c a rd
provided.

T o assu re you r eon t inued s uccess in t he rn ost k aleido s copic field, ANA 
LYT ICA L CHEM ISTHY's e d i tors suggest the practical va lue o f build i n g
up a r e a d y reference lihra r y of rnan ufae t u rers' lite r atu r e-the co upon i n
this p ublication is the best m eans o f d e veloping s uch a source o f d ata.

Y o u r R E AD ERS ' INFO H l\'IA T ION SEHVICE cou pon a p pears o n pa~e 41
o f this issue .

W t ; CO~DmNTEIl editor ia llv in the Feb
ruary issu e on the stream lined name

of the " Society of Public Analysts .uuI
Ot lu-r An a lytical C hem ist s" t o " T he Soci
et y of An al y ti cal C he m istry ." An al ysis in
Br it ain sta rted with t he dr-nuuu l for con
trol of food a nd drug product s , so that the
public co u ld he protected again st fra ud
a nd poisoning. The sa me eondi t ion s in
t h is country brought int o h(,ing 1he food
and drug la ws whi ch necessi t at ed dr-velop 
nu-nt. of adequ a t e a nnlyt ir-ul procedures
for t he guidan ce of enforce me nt agen cios,

F or t hose whose libra r ies su bs cr ibe t o
Food, Drug, Cosm etic Law .l ournul, we
recommend as in t eres t iug reading a n arti
cle by George Taylo r in t he March issue ,
Vol. 9, page l:n, dea ling wit h t he histor y
of a naly t ica l chemi st ry in Brit ai n begin
ni ng wit h t he format io n of the Society of
Public An a lysts in 1874 . For those who
do not hav e the a r t icle a va ila b le, we quote :

lk sp ite it s name, the members hip of t he
societv wa s not confined to public a nalys ts,
a lt hough it was restricted to " a nalys ts in
pru ct.icc" u nt il ISnn, w hen it wa s b road
e ned t o inclu de per sons having a bona-fide
int er est in analvtica l ch emistr y . Bu t the
appoi ntment as· a publie an a lys t. was t he
ha nd iest of ins tru me nts for t he endeavor
t o es t a h lish t he sc ience of a nalyt ica l che m
ist ry with parti cul ar re ferenceto the com
position of foods and t heir me thods of
analysi s. Even so , the work was not
omitt ed nor circu msc ribe d; the la bora t ory
of the public a nalyst was often t he ce nter of
ao t.ivi tics dea ling with ma tt er s of the hea lth
a nd amenities of the publ ic within the pur
vi ew of t he part icular local a uthority eon 
ce ruo d . . ..

Following the hi storica l outbreak of a r
se n ical poisoning in !\H)l - consequent on
t he use of arsen ica l glucose in a br ewer y
which resu lt ed in heel' co ntaining poison 
ous um ou nt s of urseuic-e-whieh ca use d a
number of dea ths a nd ma ny eases of seri
ous illn ess, t he soc iet.y was asso ciated with
the Society of C he-m ica l I ndust.rv in de
v ising mot.hod s of ana lysis. Xlembers
gave ev ide nce hefore a roya l commission
whose fina l report rec om men de d lim it s fo r
a rse n ica l eont a m ina ti on in food s whi ch
hav e been gen era lly ac oop tc d and ha ve
been officiall y acted on for more than 50
y ea rs. The ' recent recommendations of
t he :H inistry of Food in re spect of stat u
torv lim its ca n scnrcelv be sa id t o diff er
sig nifica nt .ly from tho~c; ea rlier recomm en
dations. . . .

In 1!l2!l t he society colluborated with t he
Association of British C hem ica l Manuf uc
t urer s in recommending permissible limit s
for t he nrson iea l cont aminat ion of coloring
matters for foodstuffs, in 1930 with the
Food Manufu cturors F ederation in rec-
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Model , 12t,ClnfraredSpedrometer - a
beam 'instrument fo~ routine control applicalli<:"ns.

Model. 1 t2 Dou ble Pass ,Inf ra red Spec
t r " met er-::-sing le beam, h igh resolving
power, excellent for structural analysis.
S ~ i tab le a ftach ments for all spectral
range s. Wr ite for8ulle tin 102 .

, ,

Model 21 Double Berm InfraredSpectro.
photometer-The ,fa stest and most efficient
instrument commerf iallY availablefo.' .t he
rec" rd ing of large , numbers ,o f t spectra.
Records directly in . percent transmission.

Write for '8ulletin' 1.04.

Model 13 Rat io Recording Infrared Spec
trophcitometer;-Records . double or single

·"'·.5bea m with ,!,any fe at ure s of both the ,
Model. I 12 and 21 . . Ideal for the smal.' ·
lab"ratof)' :", i l~ a wide var iety of problems.

i. . '. ·f .Write for Sulletin 110 . '

AC .CES.SORIES: ... ..• ,;;-.•)!£.)
Do!"ou~iable Cell ..,.may be assembled to any
thiCkness-for liquids, ccplllcry-fllms, m·ull. of
solids,-and films ' a nd p~wclers . ,.

Fixed :Th';ckness Liquid Cell:....f~r neady?11 li9
. uids and solution work . Standard thi~k';.~ss be
twee n .O.025 and 1 mm-othersto' order;

'S ta.idar Cli G~ . Cells;-i/ 5~1 o'c:~ aildj~nd ,10

m~'ith '~!':.thS.f or va r:t.us ,~bso~~t~:~ :~t~d ies.
' Microce~ l~obta{ns gOddspec:trJ , ~i l h p 25:1 00

m ier o g ra m's- a va ila b le 'i n' t h ickne'sses from
0,025 t03 'mm. "'" .

The evacuable Potassium Bromide die is a revo
lutionary step forward in the infrared analysis
tech niqu e. With th e die, quantitative analyses can
be run on solid materi als that previously could be
handled only as solutions.

A weighed amou nt of sample is ground and
mixed with po wdered KBr. The mix ture is then
presse d in the die into a clea r window.

Develop ed for use with all Perkin-Elmer infra
red instruments, the new die provides windows 13
mm in diameter. A disc holder is available that
permits positioning the discs in the standard mi
croce ll ada ptor. No special optical condensing sys
tem is needed f or full energy utilization.

Ex perie nce has shown that an evacuable die is
needed for bes t quanti tative results . Other fea
tures of th e Perkin- " '" ,, .
Elmer die include :
a split cone for easy
r emoval of th e
pressed d isc, r ug 
ged con s tructi o n
and careful design
for lon g life. A 20,
OOO-pound lab ora
tory p r ess and a
s m a ll v a c u u m
pu m p are n ec es 
sa r y a u xiIi a r y --~"...", . .
equipment.

Part numbers and prices are as follows :
021-0106 Evacuable KBr die $465.00
021-0107 Disc Holder 20.00

We will be pleased to provide additional info r-
mation on the new die and its ap plicatio ns.

Analyze Solids As Easily As Liquids
With New Potassium Bromide Die

The Perkin-Elmer Corporation, 800 Main Ave nue, Norwalk, Conn.
Reg iona l Offices : Ne w Orleans, Chicago and Wa shington, D. C.

WORLD'S LEADING MANUACTURE.RO F INFRARED ANAL YTICAL EQUIPM~NT

actson

For furt her informa tion , cir cl e numbers 14 A-1, 14 A-2, 14 A-3, 14 A-4, 14 A-5 on Readers' Service Card, page 41 A
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NOW WITH
NEW

POWER
-0

MATIC

POWER-O-MATIC WIRING DIAGRAM
AND SECTIONAL VIEW OF OVEN

ti1
CON-WATE MECHANICAL CONVECTION OVENS

MODEL INS IDE DIMENSIONS CO MPLETE
No. W. D. H. PRICE

CW- 14 14" 14" 14" $546.00
CW-20 20" 18" 20" 649 .00
CW-25 25" 20" 20" 759.00
CW-38 38" 20" 25" 975.00
CW-48 48" 24" 36" 1595.00

WRITE FOR COMPLETE DETAILS

CW-14 either 115 or 230 volts. All
others 230 vo lts. Also ava ilable as
floor models at prices shown above.

Construction feat ures: Temperature range
to 288 0 C. (550 0 F.). Horizontal air
flow. Stainless steel interior, enameled
steel exterior. 4" fiberglass insulation.
All wiring complete. Meets NEC sp eci
fications.

J 23 8
~ KW HOUR

·ttf,e ' . · / 0 INPUT with

~WER-O-MATIC. ,

15 A

. . .. . . . .

BLUE M ELECTRIC COMPANY
306·8 WEST 69th STREET. CHICAGO 21. ILL.

• Operator only sets temperature. Completely automatic.• SAFER.
Multiple Modella heater elements and contactors take over progres
sively and automatically, insuring completion of test or production
cycle. • Better products, improved results. • Straight line control
at any temperature with minimum wattage input. • Six volt control
circuit. • Saves 23 .8 lj'o KW hour input over conventional ovens
having 3" insulation.• Automatic heat recovery.

FULLY AUTOMATIC
WATTAGE CONTROL •

and at NO EXTRA COST!
BLUE M's SENSATIONAL NEW DEVELOPMENT

'Jletl1. •
gives you ALL the benefits of FULLY AUTOMATIC
WATTAGE CONTROL. STRAIGHT LINE CONTROL
AT ANY TEMPERATURE ..• and at NO EXTRA COST!

ACTUAL CONTROL POINT ± to C.

VOL U M E 26, NO.6, J U N E 1 954

om mend ing standards for jams, a nd in
10:35 wit h th e M al t Vinegar Bre wers F ed
era ti on in com piling defin iti on s of the
various kinds of v inega r. I n 1!J:37, follo w
in g on t he steady development, of the
N ort h-of-E ng land Sect ion, a Scottish See
tion of t he societ.v was cst.ab lished d ur
in /!; t he per iod fro'm l D.J. 4 t o 19·16, t h ree
gro u ps were set up, t.hese bein g fun da
m ent all y d ifferen t from t he sections in t ha t
t hey are subject groups, membership be ing
based on int erest in a subjec t or b runch of
che mist ry , whe reas mem bership of a sec 
t ion wa s sim ply geog rnphicnl .

T he societ y was no w ra pid ly extend ing
its in t erest to a ll b ra nch es of an al vt.icnl
chemist ry . M on a nd wo me n joine d be
ca use it p rov ided the rea d iest op portuni t y
for disc ussio n and pu blicat ion of purely
a nnlvt ienl papers. It had become hrgely
concern ed wit h ind ust r ial a na lvsis an d re
searc h. Even d ur ing t he w:lr voars of
1!l:3!J to 1\).15, while u nd r-r t he aut. horitv
of th e Defe nce R esea rch Depa rt ment of
t he go vernmen t it accepted responsibilit y
for exnminnt.iou of Foodstu ffs for co ntnrni
nat ion with wa r ga~e~ , mn.nv members were
cnga /!;cd in wa r work in othe r field s. T he
ra p id advance in t he know ledge a nd appli
cation of scie nti fic met hods had resu lt ed in
spcc ia lizut.ion, a nd our society g ra sped t he
op port. u nit.y a ffor ded by t his develop ment
by sett ing up t he t.hro o subject groups
mi cr ochomi st.rv, a n a na lytica l advance
wit ho ut which much of t he progress of
b ioche mist ry wit h it s require ments for
int.ima to knowledge of t he com po sit.ion of
m in ut e vital bodi es such as ch ro mosomes
a nd gCIl<:S, could not hav e be en made'
physica l met ho ds , wh er eby, among othc;'
issues, t hose of inst ru mentat ion have gone
far to do away wi t h t hn difficu lt.ies a rising
from t he limi t.at ions of t he ha nd a nd ove:
a nd biologicnl met.hod s, whe re in even til(;
: ' ita l a ct.iv it ics of uui cellula r micr oorgnn
Isms a rc e mploy ed as n.nulvt.icn.l reagen t s.
I t t horohv , In fa ct , ack nowludgod t he cha nge
t hat had lx-en slow l.,· tak ing place in tIl e
fun dnnu-ut a ! ob jl:ets of t he soc iot v-s
num el v, the changl: fro m a society la l'l,(cly
concern r-d wit.h food , a nd it s composit ion
a nd a nal ysis, t o :l sor-ict.y en gaged in t he
pr om ulgnt ion of t he science of a na lytica l
che m ist.rv. .

I n regard t o the d ev elopment of the
A nalyst, journa l of the soc iety, first
published in I S7G, T a y lor writes tha t :

Vorv ea rly, too, a bst ra cts of a na ly t ica l
me th ods published in other scien t ific jour
na ls began to appear. In d ue course , th ese
ab st.ruct.s dev eloped a charac terist ic p er
sonal to t he Anall/st-thev were a ll " work 
ing abstracts"~that is,' the me tho d of
a nn lvsis gi ven in th e abs tract co u ld , if
necessary , be curr ied ou t by any sk illed
analyst wit hou t reference to t he or igina l
puh lieut ion . They became a recognize d
feature of the jou rn al , often occupying
mo re t han ha lf th e space of an issu e . Y ea r
by vear t he A rutlusi grew in size a nd repu
tat ion un t il now it may quite fairly be sa id
that. it is t he p re mier jo u rn al devo ted to
rma.lv t.icnl che rnis trv in the Unite d Ki ng
dom a nd is recognized as suc h throughou t
t he worl d . It is on t he sa me lev el with us
as is A :-< ALYTI CAL Crn;:III ST RY in the Unite d
S ta tes . The yea r 1D4D marked one new
de partu re, ho\\'evpr .. At the end of tha t
vca r a bs t.rac ts we re divor ced fr om the
~l na l.'l.~t, a nd issu ed by the burea u of ab
st ra ct s as a separa te publication entit led
Briti sh A bstracts C. But t h is di version is
prov ing to he b rief ; t he burea u of a bs t ra ct s
is beill /!; closed down, a nd once a gain t he
soc ietv will be respon sible for t he p ub lica
t ion of t hese abstrac ts , now under t he
na me A nalu tical A bstracts, but still as a
separute monthly issue,
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BECKMAN RESEARCH INFRARED

SPECTROPHOTOMETER

For those who require the utmost in accu
racy and resolving power, the Beckman
Model IR-3 is the unquestioned choice.
Experience has shown conclusively that the
IR-3 outperforms all commercial instru
ments with respect to resolving power,
photometric accuracy, wavelength accuracy,
freedom from stray light and elimination
of background absorptions.

Single-beam deuble-munechrumatnr. D esig n perfection
achieves very nearly theoretical resolution. Stray light is
absolutely undetectable at 15 microns even with the excep
tional one-tenth of one percent measuring sensitivity of the
Beckman IR-3 .

Background absorptions eliminated. The entire optical path
of the IR -3 can be evacuated to completely el iminate back
ground absorptions from water vapor and carbon dioxide.
Liquid and gas cell compartments in both entrance and exit
beams are separately sealed so that cells can be changed
without affecting the vacuum in the rest of the system.
All optical elements and samples are held at a constant
temperature by means of circulating water and thermostat
cont rolled bath.

True transmittance recording through Memory Stand
ardization. No cell matching. Wavelength accuracy, 5 mfL;

wavelength precision, 1 mfL.

S elec t an instr u m ent today th at will do
tomorrow's jobs. See y our Beckm an Field
R epresen ta t ive abou t the sup erlative IR-3

o r write fo r Da t a File 93- 15

Beckman
BECK MAN INSTRUM ENT S, INC.
SOU TH PA SADE N A I. CALI FORNIA

for fu, ther information, circ le number 17 A on Readers' Service Card, page 41 A
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5450-K. Cover Clamp, on ly 9.35

7497-C. P rincipal Glass Part, only , as su pplied wi th 74 97 , of Pyr ex
bra nd glass, wi th stand ar d ta per 34/ 45 in ter changeab le gro u nd j oint . . 84 .00

7497.

Accessory and Replacement Parts

7497. K j eldah l D ist illing Ap paratus, Micro, One
Piece M odel, w ith Electric Steam Generator, A.H.T.
Co. Specific ation, co mplet e as above describ ed , includin g
tripod, 8 inches diam et er, and T ransformer. Po wer con
su m ption 750 watts. Fo r use on 115 volts, 50 or 60 cycles,
single p hase, a .c. only 160.66

7497-E. Steam Generator (K ettle), El ec tric, onl y, as supplied with 74 97.
Comple te wi th re acti on flask wi th cl amp, 20 00 m l ca pacity, an d 7497 -F
Immersio n Heater. W ith 3-f t. cord and pl ug for connec tion to suitable
po wer regul at o r ; for use on 115 volts, a .c. o r d .c. W ithou t transfo rmer
or tripod 52 .0 0

7497 ..F . Heater, I m m ers ion, R eturn-Ben d T ubu la r T ype, Ele ct ric'
on ly, as su pplied with 7497-E. D esign ed for use in rea ction flask, 2000 ml
capacity . E nclose d in Sta in less steel tubing, 9/32-inc h diameter, wi th
heating elem ent in hor izon tal , one-a nd-o ne -h alf-turn coil, 4 3/ 4 inches
overall d ia me ter . U nheated termin a l arms are parallel, 31/ : inc he s
apart, ri sin g from opposite sid es of co il. O vera ll height 91/ 4 in ches. Com
plete with two-piece, Bakel ite termina l mounti ng bl ock , with 3-f t. co rd
a nd plug for co nnec tio n to suitable power re gu la to r, a nd two one-ho le
rubber stoppers for mo u nting h eater te r minals in ope nings of re action
flask cover. With d irec tions for mounting. Po wer cons umption 75 0
wa tt s ; for use on 115 vo lts, a.c. or d .c 17. 50
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• Wi t h Ele ct r ic St eam Gen erat or

KJELDAHL DISTILLING APPARATUS, MICRO, One-Piece
Mo del, with Electric Steam Generator , A. H . T . Co. Sp ecificat ion,
in accordance with the spe cifica tio ns of th e Comm ittee on M icr ochemi
cal Apparatus, D ivision of Analyti ca l Che mis try, Ame rica n Chemical
Society. See Analyt ical Chemistry, Vol. 23, No .3 (March 1951) , pp. 527
528. Consisting of a principal gla ss part m ade of Pyrex br and glass,
which incorporates a steam jacke ted distillation flask with spray traps,
filling funnel and condenser, elec trically heated steam genera tor,
tr ipod support an d transformer for h ea t regulation.

The dis tilling flask proper, i.e ., inner j acket of princip al gla ss
part, is 175 mm long, with body 35 mm di ameter , enclosed in a
stea m j acket 225 mm long X 60 mm ou tside diameter. The flask
has two T-shaped traps a t top in sep arate bulbs, 55 mm
diameter, for effec tively ret ard ing a lka li spray, a nd is
sea led to a vertica l, a ll-gla ss, W est typ e co nde nser, 250
mm long X 18 m m outsid e di amet er. Side fillin g
funne l, with standard taper No.4 stopcock , empties in to
bo tto m of dis till in g flask through a bent gla ss tube, 7 mm
diamet er , through which steam in ou te r j acket also enters
distilling flask. Condensate is drained through side arm
with standard taper N o. 4 stopcock a t bottom of outer
jacke t. O verall dimensions of principal gla ss part
a pproximately 520 m m h igh X 290 mm m aximum
wid th ; interch angea ble ground gla ss joint for connection
to steam genera tor , in n er member size standard taper
34/45 .

The steam ge ne ra to r consists of a reaction kettle of
Pyrex brand glass, with cover clamp, 2000 ml capacity,
with ri gidl y susp ended Electric Immersion H eater , 750
watt. The h ea ting elemen t is near bottom of reaction
flask enclosed in a horizontal one -a n d-one -half turn coil
of St a inless steel tu bing. H ea ter termin als are connected
within a two-piece, d ismountable Bakelite fitting to a
3-ft. cord wi th plug. A Var iable Autotransformer permits
convenien t con trol of boi ling rate by providing con tinuous
wattage select ion up to rated capacity of hea tin g element.
Complete with tripod for sta ble su ppor t of steam gene rato r
and solid rubber stopper for fourth opening in steam
ge nerator cover, th rough which water is replenished.

ON E-P IECE

MI CRO KJEL D A HL
DI STIL LIN G APPARATUS

ARTHUR H. THOMAS COMPANY

5ff~&/~~~
WEST WASHINGTON SQUARE PHILADELPHIA Sf PA .

Tele type Services: Western Union WUX and Bell System PH-72
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ANALYTICAL CH EMI 5T RY
WALTER J. MURPHY, Editor

What's Ahead in the lext 25 Years?
LAST year ANALYTICAL CHEMISTRY completed 25 years

of service to the profession of analytical chemistry.
It is both interesting and instructive to note the growth
of the journal in that period. What is of much greater
significance, however, is the change of attitude concern
ing the importance of analytical chemistry that has
occurred in the lifetime of the publication. Mostly it is
a change of attitude on the part of analysts themselves.

The January 1929 issue of Industrial and Engineering
Chemistry, in announcing the establishment of an
ANALYTICAL EDITION, had this to say about the role of
analytical chemistry:

Without regard to the way in which the work of chemistry may
be classified or subdivided, analytical chemistry is vital to all.
Its accomplishments may not be spectacular, much of it seems
routine, and usually the part it contributes to the success of im
portant work is unnoticed. The contributions of analytical
chemistry may not be appreciated by the plant manager, nor by
the director of the laboratory, nor the chief of the bureau, but
every chemist knows to what extent we depend upon accuracy in
this field of work....

These words were penned by the late Harrison E.
Howe who, as editor of Industrial and Engineering
Chemistry, was mostly responsible for the idea of
establishing the ANALYTICAL EDITION; His description
of the status of the analytical chemist of 25 years ago
was accurate for that period. It provides us with an
opportunity for true evaluation of the progress that
subsequently has been made.

Today in most companies, certainly the progressive
ones, the worth of the analyst and the analytical de
partment is fully appreciated by top management, by
the director of research, and by the plant manager. In
most organizations the head of the analytical de
partment is a full-fledged member of the team and
participates in major decisions concerning research and
production.

The history of the growth of ANALYTICAL CHEMISTRY
in many respects reflects the progress of the profession.
This is as it should be. A scientific and technical journal
can and should provide professional leadership, as well
as being a medium for mass dissemination of data.

In its first year of existence, the ANALYTICAL EDITION
contained 245 editorial pages. In 1953, a total of 2078
editorial pages were printed, a gain of nearly 800% in

945

the 25-year period. In 1933, it became necessary to
issue the ANALYTICAL EDITION on a bimonthly rather
than a quarterly basis. Four years later the decision was
made to make the journal a monthly. In 1948 the big
gamble was taken and the ANALYTICAL EDITION was
completely divorced from Industrial and Engineering
Chemistry and given the title ANALYTICAL CHEMISTRY.

These successive steps were taken because the broad
field of analysis was expanding phenomenally. With
this expansion have come greater recognition and re
sponsibility for members of the profession of analytical
chemistry.

It is but seven years ago that ANALYTICAL CHEMISTRY
in an editorial offered a four-point program designed to
obtain proper recognition and appreciation of the
analyst. Anyone reading that program now will agree
that a great deal of real progress has been made in seven
short years. However, there still remains much to be
done; indeed, there will always be much to be done.

It always is interesting to review the past, but what
we are really concerned with is the future. What ele
ments of the original four-point program need to be re
emphasized; what new objectives should be added?
We are members of a learned profession and, therefore,
have a feeling of responsibility to society. At the same
time, all of us have a perfectly legitimate desire for both
professional and financial success. If these are the gen
eral goals, what are the best means of achieving these
objectives? Much of the past progress has been brought
about because the analysts discarded a defeatist atti
tude. They replaced it with a realistic approach based
on a sound evaluation of the contribution they are mak
ing to the advancement of chemistry and science and
industry generally. This was a necessary first step in
the attempt to improve the professional and economic
status of the analyst. It is a firm foundation upon which
to build in the future.

We lack a crystal ball with which to prophesy the
future. We honestly believe, however, that when 1978
arrives, the editor of ANALYTICAL CHEMISTRY will be
able to speak in glowing terms of the contributions of
analytical chemistry to the health and welfare of
society; also about further gains registered in the
professional standing of the analyst. With greater
professional recognition will come better monetary
rewards.



Separability of Hydrocarbons by Elution Chromatography
HORACE M. TENNEY and FRANCES E. STURGIS

Esso Laboratories, Louisiana Division, Esso Standard Oil Co., Baton Rouge, La.

A quantitative llIethod has been developed for llIeasur
ing the relative adsorbabilities of hydrocarbons. Ad
sorbability data are presented for cOllIpounds rep
resentative of various hydrocarbon classes, on
silica gel, alrrmfna, active carbon, and eornbbaat.iorrs
of silica with rrragrresta and aturnfna, Adsorbability
is expressed in ternlS of the voharue of develop
ing solvent per volume of free space in the ad
sorbent bed required to carry the adsorptive front
through this bed and also to effect its removal, The
georrret.ry of the adsorbent bed is not critical if the bed
depth is about 50 CllI. or greater. Neither rate of eluent
flow nor particle size of the adsorbent is a critical
factor. In the order of increasing affinity for silica
gel the hydrocarbons for-m the series: paraffins, olefins,
diolefins, alkylbenzenes, alkenylbenzenes, acetylenes,
naphthalenes. The effect of ring closure is rrrueb, less
than that of unsaturation. Neither ring closure nor
conjugation affects the adsorbability of diolefins. The
quantitative data presented here predict rather well
the separability of hydrocarbons on a practical analyti
cal scale. Thus, using silica gel, 1lI0no-olefins appear
to be separable frorn diolefins and diolefins from
acetylenes. In sorue cases partial separation of acyclic
from cyclic olefins can be effected. Poor separability
is indicated for diolefins from alkylbenzenes. Alumina
is superior to silica gel for the separation of alkyl
benzenes from naphthalenes. Normal paraffins rriay
be partially separated frorn other saturated types over
activated carbon, using oxygenated eorrrpoumds of low
lllolecular weight as developing solvents.

FOR some years solid udsorbents have been extensively uti
lized for the separation of hydrocarbon mixtures according to

molecular type (2-5, 9, 10). Three classes of techniques have
been employed: continuous introduction method, sometimes
referred to as frontal analysis, in which the mixture is continu
ously added to the column and one or more properties of the
effluent are measured (3,5,9); displacement development, in which
the mixture is forced through the adsorbent bed by a liquid
which is more strongly adsorbed than all components of the mix
ture (2); and elution development, in which a small amount of
the mixture is washed through the adsorbent with a liquid
which is usually less strongly adsorbed than some or all the com
ponents of the mixture (4).

Generally, it is considered (8) that the last of these techniques
is most effective for complete separation of a complex mixture.
Such separation problems could be approached more intelligently
if quantitative data were available on the relative adsorbability of
the various classes of hydrocarbons. These data should make it
possible to predict rather well for a given system to what extent
the several classes may be separated.

While some information is available, nothing approaching a
complete picture for the hydrocarbons has been presented by a
uniform method of study. Included among the efforts in this
direction is the work of Smit (7), who measured the "transport
factors" for. several hydrocarbons of higher molecular weight,
representing paraffins, olefins, alkyl benzenes, and polynuclear
aromatics. He defined the transport factor as: T = g/V
where g is the weight of adsorbent in a given volume and V is the
volume of developer necessary to carry the adsorptive through
this amount (g) of adsorbent.
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Transport factors were determined for six hydrocarbons using
silica gel and in some cases for as many as four different develop
ing solvents. Fink et al. (1) report data on the relative adsorb
abilities of several olefins and aromatics as a result of determining
the capacities of silica gel for these compounds.

In the study reported here the objective was to obtain quanti
tative data on the relative adsorbabilities of different hydrocarbon
types using various adsorbents, to do this in terms of the volume
of developer necessary to carry the adsorptive front through a
given volume of solid adsorbent, and also to determine the
volume of developer necessary for essentially complete removal.
In this study, these volumes are expressed in terms of the liquid
free space in the adsorbent bed. These two quantities are here
referred to as appearance factor and disappearance factor,
respectively. Their physical significance is more clearly eluci
dated under the discussion of experimental technique. These
quantities turn out to be numerically equal to the reciprocals of
the quantities R j and R, as defined by LeRosen et al. (6). These
latter values are defined as ratio of movement of adsorptive to
movement of developing solvent. It is believed that the concept
proposed herein offers the advantage of a more obvious physical
significanee in considering the separability of different molecular
types.

TECHNIQUE

Figure shows a schematic diagram of the simple apparatus
used.

TO Nz SUPPLY

DEVELOPER

INFRARED SAMPLE CELL
MOUNTED ON SPECTROMETER

Figure 1. SchellIatic DiagrallI of Apparatus
Used in Adsorption Studies

A small column of adsorbent was mounted in close proximity
to a Perkin-Elmer infrared spectrometer. For most of the meas
urements the diameter of the adsorbent bed was 5 mm. The
volume of adsorbent was about 12 ml. The effluent from the
bottom of the column was carried to the sample cell mounted
on the spectrometer. In practice the column was first evacuated.
The vacuum was broken by introduction of a known volume of
developer solvent at the top of the column. The solvent was
allowed to flood the column and to flow through the bed until
just level with its top surface. Noting the volume of effluent
at this point permitted the determination of the free liquid volume
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Figure 3. Correlation for Short-Cut Method for
Estimation of Disappearance Factor for Silica Gel

Figure 2. Variation of Relative Concentra
tration of I-Hexene in Eluent (Absorbance)

with Extent of Removal fr-orn Silica Gel

Absorbent. No. 923 silica gel, 12.0 lUI.
Colutnn~ 5-tntn. diameter, 48-cm.. height:
Adsorptive. I-Hexene, 0.1 Dll.
Eluent. n ..Heptane
Liquid free space. 8.2 JDl.

EFFECT OF EXPERI
MENTAL CONDITIONS

relative concentration.
A short-cut method
utilized in these cases
is based on an empiri
cal relationship be
tween the volumes at
50 and 5% relative
concentrations. This
relationship for silica
gel is shown in Fig
ure 3. A similar rela
tionship was found for
other adsorbents.

Free space proportional to 8:rnount or gel
No. 923 silica gel. n-Heptane eluent

Figure 5. Effect of Ratio of Gel to
Charge on Disappearance Factor
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No. 923 silica gel. n-Heptane eluent

Figure 4. Effect of Ratio of Gel
to Charge on Appearance Factor

Effect of Ratio of
Gel to Charge. It
might be assumed that
if a large ratio of gel

to adsorptive were used, the appearance factor and disap
pearance factor would be independent of sample size. At in
finite dilution the appearance factor probably would approach
the value of the disappearance factor. Figure 4 shows a plot
of appearance factor for several compounds V8. the ratio of
free space to charge size (proportional to ratio of gel to charge).
These data are for Davison No. 923 silica ge!. As smaller charges
of adsorptive are used, the appearance factor becomes larger.
This is consistent with the known fact that adsorption isotherms
are not linear with concentration but curve toward the concen
tration axis. One would expect the disappearance factor to be
independent of sample size. Figure 5 shows that this is not quite
true, but the reason becomes apparent when it is remembered
that the disappearance factor represents not the point of zero
absolute concentration but only the point at which 98+% of
the material has been washed from the gel.

Effect of Col-
umn Geometry.
A study has been
made of the effect
of diameter and
depth of the ad
sorbent bed on the
relative adsorba
bilities of hydro
carbons. Appear
ance and disap
pearance factors
were measured for
1,5-hexadiene on
Davison No. 923
silica gel using n
heptane as eluent.
In this study two
bed diameters, 5
and 10 mm., were
used, and bed
depth was varied
from 170 to 920
mm. The data tabulated below would indicate that the appear
ance factor is independent of the diameter but increases some
what with increasing depth approaching a limit as the bed depth
is increased to a value of approximately 500 mm. This.is shown
further in Figure 6.
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OISAPPEARANCE FACTOR

It became apparent that it was equally important to know the
number of volumes of developer required to wash the gel free of
the adsorptive. The volume point at which the concentration of
the adsorptive in the effluent approaches zero is rather elusive,
since this approach is asymptotic. Figure 2 shows the shape of
the concentration V8. volume curve for 1-hexene. This is typical
of the curves obtained for other compounds. In these curves
the absorbance-i.e., relative concentration-has been measured
and plotted against the volume collected after the appearance of
the adsorptive in the effluent. The purpose of replotting these
curves was to find what fraction of the total amount of adsorptive
had been removed at some finite relative concentration. It was
observed by making planimeter measurements on the areas that
when the relative concentration reaches 5% that of its maximum
value, 98% or more of the adsorptive has been washed out.
Such a degree of removal is adequate for present considerations.
The total volume of eluent (in terms of liquid free space) re
quired for 98+% removal is called the disappearance factor.

In some cases, particularly with the more strongly adsorbed
materials, an excessively long time is required to reach the 5%

1.0

of the adsorbent bed. At this time a small amount (usually
0.1 ± 0.01 m!.) of the substance under study was introduced
at the top of the bed and washing was continued with the effluent
passing through the absorption cell. The spectrometer was set
on an absorption band sensitive to low concentrations of the
adsorptive in the developer solvent. The recorder was operated
and the appearance of the first trace of the adsorptive in the
sample cell gave rise to a sharp break in the recorded trace.
The volume expressed in terms of the liquid free space in the
adsorbent bed-i.e., m!. of effluent per mi. of liquid free space
is called the appearance factor.

. volu:rne of eluent
Disappearance factor = free space

at 5% rnaxhnulD concentration

For the major portion of the work which has been done on
hydrocarbons of various types, a sample size of 0.1 m!. has been
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No. 923 silica gel. n-Heptane eluent

Figure 6. Effect ofAdsorbent Bed Depth on
Appearance Factor
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Figure 7. Relative Adsorbabilities of Hydrocarbons on
Silica Gel

RESULTS

Silica Gel Studies. Measurements on individual compounds
are shown in Table I and presented graphically in Figure 7. The

Hydrocarbons Used. When available, the hydrocarbons used
were those provided by the American Petroleum Institute as
calibration standards. Several of the diolefins were purchased
from the Farchan Research Laboratories and used without
further purification.
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used- with an adsorbent bed 5 mm. in diameter by 460 mm. in
height, containing about 12 ml. of adsorbent and having a liquid
free space of about 8.2 ml.

Effect of Particle Size. A study has been made of the effect
of particle size of gel on the appearance and disappearance
factors. The factors were determined for 1,5-hexadiene on
screened No. 923 silica gel using n-heptane as eluent. The
data show that particle size has no important effect on the ap
pearance or disappearance factors.

No. 923
Screened

Silica Gel,
Mesh Size

Effect of Flow Rate. The effect of rate of flow of developer
through the adsorbent bed has been determined. Again the
system, 1,5-hexadiene, No. 923 silica gel (100 to 150 mesh), and
n-heptane eluent was employed. These data, shown below,
prove that rate of flow as measured by milliliters effluent per
minute per milliliter of free space in the column has no pro
nounced effect on the adsorption of the material being measured.

Flow Rate, Appearance Disappearance
V./V./Min. Factor Factor

0.163 2.55 6.07
0.283 2.46 5.91
0.396 2.46 6.25
0.464 2.45 6.11

Table I. Appearance and Disappearance Factors for Various COlllpounds
(Davison No. 923 silica gel, 24° C.)

Dis- Dis-
Free Appear- appear- Free Appear- appear-

Space/ ance ance Space! ance ance
Compound Developer Charge Factor Factor Compound Developer Charge Factor Factor

Acyclic mono-olefine Aromatics
I-Rexene n-Heptane 82 1.42 2.48 Benzene n-Heptane 82 3.76 9.00
1-Hexene n-Heptane 33 1.22 2,43 Benzene n-Pentane 82 3.34 6.92
1-Hexadecene a-Heptane 82 1.06 1. 93 Benzene Chloroform 82 0.95

4:392,4,4-'I'rimethvl-I> Benzene Carbon tetra- 82 1.78
pentene n-Heptane 82 1.37 2.76 chloride

2,4,4-Trimethyl-2- Toluene n-Heptane 82 4.56 11.83
pentene n-Heptane 75 1.68 2.88 Toluene n-Heptane 33 3.23 10.80

2-Et.hyl-1-hexene n-Hepbene 75 1. 79 2.79 Ethylbenzene n-Heptane 75 4.45 8.34
trana-4-0ctene n-Heptane 75 1.24 2.11 n-Butylbenzene n-Heptane 38 3.13
2,3-Dimethyl-2-butene n-Heptane 75 1.68 2.59 tert-Butylbenzene n-Heptane 82 4.23 11.8
2-Methyl-1-pentene a-Heptane 82 1.90 3.70 n-Decylbenzene n-Heptane 82 3.35 8.73

Cyclic mono-olefine Styrene n-Heptane 82 5.27 13.1
Indene a-Heptane 82 6.88 24.0Cyclohexsne n-Heptane 82 1.71 3.41 lndane n-Heptane 83 4.85 12.9Cyclohexene a-Heptane 33 1.49 3.07 Indane n-Heptane 33 2.73Cyclohexene n-Pentane 82 1.55 2.88 Tetralin n-Heptane 83 5.42 13:-i-Cyclohexene Chloroform 82 0.77 1.18 Naphthalene n-Heptane 82 8.26 24.5Cyclohexene Carbon tetra- 82 1.12 2.05 Naphthalene Chloroform 82 0.84 1.43chloride Naphthalene Carbon tetra- 82 2.83 5.554-Ethyl-1-cyclohexene sa-Heptane 75 1.73 2.85 chloride

Diolefins 1-Methylnaphthalene n-Heptane 82 6.43 17.1
l,5-Hexadiene n-Heptane 82 2.93 6.17 2-Methylnaphthalene n-Heptane 82 8.58 26.0
l,5-Hexadiene n-Heptane 33 1.90 6.60 Dimethylnaphthalene a-Hepte.ne 82 8.95 22.1
l,5-Hexadiene n-Pentane 82 2.32 5.31

MiscellaneousI,5-Hexadiene Chloroform 82 0,79 1.19
1,5-Hexadiene Carbon tetra- 82 1.83 4.40 1-Hexyne n-Heptane 82 6.75 18.4

chloride Chloroform n-Heptane 82 2.27 4.39
2-Methyl-1,3-pentadiene n-Heptane 75 2.72 5.34 Methylene chloride n-Heptane 82 3.50 9.54
l,3-Cyclohexadiene n-Heptane 75 2.75 5.63 Carbon tetrachloride a-Heptane 70 1.13
1,4-Cyclohexadiene n-Heptane 82 3.10 7.20
1-Vinyl-3-qyclohexe.ne sa-Heptane 82 2.94 7.06
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Figure 8. Separation of Cyclohexene and
1,5-Hexadiene

Adsorbent. No. 923 silica gel, 250 00., 15 nl1n.. X 150 CIIl.
Charge. 5 DlI. of 50-50 nllxture of cyclohexene and 1,5

hexadiene
Eluent. n ...Heptane
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These results indicate that a fair separation is achieved, as

Figure 9. Separation of CycIohexene
and 2-Methyl-l-pentene

Adsorbent. No. 923 silica gel, 250 IIll., 15 1Il1Il.
X 150 CIIl.

Charge. 5 00. of 50-50 blend of cyclohexene
and 2-Inethyl-I-pentene

Eluent. n-Heptane

in a larger column. For the first of these tests 5 ml, of a 50-50
blend of cyclohexene and 1,5-hexadiene were used with a column
containing 250 ml. of silica gel. These values correspond to a
ratio of free space to individual component of about 82. In
Figure 7 it is observed that these two components will yield some
overlap singly under these conditions-that is, cyclohexene dis
appears at 3.41 volumes, whereas 1,5-hexadiene appears at 2.93
volumes. Cuts were taken of the efHuent and analyzed for both
components by infrared methods, and the data are plotted
in Figure .. 8. Area measurements indicate that two fractions
could be obtained with about 98% recovery and 98% purity for
each component.

Tests have been made to check the predictions of the data of
Table I and Figure 7 relative to the separability of cyclic and
acyclic olefins. Referring to Table I it is observed that 2-methyl
1-pentene is present in the effluent from 1.90 to 3.70 volumes of
the wash (in terms of the free liquid space in the adsorbent bed).
Cyclohexene is present from 1.71 to 3.41 volumes of the wash.
One would conclude that a separation of these compounds is not
feasible. A test was made in a column containing 250 ml. of gel.
In this test the ratio of the free space to the volume of each com
ponent would be very nearly 82 or comparable to that used in ob
taining the data listed above. The results of this test are shown
in Figure 9 and check exactly with what would be predicted from
the appearance and disappearance factors.

Considering the possible separation of cyclohexene and 1
hexene, it is observed that the factors for the latter are 1.42 and
2.48 and for cyclohexene 1.71 and 3.41. This would indicate
that a partial separation would be feasible. Tests were made on
this separation both at room temperature (33 a C.) and at a re
duced temperature (-6° C. at the bottom inlet of the jacket and
4° C. at the top outlet). Figure 10 presents the results obtained
at the higher temperature. The results at the lower tempera
ture were similar. If two fractions were made by cutting at the
intersection of the two curves, the results (obtained by area
measurements) would be as follows:

3.41

Dis
appearance

Factor

1.71

3.11

Appearance
Factor

82a 1.59 2.86

82 2.93 6.77

82a 2.86

32.8 2.45

32.8a 2.00

32.8

Appearance and Disappearance Factors for
Corrapozrents of Binary Mixtures

Free
Space!
Charge

82Cyclohexene (alone)
Cyclohexene (50-50 mix.

with 1,5-hexadiene)

tert-Butylbenzene (alone)
tert-Butylbenzene (50-50

mix. with benzene) 32. s- 1. 95

a Ratio with respect to component under consideration.

1,5-Hexadiene (alone)
1,5-Hexadiene (50-50 mix.

with cyclohexene)

Benzene (alone)
Benzene (50-50 mix.

with tert-butylbenzene)

data in Figure 7 were obtained using O.l-ml. samples on a 5 X
460 mm. gel bed with a liquid free space of 8.2 ml. and with
n-heptane developer. It can be seen from Figures 4 and 5 that
as the ratio of gel to charge (ratio of free space to charge) in
creases, the appearance factors approach the disappearance
factors; thus, the ultimate separability of any two compounds
is dependent on the differences in disappearance factors. How
ever, there is an upper usable limit to the ratio of free space to
charge. The ratio used in obtaining the data in Figure 7,
approximately 80, is large enough to resolve differences in ad
sorbabilities of compounds, yet it is a practical value which
allows the separations to be carried out. The column length has
approached the limit where appearance factor is independent of
bed depth.

From Figure 7 it is possible to predict the feasibility of separat
ing different materials by considering whether one material will
be washed from the gel prior to the appearance of the second
material. If present in different concentrations, the ratios of gel
to charge will differ for the two components, and this should be
considered in order to make precise predictions.

Table II.

Effect of One Component on Another. It would also be ex
pected that one component will have an effect on the appearance
and disappearance factors for other components in a mixture.
Data presented in Table II simply show that with the ratio of
gel to charge constant for a given hydrocarbon, the addition of
a second hydrocarbon tends to lower both the appearance and
disappearance factors.

Tests on Separability of Components. Several tests have been
carried out to determine how well the data presented in Table I
or Figure 7 may be used to predict the feasibility of separation
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F'igure 10. Separation of Cyclo
hexene and I-Hexene

Adsorbent. No. 923 silica gel, 250 rnl.~ 15
IllIl1. X 150 CIll.

Charge. 50-50 blend of cyclohexene and 1
hexene

Eluent. n.-Heptane
Te mpeeat.uee. 33° C.

Appearance Disappearance
Factor Factor

Compound n-C7 n-C5 CHCla CCI. n-C7 n-C. CHCla CCI.

Cyclohexene 1.71 1. 55 0.77 1.12 3.41 2.88 1.18 2.05
l,5-Hexadiene 2.93 2.32 0.79 1.83 6.77 5.31 1.19 4.40
Benzene 3.76 3.34 0.95 1. 78 9.00 6.92 4.39
Naphthalene 8.26 0.84 2.83 24.5 1.43 5.55

10.9
9.0

10.2
14.6
6.32

15.6
12.3

Dis
appearance

Factor
Appearance

Factor

2.90
3.07
2.94
3.26
1.94
3.58
3.40

Hours 0 C. Pressure

Untreated, as received
2 145 Atm.
2 210 Atm.
2 425 Atm.

96 425 Atm.
2 165 Vac.oven

36 235 Vac. oven

Treatment of Grade F-20
Activated Alumina

In considering the data of Table I and Figure 7 it is concluded
that the following separations are feasible:

1. Mono-olefins from diolefins.
2. Mono-olefins from aromatics.
3. Partial separation in some cases of acyclic from cyclic

mono-olefins.
.4. Partial separation of bicyclic aromatics from monocyclic

aromatics.

Definitely not feasible is the separation of aromatics from diole
fins as general classes.

Studies on Activated Alumina. PRETREATMENT. Before mak
ing measurements on individual hydrocarbons with activated
alumina, the optimum pretreatment was studied. For this work
Alorco Grade F-20 activated alumina was used. Dimethyl
naphthalene (mixed isomers) was used as a test material and both
appearance and disappearance factors were measured, The
results are shown below:

Table III. Appearance and Disappearance Factors for
Various Compounds

(Grade F-20 activated alumina, 24° C.)
Dis-

Free Appear- appear-
Space! ance anne

Compound Developer Charge Factor Factor

Acyclic mono-olefine
n-Heptane 83I-Hexene 0.96 1.35

4-Methyl-2-pentene n-Heptane 83 0.91 1.32
2-Ethyl-l-hexene n-Heptane 83 0.97 1.39
2,3-Dimethyl-2-butene 'n-Heptane 83 0.91 1.29
2,4,4-Trimethyl-2-

n-Heptanepentene 83 0.87 1. 25
I-Hexadecene n-Heptane 83 1.02 1. 54

Cyclic mono-olefine
n-Heptane 1.02Cyclohexene 41 1.46

Cyclohexene a-Heptane 83 1.06 1.45
Cyclohexene n-Heptane 277 1.07 1.54

Diolefins
l,5-Hexadiene n-Heptane 41 0.96 1.57
1,5-Hexadiene n-Heptane 83 1.11 1.84
1,5-Hexadiene a-Heptane 166 1.24 1.83
1.5-Hexadiene n-Heptane 277 1.29 1.87
1,5-Hexadiene Chloroform 83 0.78
l,5-Hexadiene Carbon tetra- 83 0.92 1.30

chloride
1,4-Cyclohexadiene n-Heptane 83 1.24 2.24
1,3-Cyclohexadiene n-Heptane 83 1.23 2.05
1-Vinyl-3-cyclohexene n-Heptane 83 1.23 2.06'

Aromatics
Benzene n-Heptane 41 1.15 2 51
Benzene n-Heptane 83 1.37 2.90
Benzene n-Heptane 277 1.52 3.04
Benzene Chloroform 83 0.84 1. 15
Benzene Carbon tetra- 83 0.95 1.50

chloride
Toluene n-Heptane 41 1.16 2.40
Toluene n-Heptane 83 1.34 2.87
Toluene n-Hept.ane 277 1. 69 2.96
tert-Butylbenzene n-Heptane 83 1.37 2.49
n-Decylbenzene n-Heptane 83 1.60 3.68
Naphthalene n-Heptane 83 3.55 14.5
I-Methylnaphthalene n-Heptane 83 2.73 14.3
2-Methylnaphthalene n-Heptane 83 4.14 16.5
Dimethylnaphthalene a-Heptane 83 3.58 15.6
Dimethylnaphthalene Chloroform 83 0.77 1. 21
Dimethylnaphthalene Carbon tetra- 83 1. 16 2.88

chloride
Phenanthrene Carbon tetra- 83 2.15 4.47

chloride
Diphenyl Carbon tetra- 83 1.41 2.70

chloride
Styrene n-Heptane 83 1.88 5.27
Indene n-Heptane 83 2.30 10.28

It is concluded that heating for 2 hours in a vacuum oven at
1650 C. gives the best activity, and material so treated' was used
in subsequent work.

AnSORBABILITY DATA. Table III presents the appearance
and disappearance factors that have been measured for various
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would be predicted from the factors, No advantage is shown for
the reduced temperature.

Comparison of Developing Solvents. While most of the data
have been obtained using n-heptane as the developer, a few data
have been obtained using other solvents.

It was, at first, surprising to observe appearance factors of
less than unity using chloroform as the developer (this was also
observed for various other systems discussed in this paper). A
possible explanation is that if the developer is as strongly ad
sorbed as the material being studied, the latter does not necessar
ily have access to all of the space within the adsorbent. Thus,
the available free space actually is something less than that
value which was determined in flooding the column with developer
initially. Any tendency toward "channeling" likewise could
yield low values for the appearance factor.

General Conclusions for Studies on Silica Gel. It is interest
ing to note the effect of substituents on the adsorption charac
teristics of alkyl benzenes (Figure 7). Both the appearance and
disappearance factors are higher for toluene, ethylbenzene, and
tert-butylbenzene than for benzene--that is, substitution en
hances the degree of adsorption. This is also shown in Figure
4. This is not true, however, when a mixture of alkyl benzenes
is displaced through a column with a highly adsorbing material
such as ethyl alcohol. A long paraffin chain such as n-decyl
does, however, result in a reduction of both factors.

These data indicate that n-pentane is a more effective washing
solvent than n-heptane, as in all cases both the appearance and
disappearance factors are lower. It is concluded that essentially
the same degree of separation is possible using either paraffin,
however. It would appear that switching from a paraffinic
developer to a more strongly adsorbed material at some stage in
a separation procedure might have practical advantages in time
requirement and in reducing the volume of the effluent but no
advantage in feasibility of separations.
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_'-HEXENE

_ CYCLOHEXENE

- 1,5 - HEXADIENE

_ 2-METHYLPENTADIENE

Dis
appear

ance
Factor

1.52
1. 79
3.70
3.12
3.24
3.0
6.3
3.93

Dis
appearance

Factor

Appear
ance

Factor

0.73
0.83
0.93
1.43
0.99
1.14
1.33
1.98
0'.97

Appearance
Factor

Solvent

80
80
80
86
86
86
86
80
86

Free
Space/
Charge

Heat
treatmentMesh

LeHexene
Cvclohexene
1,5-Hexadiene
2-Methylpentadienea
1-Vinyl-3-cyclohexene
Lg-Cyclohexadiene
1,4-Cyclohexadiene
Benzene
tert-Butylbenzene

a Mixed isomers.

60-160 Unheated 85 2,2,4-Tri- 1.14 2.57
methyl-
pentane

60-160 Unheated 82 CCI. 0.65
60-160 Unheated 74 CHCb 0.81

2'.'8'860-lGO Unheated 84 Acetone 1. 26
Unaized Unheated 87 Acetone 1.39 2.52
100-160 Unheated 85 Acetone 1. 53 2.03
120-160 Unheated 85 Acetone 1.47 2.31
60-160 (Vac, heated 85 Acetone 1.15 2.87

120-160 175 0 C., 85 Acetone 1. 35 2.52
4 hours)

60-160 Unheated 85 C,H,OH 1. 64
60-160 Unheated 28 CH30H 3.61 7.0

Table VI. Appearance and Disappearance Factors for
Various Saturated Hydrocarbons on Columbia Activated

Carbon
(Grade L, 100-160-mesh, unheated)

Dia-
Free Appear- appear-

Space! ance anee
Adsorptive Solvent Charge Factor Factor

n-Heptane Acetone 85 1.53 2.03
2,4-Dimethylpentane Acetone 86 0.97
Methylcyclohexane Acetone 86 1.09 2.15
1,1- Dimethylcyclopentane Acetone 86 0.92

2,2-Dimethylpentane Methanol 27 1.2 10.0
Methylevclohexane Methanol 27 1.5 8.0
trans-l,2-Dimethylcyclo-

pentane Methanol 28 1.9 8.3
n-Heptane Methanol 28 3.6 7.0

Benzene Acetone 86 1.51 4.54
Toluene Acetone 86 2.10 5.34
Ethylbenzene Acetone 86 2.14 7.94
c-Xvlene Acetone 86 3.75 9.75
m-Xylene Acetone 86 2.75 12.0
p-Xylene Acetone 86 3.42 12.3
tert-Butylbenzene Acetone 86 1.34 3.58
1,4-Cyclohexadiene Acetone 86 1. 61 3.36

activated carbon may be useful for the separation of certain in
dividual compounds, it does not allow type separation of diole
fins and alkyl benzenes.

A study was made to determine just what carbon and solvent
wash system would show greatest promise for separation of the
saturated hydrocarbon types. To this end n-heptane was used
as the adsorptive, on the basis that the highest appearance factor
possibly would point to the system having greatest resolving
power. Because, in general, saturated hydrocarbons are more
strongly adsorbed on activated carbon than are oxygenated com
pounds, it was reasoned that the latter might prove effective as
developers in resolving the saturated hydrocarbon types. Alco
hols of low molecular weight and acetone were the most promising
of the compounds tested. Results indicated the Columbia Grade
L activated carbon offered greater promise than Columbia
Grades G, S,and 4SXA carbons, and chars derived from petro
leum sources. The data in Table V show results obtained using
different solvents with Grade L carbon varying in size and in

Table V. Appearance and Disappearance Factors for
n-Heptane with Various Carbon-Solvent Wash Systems

Grade L Columbia
Activated Carbon

Table IV. Appearance and Disappearance Factors for
Various Hydrocarbons on Colutnbia Activated Carbon

(80-200 mesh, n-Heptane developer, 24 0 C.)
Free

Space/
Charge

____ BENZENE

_ I, 4 - CYCLOHEXADIENE

_I,3-CYCLOHEXADIENE

- ,-ViNyL CYCLOHEXENE-3

I I I I I I I I III
t - BU-BENZENE

.6 .8 I 2 3 4 5 6 8 10
VOL. EFFLUENT / LIQUID FREE SPACE

I I I I I I I I 11 III

Figure 12. Relative Adsorbabili
ties of Hydrocarbons on Carbon

Shown by presence of adsorptive in
effluent

Colwmbte activated carbon 80- to 200
:mesh.. n ..Heptane developer

Ratio of liquid free space to charge vol
unte, 80

I I J I I I IIIIII I I

INDENE

_STYRENE

DIMETHYLNAPHTHALENE

Z-METHYLNAPHTHALENE

AROMATICS
I-METHYLNAPHTHALENE

NAPHTHALENE
_ n-DECYLBENZENE

_ I-BUTYLBENZENE
_ TOLUENE

_ BENZENE

_ I-VINYLCYCLDHEXENE-3

DIDLEFINS
_ 1,3-CYCLOHEXADIENE

_ 1,4-CYCLOHEXADIENE

_ 1,5-HEXADIENE

_ CYCLOHEXENE

_ I-HEXADECENE- 2,4,4- TRIMETHYL-2-PENTENE

MON6-rEFINS - 2,3- DIMETHYL-2-BUTENE

_ 2-ETHYL-I-HEXENE

_ 4-METHYL-2-PENTENE- I-HEXENE

I I I I I I IIIIII I I
0.8 2 3 456 8 10 20

VOLUME EFFLUENT I LlOUID FREE SPACE

Figure 11. Relative Adsorbabilities of Hydrocarbons on
AluOlina

Shown by presence of adsorptive in emuent
Grade F-20 activated alulDina. n-Heptane developer. Ratio of

liquid free space to. charge volume, 80

hydrocarbons over activated alumina. Several developers have
been tried. Data showing the effect of ratio of adsorbent
to charge on the appearance and disappearance factors for sev
eral different compounds indicated that this effect was similar to
that observed for silica gel. Figure 11 presents the appearance
and disappearance factors for various hydrocarbons in bar
graph form. In this figure all data are on a comparable basis to
facilitate predictions
of separability.

On the basis of
these data, alumina
afford a better sepa
ration between alkyl
benzenes and naph
thalenes than does
silica gel. Solubility
limitations made it
difficult to obtain
data on more highly
condensed com
pounds using n-hep
tane as developer.
Poor separations are
predicted for any
combination of
mono olefins and di
olefins, As with silica
gel, poor separation
is predicted between
diolefins and alkyl
benzenes.

Studies on Activated Carbons. Preliminary studies on acti
vated carbons were directed toward selection of carbons that
might show promise for separating hydrocarbon types which
were not found separable on either silica gel or activated alumina
-viz., separation of diolefins from alkyl benzenes and separation
of the saturated hydrocarbon types. Table IV and Figure 12
present the appearance and disappearance factors of several cyclic
and acyclic diolefins and of several alkyl benzenes on an activated
carbon using n-heptane developer. The data reveal that while



952

1
I I I I I I

_~-HE.PT"'NE.·

METHYL ALCOHOL 2,2 -DJMETHYLPENiANE

FREE SPACE
METHYLCYCLOHEXANECHARGE ·28

...l TRANS-I /2 DIMETHYLCYCLOPENTANE

r
_ Tl-HEPTANE

_ 2,4 - DIMETHYL PENTANE

- METHYLCYCLOHEXANE

_ 1,1- DIMETHYLCYCLOPENTANE

__ BENZENE

ACETONE
_TOLUENE

FR~~~~~~E=86 ETHYLBENZENE

_o-XYLENE

m-XYLENE

P-XYLENE

_,-BU-BENZENE

L _1,4 - CYCLOHEXADIENE

1 I I 1 I I I 1 I I I
0.8 I 2 3 4 6 8 '0 20

VOL. EFFLUENT/LIQUID FREE SPACE

Figure 13. Relative Adsorbabilities of Hydrocarbons on
Carbon
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Table VII. Appearance and Disappearance Factors for
Various Hydrocarbons on Silica-AluInina and Silica

Magnesia
(100-160-mesh; a-heptane developer; 24° C.)

Dis-
Free Appear- appear-

Space/ ance ance
Adsorptive Adsorbent Charge Factor Factor

I-Hexene Silica-aluminaa 83 1.10 1.63
Cyclohexene Silica-alumina a 81 1.29 1.58
1.5-Hexadiene Silica-aluminaa 81 1.45 2.64
2-Methyl-1.3-penta- Silica-aluminaa 86 1.87 Reacted on

diene column

l,3-Cyclohexadiene Silica-aluminaa 86 1.58 2.92
Benzene Silica-aluminaa 86 2.05 5.05
tert-B u tylbenzene Silica-aluminaa 83 2.29 7.0

IcHexene Silica-magnesia b 78 1.05 2.05
I-Hexadeoene Silica-magneaia e 78 1.00 2.39
Cyclohexene Silica-magnesia b 78 1.28 2.35
1.5-Hexadiene Silica-magnesia b 78 1.59 3.53
1.4-Cyclohexadiene Silica-magnesia b 76 1. 79 5.00
l,3-Cyclohexadiene Silica-magnesia b 76 1. 61 Reacted on

column

Benzene Silica-magnesiab 78 2.18 5.89
2-Methyl-1,3-penta- Silica-magnesiab 76 Reacted on column

diene

a 87% silica, 13% alumina.
b 70% silica, 30% magnesia.

Figure 14.

Relative adsorbabilities of several alkyl benzenes and a repre
sentative diolefin on Grade L carbon with acetone developer are
also shown in Figure 13. This acetone-carbon system indicates
no separation between diolefins and alkyl benzenes as classes.

Silica-Alumina and Silica-Magnesia Aflsorbents. Two com
mercial cracking catalyst materials were tested for possible
selectivity in hydrocarbon separations: alumina-silica (13%
alumina) and magnesia-silica (30% magnesia). Both adsorbents
were screened to give a 100- to 160-mesh fraction and heated in a.
vacuum oven at 1750 C. for 2 hours for activation. Table VII
and Figure 15 show data obtained for representative hydro
carbons of several classes on these two adsorbents. These data
indicate both adsorbents, in general, to be inferior to silica gel for
effecting separations.

While there is some indication of an advantage over silica. gel

I I I I I I I I

TERTIARY 8UTYL8ENZENE- BENZENE

_ 1.,3-CYCLOHEXADIENE
87% SILICA

_ (REACTION) 2-METHYL-I,3-PENTADIENE13% ALUMINA

_ 1,5-HEXADIENE-CYCLOHEXENE-I-HEXENE

(REACTION) 2-METHYL-I,3-PENTADIENE

~ BENZENE

_ (REACTION) 1,3-CYCLOHEXADIENE- 1,4 -CYCLOHEXADIENE
70% SILICA

30% MAGNESIA _ 1,5-HEXADIENE- CYCLOHEXENE- I-HEXADECENE- I-HEXENE

I I , I II I I

I 2 3456810

VOLUME EFFLUENT ILiQUID FREE SPACE

Shown by presence of adeoepelve in effluent
ColulDbia Grade L activated carbon, 100- t.o ISO-mesh. Acetone and

methanol developer

heat treatment. It was concluded that 100- to 160-mesh material
with no heat treatment is slightly superior.

Table VI and Figure 13 show the appearance and disappear
ance factors for the four classes of C7 saturated hydrocarbons
using acetone and methanol as developers. It does not appear
feasible to effect good separation of anyone class, but the possi
bility does exist of partially separating the normal paraffins
from the other three classes.
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Separation of Methylcyclohexane and
n-Heptane

ColuDln. 15 nun. inside dianleter.. ISO-ern. length
Adsorbent. Colul'Dbia Grade L activated carbon, 60- to 150

mesh
Developer. Methanol
Mixture. 5 uti. or 50-50 lDethylcyclohexane and n ....heptane

In order to demonstrate this prediction, a 5-mI. sample of a
50-50 blend of methylcyclohexane and n-heptane was percolated
through a bed of activated carbon, 15 mm. in diameter and 150
em. in depth, using methanol as a developer. Fractions of 50
ml. each were taken from the column and analyzed by mass
spectrometer. The data are shown graphically in Figure 14.
If two fractions were made by cutting at the intersection of the
two curves, the results would be as follows:

Figure 15. Relative Adsorbabilities of Hydro
carbons on Mixed Solids

Methylcyclohexane
n-Heptane

Purity,
%
98
93

Recovery
%
93
98

Shown by presence of adsorptive in emuent
Silica-aluDlina and silica-:rnagnesia, 100- to 150-Dlesh. n ...

Heptane developer. Ratio of liquid tree space to charge
voluDle,80
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in the separation of alkyl benzenes from diolefins, the reactivity
of the latter may preclude their recovery. For analytical pur
poses, it may prove useful in some cases to make separations on
silica gel to obtain a fraction containing alkyl benzenes and con
jugated and nonconjugated diolefins. A subsequent percolation
over silica-alumina or silica-magnesia might effectively remove
the conjugated diolefins.

CONCLUSIONS

A method has been applied for establishing quantitatively the
relative adsorbabilities of hydrocarbons according to molecular
type on various solid adsorbents. Reliable predictions have
been shown to be possible for the feasibility of analytical separa
tions on a practical scale.

Thus, on silica gel the following separations are possible:
(1) mono-olefine from diolefins, (2) mono-olefins from aromatics,
and (3) partial separation in some cases of acyclic- from cyclic
mono-olefine,

Alumina affords a better separation of aromatics based on the
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number of aromatic nuclei in the molecule. Activated carbon
affords a partial separation of straight-chain paraffins from other
saturated hydrocarbons.
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Circular filter Paper Chromatography
RAYMOND J. LESTRANGE', and RALPH H. MULLER2

New York University, New York, N. Y.

Most of the work on paper chromatography done to date
has been of an empirical nature. This paper attempts
to elucidate factors of somewhat more fundamental
nature. Data obtained using filter paper squares show
the effect of various factors on the rate of solvent flow
and the degree of resolution of a kriown cation mixture.
The circular technique offers many advantages over
the strip method. The solvent flow can he adjusted to
the desired rate, thereby shortening considerably the
time necessary for a chromatographic separation. This
technique appears to produce clearer, hetter-defined
zones. The reflectance densitometer is a convenient
instrument for measuring zone widths, points of
maximum color density, and R 1 factors.

TH E use of circular filter paper chromatography has not been
widespread. Early workers who used this technique in

cluded Goppelsroeder (7), Skraup (17), Holmgren (8), and Brown
(2). Recently, Rutter has called attention to its advantages (15,
16). Rosebeek separated many of the amino acids using this
technique (1.1-). Giri et al. have developed quantitative chroma
tographic procedures for separating amino acids in circular sheets
(5, 8). Luderitz and Westphal extended Rutter's technique lily
applying discrete spots of material in a circle about the center of
the paper rather than as a single spot at the origin, so that many
different substances could be compared (9). Bersin and Muller
separated many sugars on filter paper disks and compared their re
sults with those using paper strips (1).

As work in paper chromatography is still largely empirical, an
attempt has been made to reveal information of a more basic na
ture which will help workers in this field.

This paper is reports on a continuation of the study of the flow
of liquids through paper (12); the use of a reflectance densitom
eter in measuring zone widths and R1 values on completed paper

, Present address, Photo Products Department, E. 1. du Pont de Nemours
&; Co., Ine., Parlin, N. J.

'Present address, Los Alamos Scientific Laboratory, P.O. Box 1663, Los
Alamos, N. M.

chromatograms (12); and the efficiencies of separations usin'!;
filter paper squares as compared to those using strips.

EXPERIMENTAL DETAILS

Most of the present work has been performed using filter paper
squares.

Two parallel cuts are made from the same edge of a square
piece of filter paper to the center of the paper. The "tab" is bent
at 90° with the plane of the paper and cut to suitable length.
The mixture to be separated is placed on the tab at the point
where it joins the center of the square. The paper is then sup
ported on a crystallizing dish (8 em. in diameter X 4 cm.) contain
ing the solvent. Another crystallizing dish is used as a cover in
order to prevent solvent evaporation. When the solvent flows
through the paper, the components of the mixture are separated
into circular zones.

Filter paper strips which were attached to a cork by a thumb
tack were suspended in a 1000-m!. graduated cylinder containing
the solvent. Also in the cork were holes for two glass tubes. One
tube, which reached almost to the bottom of the cylinder, carried
nitrogen saturated with the solvent being used. The other tube
carried away excess gas. The mixture to be analyzed was placed
on the strip 1 inch from the end that was immersed in the wash
liquid.

A mixture of bismuth trichloride, cupric chloride, and mercuric
chloride was separated using butanol saturated with 3N hydro
chloric acid (3). One hundred and thirteen micrograms of each
of these salts dissolved in excess hydrochloric acid was applied to
the paper. The solvent was the top layer obtained after shaking
equal quantities of I-butanol and 3N (2.95N) hydrochloric acid.
A large quantity of solvent was prepared initially, so that in sub
sequent experiments there was no question as to the uniformity
of solvent used. After formation of the chromatogram, the posi
tions of the bands were revealed by using hydrogen sulfide. A
glass rack was made to fit inside a desiccator and support 10 to 20
squares. The air was evacuated from the desiccator and hydro
gensulfide gas was passed into it. Complete development of
colors occurred in a few hours. These colored zones faded imper
ceptibly when exposed to the atmosphere for many hours.

Whatman No.1 paper was purchased in 18'/4 by 22'/2 inch
sheets. For comparative experiments squares or strips were cut
from the same sheet in the machine direction.

Throughout these experiments the temperature was kept at
24° ± 1° C.

In experiments with squares, the front of the mercury band was
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In order to cut tabs of uniform width, two single-edged parallel
razor blades were clamped to adjustable brass spacers. A cutter
like this will cut tabs in paper squares with a variation of less
than 0.05 mm.

Time of Solvent Flow. In order to study the rate of solvent
flow, eight squares of paper were cut from one large sheet of
filter paper. The widths of the tabs (6.68 mm.) were kept con
stant by using the parallel razor blade cutter. The same amount
of solvent (25 ml.) was placed in each crystallizing dish. Solvent
was permitted to flow for varying times and the resultant wet
areas were measured. Table II shows the results.

Equation 3 was computed from the results in Table II.

indistinguishable from the solvent front, so that the position of
the former was used to calculate solvent radii and areas.

l;"ACTORS AFFECTING RATE OF SOLVENT FLOW IN SQUARES

Width of Tab. Nine squares of paper, 4 by 4 inches, were
cut from one sheet of paper. Tabs, 3 to 8 mm., were cut, and
the length of each was adjusted to 34 mm, Twenty-five milli
liters of butanol saturated with 3N hydrochloric acid was placed
in each of nine crystallizing dishes. The squares were placed on the
dishes, and similar dishes were used as covers. The flow of liquid
through the paper was allowed to proceed for 180 minutes after
the solvent had reached the top of the tab.

The area wet by the solvent was calculated from the following
relationship: A = 1O.0t (3)

where A = area, r« = radius of major axis, Tb = radius of minor
axis, and w == width of tab. The width of each tab was deter
mined by measuring the widths at different points with a traveling
microscope and averaging the results.

The values for the tab widths and the wet areas are shown in
Table I. As zero width must correspond to zero area, the average
slope was calculated by averaging all values of A/w. The re
sultant equation was:

The average deviation of A (observed) from "-1 (calculated) was
2.44%.

The proportionality of area and time is a direct consequence of
h2 = at + b. The rate of solvent flow in a strip is considered to
be made up of two factors, the capillarity factor and the accessi
bility factor. At any given height, the capillarity factor is con
stant and if the width of tab is constant, the accessibility factor
does not change. Therefore, the increase in area of the square
wet by solvent should be proportional to the time.

A = 26.2w

Table I. Effect of Tab Width on Rate of Solvent Flow

The average deviation of A (observed) from A (calculated) was
2.43%.

Wet Area,
Sq. Mm.

2065
2090
1793
1721
1504
1402
1363
1039

770

Width, Mm.

8.0
8.0
6.7
6.7
6.0
5.1
5.0
4.0
3.0

This relationship confirms earlier measurements made on paper
(11).

If the area developed is plotted against time for squares having
tabs of various width, a family of straight lines is formed. The
validity of the relationship between area and width can also be
shown from Table III. If the slope of each line is divided by the
width of the tab, a constant value of 1.491 ± 0.020 is obtained.
This corresponds to an average deviation of 1.34%. The preci
sion is better than obtained previously, as the average slopes are
taken in each case and the errors involved in individual measure
ments tend to cancel one another.

Distance between Paper and Solvent. The effect of the
distance between the plane of the paper and the solvent on the
rate of flow was studied. In order to keep this distance constant

Table II. Effect of Tfrrre on Area of Paper Covered by
Solvent

Thus the increase in area developed in unit time is proportional
to the tab width.

The proportionality existing between area of the paper covered
by solvent and the width of the tab can he shown from known
facts. On strips of filter paper (12), the relationship between the
height. h, to which liquid rises in paper in a given time, t, is:

A2 = w 2(at + b)

and A = wVatTI
Therefore, dA wa

dI 2vat + b
(2)

h2 = at + b

Time, Min.

65
97

173
180
234
340
407
415

Height, l\1l1n.

6.9
9.0

15.7
16.0
19.0
26.0
32.0
32.0

Table III. Relationship of Tab Width and Tillie to Area
of Paper Wet by Solvent

Width, Area, Time, A/t
Mm. Sq. Mm. Min. A/t w Dev.

4.0 1039 180 5.77l 6.05 1.512 0.021
4.0 2158 340 6.34

5.0 1363 180
7.

57l
7.47 1.494 0.003

5.0 2137 290 7.37

6.7 Slope taken from Table II 10.00 1.493 0.002

6.0 1575 180 8.75} 8.65 1.442 0.049
6.0 2070 242 8.55

8.0 1645 130 12.66} /2.12 1.516 0.025
8.0 2090 180 11.60

Av. 1.491 0.020

Table IV. Effect of Distance between Paper and Solvent
on Rate of Flow

(1)

hw. Sub-

Time, Min.

112
112
142
142
180
180
242
298

Wet Area, Sq. Mm.

1170
1070
1452
1370
1830
1784
2446
2955

where a and b are constants. At any height, h, A
stituting A/w for h in Equation 1 gives:
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Tahle " . Effect of T ime of Solvent F low on E llipticit), of
Hesu ltant Zo n es

In (·lw lim its, when t is 0, E is in finite , an d when t is infini te, E
i.rs.

during an expe ri me nt. it. was necessary to prev ent the sligh t
sagging at th e center of th e square when the paper is wet.

Glass via ls , 1 em. in diamet er , were ground with eme ry du st
un til , wh en placed in sid e the cr ysta lli aing dish es, the glass vials
were of the sa me heights as the di sh es. The bottoms of the crys
ta llizing di sh es wer e co vered with solvent and varying amo unts
of solven t wer e pla ced in ea ch vial. E igh t sq uares of paper ha v
ing tabs of sim ila r width (3.60 mm.) were pl aced on the dish es.
T he tabs wer e immersed in the solve n t containe d in the vi als,
whil e the v ia ls t hemselves su ppo rte d the paper at the ce nte r of the
squares. So lvent wa s a llo wed to flow so that equal a reas of pap er
were wetted, a nd the times were noted . The results of t his ex
periment a re shown in T able T\'.

a nd
E =

r. .."Iki
r b 1.15 vIki + w/2

1.15 yki + w/ 2 = 1.15 +~=
ykt 2Ykl

By the m ethod of least squ ares, th e equation for the straight
line produced was:

I = 1:' .8h - :, 1

T he .iverage devi a tion of I (ohsprv pd ) from t (calculated ) was
:1.0(;O/C .

This line docs not. in tercep t the Y ax is a t ze ro . It is probable
that for very small h's, t would approach zero, a ltho ugh probabl y
not in a linear manner . Tha t t he a bove sho uld be true ca n bc
shown from kn own facts .

Ti me , Vlin . IVt' E (O b sd .) E (C a lcd .) Dev .

112 0 . 0953 1 .220 1. 2 16 0 . 00 4
112 0 .0953 1 . 210 1 . 2 16 0 .006
142 0 .0840 1 . 200 1 . 205 0 .005
142 0 .084 0 1 . 20 5 1 . 20 5 0 .000
180 0 .0746 1 .1 96 l . i U5 0 .001
180 0 . 07 46 1. 188 1 . 195 0 .007
2-12 0 . 0643 1 . 18 1 1 .1 84 0 .003
:!B8 0 . 05 79 I 169 1 . 177 0 .008

Av . 0 .004

For equa l area s develo ped , t hp time, t, is pr op orti on al to l /F.
Ther efore, t, / t, = h,/ h,

h, ' = ot,
h,' = DI,

.-\t a ny t ime, I, let r. be th e ra di us of paper wet by solvent in a
direction para llel to the tab, a nd r b be t he radius in the direction
perpend icula r to t he tab . Then, as r' = kt,

The va lid ity of th is equa t ion ca n be chec ked by comparing th e
ellipticity of the wet areas of the squares in T able IT aga ins t E
(calcula ted ) a t variou s t imes, since t he wid th of the tab (6.68
mm.) and k, the diff usion constant ( 10.0), a re kno wn, This com
pari son is mad e in T able V.

The extrapo lated value of E when I / V ( is O-that is, when t is
infinite- is t he sa me value as woul d be obtained by d ire ctly add-

v, = D /2h , and V, = D /2h1

V,/V, = h,/h ,a nd

Therefore,

The ve locity is defined as dh /dl .

2hdh = Ddt
dh f dt = /) / 2h = V

T ake the ca se of tw o squa res with tabs of the same wid th . Let
the distan ce betw een solvent an d paper in one case be hi, a nd in
the second case h, . Therefore,

Machine Direction in Filter P aper. The orientation of
fibe rs in a particul ar pap er ca n be measur ed by admitting a drop
of di lu te dye so lu tion to the paper fro m a fine capillary (12 ). The
ratio of the maj or to the min or ax is is consta nt in each case, inde
pe nde nt of the size of t he spot. Using a dilute a lcoho lic solut ion
of meth yl ora nge, t h is factor was found to bc 1. 15 ± 0.02 for
Whatma n No. 1 pa per. Even for a paper with no machine di rec
tim" an ellipse will be formed during a chromatographic experi
men t , hc cuus e of the offr-et of thr - widt.h of the tab.

-rt:

, / fj + w/ 2

+-- 5 CM.~

Figure I . Recorder Tracing of Completed jStrip
C h r o n l a t o g r a rn

ing a d rop of di lute dye solu t ion to a piece of filter pa pe r. If
th is va lue is used, t he eq uation is:

where IV is t he width of t he tab. A t a ll t imes, elliptic it y defined
as rs / r; = E,

Then-fore IV
E = 1.1 16 + ? . / - .

- v kt
(4)

Th is equation chocks in t he limits, fo r when t is O- tha t is,
whe n Ow solvent, ha s ju st ~U(rted to enter t he sq uare- E is in
fin ite . When t is infinite , E if' I . s inr-e the pape r has no machi ne
d ire ction .

Fo r a paper with a mach ine di rection , t he sa me deri va ti on is
a pplica ble. Thus, if th e ellipticity of the wet area produce d in
such a pa pe r is 1.15, and t his is made to coincide wit h dire ction b,
then

The va lue 1. 116 checks fai rly well with t ho va lue 1. lil ± 0.02 ob
tai nr-d using the dye solution.

nmO:\I ATOGHAPIIIC MEASUIU;ME:-1TS ON FILTEH l'AP lm

Use of a R efl ec tan ce D en sitom eter . R I values, t he t hickness
of zones , and the distan ce betw een zon es on completed pape r
ch ro matograms wer e de te rm ined with a reflectance den sitom ete r .
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An aluminum drum is used to hold t he com p lcte d chromato
gram. T hi s drum is ro tat ed at. a uniform rate by a l-r.p.m, syn
chrono us m otor . Light from a 6-volt lamp is focused on the
per ip hery of t he drum by a condensing lens. Light, reflect ed from
a small spot of the illuminated area, is picked up by the mi cro
scop e objectiv e and brough t to foc us on a bar rier-layer photocell.
The outp ut of the cell is connected direc t ly to a IOO-oh m poten-

Figures I a nd 2 show typiea l patterns produced in sca nning
paper chromatograms. In order to relate distances on t he chro
matogram to distan ces on t he recorder paper, t he width a t the
ba se of t he record er cur ve , indicating max im um reflectance, is
divided by a known fa ctor (12 .7 in one case). This dist ance, W ,
is rela ted to w, t he width of the zone, and x , t he width of the light
beam as shown below.

-+--5 eM.--+-

Figure 2. H ecorder T ra c in g of Co rn ple re d S q u a re
C hrornatogranl

It can be see n t hat while th e rec orde r paper has moved a dis
t an ce l V, t he sca nning drum has moved a dist ance w + x. Since
w, th e wid th of the zon e, is what we are in terest ed in : w = W - x.

The same line of reasoning may be applied to the measurement
of distan ces bet ween zones. Whi le the sca nning drum has mov ed
a distance w' - x, th e recorder paper has moved IV' . T hu s W I ,

th e distance between two zones on paper, is given as: w' = IV' +
x.

The analysis give n a bove was con firmed by sca nning a st rip of
pap er on which were d rawn several I ndia- in k rec tangles of various
known widt hs and distances apar t .

In analyz ing H chromatogram th e situa tion is no t a s ideal as
pi ct ured above. A ligh t bea m is not of uniform in tensi ty . F ur 
thermore, a zone is not sharply defin ed at its edges, T he res ult is
that the recorder curve will show a pronounc ed " toe." I n prac
t ice, t he straigh t-line portion of the curve has been ex te nded t o
coincide with t he "base" line. This va lue for t he " wid th " of a
zone is repea table. F urt hermore, in com paring t he widths of
zones under va rious con ditions , a ny " error" will be cance led,
owing to the consist ency of th e recorder.

In analyzing pa pe r str ips the pr ocedure ha s bee n to sca n t he
chromatograms from beg inning to end a t a point of maxim u m
zone wid th. In a na lyzi ng squares, the procedure was first to sca n
the sq uares at right angles to t he direction of t he tab, star t ing at
t he solve nt fron t and end ing at t he solve nt front . T his gave two

Sep a ra t io ns in S q u a r e s after Development

c

D. 252 nlinute s
E . 33 2 minute s

f

D

A . 96 minute s
n. 151 rninutc !o1
Co. 200 ..minu t cs

8

F igure 3.

. · 1~4 cm ·~_II

t iometer , a nd the center tap a nd one end of t he pot entiom eter are
connected t hroug h shielde d a nd grounded wires to th e Brown
E lectro nik record ing potent iometer . T hu s, t he output of the
phot ocell ca n be var ied fr om zero to a maximum .

Im agin e t he sca nning patch of
light to b e rectangular and m oving
ac ross the opaque zone from left t o
right . As long as the light is moving
along white areas in the pa per, the
reflectan ce will be a maximum . As
soon as the edge of the ligh t patch
rea ches a colored zone, the pen starts
to move in a direct ion corresponding
to dec reased refleetance. When the
ligh t patch is wit hin the colore d zone,
t he re corder indi ca tes minimum ro
flectan ee. Wh en t he light patch has
passed t he colore d zone, maximum
reflectance occurs aga in .

As t he sa mp le drum rota tes uni
formly, th e ph otocur ren t va ries in
propor tion to the reflect ivity a nd
this is fai thfully rep rod uced on the
record er chart. As t he chart is a lso
sync hro no usly dri ven , the chart dis 
tance corresponding to I mm. on t he
drum can be ca lcula ted from the
known speeds of drum and record er
pa per .

Although the use of th is ins t rument
for con centration measurements is
inf erior t o a t ra nsm ittan ce tec hnique,
it is very useful for other fac to rs such
as width of zones , separation be
tween zones , a nd III values.

Interpretation of R e fl e c t o m e t e r
Scan ning . The mechanism of t he
sca nn ing p rocess may be rep resented
as follows :
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Hg

0 .840
0 .836
0. 857
0 . 867
0 .870
0 .892
0 . 880
0 .9 18

0. 873

H I!

0 .962
0. 968
0 . 973
0. 97 0
0 .9 71

Bi

R» Factors

R I Factors

C u Bi

0 .-145 0 .829
0 .4 39 0 .8 32
0 .4 62 0 .850
0 .4 60 0 .842
0.458 0 . 82 7

C u

C u-Bi Bi- HI';

5 . 34 0 .00
6 .20 1 .32
6 . 20 0 .40
.5. 94 1 . 39
5 .682 . 17

H I';

1.80
1.20
1. 12
1 . 3.5
1.26

9 . 5:') 0 . 220 0 . 708
8 .90 0 .210 0 . 680

17 .7 1.1 0 . 209 0 .650
20 .2 6 .8 0 .1 90 0 . 64 1
28 .0 3 .2 0 . 2 11 0 . 684
34.2 14 .7 0. 2 16 O. C, 5 .5
41. 5 12 . 2 0 . 212 0 . 690
47 . 9 17 .4 0 . 214 0 .708

Av, 0 .211 0 .677

Bi

G. 07
4 . ;;7
4 . 60
4 .42
4. 18

Ba nd Wid t hs.
Xlm .

C u

4 .07
3 .99
3 . 92
4 .15
4 . 16

350
340
30 0
290
242
248
217
210
180
180

Time.
M in .

H g

0 .982
0 .9 75
0 .987
0 .988
0.989
0 .991
0 .989
0 .995
0 .988
0.989

0 . 98 7

Bi

0. 818
0 .8 28
0 .818
0 .823
0 .819
0 .822
0 .826
0 .827
0 .828
0 .825

0 .823

Hg

0 . 985
0 .9 82
0 .981
0 . 98 4
0 .9 78
0 .982
0 .980
0 .983
0 .980
0 .976

D is-
T ime, ranee,
l\I in . M m .

g, 9 .0
180 16 .0
234 19 .0
340 20 .0
40 7 32 .0

effect on the separa tion of copp er, bis
muth, and mercury was studied . The
widths of the tab s were varied from 4 to
8 mm . Each squa re was developed to the
same to tal area (approximately ). The
resul ts are shown in T abl e VII.

From Table VII it is seen that the
copper zone is only slightly widened by
increasing th e tab width . This is due
in pa rt , no doubt, to th e low R, factor
that is, under all th e condi tions studi ed,
this zone moves slowly enough to make
approach to equilibrium be tween paper
and solvent phase possible. The mer
cury ban d behaves a lmost ideally. This
zone is virtu ally a t the solvent front and
in each case remains concentra ted in a
very narrow zone. T he bismuth zone
shows significant ta iling. T his spreading
is almost entirely at t he rear of the zone,
having th e effect of decreasing the
copper-bismuth sepa ra tion but having
lit t le effect on the bismuth-mercury
separation.

The rate of developmen t of the squa res
with 4-m m. tabs is about half tha t of
t he squares with 8-mm. tabs ; yet th ere

is no perceptible change in R, factors. T his would indicate th a t
the ratio of the metal zone distance to the solvent dista nce is a
true constant, independent of rate of flow of solvent.

Separations as a Function of Distance between Solvent and
P aper . Using the parallel razor-blade cutter, tabs 3.6 mm . wide
were cut in five similar squares. The dist an ces bet ween plane
of paper and solvent level were varied and all squa res were
developed with solvent to t he same total areas . The resul ts are
shown in T able VIII.

The first two columns show th e ti mes taken for development
and the distances between plane of paper and solvent level. Col
umns 3, 4, and 5 show the effect of increasing th e rate of solvent
flow on th e width of th e metal zones. The copper and mercur y
zones again are fairly consta nt regardless of speed (except for th e
mercury zone in the first case) . However, the cha nge in width of
th e bismuth zone is marked. For a 400% increase in rate, th e
bismuth zone increases in width abo ut 50% .

T able VH I. E ffec t o f Ilistance b e t ween S o lvcn t a n d P aper
o n Band W id t hs, Scparation b etween Bands , and R ,

F actors
Band

Sep aratio ns,
;\ r m .

Ba nd Wi d ths. ;\Im.
C u Bi Hg

16 . 6 27 .5 11 . 2
16 .4 26 . 0 12 . 0
18 . 2 32 .4 15 . 2
20 . 6 34 . 7 15 .2
19 . 4 35 .8 14 . 3
19 .0 37 .3 13 .3
25 . 0 37 . 0 14 .8
27 .2 38 .6 14 .7

Rr Fa ctor s

E ffcc t o f T'Irn e o f D c veloplll cnt o n Sepur-a t iorrs Obtaincd
Us in g F il tc r P aper S t r ip s

Ba nd
Separations , :\I m .
C u -Bi Bi-Hg

B i

Cu

0.452
0 . 452
0. 456
0 .4 48
0 .4 47
0. 450
0 .4 52
0 . 449
0 .4 59
0 .443

0 .451

0 . 829
0 . 840
0 . 834
0 . 834
0 . 828
0 . 830
0 . 828
0 .824
0 . 828
0 .8 32

Rr Factors

Solven t
Ht., M m.

82
80

110
118
126
143
158
171

C u

0 .440
0 .4 34
0 .4 38
0 .4 40
0 . 437
0 .440
0.443
0 . 437
0 . 450
0 .4 .50

Table I X.

90
90

160
190
230
30 0
360
420

Ti me,
~fin .

Mrn .
H g

1. 66
1.85
1.31
1. 39
1.40
1.35
1.28
1.25
1. 33
1.43

1.43

4 .68
4.83
4 . 36
4 .36
4 .60
4 .80
4 .52
4 .94
5 . 35
5.47

4.79

II I';

1. 20
1.12
1.1 2
1. 20
1 . 20
1.30
1. 28
1.24
1 . 32
1.38

M m .

Cu Bi

4 .58
4 . 39
4 .00
4 . 26
4 .14
4 .19
4 .32
4 .26
4.56
4 . 60

4 .33

Ba n d W id t hs ,

4 .38
4 . 38
4 . 40
4 . 5 11
4. 60
4 .58
.1. 9,1
4 .70
5 .32
5 .58

E ffcc t of Tim e o f D ev elopm ent on Band W id t hs, Band
Separa t io ns, a n d R , Factors

Band
Sepa ration s, ~Im .

C u-B i Bi-Hg

2 .73 0.43
2 .80 0 . 58
5 . 34 1. 70
4 . 92 1.48
6 . 32 2 . 19
5 . 83 2 .2 3
7 .1 5 2 . 40
7 . 41 2 .3 3
7 .78 2 .73
8 . 17 2 .7 8

E ffcc t o f T a h \Vidth on B and W idths, Separation b etween
B ands , and R , Factors

Band
Separation s. l\fm .
Cu-Bi Bi -Hg

0.83 1 . 85
0 .8 0 1.72
6 . 72 1. 88
6 .56 1.83
6 .04 1. 89
6 .50 1. 92
6 . 24 1 . 89
6 . 35 1 .9 .5
5 . 79 1. 97
6 . 08 1 . 88

Cll Bi
Ba nd W id t hs.

4 .13
4 .20
4 .40
4 . 20
4 . 21
4 . 24
.1. 27
4 .4 0
" .50
4 .50

Solvent
Radius

19 . 2
19 .4
25 . 4
23 .8
28 . 3
27 .9
30 .8
31.5
34 . 1
35 . 7

SEI'A HATIONS I N F I LTER P AI'EH SQUA HES

Tablc VI .

T a h lc V I I.

T a"
Wid t h .

Mm .

4 . 0
4 .1
.5 . I
5 . 0
6 . 0
6 .1
6 . 7
6 . 7
8 . 0
8 .0

Time,
M in .

96
96

151
151
200
200
252
252
332
332

Av.

va lues for the width of each zone an d the distance between any
two zones. Next, the square was scanned from the center of t he
square to th e solvent front in a direction pa ra llel to that of th e
tab. This gav e another value for each zone. T he t hree va lues
obtained for each distan ce were then averaged to obtain the mean
va lue. Typical recorder tracings are shown in Figures 1 and 2.

Fi lter pa per squares were emp loyed to st udy va rious facto rs
which affect the separation of a mixtu re of cup ric chloride, bis
muth t richlorid e, and mercuri c chloride.

Separations as a Function of Tim e of De velopment. Ten
filter paper squa res with tabs of the same width (6.68 mm .) were
imm ersed to the same height of solvent . After being developed
for different tim es, th e squa res were sprayed with hydrogen sulfide
and th e various dist an ces measured . The resultant data are
shown in Tab le VI. Figure 3 shows five of t hese squa res. The R,
factor is defined as the rad ius to th e point of maximu m density in
a band divided by th e radius to the solvent front.

From T able VI it is seen th at the metal zones get th inner a t
first and then begin to widen gradually . The widening of zones,
or " ta iling," is a lways noted in th e case of filter stri ps. How ever ,
this effect appears to be less in the squares, as the increased di
a meter of each zone partl y compensates for the tailing effect . I n
fact, ove r the tim es measured, th e greatest devia tion in t he thick
ness of any ba nd is less than 1 mm .

T he R, factors, measured at right angles to the dir ection of the
ta b, are shown to be constant and independen t of time of develop
ment. The copper R, was 0.451 ± 0.0034,
for an average devia tion of 0.75% . The
bismuth R, was 0.823 ± 0.0034, for a
devia tion of 0.41 % . T he mercury R,
was 0.987 ± 0.0032, or 0.35%.

An expcriment was per formed which
was the same as tha t ju st described, ex
cept th a t th e ta bs were cut at righ t
an gles to the machin e dir ection of th e
pa per. The results confirmed th e data
in T ab le VI.

Separations as a Function of Tab
Width. Since increasing the tab width
increases t he ra te of solvent flow, its
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F igul'c ·L Speed of Separalion ill S t r i p a ncl S (! lIa r ..

(6 )

U. 300 :minutes
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S e p a r a t ions in Strips after Dcvclopment
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Ho wever, it is of interest to find out which technique gives th e

fastest ones .
In a str ip , t he relationshi p bd w epn height of solve nt and time

is given as :

(S"" - 8 ",. ) = ( Hi"" - H r,,,, ) y ;11 + b - ,/ , ( IV"" + IVm , ) (8 )

From th is eq uat ion it is seen th a t if the diff erence in R j fa ctor"
is constan t an d the wid th s of t he solute zones do not change too
much , a plot of t he sepa ra tion bp(\\'er'n zone s against V at + b
should be linear. Furtherm ore. the va lue of t, when th e sepa ra 
t ion is zero, gives t he ti me nocessurv before separat ion begin s.

If we define H, in the squure :J~ th e
ratio of the rad ii of solu te a nd solvent,
Eq ua t ion !l ma v be derive d in the sn.nu
wa y .

(S"" 8 ,,,, ) = ( H'm' - H,,,)
v /kl + c - I/, ( W"" + 11" "' ) ( ll )

T he on lv di ffere nc e be-
t wee n E q ua t ions 8 a nd !J
is in t he va lues of th e
co nstants .

h.,' = 1/1 + I,

T he Hj fuctor for a solu te , til l , is h",,Ih.,.

Ther efor e, h., = i ., / Hj ""

Subs tit u t ing in Equation u:
n; Hi "" V;;-t+ b

And for a nother so lu te, rn-:

h; = Hi "" V;;{f-b
Su b trnct.ing, hm, - h "' l = (H i "" - Ui "'l ) y ;itTI (7)

The act ua l separation between zon es is some wha t less than ( hm , 

hm, ), which is the di stance bet ween th e ce nte r's of t he bands. If
(Sm, - S"'I ) is t he actual se pa ra tion a nd IV"" a nd W"" a re t he
avpragp widt hs of th e bands, t hr- fo llowi ng is approximatelv
true:

h; - h,,, , = (S "" - 8 ",, ) + 1/ , or,,,, + IV",, )

Substi t u t ing ill Eq ua ti on 7 :

(5)

:::si
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To co mpa re sepurations in strips a nd sq ua res, eigh t strips of
pap er were cu t, 1 in ch wid e, a nd dovolopsd wit h so lvent fo r va ry 
in g ti mes. The results a re shown in T abl e I X .

A linea r relationship exist s bet woon t he sq uare of the di st a nce
t raveled by the solvent a nd t im e. By t he method of least sq uares,
t he equa tion is:

The last five co lu mns show till' spp:t1at ions between th e zones,
a nd t he R, fac to rs . Although it is a pparent th at separations be
co me better with increasing ti m« of de velopme nt, t he values for
t he coppe r-bi sm ut h a nd bismuth-rnercury di stances do not seem
to va ry in an orderly manner. TI l(> n-a son for t his lies in t he H,
factor s . The Ii, fa ctor for copper is 0.454 ± O.OOgu; t ha t for
bism ut h is 0.836 ± 0.0088, bu t ind ividua l values va ry beyond
th ese limits. A small ch a ngo in N, gl'l'at ly cha nges the dista nce-s
betwpen zones.

The a verage deviation of It' (observed ) fro m h' (cu lculated ) is
3%.

From columns ~: a nd 4 it is see n t ha t, t he wid t hs of t he copper
a nd bismuth zones vary fro m 1.5 to 7 hours. The mercury zonc
rema ins narrow t hrougho ut t his time ir.terval . Colum ns 6 and 7
show t he separations between zones. It is apparent. t hat after
sufficien t time these sepa ra tions are grea te r t han in the squares .

Comparison of Paper Square and Strip in Separations. EFFI

CIENC Y OF S j'; P AR,\1'roKS . In filtr -r p upv r sq ua res, t he constancy of
t he R, factor ( t he rat io of t he radi i of solu te a nd solven t) meas ured
at right angles t o th e d in-t-rion of thr- t ab ha s bee n shown. By
taking :n sq ua re s which \H ' I'<' develop ed for va ry ing times and
had t ab s of differ ent widt h- , t ho following val ues were obtai nr-d:
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COlllparison of R Factors in Square and Strip
Rr (Square) Rr' (Square) R, (Strip)

0.442 0.195 0.211
0.828 0.685 0.677
0.974 0.948 0.873

Copper
Bismuth
Mercury

Table XI.
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where AI = area of cross section of the mobile phase, A. = area of
cross section at the nonmobile phase, and a = partition coef
ficient.

Thus, the R, factor is a ratio of areas. In the case of the filter
paper strip, the area is directly proportional to the height. of
solute and solvent, and to the width of the strip. As the width
of the strip is constant, the ratio of areas reduces to the ratio of
the distances traveled by solute and solvent, respectively.

In dealing with squares, the areas of paper traversed by solute
and solvent are proportional to the square of their respective
radii. Thus, the R, factor obtained from an experiment with
squares would be the square of the ratio of the radii of solute and
solvent.

Table XI shows the R, values (ratio of radii of solute and sol
vent) obtained in this work. The squares of these values are then
compared with R, values obtained from experiments with paper
strips. The agreement for copper and bismuth is seen to be good.
The mercury values do not check closely, but a large factor in this
discrepancy can be attributed to the use of an average R, value
for mercury. As Table IX shows, this value increases steadily as
the length of the experiment increases.

In experiments with squares, the ratio of the radii of solute and
solvent is the criterion for possible separations. Therefore, the
use of a new constant would seem convenient. Of course, this
constant could be easily deduced from the known R, value.

Oonfirmation of this relationship between strip and square can
be found in the work of Bersin and MUller (1). Using the method
of Partridge and Westall (13), they separated many sugars using
filter paper disks and compared the "R,' values obtained with
those reported by Partridge for paper strips. Although the rela
tionship was not shown in the article, the squares of their "R?
values compare very favorably with the R, values obtained with
strips.

Many of these considerations would not be applicable to sys
tems having variable R, values.

Table X. Effect of Developmerrt Time of Band Separa
tions

(Calculated values)

Time, Min. Cu-Bi, Mm. Bi-Hg, Mm.

90 7.4 0.0
90 8.5 0.0

160 20.5 00
190 22.7 3.7
230 27.1 5.6
300 37.9 9.8
360 39.5 13.2
420 43.1 15.5

Equations 8 and 9 make it possible to compare speed of separa
tion of square and strip. However, these equations assume un
changing R factors. In the ease of the squares these factors are
reasonably constant, but, as seen in Table IX, the values for the
strips vary. In order to test Equations 8 and 9, the values for
the separations between zones were recalculated, assuming that
the R, factors for each filter paper strip were identical with the
average values given. These "adjusted" values are given in
Table X. In Figure 4, the separation between zones is plotted
against V66.8t + 958 (from Equation 5). From the values of
V 66.8t + 958 when the separations are zero, the times necessary
for separations to occur are 47 minutes for the copper and bis
muth zones (plot A), and 141 minutes for the bismuth and mer
cury zones (plot B).

Figure 4 also shows the separations for squares plotted against

the square root of the time. From the values of VI when separa
tions are zero, it is seen that 23 minutes are required for the copper
and bismuth zones to separate (plot 0) and 45 minutes for the
bismuth and mercury (plot D).

Although the actual figures given for initial separations are of
little accuracy, they show that separations occur faster in the
squares in this case. This may be shown pictorially by referring
to square A in Figure 3 and strip S in Figure 5. In the case of the
square, after 90 minutes, separation is already complete, while in
the strip it is not. (Actually, it appears that separation of the
bismuth and mercury zones is complete in the strip, but, as shown
by the photometric record, it is not. The light space between the
zones is yellow, indicating incomplete separation.)

The speed of separations in the square is at least as fast as in the
strip. For efficiency and clear definition of zones the square
method is often superior. The volume of solvent necessary for
separation is much less in the square. The height of solvent in
strip, or radius .of solvent in square, necessary before separation
occurs depends on the widths of the zones. Since these zones are
much thinner in the square, less development with solvent is re
quired for the desired separation.

Measurements of R factors, zone widths, or areas are much
more accurate with the square method. There is less tailing of
zones and the "center of gravity" of each zone is much more
clearly defined. This will be apparent from Figures 1 and 2.

This discussion is not meant to minimize the importance of
paper strip chromatography, which for many purposes, especially
two-dimensional chromatography, is very valuable. Rather it is
desired to point out the advantages of using squares, so that this
technique will be used more widely.

OOMPARISON OF R, and Ii; FACTORS. The factor R was origi
nally introduced by Martin and Synge in their theoretical treat
ment of partition chromatography (10). The term R j was intro
duced by Oonsden in extending this theory to paper chromatog
raphy (4), and was defined as follows:

R = movement of zone
, movement of advancing front of liquid

Mathematically, the following relationship was shown to ex
ist:
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A rnet.hod for the rapid inspection of a large rnarrrber
of essential oils was needed. It was desirable that
the rnet.hod characterize various oils by the patterns
they produced as well as give tentative identification
of rnajor constituents. Chrornatoplates were pre
pared by coating glass plates with silicic acid using
starch as a binder. Mter developrnerrt, the plates
were inspected under ultraviolet light for ultra
violet-active Illaterials. The plates then were
sprayed with an acidic solution of 2,4-dinitrophenyl
hydrazine and inspected under visible and ultraviolet
light to detect ketones. After heating, the plate
was again inspected under visible and ultraviolet
light to detect heat- and acid-sensitive Illaterials.
As a result of this study the identity of rrrany essen
tial oils can be indicated. Variation in condition of
the adsorbent is IlliniIllized by use of the plates.
The five-stage inspection of the plates gives op
portunity for characterization not often possible in a
single chrornutograrn,

SE NSIT IVE tests for essential oil constituents were needed to
aid in evaluating the results of a mint-breeding program

which has been under way for several years. The chromato
graphic method was indicated from the start. Classical methods
of distillation and preparation of derivatives were not useful,
since in most cases the amount of oil available was 0.1 to 1.0 ml.,
and many plants were to be studied. Infrared was not used in
most of the work, since the large number of compounds present in
the unfractionated oils would confuse the picture and make
translation of the curve a most complex undertaking. After a
survey of various chromatographic methods, the use of chromato
plates was adopted. These were glass plates coated with silicic
acid, using starch as a binder (4). They are direct descendants of
the chromatostrips developed by Kirchner, Miller, and Keller
(3). These authors indicated the use of plates for a different
purpose-namely, two-dimensional chromatography. Other
methods of chromatography tried did not give good separations
of the terpenes of interest. Another major problem was to
locate the colorless constituents on the plates. Three new tests
were applied to the plates in working with the mixtures of com
pounds in essential oils. These are of general usefulness with
many types of organic materials. On a single chromatoplate
many ketones and ultraviolet-active and heat-sensitive materials
could be detected by a five-step inspection sequence.

Tests for ketones were emphasized, since it was apparent that
ketones were often key compounds in the oils. This was particu
larly true in the mints. Terpenic ketone dinitrophenylhydrazone
derivatives did not separate well and it was, therefore, of great
value to run the whole oil on the chromatoplate and then sub
sequently prepare the derivative on the plate by spraying with a
solution of dinitrophenylhydrazine. The derivatives formed on
the plate had colors often characteristic of their degree of unsatura
tion. Thus, furfural gave a red spot, carvone, an orange-red
spot, pulegone, an orange to yellow spot, and butyraldehyde, a
yellow spot.

Ultraviolet-adsorbing materials could be detected on the same
plate used for the ketone tests if an ultraviolet-active material
were added to the coating mixture, and the active materials
observed by masking effect. Kirchner, Miller, and Keller (3),
adopting the suggestion of Sease (6), used zinc cadmium sulfide
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and zinc silicate. It was found that Rhodamine 6G also could be
used for the same purpose. The latter dye was a useful additive
for ketone tests, as suggested by White and Dryden (7), because
after spraying with dinitrophenylhydrazine the dinitrophenyl
hydrazones were visible under ultraviolet light on a chromate
plate containing the dye: This was a convenient addition to the
observation of the derivatives in the visible range and was more
sensitive in some cases.

Heating the plate after spraying it with the hydrochloric acid
solution of dinitrophenylhydrazine usually revealed new spots
under visible and ultraviolet light. Heat- and acid-sensitive com
pounds gave red, brown, or violet colors in the visible under these
conditions. Although the acid conditions were adequate to bring
out colors due to some of the materials, the use of heat made
additional materials visible and reduced the time for the test.

The chromatoplates rather than the strips were used to avoid
the difficulties of variation of R, values. Although the original
description of chromatostrips indicated several precautions
necessary for consistent results (3), the original workers still re
ported that the R f of their control, limonene, varied from 0.41 to
0.55. It was easy to depart very slightly from the standard
procedure and obtain great variation in Rf values as a result of
differences in thickness of coating or moisture content. Often
it was apparent that other constituents in the oils caused variation
in the R, values. Essential oils differ greatly in the type of con
stituents present, and these constituents essentially could affect
the nature of the developer. Often the identification of a
ketone in 5% concentration was attempted in the presence of
50% of an alcohol or ketone in the same oil. It was decided,
therefore, to use the wide plates and run pure, suspected com
pounds on the same slide simultaneously with the unknown mate
rial and to mix the known compounds with the unknown material
to see if the spots could be separated chromatographically with
various developing solvents. In this way the uncertainty of
many of the identifications was removed.

Figure 1 demonstrates the usefulness of the plates even
though the R f values varied. Various compounds including
carvone were run on chromatoplates on which the R, values of
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Figure 1. Relative Moverrrent of Ketones
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Yellow
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Yellow
Red-brown
Yellow
Yellow
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Orange-red
Yellow
Brown-violet
Red-brown
Red

44
41
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13

Table I. Range of Compounds on a Chromatoplate
Compound RI X 100 Test Color

Monocvclic terpenes 95-100 Ultraviolet and heat
n-Valeraldehyde 75 DNPH spray
Butyraldehyde 68 DNPH spray
Menthone 58 DNPH spray
1,8-Cineol 54 Heat
Dihydrocarvone 50 DNPH spray
Pulegone 47 Ultraviolet (faint) and

DNPH spray
DNPH spray
Ultraviolet and DNPH
Ultraviolet and DNPH
Ultraviolet and DNPH

-Heat
DNPH

Carvotanacetone
Carvone
Citral
Eugenol
Linalool
Furfural

carvone varied widely. For instance, if the R, values for men
thone, dihydrocarvone, and furfural were plotted against the RI
values of carvone on the same plate, a straight-line function was
obtained. The relative positions of any two materials on a path
were nearly constant, and a fairly consistent ratio of R I values
could be calculated.

Thus, by knowing the location of one compound, the general
location of the others could be predicted. In the early work,
furfural was used for a reference compound, since it gave a good
test with dinitrophenylhydrazine and appeared in a region apart
from most terpenic ketones. However, Figure 1 demonstrated
that the slope of the furfural line was too slight to make that
compound of much use. Carvone or butyraldehyde was more'
useful.

Figure 2. Comparison of Spearmint-Type
Oils

I, 1\I. criepa: II, M. spicata, Line 1 strain; III, American
spearmint; IV, Scotch spearmint

\ \ \. spot visible under ultraviolet; III. spot visible
after DNPH spray; open spot, spot visible after spraying

and heating

The chromatoplate method has been used for characterization
of several essential oils. A typical result is shown in Figure 2
where spearmint-type oils were used. Carvone is one of the main
constituents of all the oils. However, the odor of each oil is
distinctive, and comparison of the relative size of the spots showed
significant differences. For instance, the commercial spearmints,
such as the American, contained relatively little dihydrocarvone,
and this spot did not appear when 1 'Y quantities were used.
Mentha crispa on the other hand had nearly as large a dihydro
carvone spot as carvone, and M. spicata, Line 1 strain oil actually
had a larger dihydrocarvone area. These results have been
checked on oil from three different crop years and, in the case of
the M. spicata and commercial oils, from plants grown both in
Europe and the midwestern and western areas of the United
States.

EXPERIMENTAL

Preparation of the Chromatop1ates. The preparation of the
chromatoplates followed the directions for the chromatostrips
(3). Besides the usual technique of directly spreading the
starch-silicic acid mixture on the glass, an alternative method
of coating the plates was to add an additional volume of water to
the mixture after heating, and spray it on the plate with a small
paint sprayer. A mixture of 28.5 grams of silicic acid (Fisher,
C.P., precipitated), 1.5 grams of starch (amylopectin, or corn
starch can be used), 0.0011 gram of Rhodamine 6G, and 54 ml.
of water was stirred on a water bath at 85° C. until a short time
after the mixture thickened. After the mixture was removed from
the bath, 20 ml, of water was added. The mixture was then
spread on plate glass 5 inches wide and 7 inches high. Metal
separators were used to give about 0.02 inch of coating. Certain
batches of silicic acid were inferior to others in adsorption power
and were not used.

Development of the Chromatoplate. After the plates were
dried 20 minutes in an oven at 105° C. followed by 30 minutes at
2 mm. over potassium hydroxide, 1 to 2 'Y of the materials were
applied with ultramicropipets as rapidly as possible along a
line 2 em. above the bottom of the plate. For rough work
syringes and hypodermic needles were used, with the materials
in Skellysolve C solutions. The concentration used depended
upon the relative amount of the compounds in the mixture under
study and on the sensitiveness of the particular test in question.

Development of the materials was accomplished in a covered
batter)' jar, using 10 to 15% ethyl acetate in hexane (Skelly
solve B purified through an alumina column) as developing agent.
This gave results comparable to those obtained by Kirchner,
Miller, and Keller un with 15% ethyl acetate in hexane. The
use of hexane alone, also used by these earlier workers, was found
to be very useful for the separation of terpene hydrocarbons in
the present applications. Benzene was used for further tests of
identity of compounds.'

Location of Compounds. The detection of ultraviolet materials
was made immediately after the developing solvent had traveled
12 to 14 em. from the initial line. The chromatoplate was then
sprayed with a solution of 0.4 gram of 2,4-dinitrophenylhydrazine
(DNPH) inIOO m!' of 2N hydrochloric acid as used by Bland (2)
for paper chromatography. After the position of the ketones and
the color of the derivatives was marked, the plate was inspected
under ultraviolet light to find trace ketones. The plate was then
placed in an oven at 105° C. for 10 minutes and again inspected
under visible light and ultraviolet light to detect heat- and acid
sensitive materials. This consecutive series of observations, with
the notation of the time of appearance of the spots in addition
to their color and location, then became a characterization of the
material under study.

Recording of Data. Tracings on onionskin paper were made
of the chromatoplate and the areas colored appropriately with
colored pencils. In many cases, slides were made directly by
photographing the plate.

i
w
o
o

c:>

o
o
®
w
o

o

II

o

Q
o

o
o

III

o
o

a
o

IV

APPLICATIONS OF THE TECHNIQUE

The tentative identification of specific compounds by this
method is dependent upon a knowledge of the nature of the spots
produced by known materials. Some of these have been re
ported by Kirchner, Miller, and Keller (3, 5). Many others have
been run during the present work. Examples of some materials
which can be detected on a single chromatogram, using the
described sequence of tests, are given in Table 1. The R I values
given are to be regarded as relative and not as absolute ones.

In Table II are given the patterns of some essential oils which
have been examined in the above manner. The wide range of
types is clearly shown. The developing solvents in all these
cases was 10% ethyl acetate in Skellysolve B. One microgram
of the oil was used in this survey work. The table indicates in
the first column the location of the spots as the R I X 100 value.
The next three columns give the type of test obtained at each
area. In the column headed "UV" are indicated those materials
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Table II. Chroma'toplate Patterns of SOUle Essential Oils
Rj X Test Intensity Rj X Test Intensity
100 UV Spray Heat of Spot 100 UV Spray Heat of Spot

Anise oil 94 x Low Monarda -pumctata (horse-
62 x P mint oil) 93 x x Low
28 x Low 65 Y x Low
18 Or 50 Y Low
2 x Low 35 x PY

Carvone 37 20 BrR
Bergamot oil 97 11 x Y Low

BrR Low 5 x Y BrR66 BrR 3 BrR40 Or Low 0 x Y BrR33 BrR Carvone 3225 ;< Br Low
18 x Bi- Low NeroH oil 95 x BrR Low
6 x 73 x b
0 x Or Low 66 BrR Low

Cervone 38 44 Y Low"
Camphor oil 97 BrR 37 x b

33 BrR78 x Or Vi Heavy 28 x45 Y Low 20 BrR33 x Y Low 0 x Y BrR28 x BrR Carvone 4719 Y BrOr Low
13 x Orange oil, California. ex-

Carvone 38 pressed 92 BrR Low
Clove bud oil 97 BrR 54 Y

49 BrR Low
71 Y Low 38 Y33 x Vi BrR Low 26 BrR16 OrR 18 BrR2 x OrR Br Low 0 x Y Br LowCarvone 38 Carvone 41

Dill oil 67 Y Low" Pennyroyal oil, European 94 BrR Low44 x OrR 55 Y33 x OrR OrR 39 x OrY BrR18 x Or Low 18 x Y BrR Low
11 x Or BrR 7 Y6 x Or BrR 3 BrR3 x OrR BrR 0 x Y Br Low
0 x OrY BrR Carvone 32Carvone 32

Pettigrain oil, Paraguay 94 BrR LowEucalyptus dives 89 BrR 68 x b
52 Y Low a

67 BrR
41 R Low 44 Y
31 Y Low 38 x30 x Or 36 x b BrR
17 BrR Low 23 x b Low

2 Y BrR Low 22 BrR
Cervone 42 3 BrR

Geranium oil 94 x BrR 0 x OrY Br
68 BrR Low Carvone 41
54 Y Low Pycnanthemum pilosum 94 x Low
38 BrVi 50 Y
32 BrR 35 x OrR OrR
21 x BrR 32 OrR
18 BrR 18 x Or OrR Low
4 Y Br Low 11 x Or OrR Low
0 Y Br 5 x Or BrR

Carvone 43 3 x OrR BrR
Lavender, spike 94 BrR 0 x OrY BrR

82 Y Low Carvone 32
56 BrR Low Sage~oil 94 BrR
50 Y 63 BrR Low
33 BrR 54 Y
25 Y 31 BrR
12 BrR Low 22 BrR

0 Y Br Carvone 43
Carvone 43

Tansyloil 92 x BrR
Lemon oil, California, ex- 63 Y Low Cl

pressed 96 BrR Low 40 x b BrR
61 x Low 33 x OrR
41 x OrY 23 x OrR
31 BrR Low 17 Y Low
27 x 13 Y BrR Low
20 x 3 Y Br
18 x 0 x OrY BrR
7 x Y Carvone 32
0 x Y Br

Cervone 43 Thyme oil 95 x
70 Y Low

Lemongrass oil 98 BrR Low 46 x P
54 x OrY 32 BrR Low
38 x OrR BrR 15 BrY BrR
28 x 7 BrR Low
15 BrR 4 BrY BrR Low
0 x Or Br 0 x OrR BrR

Carvone 38 Cervone 47

Lime oil, distilled 95 BrR Wormwood oil 96 x BI BrR
43 Y BrR Low 87 x
25 x b BrR Low 78 BrR

7 x 63 BrY
0 BrY BrR Low 58 Y

Carvone 47 54 Y
Lime oil, expressed 97 BrR

36 Or
28 BrR

64 Y Low 18 BrR
38 x OrY Low 0 x Br Br
24 x Y BrR Low Carvone 38
18 x Y BrR Low
8 x Y BrR Low a Long streak.
5 W Y BrR Low b Ultraviolet active after spraying.
0 x Or BrR Low Abbreviations. BI. blue; Br, brown; Or, orange; P, pink; R. red;

Carvone 38 Vi, violet; W, white; Y, yellow.
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which showed up under ultraviolet light before spraying. In the
column "Spray" are indicated those materials which gave a color
upon spraying with a hydrochloric acid solution of dinitro
phenylhydrazine. Some materials which are particularly unstable
to acid appear here as pink or brown areas even though they do
not contain a carbonyl group. For instance, the spot at 62 in
anise oil gave a pink color on spraying, which is the same test
given by anethol at that location. The "Heat" column is for
those materials which appeared as visible spots after heating.
Materials giving a positive test on spraying are not indicated on
the heat test, unless a further significant color change occurred.
The colors produced are also characteristic of the particular
materials. The intensity of the spots is only a very rough
approximation of the quantity, but this quantitative indica
tion has been found useful with some oils. The corresponding
value for carvone on the same chromatoplate is also given for
the oils to serve as a marker to permit comparison between
plates.

The next phase of the work is the identification of the spots by
comparison with authentic materials such as in Table 1. In
some cases materials of sufficient purity were available and have
been compared directly. The yellow spot appearing on spraying
at or slightly below carvone in oils such as lemon, lemongrass,
lime, or orange checks well for citra!. Linalool is located as a
red-brown spot after heating about 10 R, X 100 units below
carvone, and its presence is indicated in geranium, spike lavender,
expressed lemon oil, lemongrass oil, horsemint, neroli, orange,
and thyme. Other types of compounds detected are phenols,
such as eugenol, indicated at 33 in clove bud oil and at 38 in
geranium oil, and thymol or carvacrol in horsemint and .thyme oil
at about the carvone area. Most monoeyclic terpene hydrocar
bons are indicated in oils as heat-sensitive spots above 90.

Certain limitations to the method have been found. The
generalization of Kirchner, Miller, and Keller (3) that com
pounds whose R, values differ by 0.05 could be distinguished has
held true in this work also. Thus, valeraldehyde and butyralde
hyde were separated readily, but pulegone and dihydrocarvone
were not always separated. In some cases this difficulty was
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not troublesome, since the nature of the tests identified materials
that were nearly superimposed. 'The presence of cineol, which
was heat sensitive, was detected despite partial superposition of
dihydrocarvone, which gave a ketone test. Similarly, pulegone,
which was ultraviolet active and gave a ketone test, could be
distinguished from dihydrocarvone, which gave a ketone test only.
Figure 2 also shows how overlapping of spots gave no particular
difficulty in many cases. Very inactive ketones such as fenchone,
which originally were reported to give no dinitrophenylhydrazone
by the usual preparatory technique (1), did not appear on the
plate. Other materials such as pulegone, which once was thought
to give no dinitrophenylhydrazone by the usual method in solu
tion because of instability (1), produced good spots on the plate.

'The method is particularly convenient for detection of oxygen
ated constituents of essential oils. In those oils, which are of
particular interest because of hydrocarbon constituents, use of
another developer, such as hexane alone, would be indicated (5).
Other developers might be desirable for highly adsorbed materials.
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Polarographic Behavior of Organic Compounds
At the Mercury Pool Electrode
CARL A. STREULI and W. DONALD COOKE

Baker Laboratory, Cornell University, Ithaca, N. Y.

The study of the rrrercwry pool cathode for the polarog
raphy of organic eornpourids leads to significant
differences, although the podarogr-arna are qualitatively
siDliiar to those obtained for Iorr-rne'tal reductions.
In contrast to the behavior exhibited by rnetafltc ions,
the reduction potentials are often different from those
obtained at the conventional dropptng electrode and
at tiDles the rrrrrrrber- of waves is different. In general,
the reproducibility of the rrrerouzy pool cathode is not
as good as that of the dropping rrrerctary electrode;
half-peak potentials are precise to 10 DlV., and current
values, within 7% of their relative values. The groups
which have been studied are: nitro, dinitro, I<eto,
diketo, azo, hydrazo, nitroso, disulfide, and quinone.
The new electrode extends the range of polarographic
meuhods to rnore dilute solutions. It is sorne'tfrrres
possible, in the analysis of mfxt.ures of organic CODl
pounds, to take advantage of the shift in the reduction
potentials.

I N A recent paper, the application of a polarized mercury pool
electrode to analytical polarography was demonstrated (10).

This study was limited to ion-amalgam reductions, and it was
shown that the polarographic waves obtained were theoretically
predictable by equations previously derived for oscillographic
reductions (8, 9). The mercury pool electrode has the advantage
of greatly increased sensitivity over polarographic methods
employing the conventional dropping mercury procedures.
Because of this advantage, an attempt was made to use the
mercury pool electrode for the reduction of organic compounds
and to determine the limitations involved.

The compounds selected for study were chosen to represent
typical examples of polarographically reducible organic functional
groups. Because the equations of both Sevcik (9) and Randles
(8) were developed for oscillographic polarography involving ion
amalgam reductions, and because many organic compounds are
irreversibly reduced, it was not expected that they would apply
to organic work. It was found, however, that the polarograms
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were similar in shape to those previously reported for metal ion
reductions.

APPARATUS AND REAGENTS

A thermostated (25 0 C.) cell used in the beginning of this work
has been described (10). Later, the cell was modified as shown in
Figure 1. This arrangemen~ allowed much more rapid and ef
ficient deaeration, The solution to be analyzed was placed in the
cell and the oxygen removed by forcing nitrogen (Seaford grade)
through a fritted glass disk at the bottom of the compartment.
To facilitate oxygen removal, a small amount of absolute alcohol
(about 1%) was added to the solution. The surface tension of
the solution was thus changed so that the nitrogen entered in
very fine bubbles. Under these conditions no oxygen was de
tectable after about 15 to 30 seconds. Three milliliters of mer
cury were then added through the small side arm with the de
sired potential already applied. After the current had reached a
constant value, the voltage scanning was begun.

NITROBENZENE

10 4 M pH 3

60

40
<I)
Q)

Q;
0.
E
o
o
t; 20
~

-.2 -11 -.6 -;8 -1,0
Volts vs. SeE

Figure 2. Pokarogj-arn of Nitrobenzene

0L.--~----7-----:-------'------:'-::-....l

polarograms, carried out with the dropping mercury electrode
utilized 1O- 4M solutions, and 0.01 % gelatin was added if a
maximum was encountered. The values of the peak heights were
corrected for the contribution of residual current by extrapolation
of the base line current._NITROGEN-

S.C.E.

Pool

EXPERIMENTAL

Nitro Compounds. Because nitro compounds are frequently
determined polarographically, and a large amount of electro
chemical data is available for nitrobenzene (7), this compound
was chosen for exploratory work.

A wave typical of those' obtained for nitrobenzene with the
quiet mercury pool is illustrated in Figure 2. It is similar in
shape to those obtained for ion-amalgam reductions. A more
abrupt frontal slope and sharper peak might have been expected
for this wave, because a 4-electron change is postulated for the
reduction at the dropping mercury electrode (4). Because of the
irreversibility of most organic reductions, little can be predicted
as to the theoretical shape calculated from the equations of
Randles and Sevcik.

The cell shown used about 15 ml. of solution. A smaller cell
was also designed and found to be satisfactory. It held 1 m!. of
solution and had an electrode area of 0.8 sq. em. Since the elec
trode area was smaller, the peak currents measured were lower.
However, the absolute magnitude of the currents obtained is un
important. Only the ratio of peak height to residual current and
the slope of the residual current values, with increasing positive
voltage, are important. 'With the smaller cell, the current values
were still large enough to be recorded on a conventional recording
polarograph. A large cell, with an electrode area of 8 sq. cm. con
taining about 100 m!. of solution, was also tried and yielded waves
similar to those previously obtained. The current values were
larger, but such a procedure seemed to offer no advantage. In
fact, the smaller the cell, the more favorable is the ratio of volume
to electrode area. A modified Leeds and Northrup Electro
Chemograph was used in recording the polarograms. To de
crease.electrical hash, this apparatus was modified by replacing
the polarizing slide wire with one having six times as many con
volutions. The area of the mercury pool was 3 sq. em. and the
dropping electrode; used in comparison work, had an m 2/3t' 1.
value of 2.49, where m is the rate of mercury flow and t is the
drop time.

All of the solutions studied, except those whose wave height
varied with polarization rate, were scanned at a rate of 400 mv,
per minute using an auxiliary polarizer (10). Duplicate deter
minations were made for every point reported, and the reported
results are the average of the two determinations. Comparison

Nitrobenzene, at a pH of 1, in 10% alcohol, yields two waves
upon reduction at a dropping mercury electrode. The first wave,
for reduction to phenylhydroxylamine, has a half-wave potential
of -0.22 volt VS. S.C.E. (6). The second wave, much smaller
in magnitude, is caused by reduction of phenylhydroxylamine
to aniline, and occurs at a half-wave potential of -0.68 volt. It
is significant that only one wave was obtained at the mercury
pool electrode and that it had a potential of -0.40 volt vs. S.C.E.
It was furtherfound that a pure solution of phenylhydroxylamine
failed to give a reduction wave. This is in contrast to the results
obtained for the reduction of metal ions where the half-peak
potentials obtained at a mercury pool agreed closely with the
half-wave potentials of the dropping mercury electrode. Table I

Compound

Nitrobenzene
Dinitrobenzene
Benzophenone
Benzil
Azobenzene
I-Nitroso-2-naphthol
Cystine
1,6-Anthraquinone disulfonate
Hydrazobensene

-1.11

Corrrpar-Isorr of Reduction Potentials at Dropping
Mercury and Mercury Pool Electrodes

Dropping Electrode. Pool Electrode,
Volt vs. S.C.E. Volt vs. S.C.E.
1st 2nd 1st 2nd

-0.22 -0.68 -0.40 None
-0.27 -0.38 -0.30 -0.51
-1.21 -1.15
-0.93 -0.85
-0.83 -0.72

=n~ -0.87 =g:~g
-0.67 -0.66
-0.83 -0.76

Table I.Cell

TYGON
WATER JACKET
LEADS AT REAR

Figure 1.
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m-Dinitrobenzene was the second example of an organic nitro
compound. The polarogram shown in Figure 4 is a typical ex
ample of the type of curve found for this compound. The solu
tion was 1O-4M with respect to »z-dinitrobenzene, was buffered
at a pH of 3, and contained 5% alcohol by volume. The two
peaks are clearly resolvable, a phenomenon not possible at this
pH with the dropping mercury electrode. For comparison
purposes, a polarogram of the same solution, recorded at the
dropping mercury electrode, is shown. With this compound two
distinct waves are obtained for both electrodes. It is possible
that the third, long-drawn-out wave is present at the dropping
mercury electrode. With the dropping electrode, the half-wave
potentials are -0.22 and -0.37 volt V8. S.C.E. for the first and
second waves, respectively. The corresponding potentials at
the mercury pool are -0.28 and -0.51 volt. Here again the
reduction potentials obtained at the quiet pool are different from
those obtained by conventional polarographic procedures.

Wave height dependency on concentration is shown in Table
III. The first wave is proportional to concentration except for the
most concentrated solution. The second wave does not vary
linearly with concentration, as evidenced by the decrease in
value of Imax.lC as the concentration increases. This might be

-1.2

[mox/C.
Ampere/Mole

0.54 ±0.02
0.66 ± 0.02
0.675 ± 0.01.5
0.74 ± 0.02

-1.0

[max., p,a

5.45 ± 0.25
6.60 ± 0.20
6.75±0.15
7.40±0.20

pH 3

Variation of Half-Peak Potential for
Nitrobenzene with pH

0.4 volt per minute; solution, 10-61\1; ternpcrature
25 0 C.)

Half-Peak
Potential

-0.405
-0.45
-0.495
-0.54

-.6 -.8
Volts vs. SeE

1(J4 M

Pofarogj-arns of 1U-Dinitrobenzene

Table II.

p H of
Solution

1
2
3
4

m- DINITROBENZENE

(Polarization rate,

-.4

Figure 4.
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Variation of Peak Height vs. Scanning
Rate

·Vscanning Rote
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Figure 3.

shows a comparison of the reduction potentials at the two elec
trodes for various compounds. It is possible that at the mercury
pool the second wave of nitrobenzene was shifted to a value more
negative than the potential at which hydrogen discharge becomes
appreciable. When using the pool electrode, the hydrogen dis
charge wave becomes appreciable at a potential 0.2 to 0.3 volt
more positive than when the dropping electrode was employed.
This is possibly caused by the greater sensitivity of the electrode.

As would be expected, the half-peak potential for the reduction
of nitrobenzene was dependent on the pH. In Table II the values
are listed for solutions' of pH 1 to 4 (1). A regular increase of the
average half-peak potential of 0.045 volt
was noted for a unit change in pH. The
peak heights increased with pH, but
not in a regular manner. At the
dropping mercury electrode, there is
also an increase in diffusion current
with higher pH values, but the effect
is much less pronounced (6). The
half-peak potential was found to be ~

constant with concentration as well as
with the rate of potential scanning.

According to the equations of Sevcik
and Randles, the peak heights ob
tained in oscillographic polarography
vary with the square root of the rate of
voltage polarization. This was found
to be true for the reduction of nitro-
benzene at a quiet mercury pool as
shown in Figure 3. The average devi
ation from linearity was 2.4% and the
maximum deviation, 4.8%.

The variation of peak height with
concentration is given in Table III for
various concentrations of nitrobenzene.
The solutions were buffered at a pH of
3 and contained 5% ethyl alcohol. The
concentration of ethyl alcohol was not
critical, because solutions containing
10% gave essentially the same results.
Although the calibration curve is linear
at lower concentrations, it falls off in
more concentrated solutions. Con
siderably greater sensitivity was ob
tained with the mercury pool than with
the dropping electrode, making it pos
sible to determine solutions containing
0.25 I' of nitrobenzene per ml.
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-1.6-1.4-.8 -1.0 -1.2
Volts vs, SCE

Figure 6. Polarogram of Benzil

Table III. Variation of Peak Current with Concentration

Imax./C. Ampere/Mole
m-Dinitro-

Concentration, Nitro- benzene, Benzo-
Mole/Liter benzene 1st wave phenone Benzil

2 X to-, 0.67
5 X to-, 0.70 0.72

io-« 0.67 0.73 0.67 0.67
2 X 10-' 0.66 0.72 0.67 0.68
5 X 10-' 0.67 0.71 0.54 0.65
7 X 10-' 0.61 0.69

to-, 0.58 0.61 0.52

1.6-Anthra-
quinone Hydraao-

Azobenzene Cystine Disulfonate benzene

2 X to-, 1.00
0'.295 X io-« 1.04 1.05

to-, 1.04 0.31 0.93
2 X 10-' 0.98 0.32 0.31 0.97
5 X to-, 0.98 0:32 0.32 0.96
7 X 10-' 0.32

10-' 0.35 0.30

Azo Compounds. Azobenzene in O.IM lithium hydroxide and
1% ethyl alcohol gave a well defined wave with an unusually
sharp peak (Figure 7). A polarogram of the same solution ob
tained at a dropping electrode is shown for comparison purposes.
This compound is reduced at a more positive potential at the pool
electrode, as shown in Table 1. The value of the peak current is
abnormally high when compared to the other compounds studied.
The high value of Imax.lCshown in Table III can be explained by
postulating an adsorbed film of azobenzene on the mercury
surface. An adsorbed film would increase the peak current values
by increasing the concentration of the reducible compound at the
electrode interface. When the surface film was depleted, there
would be a sharp decline in the reduction current, which would
result in a pronounced peak. Further evidence to substantiate
this is that the peak values of this compound do not increase as
the square root of the scanning rate, as would be expected for a
diffusion controlled peak. The increase is almost linear. In
creasing the amount of ethyl alcohol in the supporting electrolyte
exerted a profound influence on the height and shape of the
azobenzene wave. In raising the ethyl alcohol concentration
from 1 to 50%, the value of the current was decreased to one
tenth its original value. A further difference in behavior of this
compound was the shift in half-peak potential with scanning rate,
toward more positive values. The uniform behavior of the other

-.6

BENZIL
2x10-5 M

0.1 M Li'OH

-.4

15

20

(J) 10
w
0::
w
a:
::E
~ 5
0::
U

::E

BENZOPHENONE

10-4 M pH 7.2
10

'" 0

i
E
0
0

.~
::E

0

30

50

Benzil was found to yield one well defined wave and two
other waves much smaller in magnitude (Figure 6). The same
material yielded only a single wave at the dropping mercury
electrode with a half-wave potential of -0.93 volt V8. S.C.E. The
value of lmax.lC decreased somewhat with increasing concentra
tion (Table III). A recent study by Marple and Rogers (5) has
shown that by substituting a mercury-plated platinum electrode
for the dropping mercury electrode, the number of reduction
waves for dinitrobenzene can be increased from two to three.

-.9 -1.1 -1.3 -1.5 -1.7
VOLTS vs.SCE

Figure 5. Polarogram.s of Benzophenone

caused by the growth of the first wave,
which partially masks the second as
concentration increases.

Carbonyl Compounds. Waves were
obtained for the reduction of benzo
phenone in a O.lM solution of ammonium
acetate (Figure 5). Because the hydro-
gen current appeared so soon after the
emergence of the carbonyl wave, the
wave heights for benzophenone were
measured by subtracting the background
polarogram from the benzophenone
polarograms, instead of extrapolating the
base line as was done for the other com
pounds.

The dependence of wave height on
concentration is given in Table III. As
in the previous cases, the I max.!C value is
not constant over the whole concentra
tion range studied. The half-peak po
tential for these solutions was -1.15 ±
0.01 volts. In a buffer of pH 4, the
half-peak potential was -1.02 volts
and was unaffected by scanning rate.

A conventional polarogram of the 1O-4M solution of benzo
phenone is also shown in Figure 5. The half-wave potential was
-1.22 volts and the wave height was 0.80 p.a. The hydrogen
discharge occurs at a much more negative potential than in the
case of the pool polarogram. The idjCm2f3tlf. value obtained
was 3.21. Day (2) gives this value as 2.60 in his work on benzo
phenone.
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used as supporting electrolyte, no well defined reduction was
found. This behavior is similar to that which occurs at the
dropping mercury electrode.

Quinones. The ammonium salt of 1,6-anthraquinone di
sulfonate in O.lM lithium hydroxide and 1% alcohol yielded a
well defined wave (upper half of Figure 11). The peak currents
were linear with concentration, and the half-peak potential was
independent of concentration. The reduction potential, using
the mercury pool electrode, was close to the value of -0.67 volt,
which was obtained at the dropping mercury electrode under the
same condit-ions as in Table 1.

organic compounds seems to indicate the lack of appreciable
adsorption.

Figures 7 and 8 illustrate the sensitivity which is attainable
with the mercury pool electrode. Figure 7 compares the
polarograms for azobenzene obtained with both the pool electrode
and a conventional dropping electrode. Further increase in
sensitivity can be had by increasing the rate at which the electrode
is polarized. Figure 8 shows a polarogram of azobenzene ob
tained at a voltage scanning rate of 6.0 volts per minute. At
this concentration, a conventional polarographic wave was
hardly noticeable (id = 0.03 Jo'a.). The increased magnitude of
the charging current at the higher scanning rate is seen in the
initial sharp current rise before the plateau is reached. The
narrower range of voltage, between the anodic dissolution of mer
cury and the evolution of hydrogen, decreases the value of the
higher rates of polarization.

80 6 Volts/Min.

AZOBENZENE

5 x 10- 6 M

Figure 7. Polarograms of Azobenzene
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Unsaturated Compounds. Attempts were also made, using the
pool electrode, to obtain polarograms of anthracene in solutions
of 0.05M tetraethylammonium bromide and 5, 10, and 50%
alcohol by volume. In no case was a wave obtained. However,
a dropping mercury electrode polarogram of the solution contain
ing 10% ethyl alcohol, yielded an excellent polarogram with II

half-wave value of -1.63 volts V8. S.C.E. Apparently, the reduc
tion potential of this compound at the mercury pool is shifted to

DME
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Nitroso Compounds. 1-Nitroso-2-naphthol in a O.lM am
monium hydroxide-O.l11d' ammonium chloride solution gave a
wave in which the peak was less pronounced than in other
polarograms (Figure 9). Reproducibility of wave height was
distinctly poorer, and errors as large as 20% were recorded. The
linearity of peak height versus concentration was thus difficult
to evaluate, but the average value of all determinations was
0.40 ampere per mole. The reduction potential obtained at
the mercury pool was more than 0.5 volt more negative than the
half-wave potential at the dropping electrode.

Disulfides. At the mercury pool electrode, cystine was found
to yield two waves as shown in Figure 10. The reduction process
at the pool electrode is apparently similar to that which occurs
at the dropping mercury electrode. Under the same conditions,
the polarogram at the latter electrode also consisted of two waves.
The first, at a half-wave potential of -0.46 volt, was considerably
smaller than the second (Ell, = -0.87 volt). The second wave
was used for analysis, and the peak heights of this wave were
linear with concentration, within the precision of the method,
as shown in Table III. Because of the discharge of hydrogen
soon after the second peak, it was difficult to measure the current
values at dilutions below 2 X lO-sM. When a strong base was

80

60
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E
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NITROSO-R SALT

·4
10 M

O.IM NH40H-NH4CI

-.6 -.7 -.8 -.9 -1.0 -1.1 -L2 -1.3 -1.4 -1.5

Volts YS. SeE
Figure 9. Polarogram of Nitroso-R Salt
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ization. In contrast to the nitrobenzenes, 1,6
anthraquinone disulfonate yielded an anodic wave
when the electrode was polarized from negative to
positive potentials. The waves .obtained in both
directions are shown in Figure 11. The half-peak
potentials of the two waves agree within experi
mental error. The existence of an anodic wave
indicates the reduction product is reoxidizable.
Because the half-peak potentials are the same, it
might be inferred that the electrolytic process is
reversible. This is the criterion used in oscillo
graphic polarography for reversibility, although
the time involved here is much longer.

Azobenzene also yielded a reduction product
which was found to be reoxidizable at roughly the
same potential. The reduction product can be
shown to be hydrazobenzene, because the anodic
wave obtained with the latter compound was
identical to the wave found on the reverse polari
zation of azobenzene.

+20

DETERMINATION OF MIXTURES

Because the reduction potentials of various com-
pounds at the mercury pool cathode are at times

different from those obtained at the dropping electrode, it
seemed possible that some mixtures, with similar half-wave
potentials at the dropping mercury electrode, could be resolved
at the quiet pool. An example is the determination of m-di
nitrobenzene in nitrobenzene. At a pH of 3, the half-wave
potentials of the two compounds, which are obtained by con
ventional polarography, are so close that resolution is difficult.
At the mercury pool electrode, however, m-dinitrobenzene can
be determined in twenty times as much nitrobenzene with an
accuracy within 5%, as shown in Table IV. It is much more
difficult, however, to determine nitrobenzene in the presence of
dinitrobenzene. The second wave of the latter compound co
alesces with the peak characteristic of nitrobenzene. Because
the second wave of nitrobenzene is not linear with concentra
tion, it is difficult to compensate for the contribution of this
wave.
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Figure 10. Pola'rograrn of Cystine
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such a negative potential that it is completely masked by the
hydrogen discharge.

Halogen Compounds. Organic compounds containing halo
gens were also found to yield reduction waves at the pool elec
trode. Carbon tetrachloride was found to be reducible, but
because of the experimental difficulties involved in keeping the
compound in solution during deaeration, no quantitative studies
were made (3). The gamma isomer of hexachlorocyclohexane was
also found to be reducible. Two waves were obtained in con
trast to the single wave found at the dropping mercury electrode.
Because of the current interest in this compound, this specific
analysis was studied in detail (11).

An attempt was made to perform anodic oxidations at the
mercury pool electrode. The wave obtained for the oxidation
of hydrazobenzene in O.IM lithium hydroxide is shown in
Figure 12. The general shape of the wave is what would be
expected from the results of oscillographic polarography. The
base lines obtained in these anodic polarograms were not as well
defined as those of the cathodic waves.

-.2 -,3 -,4 -.5 -.6 -.7 -.8 -.9 - 1.0 - 1.1
Volts vs. SCE

Figure 11. Reverse Polarization of Reoxidizahle
Reduction Product

REVERSE POLARIZATIONS

In the previous work on ion-amalgam reductions, it was found
that entirely different curves were obtained if the polarization was
carried out from negative to positive potentials (10). Peaks are
not obtained, because the diffusion layer is already set up before
the half-peak potential is reached. Anodic currents, however,
appear as valleys in these polarograms because of the dissolution
of the deposited metal when the potentials become sufficiently
positive. When reactions are irreversible, these valleys would
not be expected, because no deposition occurs with organic com
pounds. In Figure 13 a polarogram is shown that was obtained by
scanning the voltage from a negative to a positive potential.
From the shape of the curve, it is evident that the product of the
reduction of nitrobenzene is not reoxidized at the mercury pool
electrode. The wave obtained, however, is still characteristic of
nitrobenezene. The half-peak potential on the forward polari
zation was -0.50 volt VB. S.C.E., while the value of the half-wave
potential on the reverse polarization was -0.49 volt. Similar
results were obtained for m-dinitrobenzene, except that two waves
were found. The half-wave potentials of both the waves ob
tained corresponded to half-peak potentials of the forward polar-
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Table IV. Derer-m i na t.lo.n of rn-Dinitrobenzene in Pres
ence of Nitrobenzene Using Mercury Pool Electrode

(pH of buffer, 3; scanning rate, 0.4 volt per minute; temperature, 25° C.)
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Figure 13. Reverse Polarization
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The precision of the various measurements using the pool
electrode seemed to be poorer than that obtained by conventional
procedures. The half-peak potentials, for example, were repro
ducible to only 10 mv., a value higher than the comparable half
wave potentials. Peak heights' could be reproduced within
about 5 to 7% of their relative values.

An outstanding difference between the two electrodes is that
the reduction potentials are not the same in both cases. The
potentials obtained at the quiet pool are sometimes positive
and sometimes negative, when compared to the dropping elec
trode values. When resolution is poor by conventional proce
dures, the use of the mercury pool might well shift one of the
potentials, allowing the two waves to be separated.

Some of the difference in reduction potentials might possibly
be explained by kinetic effects. With the dropping electrode,
a new diffusion layer is set up every few seconds. In the case of
the quiet mercury surface, the same diffusion layer persists
throughout the entire recording of the polarogram. Since many
electroreductions occur slowly, this difference might explain some
of the potential shifts and differences in the number of waves for
organic compounds. The reduction of benzil at both electrodes
is an example in which a different number of waves is obtained.
At the dropping mercury electrode a single wave is obtained,
which has been shown to correspond to a reduction to benzoin.
No further reduction occurs, even though benzoin itself does
yield a polarographic wave. The rearrangement to benzoin is
apparently slow at the dropping mercury electrode (4). At the
mercury pool electrode, however, if benzoin is the reduction
product, it would remain in contact with the electrode long
enough to be reduced further. Similar phenomena have been
reported by Marple and Rogers (5). Their results are not com
parable to the results for the reduction of dinitrobenzene reported
here because of the great difference in pH in the two experiments.

In using the pool electrode, it was found that for most support
ing electrolytes the hydrogen wave occurred at a potential of
0.2 to 0.3 volt more positive than it appeared at the dropping
mercury electrode. Unfortunately, many important organic
functional groups, such as conjugated double bonds and the alde
hyde group, are reduced to a value quite close to hydrogen
evolution, and cannot be determined by this procedure. The
rate of polarization has a distinct effect on the potential at which
hydrogen is discharged. At low rates of voltage scanning, the
hydrogen wave becomes appreciable at more negative potentials
(Figures 7 and 8). When polarizing at a rate of 0.4 volt per

{::::REVERSE::::::::.

ANODIC WAVE
HYDRAZOBENZENE

2 x 10-5 M

O.IM L,OH

Concentration, Mole/Liter imax.
m-Dinitrobenzene Nitrobenzene 1st wave 2nd wave

5 X 10-'
5 x'io-'

3.50 ± 0.00 2.08 ± 0.07
3.40 ± 0.05

5 X 1.0-' 5 X 10-' 3.53 ± 0.20 4.80 ± 0.40
5 X 1.0-' 1.0-5 3.40 ± 0.20 8.90 ± 0.30
5 X 10-' 5 X 1.0-5 3.35 ± 0.05' 30.20 ± 0.30
5 X 1.0-' 1.0-' 3.35±0.15 60.5 ± 0.50
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THE USE OF STIRRED POOLS

In order to increase further the sensitivity of the mercury pool
electrodes, polarograms were carried out, in which the solution
above the electrode was agitated by means of a stirrer. The
current values were increased, and the ratio of current height to
residual current was found to be more favorable. As would be
expected, peaks are not obtained, and the shape of the curves are
similar to conventional polarograms. Work is being done on the
analytical application of such electrodes and will be reported in
a subsequent publication.

-.6 -.7 -.8 -.9 -1.0 -1.1 - 1.2 -1.3

Volts 'Is. SeE

Figure 12. Anodic Oxidation

DISCUSSION

The mercury pool cathode has been applied to the polaro
graphic determination of a small number of organic compounds
and the results obtained are different in many respects from polar
ograms found by conventional methods. Obviously, further
work is necessary before any over-all evaluation of the applica
tion of this electrode of polarography can be reached. However,
certain outstanding differences between the two electrodes are
evident.

The increased sensitivity of the new electrode makes possible
the determination of much smaller quantities of reducible organic
material. Besides this obvious advantage, it is possible to work
in a lower range of concentrations and still use aqueous solutions.
In some cases, where by conventional procedures it was neces
sary to use 80% ethyl alcohol because of solubility problems, the
reduction could be carried out in 5% alcohol at the mercury pool.
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minute, the current becomes appreciable at -1.5 volts, while at
6.0 volts per minute a potential of only about -0.9 volt can be
attained.
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Polarographic Determination of the Gamma Isomer
Of Hexachlorocyclohexane
In the Presence of Other Isomers and Higher Chlorinated Material
CARL A. STREULI and W. DONALD COOKE

BakerLaboratory, Cornell University, Ithaca, N. Y.
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Figure 1. Mercury Pool Polarogra'ms of Hexachlorocyclo
hexanes
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any interpretive procedures. The disadvantages of this method
are the time and technique necessary and the fact that a large
sample must be used.

A new polarographic procedure has been proposed, using
a mercury pool cathode (11), in which a wave is obtained for the
gamma isomer of hexachlorocyclohexane. None of the other
isomers contributes to this wave nor do the hepta- and octa
chlorinated compounds. The method is rapid and has a sensi
tivity more than ten times the conventional polarographic
procedure.

In applying the recently developed mercury pool cathode to
organic polarography, distinctly different results from those found
with the dropping mercury electrode were often obtained (12).
Reduction potentials were shifted, sometimes in a positive
direction and, at other times, toward negative potentials. In
some instances, even the number of waves obtained was different.
Because such results might be obtained at the mercury pool

In the usual polarographic deterlDination of the galDlDa
isolDer of hexachlorocyclohexane, difficulties are ex
perienced frOID other oornpourids which are riozmafly
present. In particular, heptachlorinated oornpourids
are reduced at a half-wave potential which overlaps
that of the g'arnrrra Isorraee, If the dropping rrreretrey
electrode is replaced by a rrrerotrry pool electrode, the
reduction potentials are shifted in such a way that
interferences are eltmfnated. This rnethod has a
greater sensitivity than the conventional polarographic
rrret.laod and has been applied to pure lindane, natural
Isornezic lDixtures, concentrates, dusts, and alpha-beta
cakes.

T H E widespread use of lindane as a pesticide has aroused
recent interest in its analytical determination. Because of the

difficulty of determination in the presence of the usual impurities,
a solution to this problem has been attempted by a wide variety
of analytical methods.

Simple colorimetric tests have been devised (7, 9), but these
are not specific for the gamma isomer, and all other isomers
interfere. Bioassay methods which employ the toxic effect of
lindane on houseflies have been tried (5). These methods lack
precision and have inherent uncertainties in anyone determina
tion. Polarographic methods have been proposed (2, 4, 6, 10)
and are useful, because the alpha, beta, delta, and epsilon iso
mers yield no diffusion wave, but the gamma isomer is reducible.
In the presence of hepta- and octachlorocyclohexane, the method
is difficult to apply. These more highly chlorinated products
give a wave which merges into the polarogram of the gamma
isomer. Draght (3) has devised an empirical procedure for
surmounting this difficulty if only small amounts of hepta
chlorocyclohexane are present. Infrared methods have been
used' for this analysis (2), but the other compounds absorb
radiation at all wave lengths within the spectrum of the gamma
isomer. Higher chlorinated material causes further uncertain
ties in the analysis. When the method is applicable, however,
each individual isomer in a mixture can be determined. All
components in the pesticide mixtures can be separated chromato
graphically (1, 8). In such procedures, the gamma isomer can
be separated and weighed and, therefore, is not dependent on
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OClO chiaro isomers

-1.2-1.0-.6 -.8
Volts vs, SeE

12.9 % gamma

65 0/0 alpha

8 0/0 beta

2 0/0 hepto

Approximate
Gamma Heptachloro- Current before
Isomer, cvclohexane, Correction by Wave Height, Error,
-r/M !. -rIM!. Extrapolation, ue: pa, %

10 0 16.5
"':i:810 10 23 16',2

10 20 32 17.0 +3.0
10 30 39 16.8 +1.8

cedure was successful because of this difference
between the two electrodes.

The octachlorocyclohexanes also were found to
give two waves at the mercury pool. The first
wave apparently occurred at a positive potential,
because the polarogram begins at a high current
value. The second wave is close to the hydrogen
discharge and is not fully developed.

Because the difference between the reduction
potentials of the various compounds indicated
the feasibility of an analytical method, the line
arity of the height of the gamma isomer wave
was first checked against concentration. Lindane,
which assayed 99.9% pure, was used in these anal
yses. Only the first reduction wave was con
sidered, because the alpha isomer and the more
highly chlorinated compounds interfere with the
second peak. The wave height was measured as
illustrated in Figure 4. The current was found to
be linear within 5% over the range of 1 to 25 "y

per ml., as shown in Figure 3. In more concen-
trated solutions, the current values increase more
rapidly than would be predicted. The peak
heights also vary with the square root of the voltage
scanning rate, a behavior noted with other organic
molecules and inorganic ions (11, 12).

The greatest difficulty, in the application of the
conventional dropping mercury electrode to the determination of
lindane, is involved with the interference of the heptachlorinated
compound. Synthetic mixtures of the gamma isomer of hexa
chlorocyclohexane with heptachloro- isomers were therefore ana
lyzed for lindane content. The results are shown in Table 1.
It may be seen that the first wave of lindane shows no interfer-

Table I. Effect of HeptacWorocyclohexanes on the Wave
Heights of Gatntna Hexachlorocyclohexane

Polarogratn of Lindane in a Natural Isotneric Mixture
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electrode, it was hoped that a solution to the problem of deter
mining the gamma isomer might be found.

A solution of 20% ethyl alcohol with 1% potassium chloride
was chosen as the supporting electrolyte for the analyses. Polaro
grams were run in this medium, both at the dropping mercury
electrode and the mercury pool cathode on the alpha, beta, and
gamma isomers of hexachlorocyclohexane, as well as the hepta
and octa- compounds.

The gamma isomer was found to give one long wave at the
dropping mercury electrode at -0.94 volt VB. S.C.E. This poten
tial is considerably more positive than the half-wave values usually
recorded at higher alcohol concentrations. In contrast, two
waves were found at the mercury pool electrode. The first had
a half-peak potential of -0.83 volt, and the second occurred at
-lAO volts. The initial wave was different in shape from those
usually obtained at the mercury pool in that the peak was flat
tened (12). A typical polarogram is shown in Figure 1.

No reduction wave was found for the alpha
isomer at the dropping electrode. A' wave
was obtained at the quiet mercury pool,
which occurred shortly after -1.0 volt. The
wave was not fully developed in this medium,
because of the appearance of the hydrogen
discharge shortly after its initiation. The
beta isomer did not give a wave with either
electrode, and neither of the two other iso
mers was available for study. Polarograms
are shown in Figure 1 for each of these samples
at a concentration of 10 'Y per ml.

A mixture of the heptachlorocyclohexane
isomers was also studied. A single wave was
obtained at the dropping electrode with an
approximate half-wave potential of -0.6
volt. This polarogram was drawn out over
the long range of -0.2 to -1.0 volt. At the
mercury pool electrode, two reduction po
tentials were found (Figure 2). The first, a
positive value, had already begun to develop
at zero applied e.m.f.; the estimated half-peak
potential was about -0.1 volt. 'The second
wave occurred at negative values merging
into the hydrogen wave. The proposed pro-
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- 1.2

\
-1.0

11.1±0.3 +0.1 65 8 2
12.3 ±0.3 +0.6 65 8 2

35.6 ± 0.5 -0.7 25 3 21
36.6 ±0.6 -1.0 25 3 21
42.7 ±0.5 -0.6 20 2 17

11.1±0.3 +0.1 10 7
12.4±0.3 +0.6 10 7
22.9 ± 0.4 +1.6

2.3 ± 0.2 +1.6 90

-.6 -.8
Volts vs, S CE

Polarogram of the Gamma Isomer in a Dust

13.0% gamma

10 0/0 alpha

1 0/0 beta

7 0/0 hepta

ethyl alcohol and 1% potassium chloride. About 15 ml. of the
solution were placed in the polarographic cell and deareated for
10 minutes with an applied voltage of -0.2 volt. Five milli
liters of mercury were then added and deaeration was continued
for an additional 5 minutes. In later models of the electrolysis
cell, a small side arm with a ground-glass cap was supplied for
introduction of the mercury. The nitrogen was then bypassed
over the surface of the solution, and the polarogram was run from
-0.2 to about -1.4 volts at a rate of 200 volts per minute. Wave
heights were obtained by extrapolation of the base line, as shown
in Figure 4, and the gamma isomer content was obtained by com
parison with the calibration curve prepared from pure lindane.

Table II. Analysis of Technical Samples
Gamma Isomer, % Other Isomers

By pool By chromatog- Differ- (Chromatographic Analysis)
electrode raphy ence Alpha, % Beta, % Heptachloro-, %

3.9±0.25(2)

11.2 ± 0.5 (6)
12.9 ± 0.5 (10)

11.2 ±0.5(4)
13.0 ± 0.5 (4)
24.5 ± 0.8 (2)

34.9 ± 0.8 (4)
35.6 ± 1.2 (4)
42 . 1 ± 1. 1 (4)

Figure 4.
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ence from the heptochlorinated compounds.
There was a considerable contribution to the
second wave, however. A minor difficulty was
experienced with large amounts of the hepta-
compounds. The recorded currents from the
first wave of heptachlorocyclohexane did not
level off before the lindane wave appeared, and
straight-line extrapolation was not possible.
This difficulty could be easily avoided by ap
plying a potential of -0.2 volt and not start
ing the voltage scanning until the current had
reached a steady value. This usually occurred
in 2 or 3 minutes. Under these conditions, the
base line preceding the lindane wave could be
easily extrapolated.

According to the preliminary work, the
alpha isomer appeared to be the only one
which might cause difficulty. This com
pound gave a reduction wave, which was
initiated shortly after the wave for lin-
dane, as shown in Figure 1. If the amoun t
of the alpha isomer was very large, the ini-
tiation of its wave occurred at more posi
tive voltages. When the amount of the
alpha compound was greater than thirty
times the gamma isomer, this wave en
crouched upon the lindane peak, the
length of the current plateau was consid
erably shortened, and all uncertainty was
introduced in measuring its magnitude.
This may be seen in the error introduced
in the analysis of the alpha-beta cake as
shown in Table II.

The method was tested on analyzed
samples generously supplied by the Penn-
sylvania Salt Manufacturing Co. These
included natural isomers, concentrates, dusts, and alpha-beta cake,
which had been analyzed byachromatographic method tentatively
approved by the Association of Official Agricultural Chemists.
The polarograms were run at a quiet mercury pool electrode, and
the amounts in each mixture were determined by reference to the
calibration curve. Polarograrns are shown in Figures 3 and 4 for
a natural isomeric mixture and a sample of dust. The results of
these analyses, as well as the mean deviation and the number of
analyses, are shown in Table II.

APPARATUS AND REAGENTS

The polarographic cell and circuit employed have been de
scribed (11). The area of the pool was calculated as 2.86 ± 0.04
sq. em. A saturated calomel electrode was used as the reference
electrode, and the temperature control was maintained at 25 0 ±
0.1 0 C. The polarograph was a Leeds and Northrup Electro
chemograph with a voltage scanning rate of 200 mv, per minute.
The cell was deaerated with Seaford nitrogen from Air Reduction
Sales Co. Before entering the cell, it was passed through a scrub
ber containing a.20% by volume solution of ethyl alcohol. The
mercury for the pool was obtained from the Bethlehem Apparatus
Co. Its use eliminated the troublesome transients probably
caused by traces of grease, sometimes observed in polarograms
where mercury from other sources had been employed.

Reagent grade potassium chloride was used without further
purification. Absolute ethyl alcohol was better than 95% alcohol
in eliminating errors from impurities in the solvent. All water
used was redistilled. The various isomers of hexachlorocyclo
hexane were supplied by Pennsylvania Salt Manufacturing Co.
and were used without further purification. The heptachloro
and octachloro- compounds had been recrystallized from heptane
and undoubtedly were mixtures of the various isomeric forms.
They had a wide melting point range and analyzed slightly be
low the theoretical value for chlorine.
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PROCEDURE

A sample of appropriate size was dissolved in hot, absolute
ethyl alcohol, cooled, and diluted to yield a solution of 20%
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Determination of Barium, Calcium, and Zinc in Lubricating Oils
Use of Fluorescent X-Ray Spectroscopy

ELWIN N. DAVIS and ROBERT A. VAN NORDSTRAND

Sinclair Research Laboratories, lne., Harvey, III.

This method is capable of determining in 3 to 12 rn im
utes for each element, concentrations of barium, cal
cium, and zinc normally found in lubricating oils.
The accuracy is comparable to chemical methods.
The use of a Irelfu m path extends the range of x-ray
fluorescence to wave lengths beyond those otherwise
available, maldng the determination of barium and
calcium practicable. Interferences due to absorption
by other elements in the sample are treated mathe
matically and experimentally.

L UBRI CAT I ON oil blending, being in general a batch
process, requires quick control analysis for additive com

ponents in order to use the blending' facilities at their highest
capacity. X-ray fluorescence was found to offer advantages of
speed and accuracy seldom found in other analytical methods.
The x-ray method, as applied to barium, calcium, and zinc in new
lubricating oils, requires no ashing or sample preparation. The
total concentration of each element sought is measured regard
less of chemical form. A determination can be performed in 3 to
12 minutes for each element in the concentrations generally
found in additive-type lubricating oils. This method is currently
in use in a company refinery.

The use of x-ray fluorescence as an analytical tool has advanced
rapidly since 1948, when equipment became available com
mercially. Instrumental improvements, which should make the
method even more attractive, will soon be available. A good
discussion of the method is found in papers by Birks, Friedman,
et al. (2, 4)·

The secondary x-rays emitted from the metals in the sample
are partially absorbed not only in the air path, but also in the
sample itself. The fluorescing metal atoms are located at vary
ing distances below the sample surface, and the radiation from
these atoms in reaching the surface is then subjected to absorp
tion and scattering processes, which are related to the composition
of the sample.. Zinc radiation, for example, is absorbed by the
carbon, hydrogen, sulfur, barium, and zinc in the sample. Each
element has an absorption and scattering power which varies with
the x-ray wave length. This introduces the possibility of inter
ferences from the sample. For example, 0.1% zinc in an oil
containing 1% barium gives a much lower intensity of zinc
x-radiation than would the same concentration of zinc in the ab
sence of barium. Interference problems such as this are cor
rected for by preparing calibration curves based on samples con
taining known concentrations of the interfering element or ele
ments.

where I is the intensity of radiation unaltered in direction and
wave length after traversing a distance, x, in a medium whose

Figure 1. Optical Arrangement of the X-Ray
Spectrograph

A. X-ray tube
B. SaInple holder
C. Collintator
D. Rock salt crystal
E. Geiger "tube

Absorption calculations were made to confirm the validity of
the experimental results and as a method of predicting further
interferences. The principal exciting radiation for any element
is that of wave length just shorter than its absorption edge. This
radiation is more penetrating in these dilute solutions than is the
corresponding fluorescent radiation, whose wave length is ap
preciably longer than the absorption edge. Thus the exciting
radiation penetrates to such depths in the sample that the longer
fluorescent x-rays have little chance of returning to the surface.
The absorption coefficient for the exciting radiation of deeper
penetration is lower than that of the fluorescent radiation, so
that the problem may be treated as one of uniform excitation in
dependent of depth. Excitation of the zinc K-radiation, for
example, will be proportional to the zinc concentration and
to the milliamperage (m) of the x-ray tube.

The absorption of fluorescent radiation is handled with the
usual absorption equation.

DISCUSSION

The diagram shown in Figure 1 represents the optical system of
the x-ray spectrograph. A beam of primary x-radiation from the
tube is directed to the sample. The primary beam excites the
elements in the sample to give off a secondary or fluorescent radia
tion, the wave lengths of which are characteristic of the elements
emitting the radiation. This secondary radiation passes through
a collimator, so that only a parallel beam of the secondary radia
tion impinges on the analyzing crystal. The crystal serves as a
diffraction grating, separating the radiation into its various wave
length components. The Geiger tube scans an arc around the
crystal, measuring the intensity of the x-radiation as a function of
wave length.

When the determination of barium, calcium, and zinc is at
tempted by x-ray spectrography, some of the inherent limitations
of the method are encountered. vVith the equipment now avail
able, analysis is limited to the wave-length region between 0.8
and 2.4 A. Above or below this region, analyses are of low
sensitivity. Table I shows that the useful wave lengths of both
barium and calcium fall in this region of low sensitivity. A
method of extending the useful range in the long wave-length re
gion is to replace the air in the x-ray path by a light gas such as
hydrogen or helium. This procedure uses helium, permitting the
determination of both barium and calcium which would not be
practical with an air path. Zinc, having wave lengths in the
optimum region, does not require the helium path. However,
for convenience, all determinations, even that of tetraethyllead
in gasoline, are performed using the helium path.
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Table

Zinc
Barium
Calcium

I. Wave Lengths and Spectrometer Angles of K
and L Lines for Barium, Calcium, and Zinc

Ka ~ La ~

A,A. Angle A,A. Angle A,A. Angle A,A. Angle

1. 435 a 29.51 a 1. 292 26.55 Too long to be useful
0.389 7.89 0.340 6.93 2.77058.83 2.562 a 54 16 a

3.353 a 73 .13a 3.'083 66.44 Too long to be useful

where KZ n is a constant which includes such factors as voltage
and target of x-ray tube, absorption and emission characteristics
of the zinc, geometrical factors, and the detecting efficiency.

Allowing for absorption, the intensity of zinc radiation meas
ured, coming from different depths, x, in the sample, is given by

(7)

(8)

(9)

a Values used in this work.

Table II. Mass Absorption Coefficients
Radiation

Zinc Barium Calcium
Absorber (1.43 A.) (2.78 A.) (3.35 A.)

C 4.~ ~ ~

P 59.4 (400) (650)
S 75.0 454 780
Ca 142 (750) (150)
Zn 49.3 283 480
Ba 307 (300) (470)
H 0 0 0

This equation must be integrated from x = 0 to x to give
the total intensity of zinc radiation escaping from the sample and
being measured. Experimental results show that the samples
are effectively of infinite depth.

l z« = ;; co 1z nxdx

KznmpWzn;: co e-(,,/p)pxdx

KznmWzn
(1'/ p)

(10)

mass absorption coefficient is 1'/p. Here I' is the linear absorption
coefficient, p is the density, and 10 is the initial intensity. The
mass absorption coefficient of a mixture is expressed in terms of
the coefficients of the elements in the following manner:

p./p = W, (p./p), + W 2 (p./p)2 + Wa (p./p)a + . .. (2)

where W" W 2, W a, etc., are weight fractions of the various ele
ments in the mixture which have corresponding mass absorption
coefficients (1'/ p)" (1'/ p)2, (1'/ P)3, etc. Pertinent coefficients,
given in Table II, are taken from x-ray literature (1, 5, 6) or
computed by accepted methods (3). The computed values are
in parentheses.

Using as an example the zinc radiation (1.43 A.) in a sample
containing a weight fraction of zinc, WZn, and other elements,
barium, carbon, sulfur, phosphorus, and hydrogen, a mass ab
sorption coefficient for the mixture is obtained:

KznmWzn
[44.9 W Zn + 303 W a• +70.6Ws +55 W p +4.43(1 - W H »)

(11)

This formula checks accurately the experimental data on the
effect of barium on the zinc radiation. Comparison of observed
values and calculated intensities are given in Table III. The
value of 0.10% Zn and 0.0% Ba is used to establish the KZ n
value (Table IV). All other values are then valid comparisons.

Table IV. Values of K Expressing Calibration Data Using
Molybdenum Tube at 50 Kv,

Element K Value

Ca 1.10 X 10 3

Zn 19.5 X 10 3

Ba 2.05 X 10 3

p./p = 49.3 WZ n + 307 Wa. + 75 W s + 59.4 W p + 4.43 We
(3)

Using the condition

We = I - (Wz n + W a• + W s + W p + W H ) (4)

Table V. Effect of Base Oils on Background Count and
Absorption Correction

Counts per Second at
Zinc Wave Lengths

Viscosity, C/H Oil with- Oil with
S.U. Sec. OF. Ratio out zinc 0.075% zinc

Pennsylvanie bright
stock 150 210 6.69 20.0 131.0

Pennsylvania neutral 150 100 6.22 20.0 130.4
South Texas pale oil 2000 100 7.23 20.0 131.0
South Texas pale oil 100 100 6.80 20.1 131.0
Mid-Continent sol-

vent refined neutral 160 100 6.57 20.1 130.6
Mid-Continent sol-

vent refined bright
stock 120 210 7.03 20.0 131.2

In the concentration range of interest, zinc showed no inter
ference with the barium analysis. This has also been shown by
calculations based on an equation analogous to Equation 11 us
ing the Kss« value in Table IV.

The variations in carbon-hydrogen ratio with stocks normally
encountered have no significant influence on the analyses. This
is shown in Table V for the determination of zinc.

A more complete treatment of the ab-
sorption problem considering an average
absorption coefficient (1'/ p). for the ex
cited radiation as well as (1'/ p)/ for the
fluorescent radiation gives Equation 12
replacing Equation 10

(6)10z n = KznmpWzn

Zinc Radiation from Oils in Counts per Second above Background
(Comparison of calculated and experimental values)

Counts per Second

Table III.

p./p = 44.9 WZ n + 303 W a• + 70.6 Ws + 55 W p + 4.43 (1 - W H )

(5)

gives the final expression for the mass absorption coefficient of the
mixture

The change from Equation 3 to Equation 5 is for convenience
only and takes into account the fact that changes in absorption
due to increasing amounts of metal are partially compensated for
by the reduced carbon content. In Equation 3 it is always neces
sary to allow for the changes in carbon concentration. Equation
5 is generally used without consideration for changes in hydrogen
concentration.

The intensity of the zinc radiation before absorption is

a This value used for calculating the KZn value for use in Equation 11. Other components of this oil
were phosphorus 0.1 %. sulfur 0.05%, and hydrogen 13%. The density of the oil is 0.865.

% Ba

0.00
0.30
0.60

0.02% Zn
Obsd. Calcd.

29 30
24 24
19 20.3

0.07%Zn O.lO%Zn
Obsd. Calcd. . Obsd. Calcd.

103 103 147a 147a

85 84 120 119.7
70 70 99 100.9

o
Obsd.

175
143
118

12% Zn
Calcd.

176
143
119

i-: = KznmWzn (12)
(1'/ p)/ + 0.5 (4p).

The factor 0.5 is a geometrical term
required because the fluorescent radia
tion travels a greater distance, emerging
at 30° to the surface, whereas the
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Tab le VI. E ffect o f Repla cing Air P a th w i t h H elium
Cou nts per Secon d above

Backgr ou nd

eter hold the polyeth ylene bag in place on th e P lexig las disks.
.'\.. groove cut in th e edge of the disk will aid in mak ing a firm
connect ion at t his poin t . A hole 2 inches in diameter is cut in
th e side of the polyethyl ene bag to fit over t he crys tal holder .
Anoth er 0 ring hold s the bag t o t he eq uipment at this point.
Helium is admit ted in bo th the x-r ay tub e housing and t hrough
t he Plexiglas disk on t he Geiger tube . The helium entrance to
the x-ra y tube housing is made by drilling t he removable end plate
and attac hing a bra ss tubing connector. A right-angle bend
should be made in the copper tubing a ttached to this fitting to
preven t the passage of x-rays st ra ight through t he connector.
The rate of flow of helium is adjus ted by gradua lly increasing it
unti l no further improvement in count ing ra t e is obse rved . The
apparatu s used in th is work required a helium rate of flow of
about 600 ml. per minute. With some considera t ion to making
a more efficient sea l a round the sample dish ent ra nce, this rate of
flow could be substant ially redu ced . T abl e VI indi cates th e im
portan ce of using t he helium path.

Without He With H e

78 .8
28 .2
8 .7

58 .4
8 . 7
0 .7

0 .05% Zn
0 . 7 % Ba
0 . 5 % Ca

F ig u re 2. Polyerh y le n e n a g a s Installed on l n s tr-rrrncrrt

excited rad ia tion goes in nearly ver tically . For fluor escent wave
lengths less than about 1.4 A., the infinite-dep th approximation
is no long er correc t. The in tegral s mu st eac h be eva lua te d for
the true dish depth.

The primary x-ray bea m has an appreciable heating effect on
th e sam ple, thus changing the volume and conse quent ly the
level in t he sample dish . To minimize t his volume change , a
water-cooled alum inum block (F igur e 4 ) replaced the sample dish
slide track. The ent ire bo ttom of th e aluminum sample dish is
then in dir ect contact with the cooled block. Water is circulated
t hro ugh th e block at a rate sufficient to keep the sa mple at ap
pro ximately room tempera ture. T he block is extended beyo nd

Figure 4 . X - Ray View o f Al tera t ions to Fluore s cence
Assem b ly

WATE R IN
WATER OUT

j
. ~

'l. I .,
L ._ . .~

/ ",~I

A crit ica l poin t in ob ta ining rep rodu cible det erminations wit h
this procedure is to arrive a t a nd maintain a uniform positioning
of the top surfac e of the sample in rela tion to the x-ray tube an d
th e collimato r. To achieve th is, minor modifications were made
in th e fluorescence assemb ly and sample dish . So th at th e dish
could be filled to a reproducible level, a reference pointer was at
tached in th e manner shown in F igure 3. Fill ing is then done by
placing th e dish on a level surface and adding the sample un t il it
just to uches the pointer . The import ance of using a level indica
tor of this type is shown in Table VII. This table also show s
th at the effect of infinite sample thickness is attained when the
depth is 0.23 inch or more.

F igu re 3. Sam p le Dish w i t h Indicator A ttached

T o estab lish a cont inuous helium path from sa mple to Geiger
tube it is necessary to enclose the space between the exit end of
the collima tor and t he Geiger t ube. T his enclosure must be
flexib le and capable of movi ng with the rotation of thc crystal
a nd Geiger tube. Such a n enclosure (F igur e 2 ) is const ructed
in th e followin g manner : A Plexiglas disk , 4 inches in diam et er
a nd 0.5 inch thick, is affixed to t he Geiger tube hou sing which
has been shortened by cutt ing ab out 0.i5 inch fro m t he bottom
of the housing. The space between the t ub e and the housing
mu st be filled with a pu t ty or masti c compound to prevent helium
passing to the high voltage connection at the up per end of the
tube. Helium present in this part of the tub e will cause a dis
cha rge, givi ng er ra t ic count ing resul t s. Anoth er P lexiglas disk
about 3 inches in diameter a nd 0.5 inch in thickn ess is fitted a nd
cemented to the collimator and it s support ing arm. A poly
ethy lene film ab out 0.002 inch t hick is mad e in to a gas-tight bag
fit t ing over a nd between th e two disks when in th eir respective
position s on t he equipment . R ub ber 0 rings of th e proper diam -

I N STH U;\I EN T ATIO N

T he x-ra y equipment used in this work was a basic No relco
( No rth Ameri can Ph illips Co.) diffraction unit with fluorescence
accessories. (X-ray fluorescence equipment is also ava ilable
from Genera l Electri c X-Hay Cor p. am! from Ohio X-Ray Co.)
The equipment was used as su pplied except for minor modificat ion
of the fluor escence as sembly . A milliampere stabilizer, fur
nished by th e man ufacturer as a n accessory, is a necessar y addi
tion to th e equipment if accura te determinat ions ar c to be mad e.
T he analyzing crysta l supplied and used wit h the inst ru ment is
rock sa lt with a d spacing of 2.81!J A. The i -in ch nickel tubing
collimator supplied was used in the position between the sa mple
and crysta l. No other collima tor was used . The x-ray tu be is a
Machlet .t OEG50 with a molybdenum target.
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t hr- ho using, to furu ish a pln r-e to fill t l«- dis h and aid ill !-:Pllillg it
inl o I I" , housing with out sp illage, To ins tall this svstr-m, it wus
1ll'( 'P" ," '" to remove- t ill' safel" s hut tor whi r-h hlo<:k" t he x-ray
I,pam ",I1PIl t.lu- sn mple dish is i'Pl1Iov pd from th e un it. T hi,: wu s
re placed wit h a ma nunl ly op era ted shu tter, which is «urv ed 10
mat ch t hr- conto ur of th e t ub e a nd slides back and fort h par allel
10 the ax is of t lu- tube, An interlo ck mechanism provr -nt s t lu
re mova l of th.. ,:amp l,' dish un t il t he ,,11I111pr is closr«].
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Tu h le " I I. Influ c n e e of S a lll p le Posi tion u ru] Sa m p le
T h ic kness o n COll n li n/; Hat e

Cal ibrat ion ('I I [\' CS are cons truct ed for ('ach of th e me tal s
through th e conce ntrat ion ra nges vhich will be enco untered.
This is done hy "arefully preparing it series of sta nda rds for eac h
metal, fro m kn own concentrat ions of met al sulfonat es or naph
thcua tes, and b le-ndin g with a neut ral oil of med ium viscos ity.
Each of th ese is run as di rected in the .:Jfocedu re, The number of
counts is co nverted to coun ts per seco nd and these values plotted
agai nst concentra t ion of the meta: in the standard , T v pir-ul
('a libra t ion cu rves an' shown in Figures 5, 6, and 7,

When zinc is d rt ermin ed in t he pr esen ce of barium , a famil y of

C A L III HAT IO :\ C lI Hv E S

% BAR IU M

F il!urc 6 . C a lihra t io n C u r ve fo r Harfu m
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:\ I a. wi th H eliu m

1'1l0 C EDliH E

The unit is a llow..d to warm up for :30 m inutes before a uy
qua nti ta t ive mea su rement s ar t' mad e. H elium flow is adj usted

c- urv es must be prepa red by increasing th e ba rium content of the
zinc standards in steps of 0,1 O/C , through the concen t ra t ion range
of bari um th a t will be encountered . T he decrease in zinc ra din
tion with in crea sing barium in t he sa mple is almost linear a t
ha rium con centrations of less th an I %, t hus making interpolation
hr-tween curves a n easy rna t te l',

T o mainta in the valid ity of t he ca libra t ion cur ves with da y-to
da," fluctua tion in inst rumen t sr-nsitiv ity, it is necossnry to have a
stable standa rd with wh ich to make acc ur a te checks, For this
pur pose a magnesium alloy containing a sm all a mo un t. of zin c i"
used . T his is perman ent ly moun ted in a sample dish a nd a
r-oun t taken on th e zinc line everv day . If this value chang..,:
from that obtained at th e t ime th« ca libration curves were pre
pared, a co rrec tion fac tor is appl ied .
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"'0 CALCIUM

Figure 7. Calibration Curve for Ca.lctum Using a
Molybderurm Tube at 50 Kv, and 40 Ma, with Helfum

to approximately 600 m!. per minute a few minutes before count
ing determinations are to be made. The sample dish is carefully
filled to a fixed level and inserted in position under the x-ray tube.
The scaler is set for fixed count operation, the number of counts
in keeping with the accuracy desired. The statistics of counting
are discussed by Birks et al. (2). Spectrometer angles, using a
rock salt crystal for a d spacing of 2.819 A. for the elements to be
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determined, are shown in Table 1. The spectrometer is adjusted
to the angle of the element to be determined, and the times re
quired for several successive counts are recorded.

The times required for the several counts taken are averaged
and calculated as counts per second. The factor for instrument
sensitivity is applied, if necessary, and the concentration of the
element being determined is found from the calibration curve.
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Spectrochemical Determination of Impurities in Manganese Dioxide
J. W. MELLICHAMP

Signal Corps Engineering Laboratories, Fort Monmouth, N. J.

A spectrographic rrret.hod has been developed for thc
sellliquantitative deterrnrnetion of 23 elelllents that
occur in mungarrese dioxide. Spectrochernlcal analy
ses for eferrrerrts found in natural and synthetic rrrariga-.
nese dioxide offer data that can be used to interpret
the effects of illlpurities in the rnarrganese dioxide used
as the depolarizer in dry cells. The procedure is rapid,
compared with conventional ~et-chelllical rnet.hods.
The results are reproducible to within ±20%. The
sampde is mfxed with an equal weight of graphite and
burned in a deep, thick-walled, graphite electrode in a
direct current arc. When analytical data are obtained
for the alkali elelllents, lithiulll carbonate is intro
duced as an internal standard. The analytical spec
tral lines and their usable ranges are given.

SOME of the elements that occur in the natural and synthetic
manganese dioxide that is to be used as the depolarizer in

dry cells act as poisoners to the battery system. Because other
elements have undesirable effects it is desirable to evaluate
chemically the number and concentration range of impurity

elements. These elements previously were determined by the
wet-chemical method which often overlooked small quantities;
therefore, this laboratory has developed a spectrochemical pro
cedure that has proved to be both a rapid and satisfactory method
for obtaining semiquantitative analyses of elements found in
manganese dioxide.

In this procedure 19 elements are determined from one spectro
gram and four elements (sodium, potassium, strontium, and
barium) are determined from a second spectrogram. The pro
cedure covers the wide range in quantity of the elements found in
manganese dioxide, but no attempt is made to obtain the maxi
mum accuracy possible for anyone given element.

METHOD AND EXPERIMENTAL DETAILS

The sample is mixed with an equal weight of graphite, placed
in a deep, thick-walled, graphite electrode, and burned in
a direct current arc for 5 seconds after the arc begins to sput
ter. A manganese spectrum line is used as the internal standard
for all elements. To obtain analyses of the alkali elements,
lithium carbonate is introduced as an internal standard and the
sample is burned in a direct current arc for 10 seconds.

Apparatus. A 1.5-meter grating spectrograph (Applied Re
search Laboratories) is used in all of the work. It is supplied



978 ANALYTICAL CHEMISTRY
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The procedure for determining sodium, potassium, barium
(for values below 0.1 %), and strontium is a modification of a
method suggested by Harvey (3). One per cent of high-purity
lithium carbonate is mixed with the sample and an equal weight
of powdered graphite is added to this mixture. A 30-mg. charge,
which completely fills the cup, is weighed into the 0.166
inch-deep bottom electrode. The electrodes are burned for
ten seconds in a lO-ampere direct current arc. A lithium spec
trum line is used as the internal standard. The analytical
spectrum lines used are shown in Table II.

Table II. Analytical Lines and Concentration Range for
Other Elerrrerrts in Manganese Dioxide

(Internal standard line lithium 2741.3 A.)

Analysis Concn, Range,
Line, A. %
33023 0.1 -2
4044.1 0.1 -3.
4077.7 0.01-0.1
4554.0 0.01-0.1

'.0

DISCUSSION

The procedure described is not a burn-to-completion method.
Further analyses of the residual powdered graphite reveal the
presence of manganese and of impurity elements, in about the
same relative concentrations as the original material. A mini
mum amount of graphite is consumed in the time necessary to
volatilize most of the manganese. Selective volatilization is
eliminated very largely by the buffering effect of the manganese
dioxide and the powdered graphite. Ahrens and Liebenberg
(1) note that the presence of powdered carbon or graphite, when
mixed with a sample other than manganese dioxide, tends to
eliminate selective volatilization during the first period of arcing.
Figure 1 shows that manganese dioxide and graphite buffer the

Figure 1. Effect of Buffer on Selective Volatilization

sample with approximately the same composition as the unknown
sample, whereas the other spectra are of the unknown samples.
The film is processed and placed in the comparator-densitometer
for measurement. The percentage transmittance of the internal
standard line for manganese and of the lines of impurity ele
ments are measured and listed in Table I. The intensity ratio
of the internal standard line and the impurity element line is
established by means of the emulsion calibration curve. Church
ill's (2) preliminary curve method is used for the film calibra
tion. The amount of each impurity element present in a sample,
expressed as percentage by weight, is obtained from previously
established working curves, based on concentration values of the
chemically analyzed standards versus the intensity ratio of the
internal standard line and the impurity element line. Because
each film contains its own appropriate standard, that standard
may be used to detect trends (deviations) in the analytical work
ing curves.

Analysis Conen. Range,
Element Line, A. %

Barium 2335.3 1 -5
Boron 2497.7 0.02-0.2
Lead 2833.1 0.02-0.2

2873.3 0.2 -2
l\1agnesium 2852.1 0.01-0.2

2781. 4 0.2 -2
Silicon 2881. 6 0.01-0.4

2435.2 0.4 -5
Iron 3020.6 0.01-0.2

2983.6 0.1 -2
Aluminum 3092.7 0.01-0.3

2660.4 0.3 -2
Molybdenum 3170.3 0.01-0.1
Vanadium 3185.4 0.01-0.1
Copper 3274.0 0.01-0.1

2961. 2 0.2 -1
Zinc 3282.3 0.2 -2
Titanium 3372.8 0.01-0.2
Silver 3382:9 0.01-0.03
Nickel 3414.8 0.01-0.2
Cobalt 3453.5 0.01-0.2
Chromium 4254.3 0.01-0.1
Calcium 4302.5 0.01-0.2

PROCEDURE

The original sample is mixed thoroughly and quartered, in
order to obtain a representative batch. The selected batch is
ground so that it will pass through a l Otl-mesh screen. A 100-mg.
portion of the sample and an equal amount of high-purity, 100
mesh graphite are weighed on a Roller-Smith Precision Balance
and mixed for 20 seconds in a modified, dental Wig-L-Bug
amalgamator. Twenty milligrams of the mixture is placed in the
bottom electrode. The sample occupies about half the depth. The
electrodes are placed in the excitation source unit. The intensity
of exposure is controlled by a combination of quartz filters which
are adjusted so that the internal standard line for manganese
yields transmittance values between 20 and 40% in the lighter
of two steps. A two-step filter is held in the same mount as the
quartz filters. The top electrode is touched to the bottom elec
trode and the arc is drawn to a gap of 1 em. and burned at 10
amperes. The initial burn is a very smooth glow, which persists
for about 80 seconds before the arc begins to sputter. The
length of the glow period is dependent on the quantity of im
purities present in the manganese dioxide. The glow or smooth
period is longer in purer samples and shorter in the less pure
samples. The total length of exposure is the smooth period plus
5 seconds of the sputtering period. Five two-step spectra are
recorded on one film length. One spectrum is a standard

Table I. Analytical Lines and Concentration Range of
Illlpurities in Manganese Dioxide
(Internal standard line manganese 2695.4 A.)

with two optical benches that are arranged to permit simul
taneous photographing of the ultraviolet and visible regions. A
two-step filter is placed in the ultraviolet optical path. A 60
micron slit opening is used in all exposures.

The excitation source is an Applied Research Laboratories
Multisource unit, which is operated on settings of 60 mfd.,
400 microhenries, and 18 ohms. These settings give a direct
current, short-circuit current of 13 amperes and a current of 10
amperes with a l-orn. arc.

The film, Eastman Spectrum Analysis No.2, is developed in
D-19 at 69° C. for 3 minutes in an Applied Research Labora
tories developing machine.

The films are measured with an Applied Research Laboratories
comparator-densitometer.

Standards. This laboratory uses as standards nine manganese
dioxide samples, which contain the majority of elements en
countered and the usual range of impurities. These samples
have been analyzed chemically by several laboratories and have
proved to be satisfactory standards for analysis.

The standards include samples of the following manganese
dioxides: ores from the African Gold Coast, the Caucasus, Chile,
and Phillipsburg,!, Mont.; synthetic manganese dioxides are from
Burgess, Bright Star, National Carbon, and Baker (c.r. reagent
grade).

Electrodes. The anode is a rod of ultra-high-purity graphite
(United Carbon Products Co.), and has a diameter of 0.25 inch,
and length of 1.25 inches. A hole, which is 0~25 inch deep and
0.125 inch in diameter, is drilled in the top of the anode. When
the analyses of the alkali metals are obtained, a second, similar
anode is used in which the hole in the top is 0.166 inch
deep. The cathode is a graphite rod (not pointed at the end)
with dimensions of 0.125 inch diameter and 1.5 inches in length.
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burning conditions for a longer period and more effectively than
do graphite and a material other than manganese dioxide.

When the correct exposure is obtained (transmittance values
between 20 and 40% for the internal standard line) the back
ground is negligible and no background correction is necessary.

No thorough study has been made of the interelement effect,
or of the mineralogical effect of the various forms of manganese
dioxide ores encountered. Preliminary study of these effects
showed that a procedure to eliminate them would complicate the
method unnecessarily. Selection of the proper, closely related,
chemically analyzed standard makes possible partial corrections
for these effects.

Elements of low-ionization potential, such as sodium and
potassium, in concentrations greater than 0.5%, have a markedly
suppressive effect on most other impurity elements. The internal
standard line for manganese also is suppressed and, by increasing
the over-all exposure, the ratio between the internal standard line
and the impurity lines remains approximately the same as the
corresponding ratio for a sample that contains no elements of low
ionization potential.

The manganese spectrum is relatively simple and there is little
interference between manganese lines and analytical lines. A
faint manganese line interferes with the lead line at 2833.1 A., at
values of the impurity below 0.02%. Manganese interference
with the most persistent zinc line limits the detection of that
element to 0.2%. There is zinc interference with the sodium line
at 3302.5 A.

Thus far no interpretive data have been obtained from im
purity values below 0.01 %, a value that has been set by this
laboratory as the lowest quantity to be reported. Because the
majority of the analytical spectrum lines show sensitivities below
this value and the synthetic manganese dioxides have few im
purities above 0.01 %, their analyses are greatly facilitated by
estimations rather than measurements, provided a standard with
impurities approximating this value is used for comparison. As a
rule, natural manganese ores contain most of the elements sought
in a measurable quantity.

The nine chemically analyzed standards are supplemented by
special standards for high values of lead and barium. No work
ing curves have been established for the analysis of arsenic,
antimony, or tin, as most samples do not contain them. When
these elements are present, an estimation is made from special
chemically analyzed standards.

When the element barium appears in quantities greater than
1% (the mineral hollandite is one form of naturally occurring
manganese dioxide that contains high barium), it is determined
from the film, using manganese as an internal standard line.
When the quantity is below 0.1%, barium is determined along
with the alkalies.

Lead and iron are chemically analyzed and spectrochemical
analyses are used only as a check on the polarographic determina
tion of lead and the wet-chemical determination of iron. Table
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Table III. Spectrographic and Chemical Determinations
of Other Elements in Manganese Dioxide

Lead, % Iron, % Silicon, %
Spec. Chern. Spec. Chern. Spec. Chern.
0.15 0.14 1.3 1.0 6.0 6.1
0.18 0.16 1.1 0.96 5.0 6.3

<0.02 <0.02 1.2 1.1 0.80 1.0
<0.02 <0.02 1.4 1.2 0.75 0.95

0.06 0.04 2.0 1.5 1.0 1.4
0.27 0.25 2.0 1.8 5.1 4.8
0.29 0.20 1.2 1.1 5.7 4.9
0.30 0.41 0.13 0.16 0.06 0.06
0.03 0.02 0.01 0.01 0.01 0.005

<0.02 <0.02 0.08 0.09 0.19 0.14

Table IV. Reproducibility of Results from Ten Analyses
of Same Sample of Manganese Dioxide

Lead Iron Silicon
Deviation Deviation Deviation

% from mean % from mean % from mean
0.036 0.001 0.31 0.06 0.077 0.001
0.037 0.000 0.37 0.00 0.071 0.007
0.038 0.001 0.39 0.02 0.082 0.004
0.038 0.001 0.41 0.04 0.097 0.019
0.039 0.002 0.34 0.03 0.066 0.012
0.038 0.001 0.39 0.02 0.077 0.001
0.037 0.000 0.31 0.06 0.066 0.012
0.037 0.000 0.41 0.04 0.082 0.004
0.037 0.000 0.41 0.04 0.087 0.009
0.033 0.004 0.34 0.03 0.077 0.001

Mean 0.037 0.001 0.37 0.034 0.078 0.007
% Av.dev.

2.7from mean 9.2 9.0

III gives comparative values between spectrographic and chem
ical values for silicon, lead, and iron for ten samples.

REPRODUCIBILITY

A statistical study, conducted over a period of one year, in
dicates that the procedure is reproducible to well within ±20%
for the majority of the elements, and better than ± 10% for some
of the elements. Table IV shows the results of the same sample
analyzed ten times for three elements.
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Calibration Method for X-Ray Fluorescence Spectrometry
H. J. BEATTIE and R. M. BRISSEY

Thomson Laboratory, General Electric Co., Lynn, Mass.

exp ( - iLIX esc <p)

Io(A)dA exp [-iL,(A)ax]Qa(A)NaAdx

d2Ia = Io(A)Q.(A)NaAdw exp [-(iL,(A)a + iLl csc <p)x]dxdA (1)

the double subscript, ab, indicating the mass absorption coefficient
of element b for the excitation (first term of Equation 4) or char-

(3)

(2)
Io(A)Qa(A)NaAdwd"ll.

iL,("II.)a + iLlcsc <p

L; = 10QaNaAdw
iL,a + iLl csc <p

iL,a + iLl CSC <p

dl a

u.. = a L: Wb (~) + esc 'P L: Wb (IJ:!) (4)
b Pb ab b Pb ab

To obtain an exact expression for fluorescent x-ray intensity,
Equation 2 must be integrated with respeet to "11.; however, three
quantities in Equation 2 are unknown funetions of "11.. At wave
lengths longer than the absorption edge of a, Qa(A) is zero; it
is maximum at the absorption edge, and decreases rapidly as "II.
decreases from the edge. If we assume that IO(A) and iL,("II.) are
essentially constant over the range of high Qa("II.), the approximate
expression for fluorescent x-ray intensity due to a is

where K a = 10 Qa Adw is a constant of the apparatus and the
element, a, and is independent of the absorption in the specimen.

The intensity is seen to be proportional to the atomic density,
N a, of a, modified by the absorption effect of the alloy in the
denominator of Equation 3. 'Ve shall denote this absorption
effect by p,Ma" where P. is the density of the alloy, subscript a
refers to the radiating element, and subscript 8 refers to the alloy
matrix of all the elements. The mass absorption coefficient,
iLlo, of a mixture of elements is the sum of the mass absorption
coefficients of all elements in proportion to their composition by
weight. If Wb is the fractional weight of element b in the alloy,
then

where iLl is the linear absorption coefficient of the specimen for
the monoehromatic fluorescent x-radiation of element a. The
fluorescent intensity due to element a in the slab, excited by the
range of wave lengths between A and A + dA is

The intensity due to the entire volume of the speeimen is ob
tained by integrating Equation 1 from a depth of x = 0 to x = co,

giving

A fraction of this radiation within the infinitesimally small
solid angle, dW l which makes an angle <f> with the specimen surface
in the plane of incidence, will be diffraeted by the spectrometer
erystal to the Geiger counter. On emerging from the surface,
this radiation from the slab has been further reduced in intensity
by a factor of

apparatus. Roughly, a = esc 0; more precisely, it is compli
cated owing to the incident beam divergence.

If A is the area of the mask in front of the specimen, and if
N a is the atomic density of the element, a, in the specimen, there
are N'; Adx atoms of a in the slab. If Qa(A) is the excitation proba
bility of element a at wave length A, the intensity of fluorescent
x-radiation emitted by the slab in all directions is

A first-order linear correction for the absorption effects
of the various elements in an alloy on fluorescent x-ray
intensities is obtained by essentially assuming a mono
chromatic incident beam. The result is a set of simul
taneous equations; the unknowns represent composi
tion, the diagonal coefficients are determined by in
tensity Illeasurements on the u nknowu alloy and pure
elements, and the nondiagonal coefficients are calcu
lated frolll intensity rrieasarrernonts on analyzed binary
alloys. The simultaneous equations are overdeter
rnfnod, and the calculating procedure, which minimizes
the error introduced by the assumption, has been
determined e.mpirically. Analyses based on this
rrret.hod, where only pure elements are needed as stand
ards, have been performed on quaternary alloys con
taining molybdemrm, nickel, iron, and chromium.
The calculated values agreed in nearly all cases to
within ±5% of the values obtained by accepted chemi

cal procedures.

SH E R M AN has treated the problem of fluorescent x-ray
analysis statistically (3). The following development con

siders the physical mechanism of x-ray absorption and indicates
an empirical elemental calibration.

If it were not for absorption effects, the fluorescent x-ray in
tensity due to an element in an alloy would be proportional to
the atomic density of that element, and a quantitative analysis
could be made from the ratio of intensity of the element in the
alloy to that of the pure element. The absorption effects arise be
cause the incident x-rays penetrate a significant distance below
the specimen surface, although Koh and Caugherty (2) have
shown that this distance is not more than 0.004 inch. An ex
pression for the absorption effects can be derived, but its pr~cis.e

form is not usable owing to the continuous spectrum of the IUCl

dent beam. The excitation probability, however, is very high
onlv for a limited region on the short-wave-length side of the
absorption edge. By assuming the incident intensity and the
absorption coefficients of all the elements to be constant in this
region of high excitation probability, the first-order absorption
effects of all elements ean be easily determined empirically from
binary alloys. The assumption of constant incident intensity
and absorption coeffieients introduees an appreciable error when
the alloy contains elements whose absorption edges or characteris
tic speetra lie in the region of high excitation probability. These
conditions are abundant in the chromium-iron-nickel alloys;
therefore, this ternary system would be a severe test for the as
sumption. In the investigation of the chromium-iron-nickel
molybdenum quaternary system, molybdenum was added to
test for large differences in atomic number.

Gillam and Heal dealt with the mathematical problem of
fluoreseent x-ray intensities (1). Expressions of similar form
are derived here.

The fluorescent x-ray intensity due to a slab of thickness, dx,
at a depth, x, below the surface is determined (Figure 1).

Let IO(A)d A be the intensity of the incident radiation in the
range of wave lengths between A and A + dA. At the slab, the
incident intensity is reduced by a factor of

exp [-iL,(A)xa]

where iL.(A) is the linear absorption coefficient of the specimen for
the incident wave length, A, and a is a geometric constant of the

980



VOL U M E 2 6, N O. 6, I U N E 1 954 981

acter.istic (second term of Equation 4) radiation of element a.
From Equation 4, it follows that (11 )W a + Wb + We + ... = 1

The unknowns are further governed by the constraint:

EXPERIMENTAL PROCEDURE

Fifteen specimen blocks were prepared: Four were the high
purity elements, chromium, iron, nickel, and molybdenum, with
respect to which the intensity ratios were taken; six were all of
the binary combinations of these elements for determining the
empirical absorption parameters of the system; the remaining
five were test alloys, three being chromium-iron-nickel ternaries,
and two being chromium-iron-nickel-molybdenum quaternaries.

The binaries, ternaries, and quaternaries were chemically
analyzed. These analyses were conducted with exceptional care
and the values from duplicate samples averaged. The pro
cedures were checked by analyzing National Bureau of Standards'
samples at the same time.

All elemental, binary, and ternary samples were checked
qualitatively on the x-ray spectrometer for impurities, and none
was detected.

Fluorescent x-ray intensities were read using the General
Electric XRD-3S unit. The line intensities were read in all
samples for a given element without changing the goniometer
setting or the stabilized x-ray tube current. The latter was
adjusted so that the intensity from the pure element did not
exceed 3500 counts per second. Appropriate background
intensities were determined and subtracted from the observed
line intensities. Table IV lists intensity ratios for the alloys and
the actual intensities of the elements in counts per second. The
total count for each reading was 65,536, giving a statistical
probable error of 0.26%.

(5)

(7)

(6)

KaNaa X ----.::,;-;0-=-
Pall,/ aa

u ; = L: WbMab
b

i.:
lao

Ra

of grams of a per gram of alloy, or the fractional
Multiplying Equation 6 by W a and setting A ab -

N a,'; P, is the number of atoms of a per gram of alloy, and N aalPa is
the number of atoms of u per gram of u. Therefore,

N a • X ~a = W
a

Pa 1\1 aa

RaWa

If the fluorescent x-ray intensity I aa, from a pure element speci
men of a is divided by that from the alloy, I a" the ratio is (using
Equations 3 to 5)

the number
weight of u.
11,/ab

u.:

or

(9)

The absorption parameters, A ab, can be easily obtained em
pirically by reading intensity ratios on chemically analyzed
binary alloys. Thus, from Equation 8,

Aab = ~: cs, - 1)

Table I.. Chemical Analyses of the Binary Alloys
Binary Partner

Cr Fe Ni Mo

48.24 48.07 74.28
50.83 51. 53 65.33
48.19 46.65

46:27
53.70

23.53 34.44

Binary Partner
Cr Fe Ni Mo

1.000 1.760 1 815 .841
3.360 1. 000 1.613 .835
2.860 3.670 1.000 .954
3.770 2.787 2.461 .000

Table II. Intensity Ratio for Binary Alloys

Analysis
for

Cr
Fe
Ni
Mo

Radi
ating

Element

Cr
Fe
Ni
Mo

(8)(1 - Ra)Wa + L: AabWb = 0
b~a

SPECIMEN
SURFACE

A--1

Figure 1. X-Ray Fluorescence

Once these absorption parameters are determined over an al
loy system, any alloy in the system can be analyzed by reading
fluorescent x-ray intensity ratios, Ra , Rb, •••, for each element
-in the alloy and substituting them into simultaneous Equations
8:

Table III. Absorption Parameters

Radi- Absorbing Elementating
Element Cr Fe Ni Mo

Cr 1.000 0.721 0.813 2.660
Fe 2.482 1.000 0.676 1.582
Ni 1.863 2.420 1.000 1.108
Mo 0.877 0.9435 1.260 1.000

The compositions of the binary alloys are given in Table I,
and the x-ray intensity ratios of the binaries are listed in Table
II. The data in these two tables are substituted into Equations
9 to determine the absorption parameters (Table III). With
these evaluated, the simultaneous equations for the chromium
iron-nickel-molybdenum quaternary system are:

-(Rer - l)Cr + 0.721Fe + 0.813Ni + 2.660Mo = 0 (A)

2.482Cr - (RFe - l)Fe + 0.676Ni + 1.582Mo = 0 (B)

1.863Cr + 2.420Fe - (R Ni - l)Ni + 1.l08Mo = 0 (C)

0.877Cr + 0.9435Fe + 1.260Xi - (RMo - l)Mo = 0 (D)

An alloy of this system is analyzed by reading the four x-ray
intensity ratios from the alloy and the standard elements, sub
stituting them into the above equations, and solving the equa
tions.

Since there are no constant terms in these equations, we can
merely obtain ratios among the unknowns. The equations are,
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therefore, overdetermined, since there are only n-1 independent
ratios among n quantities. A set of ratios can be obtained by
dividing through by any of the four unknowns. We can then
omit anyone of the four equations to solve for the three unknown
ratios with the remaining three equations. Thus there are at
least 16 independent ways to solve the above equations.

These 16 independent procedures yield 16 different sets of
solutions, because the equations are based on a rough assumption
and the coefficients are empirical. Thus the equations are mu
tually inconsistent to some extent. It is desirable to choose that
calculating procedure which tends to minimize the errors intro
duced by the assumption. Such a calculating procedure was
developed empirically; however, the result indicates that it
can also be developed from the symmetry of the equations.

CALCULATING PROCEDURE

Initially, one element must be distinguished from the others.
Empirically it develops that the best solutions are obtained by
distinguishing the most abundant element in the alloy. By
dividing throughout by the unknown representing the relative
weight of the abundant element, the effective number of unknowns
is reduced by one.

The result is four equations in three unknowns, each equation
containing a constant term. The triple ratio among the three
unknowns, which is the triple ratio among the three elements
other than the abundant element, is best determined from the
three equations which contain the intensity ratios of these ele
ments. Therefore, the equation which contains the intensity
ratio of the abundant element is omitted, and the' triple ratio is
obtained by evaluating the three numerator determinants of
the remaining three equations. These determinants are then
multiplied by an adjustment factor, whose value depends on
the ratios of each of the elements to the abundant element, and,
therefore, whose value is best obtained by substituting the three
determinants into the fourth equation, which contains the inten
sity ratio of the abundant element. The final four individual
solutions are determined by using Equation 11.

The use of the equations in combinations other than that just
described consistently yields solutions further from the accepted
values obtained by chemical analysis. The range of values cal
culated among various combinations of the equations is particu
larly large for chromium-iron-nickel alloys, because the abundant
anomalies in the ranges of high excitation probability introduce
large errors to the assumption. Therefore, this calculating pro
cedure apparently uses all equations in the best possible manner
to minimize these errors. The relation of this procedure to the
symmetry of the problem fortunately provides convenient rules
of-thumb.

SAMPLE CALCULATION

If Alloy 4 from Table IV, which gives the intensity ratios
of the ternary and quaternary alloys, is chosen iron is seen to

Table IV. Intensity Ratios for Ternary and Quaternary
Alloys

Ra = laaa/las

Alloy
No. er Fe Ni Mo

1 3.610 1.918 14.34
2 3.535 6.620 2.152
3 2.477 3.665 5.373
4 5.04 2.346 6.640 15.34
5 4.01 1.942 14.72 41.35

laa b 597 2795 3270 c 1076

a Intensity in counts per second on pure element corrected for back
ground.

b Intensity from a 0.75 X 0.75 inch sample area. Bent mica crystal
was 0.0016 inch thick.

C Nickel intensities were determined with a W-target x-ray tube operat
ing at 24.1 rna. and 48.5 kvp. All other elements were determined under
49.6 rna. and 48.5 kvp,

ANALYTICAL CHEMISTRY

have the lowest intensity ratio; therefore, it is taken as the most
abundant element. Equation B is omitted, the equations are
divided through by Fe, the constant terms are transposed, and
the intensity ratios from Table IV are substituted.

-4.04Cr/Fe + 0.813Ni/Fe + 2.660Mo/Fe = -0.721 (A)

1.863Cr/Fe - 5.640Ni/Fe + 1.108Mo/Fe = -2.420 (C)

O.877Cr/Fe + 1.260Ni/Fe - 14.34Mo/Fe = -0.9435 (D)

If the denominator determinant of the coefficients times the
adjustment factor is denoted by k, then the numerator' determi
nantsare

1-0
.
721 0.813 2.660

k Cr/Fe -2.420 -5.640 1.108 -108.61
-0.9435 1.260 -14.34

1-4
.
04 -0.721 2.660

k Ni/Fe 1.863 -2.420 1.108 -163.42
0.877 -0.9435 -14.34

1-4
.
04 0.813 - 0.721 I

k Mo/Fe = 1. 863 -5.640 - 2.420 = - 39.37
0.877 1.260 - 0.9435

Multiplying Equation B by k/Fe and transposing the resulting
constant term (with RFe substituted in from Table IV) yields

2.482 k Cr/Fe + 0.676 k Ni/Fe + 1.582 k Mo/Fe =
1.346k (B)

The above three numerator determinants are substituted into
this equation, and the result is solved for k, giving

k = - 328.62

Equation 11 can now be used to evaluate the four unknowns
as follows (disregarding the negative signs):

k Cr/Fe = 108.61
k Ni/Fe = 163.42
k Mo/Fe = 39.37

k = k Fe/Fe = 328.62
k/Fe(Cr + Ni + Mo + Fe) - 640.02,- k/Fe

giving

108.61
Cr = 640.02 = 16.97%

328.62
Fe = 640.02 = 51.35%

N1' 163.42 25 53a-f
= 640.02 = . /0

39.37
Mo = 640.02 = 6.15%

for the analysis.

DISCUSSION

The results on all five test alloys, using the calculating pro
cedure outlined above, are given in Table V, together with the
ehemical analyses. For Alloy 3, whose three elements are equally
abundant, the best analysis is obtained by taking the mean of
the three sets of solutions, using each of the elements as the abun
dant one. This is not true for the remaining alloys, which, like
most practical alloys, have only one element in high abundance.
The single calculating procedure, therefore, should be adequate in
most cases.

In the derivation of Equation 2, all of the excitation radiation
was assumed to come from the direction of the x-ray source;
When a certain element in the alloy emits K a radiation in the
region of high K excitation probability for the element being
read, there will be a strong monochromatic component of the ex
citation spectrum coming ·from all directions. This secondary
excitation radiation, however, will still be strongest from the
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CONCLUSIONS

Absorption-excitation effects can be expressed in terms of em
pirical parameters relating pairs of elements.

These parameters and flourescent intensity data can be com
bined in theoretically simultaneous, linear equations.

A solution of these equations ultimately gives the percentage
by weight of each element in an alloy.

This definite system for solving these overdetermined equations
greatly simplifies the mathematical manipulation.

The accuracy of results obtained on ternary and quaternary
alloys compares favorably to that obtained by routine chemical
procedures.

This method is not restricted by need for reference samples.

in Table V. In Alloy 2, having a high nickel-low iron content,
the x-ray reading of iron is 8.6% too high; whereas, for Alloy
5, in which the nickel-iron composition is reversed, the x-ray
reading of iron is 2% too low. Thus it is well to have the binar
ies, from which the parameters are determined, near the 50-50
composition.

The last two columns in Table V give the compositions and
relative errors, assuming the relative compositions to be inversely
proportional to the intensity ratios of Table IV. The effects of
absorption and mutual fluorescence are readily observed, and
the effectiveness of the absorption parameters in correcting for
these effects is in evidence.

Analyses based on this procedure offer the significant advan
tages of a physical method of analysis that is not restricted by
the need for reference or standard samples with a composition
similar to the sample being analyzed.
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Table V. Final Results
Compost-

Compoei- tion by
Composi- tion by X-Ray by
tion by X-Ray Proper-

Chemical Using
%

tional
Al- Ele- Analysis, Param- Intensities, %
loy ment % eters, % Error % Error

1 Cr 19.85 20.29 +2.22 27.7 +39.5
Fe 65.94 65.95. + Nil 52.1 -21.0
Ni 13.98 13.76 -1.57 6.98 -50.0

2 Cr 21.23 20.39 -3.95 28.7 +35.2
Fe 13.85 15.04 +8.60 15.1 + 9.0
Ni 64.84 64.57 -0.42 46.5 -28.3

3 Cr 32.13 32.44 +0.97 40.4 +25.8
Fe 35.43 35.86 +1.21 27.3 -22.9
Ni 31.86 31.66 -0.63 18.6 -41.5

4 Cr 16.45 16.96 +3.10 19.8 +20.4
Fe 50.20 51.35 +2.29 81.0 +61.4
Ni 26.80 25.54 -4.70 15.1 -43.6
Mo 6.55 6.15 -6.10 6.52 - 0.5

5 Cr 18.43 19.63 +6.51 24.9 +35.1
Fe 66.26 64.93 -2.01 51.5 -22.3
Ni 12.99 13.23 +1.85 6.79 -48.4
Mo 2.32 2.22 -4.31 2.42 + 4.3

direction of the surface. Gillam and Heal (1) gave, without der
ivation, an expression for the effect, which they called mutual
fluorescence, and which was to be added to a term analogous to
Equation 2. The inclusion of this expression would prohibit
the use of linear equations with empirical coefficients.

The use of empirically determined absorption parameters
compensates for this omission. This can be seen from the values
of the absorption parameters (Table III). Thus ACrFe, ACrNi,

and AFeNi have values less than unity-i.e., less than the self
absorption value. Since the absorbing element in each case is a
little heavier than the radiating element, the low absorption pa
rameters can be due only to mutual fluorescence. Hence, the
empirically determined parameters give an automatic correc
tion for mutual fluorescence. The three corresponding param
eters with the subscripts reversed, on the other hand, are ap
preciably greater than unity. Close examination shows that
there is a correspondence in the departure from unity between
the two sets of three parameters. This stems from the recipro
cal relation: high excitation of A from B's K '" radiation
means high absorption of B's radiation by A.

That the absorption parameters with their automatic correc
tion for mutual fluorescence are not strictly constant can be seen

Spectrophotometric Determination of Humulone
Complex and Lupulone in Hops
GORDON ALDERTON,G. F. BAILEY, J. C. LEWIS, and FRED STITT

Agricultural Research Service, Western Utilization Research Branch, U. S. Department of Agriculture, Albany 6, Calif.

A rapid method for determination of lupulone and of
Irurmrlone compfex (Irurmrlone plus cohtrmufone) in
petrQleulD ether extracts of hops is based on absorbance
rueaaurernerrts at wave lengths of 275, 325, and 355 1DJ.l.

The influence of solvent and of alkali in rnenhanol on
the spectropbotornetzic stability of lupulone and
humulone complex has been studied. The background
absorption of hop extracts due to eorrrporrerrta other
than these two has been investigated by adsorption on
ion exchange resin and silica gel, by rnolecu'lar distilla
tion, and by alkaline extraction of hop extracts. Con
ditions to which a background absorption IDUst con-

for-m in a ternary epectropbotornets-lc analysis, so that
it makes no contribution to values for each of two real
components, are pointed out. These conditions are
shown to be approxima'ted well by the variable back
ground absorption of hop extracts due to cornponerrts
other than lupulone and Irurmalone complex.

TH ERE is need for a rapid method for determination of the
resinous constituents of hops, which are important in brew

ing. These include humulone, lupulone, and cohumulone.
Cohum'ulone was discovered recently by Rigby and Bethune
(11), who isolated it by countercurrent distribution. It is



984 ANALYTICAL CHEMISTRY

Table I. Stability of HUDlulone Corrrpfex in Neutral
Methanol

400250 300 350

Wave length In Millimicrons

1\
/ \ Lupulone,

I \ Alkaline

~\ //~\
\ Humulone / \

\ \ Complex.>. / \\ ..J'" Alkoline / \

\_1 "~l. \ Humulone / ~
\' \ C I /
\\ \ omp ex, /. Lupulone \
\ \ \ ACid »<>»: -_·"'<-;-"··1 ACid' \
\ \\.1/ 7,/ " ....\ \
\ \ ....-..-- ..... .__1-/ "'\-', \
\ / \, -, \
"...... // \ '\

'--......... \"',••",<::

c"
(J)

<:3
~

(J)

oo

o
(J)

a.
(f)

c
<:2 25
Ci
<5
U)

.0«

Conen. of Storage Conditions Increase in Absorbance, %
Humulone Approx.
Complex, temp., Illumi-
Mg./Ml. o C. Time nation 355 mJL 325 m" 275 m"

10 25 7 days Room -25 -24 67
5 5 28 days Dark 1 1 27
1 25 90 days Room -47 -44 83
1 25 24 hours Room 0.5 0 5 1
0.054 25 4 hOUTS Room -2 -2
0.054 25 2 hOUTS Room -1 -1
0.054 25 1 hour Room 0.5 0 5
0.040 25 4 hours Room -5 -6 19
0.040 25 4 hours Dark 0.5 0.5 2

cell, I, the energy transmitted by sample cell, c, the sample con
centration in grams per liter, d, the cell depth (path length) in
centimeters, and ex, the specific absorption coefficient. Thus,
where specific absorption coefficients are given, they are in units
of liters per gram centimeter.

Another symbol, Ax, is useful in describing the attempts to
separate the ultraviolet-absorbing impurities from the lupulone
and humulone complex in hop extracts by liquid-liquid extraction,
by adsorption analysis, and by vacuum distillation. In such
cases the fractional absorbance Ax = AAD, where AA is the ob
served absorbance for an aliquot of any fraction, and D the
dilution factor from the starting hop extract.

It was found early in this investigation that both lupulone and
humulone complex in methanol solution separately obey Beer's
law, and that the absorbance is additive in mixtures. These con
ditions are, of course, essential to the development of convenient
equations for the analytical procedure.

Figure 1. Absorption Spectra of Lupulone and Hurrru
lone Corripdex in Acidic (O.0021V) and Alkaline (O.0021V)

Methanol

Absorption spectra of lupulone and humulone complex in
methanol are shown in Figure 1; details of the purification pro
cedures are given in the next section. Spectra usually were
scanned immediately after mixing 0.03 ml. of 0.2N sodium hy
droxide or 0.2N hydrochloric acid with the 3.0-ml. contents of
the 1.00-cm. fused-silica absorption cells. The solutions, 0.002N
in acid or alkali, were found to give reproducible spectra over
reasonable periods of time, as shown in the section on stability.
The alkaline spectra proved most useful, and undefined readings
refer to this condition. Reagent-grade absolute methanol was
used as a reference solvent; the small changes in solvent absorp
tion caused by the acid were very reproducible. The alkali pro-

SPECTROPHOTOMETRIC PROPERTIES OF LUPULONE AND
HUMUWNE COMPLEX

Spectrophotometric observations usually were made with a
Cary Model 11 recording spectrophotometer. Photometric
accuracy was verified with a yellow and a blue reference filter
(NB8-G-5145) &ndalkaline potassium chromate solutions prepared
according to Haupt (5). Mercury and cadmium emission lines
were used as standards for wave-length calibration. In general,
absorption spectra were scanned between 400' and 220 mu,

Although the Beckman Model DU spectrophotometer was used
only occasionally, the instrument may be used to advantage in
the analytical procedure where absorbance is to be measured at
only a few wave lengths. Concentrations should then be some
what lower than shown here, in order to fall within the best pre
cision of this instrument.

In the following discussion the absorbance of a solution at a
given wave length, X, is given by the expression:

t,
AA = 10glO T = ex cd

precipitated with humulone by lead and o-phenylenediamine,
and its absorption spectrum and optical rotation are nearly
identical with those of humulone (9). Since humulone, cohumu
lone, and possibly a third component (11) are not distinguished
by the ultraviolet spectrophotometric method described or
by any other method, with the exception of countercurrent dis
tribution (10), the term "humulone complex" is used for the
mixture and "humulone" for the' pure compound.

A tentative proposal for spectrophotometric determination
made by the authors in 1949 (6) was based on their observation
that lupulone and humulone complex give rise to the principal
absorption of hop extracts in the spectral region approximately
from 300 to 400 me. Although the tentative method proved
very useful in following the isolation of lupulone and humulone
complex, subsequent work by Rigby and Bethune (10) and work
in this laboratory has shown that the content of humulone com
plex is overestimated' systematically because of interference by
nonspecific absorption, which increases with decreasing wave
length.

The modified spectrophotometric method of Rigby and Beth
une (10) was based on a preliminary purification of the hop ex
tract by adsorption on silica gel, following the procedure of
Govaert and Verzele (4). Investigations of various methods of
fractionation of hop extracts have led to the wholly spectro
photometric method reported here. The influence of the ill
defined absorbing impurities is corrected by measuring the ab
sorption at 275 mu, a wave length of minimum absorption for
both lupulone and humulone complex. The method is rapid;
results on prepared extracts can be obtained within 5 minutes.

The nature of the interfering background absorption was in
vestigated by fractionating the impurities, that absorb at low
wave lengths, away from lupulone and humulone complex by
molecular distillation, by adsorption on ion exchange resin and
silica gel, and by alkaline extraction. Although the background
spectra thus obtained did not conform to varying concentra
tions of a single hypothetical compound, they did follow the
relationship A355:A325:A275 = 1:(0.93 + 0.18X):X, which allows
a solution for lupulone and for humulone complex by ternary
simultaneous equations. It is possible that such a property of
ternary equations, in allowing a certain variation in the spectrum
of background absorption, has not been reported previously and
may be useful in other applications. For example, backgrounds
of constant spectra will rarely, if ever, be found for plant extracts.

Lupulone and humulone complex, although relatively stable in
hop extracts, were found to be much less stable in more highly
purified form in various solvents, so that special precautions are
necessary in fractionation and standardization.

where I« is the energy transmitted by solvent-filled reference
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Table III. Variation of Spectrum of Humulone Complex in
Methanol with Sodium Hydroxide Concentration

a Both Iupulone and humulone complex have spectra in methanol which are independent
of the concentration of ammonia (from 0.0001 to 0.02N, or from 0.7 to 200 times the stoi
chiometric equivalent) and which agree with those observed with low concentrations of so
dium hydroxide. The spectrum of lu pulone is independent of the concentration of sodium
hydroxide in the range 0.001 to 0.02N. Secondary maxima (227 me for humulone complex
and 222 m~ for Iupulone) become evident in the more dilute alkali, because absorption by
the sodium hydroxide, not compensated in the scanning procedure used, obscures them at
all but the lowest alkali concentrations.

15 5

15 8
10.2

16.0
15.8
1.5. ()
15.;>

15.8
16 1

15 7
17.2

15 7
15.8
15.'
15.(;

275 mIL

21.0

21. 1
21.5
21.3
21.3
21. 1
20.8
20.5

21.2
21. 7

20.8
22.0

21.2
21. 2
21.2
21.1

325 mIL 275 mIL 220 mIL

1.707 0.419 2.18
1.706 0.416 2.13
1.712 0.408 2.13
1.711 0.402 2.12

18.4

18.3
18.5
18.5
18.4
18.2
17.9
17.6

18.4
18.6

17.9
18. 9

18.1
18.4
18.2
18.0

3.6

3 ..5
3.7

Absorbance?

6
13
53

6
3
6

<2

.19
<2
<3
<2
<2

355 mIL 345 mIL 335 mIL

1.405 1.436 1.615
I. 412 I. 447 1 627
I. 426 I. 463 1. 636
1.428 1.462 1.634

-9
<0.5
<1
<1
<1
-2
<0.5

In Alkali In Acid
331.5 mIL 325 mIL 275 mIL 355 mIL 325 mIL

Purification of Lupulone
Specific Absorption Coefficientew

-1.5
-3

-11
-05
-0.5
-1

Absorbance
Change, %

-9
<0.5
<1
<1
<1
-3
<0.5

355 mil 325 rnu 275 rn.u

355 mIL

-2
-4

-17
-1
-0.5
-2

370 mIL 360 mIL

1.344 1.414
1.357 1.426
1.369 1.441
1.371 1.441

Table IV.

tant primarily in fractionation,
purification, and standardiza
tion. Unlike similar solutions
of the purified components,
petroleum ether extracts of
hops are unexpectedly stable.

Absorption Coefficients of
Lupulone and Humulone.
Lupulone was prepared by
direct crystallization from the
petroleum ether-soluble solids
of commercially dried hops as
previously described (7), with
three crystallizations from
petroleum ether and two from
90% methanol. The use of
dry ice as an aid in grinding
hops (7) is to be avoided, be

cause it causes unexplained losses of both lupulone and humu
lone complex. Samples of this preparation were recrystallized
repeatedly by four different procedures.

1. By solution in petroleum ether and chilling to -20° C.
(seven times).

2. By solution in methanol and addition of 10% of water
(three times).

3. By partial neutralization with hydrochloric acid of a solu
tion of sodium lupulonate in 60% methanol (three times).

4. By cooling a 4.5% solution in petroleum ether successively
to 30°, 20°, 0°, and -20° C., crystal crops being removed at each
temperature.

Table IV shows melting points and specific absorbances at a few
selected wave lengths for several stages of each treatment.
Inasmuch as the melting point of lupulone varies with rate of
heating, these melting points were determined by inserting the
capillary in a bath at 85° C. with the temperature rising 6° per
minute.

960
15
15
1.5
15

180
20

10
10

120
20
20
10

1.070
1.090
1.095
1.093

Melting
Point,

o C.

0.02
0.01
0.002
0.001

Stage

NaOH,
Concn., N 380 mIL

2

3

4

Procedure

Starting
material 0 93-93.5 45.7 36.4 32.5

1 93.5-94.5 45.6 36.6 32.5
2 94-95 46.3 37.0 32.9
3 94-95 45.0 36.7 32.7
4 94-94.5 46.1 37.0 32.8 3 6
.5 93.5-94. 5 46.0 36.8 32. 5 3 9
6 89-92 45.0 36. 1 32 . 0 3 . 9
7 85-90 44.1 35.5 31.5 3.6

2 46.1 36.8 32.7 3.5
3 46.3 37.4 33.0 3.5

2 45.2 36.0 32.0 3.6
3 45.7 36.3 32. 1 3 . 7

1 95--96 46.0 37. 2 33 .3 3 7
2 995--5_9965.5 45.9 37.1 33.0 33 .. 66
3 %.8 ~9 U.8
4 92-93 45.7 37.0 33. 2 4.4

c Solvent is methanol, O.002N in sodium hydroxide or hydrochloric acid.

Humulone Complex
10 -0.7 <0.5 1 0.03 1
15 <0.5 <0.5 <2 0.01 03
15 <0.5 <0.5 <2 0.02 1
15 <1 <1 <2 0.002 1
15 <1 <1 <3 0.02 10

180 <1 <1 <3 0.02 1
0.01 0.5

Lupulone
20 0.5 0.5 3 0.02 <0.1
10 0.5' 0.5 3 0.02 1
32 0.5 0.5 3 0.02 07

0.002 1
0.0005 0.3
0.006 3

Stability of Lupulone and Humulone Corn.plex in Alkaline Methanol
Sodium Hydroxide Ammonia

Storage Absorbance NH, H20. Storage
time, Change, % concn., concn., time,
min. 355 mIL 325 mIL 275 mIL N % min.

1
1
0.5

1
0.5
1
1

10
0.3

Table II.

0.02
0.01
0.02
0.002
0.02
0.012

0.02
0.02
0.001

NaOH
concn.,

A'

duced precise results if the reagent was kept free of carbonate,
which may precipitate in anhydrous methanol and cause light
scattering.

Stability. Methanol was chosen as the solvent for spectro
photometry because humulone complex and especially lupulone
are relatively stable in it. Solutions of lupulone in methanol
(250 l' per ml.) showed no change in 3 months at room tempera
ture in diffuse daylight. Humulone complex, although much
less stable, is adequately stable for analytical purposes at scanning
dilutions if dark storage is used or if the final dilution into meth
anol is delayed until a few minutes before reading (Table I).

The stability of humulone complex and especially of lupulone
is least in nonpolar solvents. The spectrum of lupulone in 2,2,4
trimethylpentane, although similar to that in acidified methanol,
changed within 20 minutes (10% decrease in A 320 ) . On further
storage (up to 3 months at room temperature) the spectrum ap
proached that of a simple carbonyl compound. Similar, but
somewhat slower, changes occur in petroleum
ether and carbon tetrachloride. However,lupulone
appears to be fairly stable in chloroform.
Humulone complex changes in ethylene dichloride
to give a spectrum similar to that of isohumulone (3)
when scanned in alkaline methanol. The change
occurs somewhat more rapidly in diffuse light than
in the dark, but is complete within 24 hours at
room temperature for a 0.03% solution.

The concentration and kind of alkaline give small
but analytically important effects upon both the
spectra and the stabilities of purified lupulone and
humulone complex in methanol. A scanning solu
tion' composed of 99% methanol and 1%
water, and 0.002N in sodium hydroxide
was chosen for analytical purposes be-
cause lupulone is unstable in ammoniacal
methanol (Table II) and because the
spectrum of humulone complex is in
fluenced by concentration of sodiuin"hy
droxide (Table III).

The concentration of water in the range
0.1 to 3% had no effect on the spectra of
lupulone or humulone complex in weakly
alkaline methanol. Higher concentra-
tions affected the spectrum of humulone
complex, particularly with the higher con
centrations of sodium hydroxide. Vari-
ation of water concentration in the range
0.3 to 10% had little effect upon stability,
except for lupulone in the presence of
0.02N ammonium hydroxide.

Precautions regarding stability of lupu
love and humulone complex are impor-
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• Calculated using Equations 1a and lb.
b Direct extraction with petroleum ether by rocking at room temperature was found to

be complete in about 30 minutes in confirmation of earlier reports (2).

51

167

85

7.8

6.7

6.5

Ternary Binary
analysis analysis

4.8

4.3

4.1

4.56 4.41 5.89 6.46

3.16 3.09 5.34 5.61
1.03 1.02 0.14 0.18
0.33 0.32 0.02 0.05
0.08 0.08 -0.04 0.03
0.11 0.03 -0.02 0.28

4.71 4.54 5.44 6.15

Lupulone
Ternary Binary
analysis analysis

49

150

58

8.4

7.0

7.6

275m"

20.7
20.7
20.4
20.6
20.5
20.2
20.2
20.5
20.5
20.5
20.4

10.0

INVESTIGATIONS OF HOPS

A'alis,
204.1

160.3
26.3
.8.2
2.3
5.1

5.2

4.2

4.7

A'32/i

In Acid

196.0

158.0
20.3
6.3
1.9
5.8

Effect of Extraction Procedure on Extract Purity
Hop 1 Hop 2
Humulone Hurnulone

Lupulone, complex, Excess Lupulone, complex, Excess
%a %G Ami, % %a %a A275, %

Fractionation of Hop Extract by Aqueous Alkali Extraction
Assay Values, Dry Wt. of Hop, %

Humulone
Complex

Extraction Procedure. In contrast to petroleum ether solu
tions of lupulone and humulone complex, petroleum ether ex
tracts of hops are remarkably stable. After 24 hours at room
temperature the spectra of hop extracts (equivalent to 2.5 mg.
hops per ml.) in petroleum ether (boiling point 30° to 60° C.)
show essentially no change. After 72 hours, the adsorption in
the 275 m" region rises moderately (approximately 30%) but
little change occurs at the higher wave lengths characteristic of
lupulone and humulone complex. The reason for this marked
difference in stability is not known. Direct extraction of dried
hops with petroleum ether has obvious advantages, with respect

tion with hydrochloric acid)
from the parent batch of 0

phenylenediamine salt on
which the purification studies
of Table V were carried out.
The solvent system was 0.43M
potassium phosphate buffer
(pH 8.25) and 2,2,4-trimethyl
pentane (>99 mole %), ap
proximating that of Rigby and
Bethune, who used pH 8.5
phosphate buffer. The con
centration of humulone com
plex influenced the distribution
markedly; 7.5 mg. per ml. gave
a distribution ratio, K, about
twice as high as that at I mg.
per ml.

The first 59-tube run gave
two peaks with approximate areas under the curves corre
sponding to 14.5% of tlie slower component (K = 0.51) and
85.5% of the faster component (K = 1.27). The second run
gave 15% of the slower component (K = 0.53) and 85% of
the faster component (K = 1.34) as indicated by A"5. It
appears that the humulone complex on which the absorption
coefficient studies were made contained less than 15% co
humulone, because the parent material was recrystallized from
benzene and from a benzene-petroleum ether mixture, a treat
ment which, Rigby and Bethune (11) state, enriches the precipi
tate in humulone.

54.0 192.3 202.2

52.2

37.9
4.0
1.8
1.0
9.3

A'27/i

345 m" 331.5 m" 325 m"

17.8 20.6 21.4
17.8 20.6 21.5
17.7 20.6 21.3
17.7 20.6 21.3
17.6 20.4 21.3
17.8 20.5 21.4
17.9 20.4 21.4
18.0 20.6 21.5
18.0 20.7 21.5
17.9 20.5 21.5
17.9 20.5 21.4

Table VI.

Fraction

Original

1st extract
2nd extract
3rd extract
4th extract
Residue
Sum of

fractions

Extraction Method

Direct methanol
Petroleum ether ex-

tract of methanol
extract

Direct petroleum
ether b

Table VII.

Purification of Humulone Complex
Specific Absorption Coefficientsb

Table V.

Repeated recrystallization by chilling in petroleum ether
(Procedure 1) caused the melting point and absorbance at high
wave lengths to pass through a maximum at the second and third
stages while Am showed a minimum in the same region. Pro
cedure 3 slightly degraded the starting material. Inasmuch as
the over-all changes in spectrum on repeated recrystallization
were very small (0.5% at higher wave lengths), the standard
lupulone sample is assumed to have high purity. The first and
second stages of Procedure 4 gave products with a 1° higher melt
ing point than any others. Because lupulone melts with de
composition making melting points highly sensitive to small
changes in technique, this treatment may not have produced
lupulone of significantly higher purity than that from the other
treatments. The specific absorption coefficients for lupulone
chosen for analytical calculations are: 355 m«, 46.0; 325 mu,
33.1; 275 me, 3.7.

Humulone complex was isolated, from the petroleum ether
soluble solids of hops remaining after lupulone crystallization, as
the o-phenylenediamine salt by the method described previously
(7). The absorption coefficients of humulone complex in acidic
and alkaline methanol were studied with both free humulone
complex and with the o-phenylenediamine salt (with corrections
for the absorption of the contained o-phenylenediamine). Spec
tra were scanned for various samples crystallized by chilling
benzene solutions of the o-phenylenediamine salt of humulone
complex to successively lower temperatures. For
Series A of Table V, 10 grams of o-phenylene-
diamine salt (crystallized three times from ben
zene) in 125 ml. of benzene at 40° C. was cooled
to 25° C., a crop of crystals was removed, washed
with petroleum ether, and dried in vacuum. Two
additional crops of crystals were removed at 12°
and 5° C., the latter with the addition of 10%
petroleum ether. Humulone complex (458 mg.,
99% of theory) isolated by shaking with aqueous
hydrochloric acid and ethyl ether from 600 mg. of
fraction Al gave the results shown for entry Ala of
Table V, in good agreement with the coefficients
measured on the o-phenylenediamine salt.

A similar procedure on a larger scale was used
for Series B of Table V, except that free humulone
complex was made for the absorption and optical
rotation measurements reported for each fraction.
The specific absorption coefficients for humulone
complex chosen for analytical calculations are:
355 mu, 31.8; 325 mu, 38.1; 275 mn, 9.0.

After the discovery by Rigby and Bethune (11)
of cohumulone in hop extracts two countercurrent
distributions were conducted with humulone com
plex isolated by ether extraction (after acidifica-

Temp., Optical In Alkali
Fraction 0 C. Rotation, 0. 355 m" 331. 5 m" 325 m" 275 txu« . 355 m"

Original." 31. 8 37.4 38.0 8.3 16.6
Al 25 31.8 37.4 38.0 8.3 16.6
A2 12 31.6 37.6 38.0 8.2 16.5
A3 5 31.6 37.6 38.0 8.2 16.5

~~:d 37 -208 gU gU gn g:b ~U
BIb 31.7 37.1 37.8 8.9 16.6
B3a 18 -207 31.8 37.3 38.0 8.9 16.8
B3b 32.0 37.7 38.5 9.0 16.8
B4a 13 -208 31.7 37.0 37.6 8.9 16.8
B4b 31.6 37.5 38.1 9.1 16.7

• In methanol (c2,IL).
b Solvent is methanol, 0.002N in sodium hydroxide or hydrochloric acid.
c Except for Ala, the measurements for Series A were made on the o-phenylenediamine salt and corrected for

absorption due to the a-phenylenediamine content.
d For Series B, duplicate samples of each humulone-complex fraction were weighed for scanning to obtain an

estimate of the precision'of the absorption curves. The difference between duplicates is generally less than 0.5%.
The averages of set B3a and b have been chosen as the best values for the absorption coefficients of humulone com
plex in methanol under the above conditions.
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250 300 350

Wave length in Millimicrons

Figure 2. Absorption Spectra of Hop Extract
and Background (Separated by Molecular Distilla

tion) in Alkaline (O.002N) Methanol

Methanol extraction of dried hops gave extracts with approxi
mately 150% excess Am while petroleum ether extracts showed
about 50 to 60% excess Am (Table VI). Liquid-liquid petroleum
ether extracts of methanol extracts give intermediate values for
excess Am. Moreover, the difference curve between the spectrum
for a direct petroleum ether extract and that for a methanol ex
tract of .the same hop sample has a different shape than a typical

to simplicity and speed, over methanol extraction followed by
successive liquid-liquid extractions with petroleum ether, as
commonly employed.

The low absorption of both lupulone and humulone complex
near 275 mJ' provides a region of relatively high sensitivity to
absorbing impurities. An index of absorbing constituents,
other than lupulone and humulone complex, in extracts is cal
culated by subtracting from the observed A.75, the theoretical
Am for the lupulone and humulone complex, which a binary
analysis of Am and A b05 indicates should be present; this excess
absorbance may be expressed as a percentage of the calculated
A.75•

hop-extract spectrum (Figure 2), being high at low wave lengths
and low at high wave lengths.

Fractionation of Hop Extracts. Although lupulone and humu
lone complex obviously account for most of the ultraviolet ab
sorption of petroleum ether extracts of hops, the presence of
excess absorption in the 275 mu region shows other absorbers to
be present. The larger part of this work has been devoted to
attempts to determine the nature of this interfering absorption.
The problem has proved to be difficult, and no procedure has
been found for separating completely the lupulone and humulone
complex from the other absorbers. Four approaches to the frac
tionation of hop extracts have been tried: Alkaline extraction,
ion exchange absorption analysis, silica gel adsorption analysis,
and molecular distillation.

A major difficulty in any fractionation of hop extracts is the
instability of the separated constituents. In petroleum ether
and ethylene dichloride, whole hop extract is stable in comparison
with isolated lupulone and humulone complex, which are mark
edly unstable. Thus, in adsorption analyses, conservation of
absorption of the various fractions is not achieved, absorption
being augmented at low wave lengths (below 300 mu) and lost
at higher wave lengths during fractionation. However, these
changes, during chromatography on both ion exchangers and
silica gel, can be minimized sufficiently by control of solvent
choice, time, and illumination to yield useful qualitative and semi
quantitative information on the interfering absorbers. Molec
ular distillation and alkaline extraction were the only operations
in which good absorbance conservation at all wave lengths was
obtained.

Alkaline Extraction. A petroleum ether extract (10 ml. of a
5% extract) of a good quality hop was extracted rapidly four
times with 2 volumes of aqueous 5% potassium carbonate solu
tion. The over-all conservation of absorbance was good (line
1 versus line 7, Table VII). Because of its ascending shape
toward lower wave lengths, the residue from alkaline extraction
calculates almost exclusively as humulone complex in the binary
analysis based on 325 and 355 mn. Its contribution to the humu
lone-complex value (0.28) is approximately 5% of the apparent
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Table VIII. Fractionation of Hop Extracts by Adsorption Analysis on Silica Gel
, Humulone

Excess A 2 7 5 Lupulonee Complex e

A;75 A;25 A;S5
% Ternary Binary Ternary Binary

Sample" Quality Fraction Cut No. % Amount removed analysis analysis analysis analysis

Hop A· Poor Original extract 51.2 68.8 62.0 241 36.2 0.86 0.50 1.81 3.18
Lup.-hum. cuts 1-14 13.4 38.0 38.1 53 4.8 87 0.75 0.69 1.17 1.39
Interference 15-24 40.4 27.0 19.0 570 33.4
Sum of cuts 1-24 53.8 65.0 57.l 273 38.4 0.71 0.31 1.65 3.14

HopA Poor Original extract 38.5 55.6 52.6 235 27.4 0.95 0.67 1.31 2.33
Lup.vhum. cuts 1-6 14.6 42.6 43.7 78 6.5 76 0.95 0.88 1. 22 1.47
Interference 7-9 23.8 13.1 8.7 580 20.3
Sum of cuts 1-9 38.4 55.7 52.4 231 26.8 0.91 0.65 1.35 2.37

HopB Fair Original extract 49.0 127.1 129.0 100 24.4 2.74 2.50 3.59 4.51
Lup.shum. cuts 1-14 27.0 111.2 118.6 34 6.7 72 2.87 2.81 3.15 3.40
Interference 15-17 24.3 16.0 10.9 500 20.0
Sum of cuts 1-17 51.3 127.2 129.5 110 26.8 2.81 2.55 3.46 4.47

Hurnulone complex Original aolution 264 1128 941 1.5 4 -0.15 -0.1 100 100
Humulone complex 1-7 247 1027 848 3.3 8 -1.6 -1.7 92.2 92.4
Interference 8-11 55 43 29 380 43
Sum of cuts 1~11 302 1070 877 20 51 -2.2 -2.9 94.3 97.2

Distillate of hop B Fair Distillate 25.'8 93.4 94.8 42 7.6 1.91 1.83 3.02 3.31
Lup.chum. cuts 1-6 17.9 79.8 85.0 22 3.2 58 2.03 2.00 2.33 2.45
Interference 7-9 10.2 10.2 7.1 280 7.5
Sum of cuts 1-9 28.1 90.0 92.T 60 'i.D.6 1.96 1.85 2.71 3.12

Distillate of hop C Good Distillate 42.3 191.3 200.6 19 6.7 4.52 4.46 5.94 6.18
Lup.vhum. cuts 1-6 35.5 172.0 187.3 15 4.7 30 4.81 4.77 4.71 4.90
Interference 7-9 12.5 18.0 13.3 66 8.3
Sum of cuts 1-9 48.0 190.0 200:6 35 i3.O 4.71 4.58 5.52 6.00

" The sample (petroleum ether extractables) in ethylene dichloride (or benzene extract in Run A) was added to a 0.6 X 7 em. column (0.6 X 16 em. for Run
B) of ethylene dichloride-washed silica gel (Davison). Eluate was collected in lO-ml. cuts with a rate of flow of 0.6 m\. per minute. Methanol was used to
elute the interference after complete elution of lupulone and humulone complex. The light intensity was less than 2 foot-candles, the time of elution was ap-
proximately 3 hours, and the cuts were scanned immediately after collection.

b Percentage of original weight.
C Benzene extract and developer.
d Decomposition exceeded purification.
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a Percentage of original weight.

1. 42 1. 24 0.61 1.27
1.44 1. 34 0.50 0.85

1.45 1.27 0.48 1.14

0.92 0.73 0.26 0.96
0.94 0.83 0.28 0.66

0.90 0.72 0.27 0.96

1 .42 1. 08 1. 56 2.84
1 .48 1.34 1. 53 2.08

.41 1.07 1.56 2.85

2 . .58 2.40 2.74 3.4.5
2.51 2.44 276 3.05

2.52 2.31 2.71 3.47

2.12 1. 77 4.52 5.85
1. 91 1. 70 438 4.86

1 .93 1. 58 4.40 5.74

3 02 2.78 4.31 5.19
2 98 290 4.28 4.64

3.03 2.79 4 25 5.14

2.54 2 30 4.41 5.33
2.51 2.41 433 4.69

2.53 2 28 4.32 5.27

4.37 4. 18 .5. ss 6.52
4.19 4. 14 5.85 6.00

4.22 4.04 5.92 G.•=)8

4.51 4.35 6.83 7.39
4.37 4.31 665 6.86

4.44 4.27 6.74 7.38

4.69 4.51 7.01 7.68
4.1)4 4.58 6.79 7.00

4.69 4.49 6.89 7.61

.5.13 5.08 6.57 6.77
5.32 5.30 6.18 6.34

5.35 5.27 6.25 6.54

47

18.3 325
10.1 230 44

33.9 234
14.4 125 58

19 97
8 45 58

35.4 122
13.1 53 63

23.8 85
9.9 38 58

24.9 90
10.0 40 60

18.3 50
5.0 15 73

15.5 38
6.7 18 57

18.4 44
6.3 16 65

6.1 16
2.6 7 57

Amt. %
17.4 222
9.2 150

A:m

distillation seemed most likely to offer easy control of decom
position. The expectation was borne out by the excellent con
servation of absorption at all wave lengths.

Extracts were prepared as follows, to eliminate a methanol
insoluble waxlike material of very low specific absorption: Hand
ground hops (usually 5.0 grams) were rocked at room tempera
ture with 100 m!. of petroleum ether for about 40 minutes. The
solids were allowed to settle, and an aliquot of supernatant liquid
was evaporated to dryness under mechanical pump vacuum at a
low temperature. The solids were chilled in a dry ice bath before
release of vacuum and then dissolved in a volume of methanol
equal to that of the petroleum ether aliquot. A small amount
of insoluble wax was filtered off and the filtrate used for molecular
distillation. The wax represented less than 0.1 % of the ultra
violet absorption of the petroleum ether extract. -

For distillation, 2 or 3 ml of such a 5% extract of hops plus an
equal volume of methanol were evaporated slowly to dryness
under mechanical pump vacuum in the molecular still to obtain
a film of uniform thickness. This is not difficult if heat is sup
plied only by air conduction. Unless the films are protected from
contact with air (by vacuum or by chilling), excess absorbance
develops at low wave lengths and loss of absorbance at high wave
lengths. The still containing the solids was then chilled to dry
ice temperature, the vacuum released, and the still transferred to
a vacuum system consisting of a mercury-diffusion pump backed
by a two-stage mechanical pump. When the vacuum reached
<1 micron, the Dewar-type still pot was heated to 60° C. for
2 hours (sufficient for complete distillation of lupulone and
humulone complex, as judged from the shape of the residue

A326

44.7 48.7
38.4 44.4
4.4 3.0

:t2.8 47:4
30.3 32.0
26.4 29.7
3.7 2.0

3D.T 31:7
72.0 70.0
61. 7 63.8
10.2 6.0
71. 9 69.8

105.3 109.9
98.4 104 ..5
6.0 3.9

104.4 108.4

140.7 133.7
122.1 118.3

13.3 9.2
135.4 127.5

145.0 146.6
136.3 140.4

7.8 5.5
144.1 145.9

139.6 137.6
129 3 130.1

8.7 6.0
138.0 136.1

193.5 200.0
182.9 190.7

9.3 6.8
192:2 197.5

212.8 217.6
202.1 208.3

9.2 7.3
211.3 215.6

220.8 225.7
209.1 2166

10.2 7.7
219.3 224.3

213.0 224.4
206.6 221.1

5.2 4.1
211.8 22.5.2

A27li

5:>,9

54.6
387
1.5.9
54.6

Fractionation of Hop Extracts by Molecular Distillation
I Humulone

Excess A27li Lupulonea Complex a

% re- Ternary Binary Ternary Binary
moved analysis analysis analysis analysis

52.5
3.5.0
17 8
52.8

44.6
13.5

58.i

25.2
15.4
9.6

25.0
23.9
14.5
9.3

23.8

48.4
26.0
22.6
48.6

38.5
25.8
13.9

39.7
64.3
37.7
26.1

63.8
51. 7
35.6
16.2
518

60.4
45.4
16.0

6l.4
45.1
39.7

7.1
. 46.8

Fraction

Table IX.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue:
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

Extract
Distillate
Residue
Dist. + res.

2

4

9

5

7

8

3

6

10

11

Hop
Number

content (6.15%). The residue contained about 25% of the pe
troleum ether-soluble solids, or about 4% of the weight of this
hop, and it accounts for about 50% of the excess Am of the origi
nal extract.

Silica Gel Adsorption Analysis. Adsorption analysis on silica
gel with benzene as a developer was introduced by Beyaert and
Cornand (1) for preparation of lupulone and humulone complex
and by Govaert and Verzele (,.0 for preliminary purification of
hop extracts in the analytical method for these substances.
Rigby and Bethune (10) adapted the pro~edure to the spectro
photometric determination. Ethylene dichloride has been sub
stituted in the present investigation because benzene extracts
of hops are unstable to light. Thus, with ethylene dichloride,
no change in A'55was noted in 66 hours, whereas a loss of approxi
mately 5% was noted in 30 hours with benzene with a light in
tensity less than 2 foot-candles. Separated humulone complex
is unstable in ethylene dichloride also, so that losses occurred
even with the duration of experiments limited to 3 hours.

Summarized in Table VIII are six fractionations on silica gel
of hop extracts, molecular distillates of hop extracts, and humu
lone complex. It may be noted that ethylene dichloride gave
better recovery of adsorbance than benzene, but that approxi
mately 8% decomposition of humulone complex occurred. The
excess Am formed during adsorption analysis of humulone com
plex appeared principally in the methanol eluate. With all
hop extracts the sum of A"'/5
for all cuts exceeded the
original An; whereas the re
verse was true for A'325 and
A'3b5' Most of the composi
tion change appears to be at
the expense of humulone com
plex, the lupulone values re
maining fairly constant.

It is evident that silica gel
adsorption analysis does not
completely fractionate lupu
lone and humulone complex
from interfering absorbers.
The percentage of excess A",
of the original extract removed
by adsorption analysis gives a
rough measure ·of the efficiency
of the procedure. Approxi
mately 72 to 87% of the inter
ference was removed from hops
A and B, whereas with hop
distillates, the decomposition
exceeded the purification.

Specially prepared silica gel
has been recommended (1, 10),
but was not tested in the in
vestigation. Rigby (9) has
stated that conservation of
the absorbance of humulone
complex was obtained by its
use.

The spectra of the methanol
eluates are similar to those for
the residues of molecular dis
tillation. The relative absorb
ances of this material from
the hop extracts are approxi
mately 1:1.5:2.1 to 2.7 for
A'55:A325:A275.

Molecular Distillation.
Since adsorption analysis had
shown hop extracts to contain
very labile systems, short-path
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curves), while the cold-finger condenser was cooled with a mixture
of alcohol and dry ice. After distillation the still pot was cooled
in dry ice, the vacuum was released, and the distillate and residue
were dissolved quickly in absolute methanol.

Table IX gives results on extract, distillate, and residue for
11 hops of varying quality. The absorbance balances are ex
cellent and superior to those for fractionation on silica gel. The
results have been selected (from results with 24 hops) to show the
widest ranges of lupulone and humulone-complex content and
ratio. Hop 2, with a brown color and strong valerie acid odor,
had about one twentieth as much lupulone or humulone complex
as the best hop (No. 10). The ratio of lupulone to humulone
complex varied from about 0.9 to 0.3.
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Table X. Sorption of Lupulone and Hu rrrulorie Corriplex
by Ion Exchange on IRA 400

,
Hu mulone

Resina r I Excess A276 Lupulone.e Complexv,
Mg. Fraction A366 A",~%- Mg. Mg.

Original extract 2544 663 175 36 21.7 32.7

10 Filtrate 2473 626 172 38 21.6 30.5
Eluate 117 51 16 44 0.0 2.9

75 Filtrate 1667 410 180 78 20.1 12 5
Eluate 888 275 35 14 1.4 20 2

150 Filtrate 858 260 160 160 11.8 4 3
Eluate 1724 475 88 23 9.4 29 5

300 Filtrate 236 160 116 138 2.0 e 3.0e

Eluate 2334 512 75 17 19.3 30.3

Figure 3. Relationship a morrg A,,,, A32" A275 for
Separated Hop Backgrounds

o Silica gel chroD'latography
L:::. Alkaline extractiono Molecular distillation
• Ion exchange cbzcrnarogcaphy
Regression line AlJ'.!5/A361i = 0.933 + 0.1824 A2H./Aa65. Standard error of

estitnate = 0.068

Molecular distillation removed about two thirds of the excess
A 275 of the extracts and showed the binary analysis for humulone
complex to be high by at least 7 to over 100%, depending on hop
quality, or by about 10 to 12% for the samples most frequently
encountered. The relative coefficients of nonvolatile residue
varied with hop quality as shown in Figure 3 where Am has been
set at 1.00. The residues of hops with more than 5 to 7% humu
lone complex are fairly well represented by the relative coeffi
cients 1:1.35:2.4 for A3":A32,:A27, , whereas those with 3 to 5%
humulone complex have residue coefficients of about 1: 1.4:3.0.
Table IX shows that lupulone values by the binary analysis are
relatively unaffected by the presence of the interfering materials
removed by molecular distillation. As will be shown below,
humulone-complex values by the ternary equations are much
less sensitive to variations in the relative coefficients of the inter
ference than those by the binary equations.

Ion Exchange Resin Adsorption Analysis. Lupulone and
humulone complex are adsorbed quantitatively from methanol
(although not from petroleum ether) by the strongly basic ion
exchange resins such as IRA 400 and Permutit S, and are eluted
quantitatively by O.IN hydrochloric acid in methanol (Table X).
Inasmuch as lupulone and humulone complex have maximum
stability in methanol, these adsorbents should be preferable to
silica gel or other nonexchange materials from which these acids
are eluted by neutral methanol (and therefore require the use of
other solvents).

In preparation for fractionation of hop extracts on IRA 400,
elution constants were determined by the method described by
Tompkins (12) from batch equilibrations in 0.2N solutions of
various acids in methanol. The distribution values, Kd, for
lupulone and humulone complex, respectively, were as follows:
acetic acid, 100 and 942; formic acid, 24 and 67; chloroacetic
acid, 21 and 30; and malonic acid, 20 and 22. Experience with
columns has confirmed the prediction that formic acid is best

.suited for the separation of lupulone and humulone complex,
whereas acetic acid is best suited for the resolution of those com-·

a The resin was rocked with 25 ml. of hop extract (equivalent to 625 mg.
of hops) in methanol for 1 hour, after which it was washed twice by decanta
tion and then rocked for 1 hour with O.llN hydrochloric acid in 99% meth
anol to effect elution.

b By binary analysis.
c The shape of the spectrum showed that less than half of the indicated

values actually could be Iupulone or hurnulone complex.

ponents that are adsorbed less strongly than lupulone. Table X
. shows that nearly all of the material contributing to excess A 275 is
less firmly bound than humulone complex, and the greater part is
less firmly bound than lupulone. With 300 mg. of resin, an
amount sufficient to adsorb humulone complex and lupulone
quantitatively, 66% of the excess Am remained in the filtrate.

A control experiment gave quantitative recovery of humulone
complex, when developed on a column of IRA 400 formate with
0.2N formic acid in methanol, if the column was kept in the dark.
With a column exposed to diffuse light, substantial losses of both
lupulone and humulonecomplex were incurred (Table XI). The
period of contact on the column appeared to have less effect
than exposure to light. Excellent resolutions of lupulone and
humulone complex were obtained, because these substances were
well separated from each other and from most of the strongly
adsorbed impurities of hop extracts that contribute markedly to
excess A 275, as well as from the impurities that are adsorbed less
strongly than lupulone. The latter were investigated by develop
ing with 0.05N acetic acid in methanol. At least five distinct
components may be recognized (Table XII).

Fractionation of molecular distillates of hop extracts showed
that the absorbing materials coming off the IRA 400 column ahead
of lupulone were removed almost quantitatively by the distilla
tion procedure, because less than 0.2% of A32, or A 355 was re
covered in cuts prior to lupulone. In these experiments on molec
ular distillates, 0.5N hydrochloric acid in methanol eluted ma
terial with A 355 : A 325 : A 275 equal to approximately 1: 2: 5, in
amounts which accounted fairly well for the excess A27, of the distil
lates. Interpretation of the origin of this material was compli
cated, as with whole hop extracts, by breakdown of some lupulone
and humulone complex which was evidenced by failure to re
cover quantitatively the absorbance at high wave lengths.

It is thought that better recoveries could be obtained by de
velopment of columns in the dark at low temperature; and that
ion exchange sorption analysis might yield the absolute values
for lupulone and humulone complex required for confirming'
the validity of the spectrophotometric method proposed. The
evidence obtained from the fractionation experiments is discussed
in connection with the ternary analysis.

Analysis of Hop Extracts. Several possibilities exist with re
spect to a spectrophotometric estimation of hop quality and par
ticularly of the humulone complex which is of prime importance
to the bittering power of hops. Binary analyses based on two
absorbance readings in the neighborhood of the absorption
maxima, 355 and 325 mIL, for lupulone and humulone complex,
and ternary analyses of greater accuracy gained through the use
of an additional absorbance reading are discussed. Combina
tions of spectrophotometric measurements and some method of
separation of lupulone and humulone complex from other ultra-

5
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A I:A2:Aa = l:(k + aX):X

A'7/i

24
61
3.4

9
33
37

103
1.8

19
77
21

U8

11.3

101

10092

1
42
49

39
49
0.87

100
1.2

27
57

1

85

3.8

100
<1

values for humulone complex approxi
mately 10% too high for good quality
hops and as much as 100% too high for
stored hops of poor quality. In the
latter case the larger error is due to both
the greater contribution of components
other than lupulone and humulone com
plex and the larger ratio of A 325:A".
because of such components. The errors
in lupulone content arising from the use
of Equation 1b are usually much smaller
than for humulone complex with the
corresponding Equation 1a.

Equations 1a and Ib should give ac
curate results for a procedure in which
the components other than lupulone and
humulone complex are satisfactorily re
moved prior to spectrophotometric
measurements.

Ternary Analysis. Background com
ponents, other than lupulone and humu
lone complex, with reproducible spectro
photometric properties may be elimi
nated readily by considering the mixture
as a three-component system, making
readings at three wave lengths and
solving three simultaneous equations.
However, in the estimation of only one
component, the background absorption
need not be that of a single pure com
ponent (AI: A 2 : A 3 are ratios of con

stants) but rather may vary widely in spectral shape if the
following relationship holds:

where AI. 2, a are relative absorbancies of the background at the
three wave lengths in question, k and a are constants, and X is
variable. This relationship amounts to the restriction that the
background be made up of algebraically additive combinations
that is, including negative values---of the second real com
ponent and a hypothetical third component. This restriction on
the properties of noninterfering backgrounds is broad enough
to accommodate widely varying spectral shapes-e.g., in the
equation presented below for humulone complex, backgrounds
with relative absorbancies at 355:325:275 mIL of 1:0.7:0.0 (de
scending); of 1:0.96: 1 (flat); of 1:3.3: 10; of 1:26.5: 100 (steep);
etc., are corrected. The separated backgrounds for .the hop ex
tracts tested, by conforming approximately to the relationship
A3S5:A.,.:A275 = 1:(0.933 + 0.183X):X, are eliminated reason
ably well in a ternary analysis for humulone complex and lupu
lone such as is described below.

The choice of wave lengths for multicomponent analyses
may be made by plotting the ratio of the absorbance of each com
ponent to that of the probable mixture against wave length (8).
When this is done for the ratios of absorbancies in alkaline
methanol of lupulone, humulone complex, and residue from a
molecular distillation of hop extract, respectively, to the absorb
ance of a low-quality hop, several choices of three wave lengths
are offered from the maxima that occur at 400, 390, 355, 325,
and 275 mIL. The last three were chosen as combining maximum
sensitivity with minimum influence of wave-length error.

The absorbancies (relative to A 355 ) of the backgrounds separated
from hop extracts (by molecular distillation, alkaline extrac
tion, or silica gel or ion exchange resin adsorption analysis)
at 275 mIL plotted against those at 325 mIL yield a good approxi
mation of a straight line (Figure 3). On the assumption of a
background component B, with specific absorbancies of 1.0 at
355 mIL, 1.5 at 325 mIL, and 3.1 at 275 mIL (a set of values picked

r
AJ/ili

99
1.2

38
47
0.7

86

3.4

93

0.6
55
38

98.5

Recovery of Original
Absorbance, %

(la)

(lb)

% of Total
Absorbance

325 m"
0.25
2.6
0.8
1.3
0.5

5.4

Fraction

Lupulone
Decomposition

Humulone complex
Deeomposition

Lupulonev
Hurnulone complex"
Decomposition

Total

Impurity before lu
pulone

Relative Absorbance

Conditions

Darkness, 4 hours;
eluted in diffuse
light

Darknesse

Diffuse light, 9 hours

Dark column; elu
ates collected over
night without light
shielding

Dark column; elu
ates collected over
nigh t without light
shielding

355 m" 325 ma 275 m"

1.5 4.1
1.3 1.7
1.7 3.5
1.4 2.2
1.1 1.5

1.3 1.8

CH = -47.28 A 355 + 65.71 Am

CL = 54.43 A 3S5 - 45.43 A 325

Recovery of Lupulone and Hurnulone Cornpfex frorn IRA Fortnate

Cut No.

1-2
3-8
9-1:3
14-25
26-30

1-30

Humulone complex,
30 mg.

Lupulone, 16 mg.,
plus humulcne
complex, 30 mg.

Test Load

Lupulone, 16 mg.

Extract of 500 mg. of
hopsd

Extract of 400 mg. of
hopse

B

C

D

E

Table XI.

Expt."

A

Component

1
2
3
4
5

Sum

Lupulone 51
Humulone complex 38
Impurity after humu- 0.25

lone complex

Total

Impurity before lu-
pulone

Lupulone
Humulone complex
Impurity after humu-

lone complex 0.7 1. 4 9

Total 94 93 88
" The columns, approximately 0.9 X 22 cm., were eluted first with 0.2N formic acid in methanol

untillupulone and humulone complex were removed completely, and then with O.5N hydrochloric acid
in methanol until the decomposition products or impurities -were recovered. The flow rate was ap
proximately 0.5 m!. per minute. The resin was 80 to 100 mesh.

b The collection was interrupted, and- the column with adsorbed humulone complex was allowed
to stand overnight.

C It was calculated that 86% of the lupulone and 83% of the humulone complex were recovered.
d Lyophilized hops; 5.1 % Iupulone and 6.7% humulone complex by binary analysis.
e Poor quality hops; 2.4% l u pulo ne and 3.4% humulone complex by binary analysis.

Table XII. Fractionation on IRA 400 of Hop Extract
Cornponerrts Less Acid than Lupulone

violet-absorbing constituents are not further considered here,
although alkaline extraction and batch adsorption with ion ex
change resins appear promising.

Binary Analyses. A spectrophotometric method, based on
the assumption that the ultraviolet absorption of hop extracts
is due solely to the humulone-complex and lupulone content,
must be limited in its accuracy and precision in view of the vari
able contribution made by minor components as reported. Both
the tentative method proposed earlier (6) and the modification of
Rigby and Bethune (10) are in this category. Both employ
absorbancies measured at two wave lengths in alkaline methanol
solutions, the former using 332 and 355 mIL and the latter 320
and 355 mIL. Considerations of wave-length error, sensitivity,
effect of minor components, and errors in solution preparation
indicate that these choices are near the optimum. In this work
325 and 355 mIL and the specific absorbancies listed above for
lupulone-and humulone complex are used, yielding

where CH and CL are given in mi,lligrams per liter of the solution
for which A is the absorbancy for 1-cm. path length.

The results labeled "binary analysis" in Tables VII, VIII, and
IX were calculated using Equations 1a and lb. By comparison
of these results in Table IX with those calculated by the more ac
curate ternary analysis method, it is seen that Equation 1a gives
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and
CL = 55.57 A 355 - 47.59 A 325 + 5.10 Am (2b)

is obtained for a background that would not interfere in the cal
culation of humulone complex, and

Setting CHand CL equal to zero, one obtains

A
325 = 0.699 + 0.258 A

275

A 36• A 355

complex and lupulone contents of the distillate with those of
the sum of distillate plus separated background shows that the
backgrounds caused errors of the order of 1 to 4% when calcu
lated by Equations 2a and 2b, whereas in binary analysis the same
backgrounds caused errors of about 10 to 50% in humulone
complex. Lupulone values by the binary method are much
less sensitive to background. The poorer agreement between
distillates and original extracts than that between distillate and
sum of distillate and background is due to slight decomposition
during the distillation procedure.

In the case of humulone complex separated by silica gel ad
sorption (Table VII!), the same comparisons are much poorer
owing to greater departure of the relative absorbancies of the
backgrounds from the correction line.

In Figure 3, departure of a point from the correction line by
0.05 causes an error of about 12% in humulone complex, if the
given background and humulone complex are present in amounts
such that their absorbancies at 355 mit are equal. For lupulone,
a departure of 0.05 produces about 11% error, if its absorption
is equal to that of the background. However, the average back
ground absorption in the extracts examined is about 10% of
the absorption of the humulone complex or lupulone at 355
mit-i.e., approximately 5% of the total absorption. The range
of the ratio.of background absorption to humulone-complex ab
sorption at 355 mit is from about 4 to 40%, the median value
being about 10%. Only three samples of badly degraded hops
gave the 'high ratios. The range of the same ratio for lupulone
was 3 to 20% with most samples around 10%.

The random error (standard deviation), contributed by the
variation of background absorbance ratios from the regression
line of Figure 3, may be calculated as follows: (±0.07) (73.8)/
(0.1) (31.4) = ±1.6% for humulone complex and (±0.07)
(47.6)/(0.1)(21.5) = ±1.5% for lupulone in good quality hops.
In explanation, the first calculation represents the ratio [(error
of estimate of the regression line) X (coefficient of A 325 in Equation
2a)] to [(average A 355 of the background relative to A 355 for humu
lone complex) X (value for CH obtained by substituting the coeffi
cients for humulone complex, relative to A 365, in Equation 2a)].

Lack of coincidence of the regression line and the correction
lines contributes additional bias errors, which vary for humulone

A
275

))/complex from zero, at A- = 3.1, to (0.15 (73.8 (0.1) (31.4) =
365

A 2753%, at -A = lor 5 and for lupulone from zero to (0.2) (47.6)/
375

(0.1) (21.5) = 4%, at 1 or 5, for good quality hops. A positive
deviation of a background from the correction line causes a posi
tive error in humulone complex and a negative error in lupulone.
The backgrounds of the majority of hops tested fall within 0.1
of both correction lines for Equations 2a and 2b. '

If the points in Figure 3 representing extremely poor hops and
decomposition products of humulone complex and lupulone were
excluded, new equations could be set up to fit the correction lines
more closely to the data for the samples most frequently encoun
tered. However, before setting up different equations for ex
tracts of hops of different quality classes, it would be desirable
to get many more data on background absorption of such hops
by such refinements of techniques as have been described. The
procedure described below is based on Equations 2a and 2b,
which best fit all of the data regardless of hop quality.

SUMMARY OF PROCEDURE FOR ANALYSIS OF HOPS

To 5 grams of hand-ground hops in a glass-stoppered graduate,
sufficient low-boiling petroleum ether is added to bring the vol
ume to 100 ml. The mixture is agitated by gentle rocking at room
temperature for 30 minutes and then allowed to stand until the
solids are settled, leaving a clear supernatant liquid. An aliquot
of this clear extract is diluted with reagent-grade absolute meth
anol to a volume convenient for spectrophotometric reading.
The required dilution for the Beckman Model DU spectropho
tometer is usually 100- to 200-fold. The diluted solution is then

(3a)

(3b)A,..:A,..:Am =; 1:(1.168 + 0.107X):X

A 32
• = 1.168 + 0.107 Am

A 355 A356

Setting Am = 1 and Am = X,

A355:A325:A275 = 1:(0.699 + 0.258X):X

and

from this regression line and typical of average quality hops), the
following equations hold for the absorbancies of a hop extract:

Am = 3.7 CL + 9.0 CH + 3.1 CB

A 325 = 33.1 CL + 38.1 CH + 1.5 CB

A 35• = 46.0 CL + 31.8 CH + 1.0 CB

where CL , CH, and CB represent the concentrations, respectively,
of lupulone, humulone complex, and the assumed background in
milligrams per liter of solution measured. The equations yield

CH = -51.56 A 355 + 73.79 A 325 - 19.07 Am (2a)

for a background that would not interfere in the calculation of
lupulone. Plots of Equations 3a and 3b will be called "correc-

•• A 325 A 275
tion lines." The relationships between Am and A

355
by Equa-

tions 3a and 3b and those found experimentally with actual sepa
rated background fractions are plotted in Figure 3.

Figure 3 shows that the two correction lines crossthe regression
line of the naturally occurring backgrounds at the point repre
senting the assumed background used in setting up the three
simultaneous equations. The slopes of the correction lines, and
thus the point of their intersection with the regression line,
may be varied by choice of relative absorbancies of the assumed
background. Other choices could make the correction lines
intersect the regression line in the region of A 3ss/ A 355 characteristic
for low-quality stored hops, or any other point. The intercept
of the correction lines on the A 3../ A 355 axis is substantially inde
pendent of the choice of background absorbancies, if the latter
are picked from the regression line above A 275/A 355 = 1.

The approximations to absorbance ratios for the actual back
grounds of hop extracts, shown in Figure 3, were obtained in
various ways. A regression line based on the residues of molecular
distillations, which are subject to the least errors of decomposi
tion, would not deviate markedly from that based on the other
estimates. A more serious problem arises from the possibility
that the observed backgrounds may not be completely represen
tative of the actual backgrounds. That this is not likely to be
so is indicated by finding that the spectrum of residual background
remaining in molecular distillates, as' estimated by subtracting
the contributions of lupulone and humulone complex (calculated
by ternary analysis) from the spectrum of the distillate, con
formed to the general shape of the distillation residues.

A rigorous proof of the reliability of the ternary analysis
might be obtained by completely separating the background from
lupulone and humulone complex without spectrophotometric
change. It is believed that this could be accomplished best by
ion exchange sorption analysis in the dark at low temperatures.

If the fractions of the backgrounds shown in Figure 3 for vari
ous hops are assumed to be representative of the actual back
grounds, some estimates of error may be made. In Table IX,
lupulone and humulone-complex concentrations calculated by
Equations 2a and 2b have been listed along with binary calcula
tions by Equations 1a and lb. Comparison of the humulone-
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mixed with 1% of its volume of O.2N sodium hydroxide (aqueous)
in the absorption cell and immediately read in the spectropho
tometer at 355, 325, and 275 rnu. Reagent blanks should be run.
For ternary analysis the resulting absorbance readings are sub
stituted in Equations 2a and 2b to give the humulone-complex
and lupulone content of the solution read in milligrams per liter.
These values are then multiplied by the dilution factor for the
hop sample to give percentage of humulone complex or lupulone.
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Coprecipitation from Homogeneous Solution
Manganese(lI) on Basic Stannic Sulfate

LOUIS GORDON, HARRY TEICHER', and B. P. BURTT

Department of Chemistry, Syracuse University, Syracuse 10, N. Y.

The extent and nature of coprecipitation occurring
during precipitation from homogeneous solution were'
studied. Among the many factors influencing the
extent of coprecipitation of manganese(II) with basic
stannic sulfate, precipitated by the urea method, are
the initial supersaturation effect, the initial concentra
tion of manganese, the rate of precipitation, and
adsorption on the surface of the com.pletely precipi
tated carrier. Contamination by occlusion during
the formation of the rrraj or portion of the precipitate
is not a significant faotos-. However, considerable con
tamination may occur in the early stages of the pre
cipitation process owing to the initial supersaturation
effect. During the precipitation of the last portions
of the carrier and especially in the presence of excess
precipitant, coprecipitation by adsorption becomes
appreciable. When micro quantities of manganese
are present, essentially the same coprecipitation is
obtained with both the heterogeneous and the homo
geneous methods of precipitation. However, with
rnacro quantities, owing to the elimination of initial
supersaturation and to the formation of the precipitate
under conditions in which the Paneth-Fajans-Hahn
rule is effective, contamination during the formation
of a carrier can be minimized by the technique of
precipitation from homogeneous solution.

T HE problem of the contamination of precipitates is a major
aspect of investigations in gravimetric separations. The

separation of normally soluble substances from solution during
the formation of a, host precipitate, or upon the addition of a pre
formed carrier, constitutes the phenomenon of coprecipitation.
Other terms such as occlusion, adsorption, and inclusion are
used to describe the specific processes by which coprecipitation
occurs, although there often is disagreement about the precise
meaning of the particular term. These processes have been con-

1 Present address, Inorganic Chemicals Division, Monsanto Chemical
Oo., Everett. Mass.

sidered in detail in the generalized theory of coprecipitation which
Kolthoff (7) presented in 1932.

Investigations with preformed carriers led to the formulation
of the Paneth-Fajans-Hahn rule (15). Although the rule is
subject to some exception, it furnishes useful criteria for the pre
diction of adsorption phenomena. Studies by- other investiga
tors (8-10) have also included determinations of the total co
precipitation resulting from the formation of a precipitate.

In general, as has been demonstrated many times, experimental
conditions strongly influence coprecipitation, especially in the
case of surface adsorption. If, however, the formation of a
mixed crystal is possible, there is less dependence on experimental
conditions. Instances of anomalous mixed-crystal formation
have also been observed by Hahn (.4) who has referred to these
as isodimorphism. Kolthoff (7) has indicated that coprecipita
tion due to mixed-crystal formation cannot be readily eliminated
since the contamination is inherent in the nature of the substances
involved. Kolthoff has maintained that, in the absence of mixed
crystal formation, coprecipitation due to occlusion is real copre
cipitation. He defines occlusion as the process which occurs
when foreign ions are adsorbed at the surfaces of a growing pre
cipitate and are then covered over by the subsequent formation
of new layers; this definition is used in this study. The occlu
sion process is markedly affected by such experimental conditions
as concentrations of initial reagents, stirring, temperature, and
aging.

In order to study properly the occlusion process, Kolthoff
suggested that studies be made of the change in concentration
of the impurity during crystal growth. A major obstacle in such
a study with an insoluble precipitate would be the high local
supersaturation effect produced by the direct addition of a pre
cipitant to a solution. Because of this, Henderson and Kracek
(5) obtained erratic results in their studies of the barium-radium
chromate system. The technique of precipitation from homo
geneous solution (3, 16) minimizes these local supersaturation
effects.

The objective of this study was to determine the extent and
nature of coprecipitation during the process of precipitation
from homogeneous solution. Basic stannic sulfate (18), which
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RESULTS

Precipitation at 97 0 C. Precipitations were per
formed at 97 0 C. with solutions containing 10.13
mg. of manganese (9 X 1O-4M). Stirring of these
solutions was provided by the carbon dioxide
evolved by the hydrolysis of urea. The results
are shown in Figure 2. The data are somewhat
erratic; the curve merely shows the general trend.
The impure precipitate, which was formed, ap
peared somewhat colloidal and exhibited a very
slight, off-white color. These observations indi
cated that precipitation might have been too
rapid. The effect of precipitation at a lower
temperature was then investigated.

Precipitation at 860 C. A similar series of pre
cipitations was then performed at 86 0 C. The
results are shown by the second curve in Figure 2.
These precipitates also exhibited the off-white
color. If the reaction was allowed to proceed be
yond pH 3.0, it was difficult to stop it at any given
pH, because the pH would rapidly rise to 6.0, and

and hydrochloric acid. The 5 X 10-3 me. were known to about
±10 to 20%; this corresponds to about 6.5 X 10-10 gram.
Gamma rays emitted by the radioisotope were measured with a
scintillation counter.

Urea. The urea used was obtained from the Matheson Co.,
Inc., East Rutherford, N. J. The required quantity, 20 grams,
was dissolved in about 40 m!. of water, and the solution filtered
prior to each precipitation.

Reaction Vessel. The reaction vessel and sampling device
used in the investigations are illustrated in Figure 1. In use, a
condenser was placed at A to maintain constant volume. The
reaction vessel, C, was calibrated at 10-m!. intervals from 150
to 220 m!. by the addition of known volumes of water. Inter
mediate volumes could be read to ± 1 m!. A fine frit of B per
mitted the withdrawal of clear liquid samples. The 1O.00-m!.
sampling tube, D, was calibrated in the same manner as C. The
apparatus was checked experimentally as described in the
general procedure.

Constant Temperature Bath. The oil bath used had a tem
perature control of ±0.3° C.

GENERAL PROCEDURE

Solutions were prepared to contain varying quantities of man
ganese(II), about 150 mg. of tin(IV), 20 grams of urea, 14 m!. of
12N hydrochloric acid, 5 m!. of 36N sulfuric acid, and 1 gram of
ammonium sulfate. The volumes were adjusted to about 210
ml., and the pH was adjusted to 0.50 with ammonia. The pH
meter was standardized at pH 1.00. The solutions were heated
for varying times, and samples of supernatant liquid were re
moved and analyzed. Because of refluxing, the temperature of
the reaction mixture was 4 0 below that of the bath. The residual
tin was determined by the hematoxylin method of Teicher and
Gordon (13). Manganese was determined by the standard pro
cedure of oxidation to permanganate (12) and subsequent photo
metric determination. This photometric method was modified
by elimination of the recommended phosphoric acid, the presence
of which produced a turbidity by reacting with tin(IV).

The general procedure was checked with known quantities of
manganese and tin. These were added in separate experiments
to vessel C of Figure 1, the entire apparatus was thermostated,
and samples were withdrawn into D and analyzed. The results
of two determinations, one with 10.13 mg. of manganese initially
added to C, and one with 59.2 mg. of tin, showed 10.11 and 591.
mg. of the two elements, respectively, to be initially present in C.
This technique-i.e., indirect analysis-is subject to error. Be
cause of this, the percentages of tin and manganese reported in
this paper are estimated to be in error by an absolute
± 1% in the range from 0 to 100%. Indirect analysis of the solu
tion was chosen in order to avoid the uncertainties encountered
in the direct analysis of a precipitate-for example, the washing
of a precipitate to separate it from mother liquor can lead to
spurious results (18).

Radiochemical Procedure. Radiochemical techniques were
utilized to determine the manganese when its initial concentra

tion was 1O-6M and below. Activity determina
tions were made using 3-m!. liquid samples in
5-m!. glass vials.
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is precipitated by the urea method, was chosen as the carrier
and manganese(II) as the contaminant. For comparative data,
tin was also precipitated as the hydrous oxide with ammonium
hydroxide.

Figure 1. Reaction Vessel and
Sampling Device

EXPERIMENTAL

Reagents. All reagents used, except where otherwise noted,
were either C.P. or reagent grade quality.

Tin(IV) Solution. Metallic tin (Kahlbaum or J. T. Baker
Chemical Co.) was dissolved in hydrochloric acid and the tin
subsequently oxidized with chlorine gas. The solution was
gravimetrically standardized by precipitation with ammonia
(6); impurities in the stannic oxide were accounted for by the
procedure of Caley and Burford (2). The solution contained
150 mg. of tin(IV) per 25 m!.

Manganese(II) Solution. Manganese(II) chloride tetra
hydrate was dissolved in water acidified with sulfuric acid. The
solution was gravimetrically standardized by precipitation with
diammonium hydrogen phosphate (17).

Manganese-54. Cyclotron-produced manganese-54 was ob
tained carrier-free from the Oak Ridge National Laboratory.
The material was supplied as manganese(II) chloride in O.lN
hydrochloric acid. Two working solutions containing this
nuclide were prepared. Ten milliliters of one solution contained
about 5 X 1O-~ me. of manganese-54, 0.05 mg. of carrier man
ganese, and 4 m!. of hydrochloric acid. The second solution was
prepared carrier-free and contained only the radioactive nuclide

o 20 30 40 50 60 70 80 90 1.5 2.0 2.5 3.0
TIN PRECIPITATED (%) pH

Figure 2. Coprecipitation of Manganese(II) with Basic Stannic
Sulfate



994 ANALYTICAL CHEMISTRY

o Homogeneous

• Heterogeneous

2.0 2.5 3.0
pH

with Basic

1.5

Initial concent:ration of D1.anganese~10- eM

30 4u 50 60 70 80 90
TIN PRECIPITATED ('Yo)

Coprecipitation of Manganese(II)
Stannic Sulfate

2010

DISCUSSION OF THE RESULTS

The extent of coprecipitation of manganese(II) with basic·
stannic sulfate appears to be directly related to the rate of pre
cipitation of the basic sulfate. Thus, at 97° C. with solutions
1O-3M in manganese, quantitative precipitation of the tin re
quired about 3 hours and was accompanied by a large amount of
coprecipitation. The relatively large amount of coprecipitation
obtained with the initial 25% fraction of the tin precipitate sug
gested that a supersaturated condition may have been present.
A slight flocculation effect was observed after 25% of the tin had

dropwise at a rate of approximately 2 mi. per minute, and the
solutions were stirred for an additional 15 to 20 minutes. During
the time the reaction vessel was in the bath, there was no ob
servable change in pH due to the hydrolysis of the urea present
in the solution. Samples were removed and analyzed; the results
are shown in Figure 2.

The precipitates were voluminous and gelatinous; the data
indicated that they were considerably more contaminated than
the basic stannic sulfate. Several of these gelatinous precipitates
were allowed to digest in the mother liquor at varying tempera
tures and for varying lengths of time. In one case, after 92% of
the total tin had been precipitated, the precipitate was digested
at 76° C. for 4 hours, during which time some additional tin
came down, so that 98% was precipitated. However, there was
no detectable change in the concentration of manganese in the
mother liquor. In another case, after the tin was quantitatively
precipitated at 76° C., the solid phase was then digested at 15° C.
for 16.5 hours, during which time the precipitate released about
one fifth of its coprecipitated manganese.

Since these studies had indicated that a very small amount of
contamination of basic stannic sulfate occurred at 76° C. at an
initial manganese concentration of about 1O- 3M, it became de
sirable to study the effect of even lower initial concentrations of
manganese, using radiochemical techniques as described.

Preliminary experiments indicated that the nuclide, as received,
was in the bivalent state. The coprecipitation data observed,
with both stannic sulfate and hydrous stannic oxide from solu
tions initially 1O-6M in manganese (0.05 mg. per 210 ml.), are
illustrated in Figure 4.

Limited observations made with carrier-free solutions, ini
tially 1O-11M in manganese, are shown in Figure 5.

Initial experiments indicated that no loss of radioactive ma
terial due to adsorption on the glass surfaces occurred at both
initial manganese concentrations of 10-6 and 1O-11M.

Figure 4.
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Figure 3. Change of pH with Time at
Different Temperatures

manganese dioxide would begin to precipitate. At pH 6.2, ap
proximately 40% of the manganese would be precipitated; at pH
7.1, the corresponding value was about 75%.

The greatest amount of eoprecipitation seemed to occur during
the early stages of precipitation, when less than approximately
25% of the tin had precipitated. It was of interest then to
determine the effect of adding the manganese to the solution
after a pure 25% fraction of tin had precipitated. Identical
solutions were prepared with the exception that the manganese
was omitted. After about 25% of the tin had been precipi
tated, manganese was added. The reaction was then allowed
to continue for varying times, and samples were removed and
analyzed for residual tin and manganese. The results are also
shown in Figure 2. The precipitates did not exhibit the slight,
off-white color previously obtained.

Precipitation at 76° C. The observations at 76° C. are also
shown in Figure 2. Figure 3 summarizes the pH versus time
relationships at the various temperatures studied; at 76° C. the
rate of precipitation was reduced considerably. The precipi
tates seemed to be pure white until more than 0.05 mg. of man
ganese was coprecipitated; beyond this point they appeared to
be just off-white.

Willard and Gordon (18) reported that basic stannic sulfate
produced from boiling solutions had a molar ratio of tin to sulfate
of 44. The precipitates obtained in the present study at 76°
and 86° C. had a molar ratio of about 32. The analyses for the
molar ratios were made by washing the precipitates with hot
2% ammonium nitrate and then with distilled water. After
air-drying, samples were fused with sodium peroxide in a nickel
crucible. The melts were taken up in water, treated with an
excess of hydrochloric acid, and transferred to a 500-ml. volu
metric flask. The tin was determined by the hematoxylin
procedure. The sulfate was determined as barium sulfate.
The composition of the precipitate appeared to be the
following: stannic oxide, 93.7%; stannic sulfate, 3.4%;
and water, 4.3%.

Although the precipitates formed at 86° and 97° C.
showed no definite pattern under the microscope, the
precipitate formed at 76° C. was composed of clusters of
spheres.

It.was found that complete precipitation of tin oc
curred at pH 1.0 at 76° C., rather than at pH 1.2 as
observed at 86° C. The initial coprecipitation effect was
eliminated at the lower temperature, but as quantitative
precipitation was approached, the amount of coprecipi
tation increased rapidly.

Since the least amount of contamination of basic
stannic sulfate occurred at 76° C., another series of ex
periments, in which the tin was precipitated as the hy-
drous oxide by the direct addition of ammonia, was per-
formed under the same experimental conditions. The
reaction vessel was placed in the bath and about 30
minutes were allowed for the system to come to con-
stant temperature. The solution was then mechanically
stirred; Varying quantities of ammonia were added
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Initial concentration of Dl.anganese, IO-l1M

be that a larger particle size at the lower temperature decreases the
total surface area of the precipitate formed and thus operates
against the temperature coefficient of adsorption.

From these observations it appears that adsorption following
complete precipitation of the carrier must be considered an im
portant factor in precipitation reactions. Willard and Sheldon
(19) also found a considerable amount of adsorption by cations
following complete precipitation of iron as the basic formate.
As a result of their work, they suggested a two-stage process
~hich produced excellent separations. The quantity of contam
inant found by this method with a given amount of precipitate
is smaller than is obtained if the precipitate is separated in a
single-stage continuous manner. Willard and Sheldon ascribed
the success of their two-stage process to diminished adsorption
at low pH, but their results are better interpreted by a more gen
eralized description which emphasizes the role of the Paneth
Fajans-Hahn rule.

It is also of interest to examine these results in the light of
Kolthoff's emphasis that occlusion is the significant factor in
real coprecipitation (7), as has been discussed. By following the
change in concentration of the tracer in the mother liquor during
the precipitation, as suggested by Kolthoff, this study has dem
onstrated that adsorption on the completely precipitated carrier
contributes more to the final coprecipitation than does occlusion.

In this study there was a possibility that some of themanganese
was coprecipitated as the dioxide. However, the large quantity
of chloride ion acts as an effective reducing agent at the working
acidity. This was confirmed by the rapid dissolution of a small
quantity of freshly precipitated manganese dioxide added to the
solution. Furthermore, work by Anderson (1) and by Willard
and Sheldon (19) on the coprecipitation of manganese(H)
with hydrous ferric oxide and basic ferric formate, respectively,
indicates a lack of oxidation to manganese(IV), even at the higher
pH used to precipitate iron(HI).

There is little doubt that some manganese(II) is oxidized to
manganese(IV), as is indicated by the very slight, off-white
color exhibited by the basic stannic sulfate. However, the ex
tent of oxidation is probably small; dark brown manganese di
oxide did not begin to precipitate until pH 6.2 was reached.
The tin precipitates obtained at lower initial concentrations of
manganese were pure white.

It was surprising, in the case of solutions initially 10-6 and
lO-11M at 76° C., to find that there was essentially no difference,
despite the obvious difference in surface area, in the amount of
coprecipitation by either the heterogeneous or homogeneous
methods of precipitation. This has been illustrated in Figures
4 and 5. This could be indicative of anomalous mixed-crystal
formation-i.e., Hahn's isodimorphism (,i).

The extent of coprecipitation from less than lO-aM' manganese
solutions was appreciably affected by the rate of addition of
ammonia. Thus, when a 50% fraction of tin was precipitated
by the addition of the reagent in L-ml. portions rather than drop
wise, the amount of coprecipitation increased from 2% to more
than 5% of the manganese initially present. The subsequent
results indicated that the precipitations were performed under
conditions approximating precipitation from homogeneous solu
tion. By varying these conditions, such as dropwise addition
of ammonia and vigorous stirring, it is possible that any desired
coprecipitation values could be obtained.

Although the results obtained at low initial concentrations of
manganeset l O>" and lO-11M ) are essentially the same with either
method of precipitation, the gelatinous nature of the precipitate,
produced by the addition of ammonia and the retention of mother
liquor, are undesirable characteristics. The results at lO-aM
manganese are heavily in favor of precipitation from homogene
ous solution.

This investigation suggests means for the separation of rela
tively pure carriers. These include such factors as elimination
of the initial supersaturation effect and removal of the carrier
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The results of 86° C. also illustrate the Paneth-Fajans-Hahn
rule. The plateau observed has not been previously reported and
is associated with the greater affinity of the precipitate for the
tetravalent tin.

Willard and Gordon (18) obtained typical Freundlich adsorp
tion isotherms with basic stannic sulfate, when precipitation
took place from boiling solutions, and the final pH was from 1.3
to 1.9. The present study did not investigate this pH range at
97° C. It is possible that any given fraction of the precipitate
might follow the Freundlich relationship, even before quantita
tive precipitation.

At 76° C. and at the same initial concentration of manganese
(lo-aM) as shown in Figure 2, coprecipitation was not observed
until about 50% of the tin had precipitated. From this point
on, the amount of coprecipitation slowly increased. After the
tin was quantitatively precipitated, a large increase in the amount
of coprecipitation was again observed, followed by an apparent
leveling-off at about 15% of the manganese initially present.
Normally, one would expect a greater amount of adsorption at
the lower temperature. This effect was not too apparent here,
although there is somewhat more coprecipitation at 76° C. in
the case of the larger fractions of tin precipitated. It may well

precipitated; this effect would decrease the total surface area
and may be related to the decrease in coprecipitation observed
in Figure 2. Finally, as the rate of hydrolysis of urea was de
creased by reducing the temperature from 97° to 76° C.-about
30 hours being required for complete precipitation of the tin
the initial amount of coprecipitated manganese was reduced
from 30% to a barely detectable amount. The flocculation
effect by the precipitate was also no longer apparent. The in
terpretation of these results is in accord with the general observa
tions reported by von Weimarn (1.n. La Mer and Dinegar (11)
have also.demonstrated a limiting degree of supersaturation in
the precipitation of barium sulfate when the latter was precipi
tated from homogeneous solution.

Thus, it would appear that the initial coprecipitation with
basic stannic sulfate was due to supersaturation, the magnitude
of which was reduced as the rate of hydrolysis of urea was de
creased. When the manganese was added to the reaction mix
ture after the precipitation of an initially pure 25% fraction of
the basic sulfate at 86° C., the extent of coprecipitation was neg
ligible (Figure 2). As shown in Figure 2, the plateau obtained
in this case very closely approximates the other plateau following
the initial supersaturated effect, and appears merely-to be dis
placed by the quantity of manganese coprecipitated by the
initial 25% fraction of basic stannic sulfate. This observation also
supports the view that a supersaturation effect is responsible for
the initial coprecipitation, If the rate of precipitation of tin is
reduced by lowering the reaction temperature, the supersatura
tion effect becomes negligible (Figure 2).
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before it is quantitatively precipitated. Although the technique
of precipitation from homogeneous solution can be used to attain
these factors and is favorable in other ways-i.e., slow precipi
tation rate and concomitant reduction in surface adsorption due
to larger particle size-a certain amount of contamination seems
inevitable.
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Determination of Silica and Fluoride in Fluorsilicates
H. R. SHELL and R. L. CRAIG

Electrotechnical Laboratory, U. S. Bureau of Mines, Norris, Tenn.

In the separation and determination of silica and fluo
ride, silica is determined by combined colorimetric and
gravimetric lllethods and fluoride, by distillation as
fluosilicic acid and titration with t horfurn nitrate at a
constant pH of 3 ± 0.10. A new rrreulrod for separating
fluoride and silicate in a one-filtration operation uses
zinc oxide in the fusion, and arrrrriorriaoal zinc oxide as
precipitant. Residual silica, left in solution after the
single filtration, is esthnated colorimetrically. The
interference of ions in the distillation has been in
vestigated extensively, including a special study of
silicate and borate. By evaporating the distillate to
dryness with sodium carbonate and fusing, all fluoride
is recovered in the presence of borate. This rrrakes
possible the accurate estimation of fluoride by distilla
tion when borates are present in the sarrrple, Incom
plete fusion of salllple is a larger factor in fluoride loss
than is volatilization. Direct distillation of a small
fused sample is an excellent means of determining
fluoride without rrrakfrig any separations.

THE work reported in this article was done so that more
accurate analyses of synthetic fluorphlogopite mica and its

isomorphs, and of synthetic fluoramphiboles, might be obtained.
Many of these compounds contain boron in addition to fluorine.
Other types of natural minerals were included to make the results
generally applicable. A more detailed presentation will be
made in a subsequent report.

If the fluoride present is appreciable, silica cannot be deter
mined accurately, unless the fluoride is removed prior to the
silica determination. Many combinations of sodium carbonate,
sodium borate, and boric acid, singly or together were tried, but
none gave accurate data for silica. This work substantiates
that of Lundell and Hoffman (5), who found that acidic recovery
of silica in presence of fluoride, even with borates or arsenites,
was unsatisfactory. An alkaline medium for separating fluoride
from silicate was therefore necessary. The method of Berzelius
(2) was evolved for precisely this situation. However, it is
quite lengthy, requiring three precipitations and filtrations, as

well as prolonged boiling and adjustment of pH. Further, re
covery of all the silica is not easy, and the Berzelius determi
nation of fluoride is notorious for the difficulties involved in
obtaining accurate results.

In experiments designed to find shorter and more accurate
ways of estimating silica and fluoride, a modification of the
Berzelius method was tried, reducing it to two filtrations with a
colorimetric determination of residual silica in solution. This
modification was adequate for many samples, and was actually
used for over a year, but the residual silica was not always low
enough for accurate estimation. The presence of 1% or less of
silica, on the basis of the original sample, was preferred for colori
metric estimation, since experience showed that too much error
might be obtained with 5 to 15% residual silica. In the quest for
a means of getting low residual silica, the discovery was made that
zinc oxide in the original sodium carbonate fusion, plus ammoni
acal zinc oxide in the solution of the fusion, gave reliably low values
for residual silica. The zinc oxide actually assisted in giving more
complete fusion of fluoride-containing samples with sodium
carbonate, instead of hindering it as did aluminum hydroxide,
calcium oxide, or magnesium oxide. Moreover, the low residual
silica was obtained with only one filtration, because the ammoni
acal zinc oxide was added to the unfiltered solution of the fusion.

Previous difficulties with the lead chlorofluoride method (4, 13)
plus the intriguing versatility and accuracy obtainable with the
fluosilicic acid distillation method (14), led to study of the latter
in detail. Application of the distillation procedure was easy;
it was only necessary to evaporate the filtrate obtained as above
to 100 ml. or less, and distill with perchloric acid, The small
residual silica obtained with the zinc oxide-fusion method was no
hindrance to distillation, because sufficient silica to form fluo
silicic acid must either be present or added.

Borates caused no difficulty in accurate fluoride distillation
and estimation, provided the distillate with excess sodium carbon
ate was taken to dryness in platinum, then fused to break up
borofluoride salts. Details are given in Section C. An extensive
bibliography on determination of silica and fluoride is given by.
Hillebrand et al. (4). McKenna has published a literature re
view of methods of fluorine and fluoride analysis covering 516
references (7).
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Titration of Fluoride with Thorium Nitrate. A close control
of the pH of the solution during titration is necessary (Table I)
if accurate results are to be obtained. The limits of pH allowable
are 2.8 to 3.2; however, a closer control of pH at 3.0 to 3.05 is
recommended. This was achieved by use of a. glass-electrode
pH meter and mechanical stirrer during the entire titration.
Dilute sodium hydroxide or dilute perchloric acid was added
with a dropper to give the correct initial pH of 3.05, and dilute
sodium hydroxide was added continuously during the titration
with thorium nitrate to maintain a constant pH of 3.0 to 3.05.
By this technique buffer was neither needed nor used. This
procedure gave the most well-defined end point of any tried, and
was particularly useful for titration of larger amounts of fluoride.
Adjustment of pH by using sodium alizarin sulfonate as an
indicator for the pH, as has been recommended, proved inade
quate for accurate work. Also 1 m!. of buffer (94.5 grams
of monochloroacetic acid and 10.0 grams of sodium hydroxide per
liter) was insufficient for more than 3 to 4 mg. of fluoride. Even
4 m!. of this buffer was insufficient to maintain the correct pH
while titrating 20 mg. of fluoride.

The reason for control of pH with dilute sodium hydroxide is
that much hydrogen ion is produced from the reaction: Th++++
+ 4HF (weak acid) ->- ThF. + 4JI+. A quantitative estimation

A. GENERAL CONDITIONS FOR DISTILLATION AND TITRATION
OF FLUORIDE

Distilling Apparatus and Procedure. The apparatus used
was modified from a design by the U. S. Department of Com
merce (Ace Glass, Inc., Vineland, N. J., No. 6431). The capacity
of the Claissen flask was 250 m!. Because sulfate from sulfuric
acid volatilization caused high results and an indistinct end point
in the titration with thorium nitrate, 25 m!. of 72% perchloric
acid was always used as the distilling acid. The total distillate
collected was 500 m!., 75 to 125 m!. of which was distilled before
140 0 C. was reached. Under ideal conditions, fluoride was
completely recovered by distillation at 120 0 and 130 0 C.; how
ever, 140 0 C. is recommended. As a source of silicon(IV),
150 mg. of very fine sand, 300 mesh or finer, was added. With
out this addition, silicon(IV) and boron(III) would be dissolved
from the glass flask by the fluoride of the sample. In the ordi
nary procedure this boron(III) contamination could cause slightly
low results for fluoride. An asbestos pad, with a hole cut to fit
the distilling flask, was used to prevent hot spots. Mter a
temperature of 120 0 to 125 0 C. was reached, steam from an
external source was admitted through the hole used for water
additions, and the temperature was raised to 140 0 C. Glass
beads or silicon carbide chips were used to prevent bumping.
If the amount of fluoride was small, a slight excess of sodium
hydroxide was added, and the entire 500 m!. of distillate was
evaporated in platinum to 100 ml., Porcelain and glass vessels
should not be used for this evaporation (6). The distilling flasks
were thoroughly cleaned with hot 10% sodium hydroxide between
distillations (9).

The rate of distillation was at least 4 m!. per minute, but not
over 6 ml. per minute. Under ideal conditions, with 100 mg. of
fluoride present and an original volume of 75 ml., 98 mg. of fluo
ride was distilled in the first 100 ml. of distillate~1.9 mg. in the
second 100 ml., and 0.1 mg. in the last 300 ml, These data are
based on 500 ml. of distillate, and it is recommended that 500 m!.
be collected, unless actual experimentation with the samples in
volved indicates that less is satisfactory.

In a normal distillation, very little of the liquid being distilled
is carried over as spray or otherwise. This is proved by the fact
that the distillate from 100 mg. of silver ion in the Claissen flask
gave no test for silver. Also, with 4339 mg. of sodium ion present
in the liquid being distilled, only 1 mg. of sodium was found in the
distillate.

Table I.

pH

1.7
2.4
2.6
2.9
3.05

Effect of pH on Titration
Thorium Nitrate

(20.0 mg. of F - taken)

F - Found, Mg. pH

>23 3.2
20.62 3.4
20.14 4.0
19.96 4.5
19.99

of Fluoride with

F - Found, Mg.

19.95
19.50
18.54

<17

showed that 1.000 mg. of hydroxide was needed for each 2.035
mg. of fluoride titrated. On the ionic basis this was 1.000 ion of
hydroxide to each 1.820 ions of fluoride. Dilute sodium hy
droxide for pH control permitted the use of the minimum amount
of reagent necessary for each titration, regardless of the quantity
of fluoride present.

Titration to the maximum pink color of sodium alizarin sulfo
nate, in which traces of yellow were absent, was the end point
used. With this technique a titration blank of 0.10. m!. or less
was obtained. The end point is fairly easy to judge, but a little
experience gained by titrating standard solutions is recommended.

For most accurate results, the thorium nitrate solution should
be standardized by an actual distillation of lithium or sodium
fluoride, using the same distilling conditions as for the samples.
However, the difference between direct and distillation stand
ardization was only about 1 part in 150. In amounts of fluoride
from about 0.5 to 50 mg., a 0.0800N thorium nitrate solution was
a satisfactory concentration.

Because the fluoride largely distills as fluosilicic acid, no inter
ference from silicates was expected in. the titration. Amounts
of sodium metasilicate nonahydrate up to 1 gram did not interfere
when added directly to the solution being titrated. Also, boric
acid in amounts up to 1 gram did not interfere.

Table II. Effect of Certain Ions on Recovery of 100 Mg.
of Fluoride by Distillation of 500 MI.

Ion and Amount Added,
Mg. Compound Added F- Recovered, Mg.

Al+++ 100 A1Cb 96.5"
BO,--'-. 100 (as B,O,) H,BO, 93.0
BO, --: -, 40 (as BiO,) 97.7
BO,---. 20 (as B,O,) 98.1
BO,---, 10 (as B,O,) 99.1
Ce++++,100 (NH.),Ce(NO,)a 98.9
8c+++,100 8c,O, 98.0
8iO,--,127 Na,8iO"9H,O 99.8
8iO, --, 253 95.9
Th + +++ 100 Th(NO,). 98.0
U+++·+++.100 UO,(NO,),·6H,O 98.0
Zr++++,100 ZrO(NO,h 76.4

" From the second 500 m!. of the distillate, 3 mg. of fluoride was recovered.

Additional Titration Tests. Since the perchlorate ion has the
least complexing tendency for thorium(IV) of the common an-:
ions, it was thought that substitution of thorium perchlorate
for thorium nitrate might improve the sharpness of the end
point. The difference, however, was not great enough to warrant
the use of one salt over the other.

Room temperature was best for the titration, since 8 0 C. gave
slightly high results, and 38 0 C., slightly low.

High concentration of sodium ion, and presumably other alka
lies, should be avoided since they cause a lowering of results.
Up to 0.5 gram of sodium carbonate per titration could be present
without causing excessive lowering of fluoride recovered.

Ethyl alcohol solutions, 50%, were less satisfactory for titra
tion of macro amounts of fluoride than water alone (1).

Direct titration of the fluoride in the filtrate from the zinc ion
separation of fluoride and silicate proved unsatisfactory. Recover
ies of fluoride were excessively low. The interference of sodium,
zinc, and other ions possibly present in the filtrate excluded the
use of this short cut. The titration is so sensitive to the effects
of cations which form complexes with fluoride, and of anions
which form complexes with thorium(IV), that data obtained
from any new titration, where other ions might be present,
should be rigorously checked.

B. INTERFERENCE OF IONS IN THE DISTILLATION OF
FLUORIDE AS FLUOSILICIC ACID

Determination of the. extent of interference of certain ions was
made by distilling 100 mg. of lithium or sodium fluoride directly
in the presence of the ion. The distillation procedure was as
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a Quantity distilled with fluoride.
b Slightly low value caused by borate from distilling flask.

Table III. Effect of Alulllinulll on Fluoride Recovery by
Distillation

Table IV. Effect of Sodturn Metasilicate, Nonahydrate
on Recovery of Fluoride by Distillation

(l00 mg. of F - taken)

Silica, in some form, is essential to the distillation of fluoride
as fluosilicic acid. If not provided, silica will be removed from
the glass distilling apparatus. With borosilicate glass, a slight
lowering of fluoride recovered would be expected, unless a special
technique is used (see Section C). Although silica or some silicate
is necessary, too much silicate will interfere by causing a loss of
fluoride (Table IV). This loss is not caused by an excess
of fine sand, but appears to be connected with the precipitation
of gelatinous silica during the distillation. Whether the loss
is caused by mechanical entrapment or by chemical combina
tion is not known. Fluoride and oxygen ions are of similar size,
and differ in charge by only one unit, so it is not unlikely that some
of the fluoride may substitute for oxygen in the polymerized
silicic acid. A peculiarity of the silica interference is that small
amounts of fluoride (0 to 6 mg.) can be largely recovered in the
presence of a large excess of silicate, while large amounts of fluo
ride (12 to 40 mg.) are not quantitatively recovered under the
same conditions (Table V). The recovery of microgram quanti
ties of fluoride in presence of excess silicate has been given detailed
study in two recent articles (8,11).

Stoichiometric amounts of silicate and fluoride gave quantita
tive recovery, but silicate in excess of the theoretical ratio caused

0.16
o.a3.95

6.0
11.2 4
18.9 8
48.9

100",0 65
198.6

F - Recovered, Mg.

(60 mg. Si02, as NaoSi03·9H,O, taken)

SiO, in 500 Ml.
Distillate, Mg.F - Taken, Mg.

0.1
4.0
6.0

12.0
20.0
50.0

100.0
200.0

Table V. Fluoride Recovery with Constant Silica and
Variable Fluoride

progressively lower recovery of fluoride. The theoretical quan
tity of silica needed for distillation of 100 mg. of fluoride as
fluosilicic acid is 53 mg. Since 60 to 67 mg. of silica actually
came over (Table IV), it is likely that other compounds of fluorine
which are enriched in silicon are also being distilled. The best
source of silica was 150 mg. of a very fine sand, because tests
showed that an excess of sand did not cause any loss of fluoride.

The simultaneous presence of calcium ion and phosphate, such
as in phosphate rock, prevents the complete separation of fluoride
from silicate by either the Berzelius method (10) or the zinc
oxide-fusion method. Two fusions (sodium carbonate) and
leachings recovered only 2.5% fluoride when 3.3% was actually
present. With the zinc oxide-fusion, a phosphate rock con
taining 3.67% fluoride gave 2.43% in the filtrate and 1.24% with
the silica precipitate. In the absence of phosphate, calcium
fluoride is converted to calcium carbonate by reaction with hot
sodium carbonate solution. 'While interfering in separations,
phosphate does not interfere in the distillation of fluoride. Hence
the best method for samples such as phosphate rock is a direct
distillation, preferably after a sodium carbonate fusion.

Table VI. Recovery of Fluoride in the Presence of Borate
by Fusion of Distillate with Sod'itrm Carbonate
F- Taken, Mg. B,03 (as H3B03). Mg. F- Found, Mg.

100.0 100 99.7
100.0 100 100.0
100.0 300 99.7

C. DETERMINATION OF FLUORIDE BY DISTILLATION IN
PRESENCE OF BORATES

Table II shows that 100 mg. of fluoride could not be recovered
quantitatively in the presence of 100, 40, or 20 mg. of borate as
boric acid. Only 93 out of 100 mg. of fluoride was recovered
in the presence of 100 mg. of boric oxide. After several un
successful experiments to determine the location of the un
recovered fluoride (including adding sodium silicate to the distill
ing flask, prolonged distillation, distillation with sulfuric acid at
several temperatures, trapping of any possible volatile gas, and
evaporation of distillate to dryness with sodium hydroxide), it
was decided that the missing fluoride must be in the distillate in
the form of a nonionized fluoboric acid or its salt. Accordingly
the distillate from a solution containing 100 mg. of fluoride and
100 mg. of boric oxide was evaporated to dryness in platinum with
2 grams of sodium carbonate. The salts were carefully dried,
then fused for 2 minutes with a Fisher burner at medium heat.
The resulting fusion was dissolved, diluted to 500 ml., and 100
ml. was titrated. Recovery of fluoride, even with 300 mg. of
boric oxide present, was complete (Table VI). The fusion had
presumably converted the nonionized fluoborate into the simple
ions fluoride and borate. Borate. in this form does not interfere
in the titration with thorium nitrate.

A peculiarity of these fluoride-borate-metasilicate distillations
is that even with excess borate present, most of the fluoride
distills as. fluosilicic acid, while most of the borate that goes
into the distillate does so because of its volatility rather than its
combination with fluoride. In fact, it appears that the only

Si02 in 500 Ml.
Distillate», Mg.

63
6J
65
65
67
67
65
64
61

F - Recovered, Mg.
1st 500 ml. 2nd 500 ml.

49.4 0.09
49.5 0.40
48.8 0.96

F - in Distillate, Mg.

98.9 b
98.5b
99.8

100.2
99.7
99.8
97.4
97.4
95.9

AI Taken, as
11.1(010')3, Mg.

20
40
60

SiO, Taken (as
Na2Si03·9H,O), Mg.

o
20
40
60
80

100
120
160
200

F- Taken, Mg.

50.0
50.0
50.0

described in Section A. Data for interfering ions are in Table II.
Surprisingly, very few ions seriously interfered in the complete
distillation of fluoride. These ions were aluminum(III), bo
rate, metasilicate, and zirconium(IV). Ions that interfered slightly
were cerium(IV), scandium(III), thorium(IV), and uranium(VI).
Ions that did not interfere under conditions of the test were: anti
mony(III), arsenic(III), barium, beryllium, bismuth(III), cad
mium(II), calcium, chromium(III), cobalt(II), copper(II),
gadolinium(III), gallium(III), germanium(IV), indium(III),
iron(III), lanthanum(III), lead(II), lithium, magnesium, manga
nese(II), mercury(II), molybdenum(VI), neodymium(III),
nickel(II), niobium(IV), platinum(IV), potassium, rhenium(VII),
rhodium(III), samarium(III), selenium(IV), silver, sodium, stron
tium, tantalum(IV), tellurium(IV), thallium(I), tin(II), ti
tanium(IV), tungsten(VI), yttriumfIff ), and zinc.

Distillation and quantitative recovery of fluoride in presence
of borate is described in Section C. A special technique was
devised to eliminate borate interference. Aluminum(III) will
not interfere in ·fluoride recovery by the zinc oxide-fusion pro
cedure, because it is largely separated with the silica. However,
in direct distillations of fused samples, aluminum(III), if pres
ent in large quantities, could become a factor in recovery
(Table III).
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borate distilling in combination with fluoride is the portion which
forms nonionized f1uoboric acid. Recovery of fluoride in the
presence of the interfering ions aluminum(III), zirconyl, and
metasilicate was not improved by additions of borate to the dis
tilling flask.

Apparently the volume-concentration ratio has a pronounced
effect on the fluoride-borate distillation. For example, complete
recovery of 2 to 20 mg. of fluoride in the presence of 100 mg. of
boric oxide was obtained even without the evaporation to dryness
and fusion. This distillation was made using the same liquid
volumes as was used for the 100 mg. f1uoride-lOO mg. boric oxide
mixtures. High volume and low concentration gave best re
covery. This is of interest, because these amounts of fluoride
and boric oxide are in a range found in many materials, par
ticularly if small samples (100 to 200 mg.) are taken for analysis.

D. ZINC OXIDE-SODIUM CARBONATE FUSION PROCEDURE FOR
DETERMINATION OF FLUORIDE AND SILICA

This procedure requires only one filtration to separate fluoride
from most of the silica. The residual silica accompanying the
fluoride is estimated colorimetrically. Fluoride is determined by
distillation with perchloric acid and titration of the distillate with
thorium nitrate. The main portion of the silica is determined
by standard gravimetric methods.

Decomposition of Sample. If complete decomposition of the
sample is to be attained in one fusion, the sample should be very
finely ground; minus 200 mesh is necessary for some samples.
Incomplete fusion can be a serious source of error, and should be
carefully guarded against, even though the zinc oxide fusion
gives better decomposition of the sample than sodium carbonate
alone. Silica should be added to the fusion mixture for high
fluoride-low silica samples. Possible reasons for the effectiveness
of zinc are: (1) It is a smaller ion, with higher field strength than
sodium. (2) It forms no ternary compounds with aluminum
and silicon.

Loss of Fluoride during Sodium Carbonate Fusion. Fifteen
minutes of fusion at medium heat, plus 15 minutes of fusion at
the highest heat of a Fisher burner (1100° C.), did not cause loss
of fluoride by volatilization. With a flame, the temperature of
the top of the crucible was at least 200° less than that of the
bottom. Samples of topaz, opal glass, and granite plus sodium
fluoride were fused in an electric furnace, giving the following
results: 950° C. for 30 minutes showed no fluoride loss; 1050° C.
for 20 minutes showed a loss of less than 0:05% fluoride; and
1200° C. for 10 minutes showed a loss of about 0.3% fluoride
(original sample basis). Each of these series was started in a cold
furnace. The upper limit of fusion temperature would therefore
appear to be 1050° C. in the electric furnace.

Detailed Procedure. 1. FUSION OF SAMPLE. Using a gas
burner, fuse a 0.500-gram sample with 1.0 gram of zinc oxide and
5 grams of sodium carbonate, just above the melting temperature
of the sodium carbonate, for 20 minutes. Then fuse at about
1050° to 1100° C. for an additional 20 minutes. If an electric
furnace is used, start with a cold furnace, and fuse for 30 minutes
between 950° and 1050° C. Platinum. crucibles are satisfactory
for use under oxidizing conditions, -but many gas burner flames
appear to be oxidizing but are really reducing (12). A reducing
flame leads to reduction of zinc and subsequent alloying with
platinum. Nickel crucibles appear to be satisfactory for use
with flames that are slightly reducing. (To check completeness
of fusion for new types of samples, transfer the ammoniacal zinc
oxide precipitate of Section D-2 to a platinum dish, add 5 grams
of sodium carbonate, and carefully dry. Either burn the filter
paper separately, or in the platinum dish, then mix weI!. Fuse,
and distill the entire fusion without separation of any kind.
Evaporate the 500-m!. distillate as described in Section A, and
titrate. Silica will- of course have to be determined on a new
sample.)

2. PRECIPITATION WITH AMMONIACAL ZINC OXIDE. Transfer
the fused sample to a 500-m!. stainless steel beaker containing a
stainless steel or nickel spatula. Add 200 m!. of cold water. If
the fusion sticks to the crucible, the entire crucible and lid may
be placed in the beaker. Allow to stand. until soluble salts are
dissolved, overnight if convenient. Break up the cake com-
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pletely to make sure no undissolved salts remain. Remove and
police crucible and lid if they were placed in beaker. Add slowly,
with much stirring, 25 ml. of ammoniacal zinc oxide (containing
1.0 gram of zinc oxide, 1.3 grams of ammonium carbonate, and
2 ml, of concentrated ammonium hydroxide dissolved in 10 m!.
of water and diluted to 25 ml.).

Heat to boiling with constant swirling over a flame. Cover
and set the beaker in an aluminum cup or similar device on a hot
plate. This is necessary to prevent bumping and loss of sample.
Boil for 8 to 10 minutes.

Remove from plate and let set 5 minutes. Filter through 12.5
em. No. 40 Whatman filter paper or equivalent, catching the
filtrate in a 500-m!. volumetric flask. Transfer the precipitate
to the paper and wash twice with boiling water. Transfer the
bulk of the precipitate back to the stainless beaker with the
spatula, then wash the remainder from the paper into the beaker
with hot water. Adjust the volume to 60 or 75 m!., and stir
thoroughly. Filter through the same paper, transfer the pre
cipitate to the paper, and police the beaker. Wash the paper and
precipitate 5 times with hot water. Washing must be carefully
done to avoid loss of fluoride to the voluminous precipitate.

3. COLORIMETRIC ESTIMATION OF SILICA IN FILTRATE.
Adjust the volume of the filtrate to 500 InI. and mix well. Trans
fer with a pipet a 25-m!. sample of the filtrate to a borosilicate
glass beaker containing 70 m!. of water. This gives a 25-mg.
sample; another size of sample may be used if more convenient.
Adjust pH at 1.3 to 1.4 with 1 to 1 hydrochloric acid, using a
glass-electrode pH meter. Immediately add 5 m!. of a 10%
aqueous solution of ammonium molybdate. Stir well and let set
5 minutes. Add 10 m!. of 10% tartaric acid in water, stir, and
let set 1 minute. Add 10 m!. of reducing reagent, stir, and
transfer to a 250-m!. volumetric flask. [The reducing reagent is
made according to Bunting (3). Solution A contains 90 grams of
sodium bisulfite in 800 m!. of distilled water; solution B con
tains 7 grams sodium sulfite in 100 m!. of water plus 1.5 grams
l-amino-2-naphthol-4-sulfonic acid, which is stirred until dis
solved. Add B to A and dilute to 1 liter.] After mixing, let
solution set 30 minutes. Measure per cent transmittance at 820
m« or with suitable filters, in a spectrophotometer or photom
eter.

The reducing reagent will keep better if stored in a refrigerator
in small, completely filled bottles until needed. It is recom
mended that the molybdate, tartaric acid, and reducing reagent .
be made fresh each month.

4. DETERMINATION OF MAIN PORTION OF SILICA. Transfer
the paper and residue to a platinum dish, char carefully, and
finally burn the paper at 650° C., preferably in a muffle furnace.
Dissolve the small residue left in the stainless steel beaker with
25 ml. of hot water plus 4 m!. of concentrated hydrochloric acid.
Police into the platinum dish. Wipe the inside of the beaker with
a small piece of filter paper, and place this in the platinum crucible
to be used for silica determination. The crucible used for fusion
should also be used for silica (unless a nickel crucible was used).

Add 20 ml. of concentrated hydrochloric acid to the platinum
dish and set the dish.on a steam bath. Break up lumps thor
oughly with it blunt borosilicate glass rod. Evaporate to dryness
on a steam bath. Add 50 ml. of hot water plus 5 m!. of concen
trated hydrochloric acid, stir well, and let set on a steam bath
10 minutes to dissolve salts that might otherwise cause excessive
nonvolatile matter. Filter through 11-cm. No. 40 Whatman
filter paper, and wash well with hot 5% hydrochloric acid in the
manner usual for silica determinations.

Add 3 to 5 m!. of nitric acid plus 20 m!. of perchloric acid to the
filtrate. Evaporate .on a hot plate just to fumes of perchloric
acid, using a raised cover on the beaker. Place a closely fitting
watch glass on the beaker, and reflux for 20 minutes. Use pre
cautions generally advised for perchloric acid (4). Reflux at such
a rate that perchloric acid is not lost from the beaker. Remove
from the hot plate, cool, and dilute with 125 ml, of hot water.
Add a small amount of macerated filter paper, filter through 11
em. No. 40 Whatman paper, and wash well with hot water par
ticularly around the top of the paper.

Place both papers containing silica in the same crucible origi
nally used for the fusion (if platinum), and burn the paper at a low
temperature in an oxidizing atmosphere. Heat at 1200° C.
for 1 hour, remove to a desiccator, cover the crucible with a 50
m!. beaker previously set in the desiccator, and weigh when coo!.
Add 4 drops of 1 to 1 sulfuric acid, 15 m!. of hydrofluoric acid, and
take to dryness on a hot plate in a hood. Heat carefully over a
flame to decompose sulfates; then heat for 5 minutes at 1000° C.
in oxidizing atmosphere, preferably in an electric muffle furnace.
Cool and weigh as before. The difference in weight is silica.

Add the gravimetric and colorimetric values (both reduced to
per cent) to obtain the total per cent of silica of the sample.
For more accurate data, further recovery, or a correction, must
be made for the silica which is nearly always lost, even after two
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Results Obtained for Silica by Zinc Oxide-Fusion Procedure

Sample Size, ZnO, Na,C03, SiO" %
Grams Grams Grams Color. Grav. Total found Present

a National Bureau of Standards reported value.
b About 10% fluoride, as sodium fluoride, added.
C United States Geological Survey reported value.

Ina In Total
Sample residue filtrate found Present

Opal glass 91 0.12 5.70 5.82 5.75b
Synthetic mica 3692 0.10 9.04 9.14 9.18
Phosphate rock 56a 1.24 2.43 3.67 3.56b
Topaz 3254 0.19 14.88 15.07 15.08
Diabase W-l c 0.18 10.90 11.08 11.04
Granite G_l c 0.16 11.11 11.27 11.34
a The silica-zinc oxide precipitate. from part 2, was distilled instead of

being used for determining silica.
b National Bureau of Standards certificate value.
c Fluoride was added.

acidic dehydrations. This correction was about 0.20% (see
Table VII!), and varied slightly with conditions.

5. DETERMINATION OF FLUORIDE. Transfer the remaining
portion of the 500-m!. filtrate (from step 2) to a stainless steel
beaker. Evaporate on a steam bath to 75 m!. or less, and transfer
to the 250-ml. Claissen flask used for distillation. Evaporation
may be done in the Claissen flask. The small amount of residue
in the beaker is best transferred to the flask by policing with 2
ml. of perchloric acid in 20 m!. of cold water. Add to the flask
150 mg. of very finely ground quartz sand, which is free of fluo
ride, and a few silicon carbide chips or glass beads to prevent
bumping. Assemble the entire distillation apparatus including a
500-m!. volumetric flask for receiver. Add 23 m!. of perchloric
acid for a total of 25 m!. Distill, using a flame, until the tem
perature is 123° ± 3° C. Then add steam from an auxiliary
flask at such a rate that the condenser is not overloaded. Con
tinue heating briskly until the temperature reaches 140° C.
At this point, adjust the flame so that this temperature is held for
the remaining portion of the distillation. The rate of distillation
should be about 5 m!. per minute. Collect 500 m!. of total
distillate.

Adjust the volume to the mark, mix well, and if fluoride is high,
take a 100-m!. -portion for direct titration with thorium nitrate.
If fluoride is low, transfer the entire distillate to a platinum dish;
which contains 3 pellets of sodium hydroxide, and evaporate to
100 ml. or less. The pH for this evaporation must be higher than
the phenolphthalein end point. In either method adjust the
volume to 100 ± 10 m!. Add 2 m!. of sodium alizarin sulfonate
solution, prepared by dissolving 0.50 gram in 1 liter of water,
and titrate with standardized thorium nitrate solution. The use
of a glass-electrode pH meter, mechanical stirring, and dilute
sodium hydroxide to maintain a pH of 3.05, is recommended for
the titration. In the calculations, remember that 25 ml, or
more was used for the colorimetric silica determination; hence
the sample titrated above is not exactly 100 or 500 mg.

6. RESULTS OBTAINED FOR FLUORIDE BYUSE OF ZINCOXIDE
FUSION PROCEDURE. Results for six different materials analyzed
for fluoride by the described method, with the single exception
that the silica precipitate was distilled directly instead of being
used-for silica determination, are in Table VII.

The results found for fluoride were very accurate, provided
that the fluoride distilled from the residue was added to the total.
Excluding phosphate rock, which is best analyzed by a direct
distillation, the average amount of fluoride in the silica residue
was 0.15%. It is believed that most of this is derived from
incomplete washing of the rather large precipitate which results
from the addition of the ammoniacal zinc oxide. This slight loss
of fluoride is not peculiar to the zinc oxide fusion. The same
samples, as in Table VII, were analyzed by the Berzelius method,

67.53 0

52.66 c

72.64 c

Sample

Table IX. Recovery of Fluoride bya Single Direct
Distillation of Sarrrple Fused with Sodiutn Carbonate

Sample Fluoride, %
Size, Mg. Found Present

1000 0.27 0.35
1000 0.13 0.15
200 5.44 5.75
100 5.60 5.75
200 60.50 60.62
200 46.25 46.14
100 9.75 10.12
100 9.75 10.07
200 14.00 15.08
100 14.48 15.08
200 0,78 0.79
200 2.08 2.25
200 7. 10 7. 79
200 8.75 9.30

Lepidolite mica

Na,SiF,
Fluorspar 79
Granite G-l + F
Diabase W-1 + F
Topaz

Muscovite mica

opal glass 91

Synthetic phlogopite mica

as modified by Hillebrand and Lundell, except that the silica
precipitate was distilled to determine fluoride. With the modi
fied BerzeJius method, the silica precipitate was found to contain
an average of 0.19% fluoride. Also, the sodium carbonate
fusion of the Berzelius method did not give complete decomposi
tion of topaz and synthetic mica, as was done by the sodium
carbonate-zinc oxide fusion of the zinc oxide-fusion method.
About the only conclusion arising from these facts is that for
most accurate fluoride results with either method, the silica pre
cipitate should be distilled, and silica determined on a separate

sample. For most work a correction
would be satisfactory.

7. RESULTS OBTAINED FOR SILICA
BY ZINC OXIDE-FuSION PROCEDURE.
The silica found by the above procedure
on three different materials is reported in
Table VIII. The residual silica left was
less than 1%, an amount well suited for
colorimetric estimation. Total silica,
found by the summation of colori
metric plus gravimetric determinations,
averaged 0.20% low. Previous work
with O.5-gram samples of mullite re
fractories and clays indicated that this
low value is caused by incomplete re
covery of silica in two dehydrations. It

is also generally known that some silica is not recovered in two
acid dehydrations, and that for highly accurate work, this silica
must be recovered and added to the main portion.

The small amount of fluoride, which averages 0.15%, left with
the silica could account for some of the unrecovered silica. The
theoretical loss of silica for 0.15% of fluoride is about 0.10%,
but it is not believed that the theoretical loss is obtained during
an actual analysis. The only remedies for the slightly low values
are a correction, long dehydrations, or estimation of the un
recovered silica by standard methods. Until experience is
gained, it is recommended that standard samples containing
fluoride, or known samples plus added fluoride, be analyzed
concurrently with the unknown material.

The ratios of sample to zinc oxide to sodium carbonate were
apparently not critical, for as seen in Table VIII, the lowest
residual silica was obtained with 1 gram of sample, 1.5 grams of
zinc oxide, and 7.5 grams of sodium carbonate.

E. DIRECT DISTILLATION OF FLUORIDE AFTER SODIUM
CARBONATE FUSION OF SAMPLE

The remarkable freedom from interference by most elements
in the fluosilicic acid distillation of fluorides prompted an interest
in the possibility of recovering fluoride without any separation at
all. Accordingly, certain samples were analyzed for fluoride by
distillation after a preliminary fusion with 5 grams of sodium
carbonate. The entire fusion was transferred to the distilling
flask, and the distillation and titration were made as usual.

67.28
67.22
67.32
67.25
67.27
72.47
72.42
72.46
52.41

1.0 5 0.76 66.52
1.0 5 0.74 66.48
1.0 5 0.54 66.78
1.5 7.5 0.40 66.85
3.0 15 0.43 66.84
1.0 5 0.83 71.64
1.0 5 0.60 71.82
1.0 5 0.85 71.61
1.0 5 0.77 51. 64

0.5000
0.5000
1.0000
1.0000
2.0000
0.5000
0.5000
1.0000
0.5000

Results Obtained for Fluoride by the Use of
Zinc Oxide-Fusion Procedure

Fluoride, %

Sample

Opal glass 91

Granite G-1 b

Diabase w-i e

Table VIII.

Table VII.
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Results from several types of materials are in Table IX. The
data indicate that sample size should be kept as low as possible,
nearly complete recovery may be expected if fluoride is low, and
interference is about what would be expected from the amounts of
metasilicate, aluminum(III), and fluoride present.

Nearly complete recovery of fluoride was obtained by filtering
the residue in the distilling flask, washing well to remove per
chloric acid, and again fusing in platinum with 5 grams of sodium
carbonate. This second fusion was distilled as before and the
fluoride added to that obtained in the first distillation. Prefer
ably the same perchloric acid should be used in the second distilla
tion. Results are in Table X. If borates are present, the method
presented in Section C must be used.

A single direct distillation of a sample after fusion with 5
grams of sodium carbonate may therefore be expected to indicate
the approximate quantity of fluoride present in the sample. This

Recovery of Fluoride by Two Direct Distillations
with Intervening Fusion of Residue

Fluoride, %

TableX.

1st Dis-
Sample tillation, %

Synthetic phlogopite mica 10.92
8.75
8.67

2nd Dis-
tillation, %

0.38
0.45
0.50

Total
found

11.30
9.20
9.17

Present

11.34
9.30
9.24

procedure makes an excellent qualitative test for fluoride.
Quantitative results may be obtained by again fusing the residue
from the distilling flask, redistilling, and combining the two
results,
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Determination of Low Concentrations of Oxygen in Hydrogen
M. M. WRIGHT

The Consolielateel Mining anelSmelting Co. 01Canaela, Lfel., Trail, B. C., Canaela

Oxygen in hydrogen can be de.ter-mfrred by the for-ma
tion of water vapor on a p'la tfrrum catalyst followed by
separation by condensation at the liquid nitrogen telTI
perature, and llleaSUrelTIent of the vofume at 10-lTIlTI.
pressure. The met.hod is standardized to take into
account the adsorption of water vapor on the glass
apparatus. The lower lilTIit in the apparatus is
0.00005% oxygen on a 1.3-liter aarrrple with an error of
±10%. The error decreases as the concentration in
creases, becornfrig ±2% above 0.002% oxygen. The
sensitivity and accuracy of the rnet.hod are illustrated
in the deterlTIination of current efficiency in the elec
trolytic forlTIation of oxygen between platinulTI elec
trodes in sulfuric acid. The current efficiency rises
From, 53 to 93% between 10 and 68 p.a.

T HE determination of small amounts of oxygen in gases has
been attempted in many ways. Measured as molecular

oxygen, magnetic methods (10, 25) have been applicable to con
centrations above about 0.01 % and biochemical methods (22, 26)
to concentrations below about 0.0001 % (1 p.p.m.). Although
the mass spectrometer does not appear to have been used for this
purpose, it would probably not be useful below about 0.005%.
Thus, Inghram et al, (14, 18) have reported that the minimum
change in the oxygen content of tank hydrogen detectable with
the mass spectrometer is 0.0006%. If the oxygen is converted
to water vapor, the determination may be made with the infrared
gas analyzer (39), the frost-point hygrometer (4, 16, 35), or the
inorganic film hygrometer (9, 12,37). These methods are appli
cable to concentrations above about 0.001 %, but, owing to prob
lems arising from the adsorption of water vapor on the walls of
the apparatus and the fact that in a hygrometer measurement a
small amount of water is either condensed from or released to the

gas, they serve better for continuous analysis in flow systems.
Also suitable only for continuous analysis is a calorimetric
method (7, 20) in which oxygen is catalytically converted to water
vapor and the temperature rise measured. If the gas is passed
over carbon at 1120 0 C., oxygen and its compounds are converted
to carbon monoxide (13, 36), which may be determined with
the infrared gas analyzer or by conventional means. A sensi
tivity of 0.003% oxygen in hydrogen-nitrogen mixtures has been
reported (34) for this method, but other work (13) suggests that
a much higher sensitivity is possible.

To support a study of oxygen poisoning on iron-synthetic am
monia catalyst, it was necessary to have an analytical method for
oxygen applicable to the range 1 to 100 p.p.m. Because there
appeared to be no approach to a sufficiently sensitive continuous
method for insertion in a flow system which would leave oxygen
in molecular form, it was necessary to develop a method for in
dividual samples. To avoid the inconvenience of wet chemical
procedures, such as those based on the oxidation of manganous
hydroxide (40), ferrous hydroxide (32), copper (5), sodium
anthraquinone-e-sulfonate (3), or pyrogallol (38), the limitations
of a direct method were examined, in which oxygen is catalyti
cally converted to water vapor on a platinum filament, the water
condensed, and its volume measured under reduced pressure.

The determination of a small quantity of water by measuring
its volume at low pressures was first investigated by Langmuir
(19) in 1912. In his classic research on low-pressure gas reac
tions, he developed a microanalytical technique for as little as
0.001 mI. of gas, based on simple reactions such as the combina
tion of oxygen and hydrogen, or oxygen and carbon monoxide,
on a-platinum filament, the condensation of carbon dioxide and
water vapor, and the use of the McLeod gage to measure pressure
changes so produced. Finding, however, that a direct pressure
measurement of water vapor was inaccurate, owing to its ad
sorption on glass walls, such measurements were excluded from
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Figure 1. General Arrangement of Apparatus

Cold trap T (Figure 1) is a length of 8-mm. tubing folded as
shown to allow snow carried forward from a to melt and condense
in b. It is always evacuated from the outlet side (via stopcock
10) to avoid the loss of water vapor condensed on warmer upper
parts of a. If a sample of condensate is to be taken for mass
spectrometer analysis, a sample tube may be sealed on at C.

A convenient .arrangement for automatically supplying liquid
nitrogen to the cold trap Dewar, when circulating gas overnight,
is shown in Figure 6. It consists of a methane-filled gas thermom
eter which acts as a switch for a solenoid air valve, and so con
trols the flow of compressed air to a 5D-liter liquid nitrogen con
tainer from which the Dewar is fed. The cup around the
methane-filled finger is a simple device for delaying the on-off
action and so eliminating chatter. Liquid nitrogen does not
contact the finger until it enters the cup at level a, and so the
liquid nitrogen level fluctuates between a and b. Normal evapo
ration from the liquid nitrogen container, plus the air flow
needed to force liquid nitrogen into the Dewar, pass through
the normally open solenoid valve and escape at c.

The catalyst is an 8-inch length of No. 28 gage 90/10 platinum
rhodium wire on No. 18 gage platinum leads. Its temperature
is derived from current-voltage measurements, taking the coef
ficient of resistivity as 0.0013. Since the current required to
maintain a given temperature is about one tenth as much in a
vacuum as in one atmosphere of hydrogen, it should be off
when not in use, or when a large pressure change is to be made.
The spiral is supported by a thin-walled quartz tube so that it
will not touch and crack the glass wall. The water-jacketed
construction cools the glass, which otherwise would become
heated and desorb considerable amounts of gas. The cold trap
is placed ahead of the catalyst for its protection from mercury
vapor. It is wise to shield the catalyst tube from possible
damage; It could be broken with hydrogen in the apparatus and
lead to an explosion.

The water vapor gage, in which the pressure-volume measure
ment is made, is a series of graduated cylindrical volumes, cali
brated by mercury fillings. The larger has a volume of 550 ml.
above the cutoff point, the smaller, a volume of 15 ml.

The mercury piston pump consists of two 25D-ml. bulbs con-
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I
I
I
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his analytical procedure. In low-pressure micromethods of gas
analysis described since the adsorption of water vapor on glass
has been recognized. Oxygen and hydrogen have usually been
determined indirectly by contraction methods (17, 27, 28), al
though in some cases they are determined by a pressure measure
ment on water vapor in calibrated apparatus (6, 30, 31). The
latter approach has also been taken for the microdetermination
of hydrogen in organic compounds (23).

At higher pressures and with larger amounts of water, adsorp
tion may be neglected. Thus, water has been directly deter
mined by pressure-volume measurements in the gases evolved on
heating glass (8, 33), in the hydrogen reduction method for oxygen
in metals such as copper, lead, tin, and their alloys (1, 15, 24),
and in a method of gas analysis described by Bamford and Bald
win (2), in which oxygen is determined through its conversion to
water vapor.

The method described is essentially a refinement of the tech
nique of Bamford and Baldwin, which was not extended below
0.01 % oxygen. In the present apparatus the lower limit is
0.00005% oxygen (0.5 p.p.m.) on a 1.3-liter sample, with an
error of ±1O%. At concentrations approaching 0.002% and
higher the error becomes ±2%. A single measurement requires
about 1 hour.

EXPERIMENTAL

In this apparatus a mercury piston pump circulates the gas
sample over a platinum catalyst and through a liquid nitrogen
cold trap in which the water vapor formed is condensed. This
water is then determined by measuring its volume at lO-mm.
pressure in a McLeod-type gage.

Since an amount of gas is usually measured in terms of volume
in milliliters and pressure in millimeters of mercury, it is con
venient to denote it in liter-micron units, where a micron is
10-6 meter of mercury. Thus, at a given temperature, 1.3 liters
of hydrogen at 76D-mm. pressure is 1,000,000 liter-
microns, and at 0.0001 % oxygen (1 p.p.m.), the
amount of water vapor to be formed is 2 liter
microns, 0.2 ml., measured at lO-mm. pressure.

Apparatus. A diagram of the apparatus is shown
in Figures 1 and 2. Figure 1 gives the general
arrangement, showing the location of a McLeod
type water vapor gage of capacity 5500 liter
microns. Figure 2 shows how a second gage, of
capacity 150 liter-microns, has been inserted be
tween cold trap T (Figure 1) and the vacuum
manifold. Construction details for the platinum
catalyst tube are shown in Figure 3 and the mer
cury piston pump is pictured in Figure 4.

The direction of gas flow in a determination for
oxygen (Figure 1) is from the pump through stop
cock 1, cold trap T, stopcock 2, over platinum
catalyst P, returning to the pump through stop
cocks 3 and 5. Stopcocks 4 through 8, and 10
remain closed. Water vapor condensed in T is then
isolated by closing I and 2, and the hydrogen
evacuated through 10 and 11. Finally, depending
on the amount to be measured, the water is evapo
rated into the 5500-liter-micron gage or distilled
into the 15D-liter-micron gage, and its volume de
termined at 10-mm. pressure.

If it is possible to sample a gas stream directly,
or if a sample is to be drawn from a cylinder, the
sample may be introduced via I (Figure 1). If
direct sampling is not possible it is convenient to
bring the sample to the apparatus in a 5-liter bulb
and introduce it as shown in Figure 5. This ap-
paratus is inserted ahead of stopcock 1. Thus,
the sample bulb is set in place, air evacuated via 17
and 18, then 17 and 18 turned to admit the sample
to the circulating system. The gas is circulated
via 17 and 18 to 1, bypassing P via 7 (Figure 1),
until the water remaining in the gas and adsorbed
on the glass walls has been reduced to the point
that an analysis for oxygen is not affected. Stop
cock 17 (Figure 5) is then closed, and by manip
ulating the Toepler pump, a suitable portion of gas
is left in the circulating system. Stopcock 18 is
then closed, and the gas circulated via 19 to 1 for
an oxygen determination. When this is com
pleted, a second portion is taken for analysis, and
so on.
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Figure 3. Plat.irnrm Catalyst
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frequency vacuum tester applied. In particular it is essential
that the catalyst tube have a cooling water jacket.

The following procedure was adopted:

A. In the initial preparation of the apparatus for analysis it
is necessary, after evacuation and filling with hydrogen, to cir
culate gas through the cold trap and over the heated platinum
filament for several hours. This will remove adsorbed oxygen
from the catalyst and clear the system of water vapor. It is

COMPRESSED
AIR

Figure 6. Liquid Nitrogen Supply and
Level Control

necessary that adsorbed water vapor in the catalyst chamber
between stopcocks 2 and 3 (Figure 1) be reduced sufficiently
that the determination is not affected. Pure hydrogen should
remain in the bores of stopcocks 1 through 7 and a vacuum in 8
and 13.

B. The system is evacuated, a sample introduced as described,
and the entire sample circulated, bypassing P via 7, to remove
water vapor and other condensable gases. Because adsorbed
water vapor in the system must be reduced to the point that
an analysis is not affected, the time required will depend on the
oxygen concentration to be measured. If the oxygen concentra-

20 m.. ,o.o.,

/PTREX
GRAOEO SEAl.

~~~~
THlNCUARTZ

SUP.PORTlliG TUBE

Figure 2. Water
Vapor Gage, 150

Liter-Microns

VACUUM

Figure 4. Mercury Piston PUIDp

INLET

nected by a 2Q-mm. tube through which mercury flows back and
forth as the platform rocks. Each bulb is therefore a cylinder,
and the mercury a piston; each has an inlet and outlet mercury
valve, and the two pumps operate in parallel and 180° out of
phase. The glass coils serve to connect the moving parts to the
fixed inlet and outlet tubes. The pump was run at 4 cycles per
minute through an angle of about 25°, displacing approximately
600 ml. per minute.

The apparatus in Figure 1, marked off by dotted line X, is
for the introduction of known amounts of oxygen for calibration
purposes. Volume A is filled with oxygen to the desired pressure
and then turned into the main flow. If very small amounts are
to be introduced, the amount in A can be further reduced by
expansion into B.

By introducing known amounts of oxygen the recovery of
water vapor can be measured. To obtain an analysis the volume
of the circulating system must also be known; in this case, the
volume was 1840 ml., measured by gas fillings.

Procedure. The amount of water vapor recovered from the
gas is found to be the net result of condensation in the cold trap
and the adsorption or desorption of water vapor from glass
walls. The recovery depends, therefore, on the procedure which
is followed. For example, it is important that the times allowed
for circulation, evacuation, and distillation of water vapor be
standardized. The room temperature should be held to within
1° or 2°. The glassware should not be heated nor the high
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12.1
11.8
11.2

0.36

10.6
10.4
11.5
12.3

0.42

58.8
60.2
60.2
60.2

Blank

101.0
101.0
101.0
101.0

Blank
3 Blank

18.5
18.9
18.6
18.8

Blank

18.9
18.7
18.9
18.9

Blank

3

0.22
0.25
0.22
0.22
0.26
0.23

0.60
0.25
0.21
0.28
0.25

0.19
0.18
0.16
0.14

0.41
0.34
0.26
0.33

8

EXPERIMENTAL RESULTS

2.7
2.5
3.0
2.8
2.5
2.6

3.5
2.7
2.4
2.3
2.3

64.5
67.5
67.6
67.9

134
148
152
150

13.8
13.7
13.7
13.7
13.7
13.7

13.2
13.5
13.6
13.9
13.6

99.9
100.2
99.6·
99.1

187.8
189.6
189.9
190.1

0.11 0.20

0.25 0.19
0.31 0.18
0.29 0.17
0.35 0.17

0.13 0.17

0.66 0.18
1.01 0.18
1.14 0.17
1.07 0.15

0.30 0.13

1.63 0.17
2.11 0.17
2.15 0.14
2.18 0.14

0.34 0.13
0.28 0.31

Lost
4.89 0.25
5.21 0.26
4.98 0.20

0.37 0.16

19.5 0.23
21. 7 0.16
'21.6 0.15
21.6 0.15

Calibration. The method was calibrated by adding known
amounts of oxygen to a batch of dry oxygen-free hydrogen, mak
ing several measurements at each level to obtain a steady-state
result. With each evacuation of the cold trap, the amount of
hydrogen remaining is reduced. A series of calibration measure-

F. A water bath at 25 0 C.
is placed around trap T (Figure
1), and depending on the
amount to be measured, the
water is either evaporated
through stopcock 8 (Figure 1)
into the 5500-litcr-micron gage,
for 3 minutes, or distilled
through stopcock 13 (Figure 2)
into the 150-liter-micron gage,
for 10 minutes, putting liquid
nitrogen in the glass cup built
into the gage for this purpose.
The mercury is then raised
above the cutoff and the gage
allowed to warm to room tem
perature.

If the. amount of water to
be measured exceeds 5500 liter
microns, it can be measured in
portions. A water bath on T
(Figure 1) at 110 C. (pressure
of the water is 10 mm.) will
allow successive portions to be
evaporated either into the gage
or into bulbs of known volume
at f (Figure 2).

G. The mercury in the gage
is raised, and the amount of
water vapor determined by
several pressure-volume meas

urements between 9- and 11-mm. pressure. The pressure is then
increased further to condense water and allow a measurement of
other gases which may be present.

H. A second portion of the previously dried sample is admit
ted and analyzed immediately. A delay of several hours will alter
the contribution which the adsorption or desorption of water
vapor on glass makes to the analysis, particularly when measur
ing small amounts. It is desirable to run one portion after
another and obtain a result which represents steady-state condi
tions throughout.

7

5

6

Resid-
Liter-Microns of H,O ual,
Added, as Measured, Liter-

Day oxygen as water Microns

4 10.8 2.9 0.17
11.0 0.98 0.20
11.0 0.79 0.20
11.0 0.89 0.12
10.8 0.83 0.10
10.8 0.52 0.09

Blank

30.0
30.1
29.9
29.8

Blank
Blank

5.00
5.00
5.00
5.00

10.12
9.92
9.81
9.95

6

4

5

Hydro
gen

Batch

2

Day

1

7

9

8

6

No.

2

Hydro
gen

Batch

5

4

3

2

No.

295 244 0.53
310 269 0.35
304 263 0.28
292 247 0.31

59.5 32.1 0.16
59.3 32.7 0.15
59.7 32.7 0.15
59.7 32.4 0.14

30.4 10.0 0.25
30.7 11.7 0.20
30.4 11.7 0.22
30.6 11.6 0.25

1022 943 0.25
1010 967 0.20
1011 978 0.18
1013 974 0.16

600 555 0.47
599 556 0.34
603 557 0.41
602 564 0.32

Table I. Calibration Data, 5500-Liter-Micron Gage

L · M' f H 0 Resid-lter- wrons 0 2 ual,
Added, as Measured, Liter-

oxygen as water Microns

Hydro-
gen

No. Batch Day

1 1 1

2 2

3 2

4 3

5 3

tion exceeds about 25 p.p.m. (50 liter-microns of water vapor
in a 1.3-litersample), a drying time of 1 hour is usually suf
ficient. Below about 25 p.p.m, of oxygen, a longer drying time
is needed, and as drying proceeds, the amount of water vapor
recovered should be measured to determine when an analysis
can be made. For oxygen concentrations of 1 to 2 p.p.m.,
this may require 50 to 75 hours. It is evident, therefore, that
glassware must be clean, so that only the desorption of water
is involved and not the slow removal of water from a trace of
impurity such as alkali.

If, however, a gas stream is sampled directly, it is simple and
convenient to draw the sample through a drying train and
admit it to the previously dried circulating system. When this
is done, an analysis for any oxygen concentration can be made
immediately.

C. A suitable portion of gas is circulated over the catalyst,
and the water vapor is condensed at liquid nitrogen temperature.
In this work, the method was calibrated using liquid nitrogen
only. If dry ice is used, the vapor pressure of water at -78 0 C.
gives the method a lower limit of perhaps 1 p.p.m. of oxygen.
For amounts of water vapor in
excess of about 50 liter-microns,
measured in the 5500-liter-
micron gage, the sample is cir-
culated for 15 minutes. For
smaller amounts of water
vapor, measured in the 150
liter-micron gage, circulation
time is 30 minutes.

D. Hydrogen is evacuated
from the region bounded by
stopcocks 1, 2, 7,8, 10 (Figure
1), and 13 (Figure 2) for 2
minutes through stopcock 10.

E. In preparation for a
measurement, the water vapor
gages are evacuated as follows:
Water from the previous.meas
urement is evacuated from the
5500-liter-micron gage for 5
minutes, through stopcock 9
(Figure 1). The 150-liter
micron gage is evacuated for
1 minute through stopcock 14
(Figure 2), then by means of
stopcock 15, a measured
amount of water vapor is ad
mitted to the gage. This
amount is about 75 liter
microns, obtained by allowing
water in g to evaporate into
the 3-Inl. volume, h, at room
temperature. Mter a moment
the gage is evacuated again.,
for 5 minutes.
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ments would begin, therefore, in hydrogen at about 70o-mm.
pressure and end when the pressure had fallen to about 200 mm.
A second batch of hydrogen would then be introduced and
measurements continued.

Calibration data are assembled in Tables I and II, for the
550(}- and 150-1iter-micron gages, respectively, and summarized
in Table III. The measurements were made over several days,
and the water vapor recovered at various hydrogen pressures.

In Tables I and II the initial measurement at each level of
calibration, for reasons discussed below, is less accurate. The
column headed "Residual, Liter-Microns" gives the amount of
condensable gas other than water vapor which deposits in the
cold trap during a determination, and is measured as in Para
graph G of the procedure. In Table II, "Blank" denotes a
measurement in which oxygen has not been added, but which
is otherwise identical in all respects with a regular measurement.

Table IV. Memory Effect, 5500-Liter-Micron Gage
Liter-Microns of H20

No. Added Found % Error

o 265
1 295 294 - 0 . 3
2 59.5 62.1 +4.4
3 30.4 29.7 -2.3
4 1022 996 -2.5
5 600 607 +1.2
6 10.8 1'5.1 +41
7 187.8 179 -4.8
8 99.9 101 +1.5
9 13.2 16.8 +26

0•• 0--------------------,

1.0

2.0I~1.0o.e

LOG P

Calibration Curve, I50-Liter
Micron Gage

Figure 8.

T.''-----,~--_=_--_t:_--_:'::_--__J.,--~

>
C) 0.5
o
-l

72
84

Re-
covery,

%
32
36

0.68
1. 93
2.85
4.86
7.2
8.3
9.7

10.5

0.32
1.07
2.15
5.03

11.6
21. 6
50.5
90.5

Added

1.00
3.00
5.00
9.89

18.8
29.9
60.2

101.0

Calibration Sutntnary
150-Liter-Micron Gage,
Liter-Microns of H20

Meas- Lost,
ured, p v

38
55

Re
covery,

%
10.1
11.1
18.9
27.0
31.9
40
42
42
38

Table III.

0.8
2.6

11. 7
32.6
67.7

150
260
559
973

5500-Liter-Micron Gage,
Liter-Microns of H20

Mess- Lost,
ured, P vAdded

10.9
13.7
30.6
59.6
99.6

189.9
302
601

1011

The data summarized in Table III are plotted in Figures 7
and 8, as log p V8. log v, where p is the measured and v, the lost
water vapor-Le., the difference between the amount of water
vapor introduced (as oxygen) and the amount measured. Since
each set of data represents steady-state conditions, this loss is
incurred in the water vapor gage, by absorption. The absorption
loss associated with the amount of water vapor measured in an
analysis is then taken from these curves.

0.10,-----------------------,
o

iso

>

9'

ory effect is shown in Table IV, in which the first measurement of
each set of data of Table I is treated as an unknown, using the
calibration curve in Figure 7. To obtain greater accuracy at
least three measurements should be made.

When measuring very small amounts of water vapor, it is also
necessary that the blank be reduced to the levels indicated in the
data of Table II. Thus, if the sample contains 3 liter-microns
of water vapor (as oxygen) the blank must be reduced to 0.30;
otherwise the results will be high, because at this water vapor
level, a steady state will not be reached in two or three measure
ments. The lower the water vapor level, the lower the rate of
drying, and the slower the approach to the steady state from a
higher level. However, the steady state is rapidly reached from
a lower water vapor level, so that the apparatus should always
be dried beyond the requirements of the sample..

1.00
Table V. Recovery es. Evacuation Tfme, 5500-Liter

Micron Gage
Liter-Microns of H20

0.' 0.0 I.' 2.0 2.' 3.0

Added, as Measured, after Evacuating for
oxygen 5 minutes 10 minutes

LOG P

Figure 7. Calibration Curve, 5500-Liter-Micron
Gage

Discussion. From Tables I and II the precision of the meas
urements is seen to be very satisfactory. The condensation of
water vapor, its handling, and its adsorption in the gage are
evidently reproducible, even when the total amount is only 1
liter-micron, and the adsorption loss is 70%. It is conservative
to give the error of the method as ±lO%, approaching ±2%
as the amount of water vapor involved rises to 40 liter-microns
and beyond.

Because the amount of water vapor recovered and measured
depends on the condition of the glassware and the establishment
of steady-state conditions, a single measurement is not sufficient
for an accurate analysis. Nevertheless the error is small, un
less a sample low in oxygen follows one that is high. This mem-

99.7 66.1
99.8 67.8
99.9 68.8
99.7 67.8
99.8 61.7
99.8 64.3
99.7 66.3
99.9 65.6
99.8 62.2
99.8 67.0

Average 99.8 67.5 ±0.8 64.0 ± 1.7

In the measurement of a given amount of water vapor, the
portion lost by adsorption depends on the amount of preadsorbed
water in the gage; it increases as preadsorption is reduced. In
the procedure using the 550o-liter-micron gage, this is determined
simply by a 5-minute evacuation of the previous sample. The
effect of reducing preadsorption is shown in Table V, which pre
sents a series of measurements comparing 5- and lo-minute
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evacuation periods. To measure very small amounts of water,
the adsorption loss must be reduced, not only by reducing the
adsorptive surface, but also by preadsorbing a definite amount
of water. Thus, the l50-liter-micron gage is prepared for meas
urements by filling with 75 liter-microns of water vapor and
evacuating for 5 minutes. In this way preadsorption is held at
!L high level. Therefore, in a single measurement using the
5500-liter-micron gage there is memory in both the circulating
system and the gage; with the l50-liter-micron gage, there is
memory in the circulating system only.

The degree to which the adsorption loss has been reduced in
the smaller gage is indicated in the recovery figures of Table
III. The 30- and 60-liter-micron levels are compared, and the
recovery at 3 liter-microns is seen to equal that at 30 liter-microns
in the larger gage.

A factor affecting precision is the pressure at which the volume
of water vapor is measured. Ten millimeters of mercury is
large enough to be read by the unaided eye, yet not too near the
saturation pressure of approximately 25 mm, The higher the
relative pressure the greater the adsorption of water' vapor.
Thus, the pressure-volume measurement at ll-mm. pressure is
about 3% lower than the measurement made at 9 mm.

The rapid attainment of the steady state in each calibration
indicates that the conversion of oxygen to water vapor and its
removal are substantially complete in the time allowed.

ANALYTICAL CHEMISTRY

Table VII. Determination of Oxygen in tbe Presence of
Carbon Monoxide

(Catalyst temperature, 260 0 to 270 0 C.)

Liter-Microns
Hydrogen of H,O
Pressure, Added Present? % Measured, Liter-Microns

Day Mm. as 0, as CO CO a H,O CO, Total

1 738 99.8 964 0.071 76.9 17.9 94.8
695 99.7 893 0.070 81.6 19.3 100.9
656 99.9 825 0.069 80.3 19.2 99.5
619 99.8 761 0.067 80.3 19.2 99.5
581 99.7 700 0.066 80.1 19.2 99.3

2 546 317 643 0.064 212 50.7 263
517 319 559 0.059 235 53.5 289
488 326 477 0.053 244 55.4 299
459 323 398 0.047 260 54.4 314
434 326 325 0.041 275 53.0 328
410 328 257 0.034 266 47.1 313
386 328 198 0.028 287 43.3 330
365 319 146 0.022 289 37.0 326
344 322 103 0.016 311 31.8 343
324 326 67 0.011 310 24.6 335

3 304 325 40 0.007 268 12.9 281
289 326 26 0.005 336 19.4 355
273 326 6 0.001 321 8.9 330
258 328 348 5.0 353
243 330 336 2.1 338
228 328 323 0.7 324

a In this series of measurements on a batch of purified hydrogen con
taining initially 964 liter-microns of carbon monoxide, the falling carbon
monoxide partial pressure is calculated from the amount removed as car
bon dioxide and the amount removed with each evacuation of the cold trap,
5.6%. Since hydrogen removal is mainly by evacuation the carbon mon
oxide concentration is falling.

Table VI. Catalytic Formation of Water from Oxygen
and Carbon Monoxide

H20 Present as

OXYGEN DETERMINATION IN THE PRESENCE
OF IMPURITIES

Because the oxygen determination deperids on the measure
ment of water vapor, it is necessary to remove any substances
which might poison the catalytic formation of water, or which
will condense with water and interfere in its measurement.
This is not as severe a limitation as it might appear at first sight.
In the preliminary treatment of the sample to remove water
vapor, by condensation in a liquid nitrogen cold trap, there is
also a complete removal of all potentially interfering substances
except nitric oxide, carbon monoxide, and nitrogen. Thus,
ammonia, carbon dioxide, nitrogen peroxide, hydrocarbons and
compounds of nitrogen, sulfur, and halogens are eliminated.
Ethylene, which would be hydrogenated to ethane and so condense
with water vapor, has a vapor pressure of 0.54 X 10 -3 mm. at
77.5 0 K. (21), or the equivalent of 0.4 p.p.m. of oxygen in a
1.3-liter sample. The only way in which these substances might
interfere is through the loss of oxygen in the condensate. Al
though not investigated, this loss is believed to be very small,
if measurable. If a gas stream is to be sampled directly, suitable
purification can be provided for the continuous removal of water
vapor and other impurities. The purified sample will contain,
therefore, hydrogen and oxygen, and perhaps nitric oxide, carbon
monoxide, and nitrogen.

The effect of carbon monoxide in the oxygen determination was
investigated extensively. The conversion of carbon monoxide
to water and methane, as a function of catalyst temperature, is
given in Table VI, together with comparable data for oxygen.
The conversion is seen to be negligible at 270 0 C., at which

Oxygen,
100 to 1000 Liter-Microns
Temp., Recovery,

o c. %
40 2

110 9
160 40
200 73
230 100
270 100

Carbon Monoxide,
500 to 900 Liter-Microns

T'emp., Recovery,
o c. %
230 <1
270 <1
330 1 5
400 2
470 7
530 9
610 20

temperature oxygen is completely recovered, suggesting that a
selective catalysis is possible.

When both oxygen and carbon monoxide were present, although
a temperature of 270 0 C. suppressed methane-water formation,
carbon monoxide competed with hydrogen for the oxygen and the
products were carbon dioxide and water, respectively. Tablr
VII gives data for the recovery of oxygen in the presence of ap
proximately a l5-fold concentration of carbon monoxide. The
recovery, as water plus carbon dioxide, is quantitative. How
ever, when these measurements were continued the following day,
after overnight exposure of the catalyst to the carbon monoxide
containing gas, recoveries were low and erratic, indicative of
catalyst poisoning. The catalyst had also become poisoned for
water-methane formation; a second temperature study showed a
recovery of less than 1% (down from 7%) at 470 0 C.

It may be concluded, therefore, that it is possible to make an
accurate determination of oxygen in the presence of carbon mon
oxide, except, perhaps, at very low oxygen concentrations.
The carbon dioxide product is determined by increasing the pres
sure beyond the saturation pressure of water vapor and making a
second pressure-volume measurement; the error arising from its
solubility in water at room temperature is negligible. The slight
loss in catalytic activity is quickly restored by heating to 670 0 C.
in pure hydrogen.

Despite the low carbon monoxide concentration in the hydro
gen, about 0.06%, the amount of carbon dioxide formed is rela
tively high. It is proportional to the first power of the oxygen
partial pressure and independent of the falling partial pressure
and decreasing concentration of carbon monoxide, except at low
levels. It indicates not only strong and preferential adsorption
of carbon monoxide over hydrogen but also that carbon monoxide
is monopolizing only a certain area of the surface, amounting to
about 10% (assigning two elementary sites to hydrogen and one
to carbon monoxide), and suggesting an interesting catalytic
investigation of surface heterogeneity.

The effect of nitric oxide in the oxygen determination was not
investigated. However, it would presumably be readily con
verted to nitrogen and water vapor. If the sample received has
attained equilibrium at room temperature in the reactions

2NO + O. p 2NO. p N.O.
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then, after passage through the liquid nitrogen cold trap, it will
not contain both nitric oxide and oxygen in measurable amounts.
Therefore, a qualitative analysis for nitric oxide should supple
ment the oxygen determination in such cases.

Although nitrogen is potentially a source of ammonia in the oxy
gen determination, such lonuati.')l\ was never observed. None
was found after 15 minutes at 670 0 C. nor after 30 minutes, and
longer, at 350 0 C.

GENERAL DISCUSSION

Limitations of the Method. The adsorption of water vapor on
glass and the collection of a small amount of unknown condensate
in every measurement are two limitations which would appear
to preclude its extension to significantly lower oxygen concentra
tions. As the oxygen concentration falls, the necessity for dry
ing the circulating system to lower levels and the time for doing
this increase. One method of reducing adsorption is indicated
in the adsorption data of Razouk and Salem (29). They at
tribute the adsorption of water on glass·to surface alkali and have
shown that prolonged washing with pure water will reduce the
adsorption to about one half that on unwashed glass. On the
other hand, hot acid treatment for several hours followed by water

MEASUREMENT OF CURRENT EFFICIENCY

An interesting application was the measurement of current
efficiency in the electrolytic formation of oxygen at very low cur
rents.

In a study of the poisoning of iron-synthetic ammonia catalyst
by oxygen, small amounts of oxygen were added to the gas
stream by electrolyzing a sulfuric acid solution between platinum
wire electrodes, 1 em. long, 0.7 em. apart. It was necessary to
measure the amount actually introduced, especially at very low
currents where the current efficiency might not be 100%. Since
the gas stream, N, + 3Hz, was purified before the addition of
oxygen, and subsequently purified further over potassium hy
droxide pellets, Ascarite, activated alumina, and phosphorus
pentoxide, the stream could be sampled into the dry apparatus
and analyzed immediately. This was confirmed by an examina
tion of the purified gas itself, which showed that the equivalent
of 0.1 p.p.m. of oxygen could be taken as an upper limit on the
impurity content. The data are shown in Table VIII.

The accuracy of the method is demonstrated by the results for
30 p,a.; the same current efficiency is obtained at two concentra
tion levels, 0.44 and 1.22 p.p.m. Further evidence of the relia
bility is indicated in the approximately constant recombination
current of about 6 p,a., the assumption being that the difference
from 100% current efficiency represents recombination of dis
solved hydrogen and oxygen in the cell.

Table VIII. Current Efficiency
Calculated Oxygen Addition

Current, Gas flow, Pvp.rn.
"a. liters/hr. O.

10.1 3.8 0.56

10.4 3.75 0.58

29.7 10.0 0.62

30.5 3.9 1. 64

68 3.75 3.8

Summary

Current
Current, Efficiency,

"a. %
10 53
30 73
68 93

in Oxygen Electrolysis

Analysis, Current,
P.P.M. Efficiency,

O. %
0.26 59
0.32
0.41
0.28 48
0.30
0.25
0.43 71
0.44
0.46
1. 21 74
1.27
1.19
3.5 93

Recombination
Current,

"a.
5
8
5

washing may cause as much as a sevenfold increase in adsorption,
due to the solution of surface alkali and creation of a roughened
surface. The procedure indicated, therefore, is a mild detergent
wash followed by prolonged washing with water. A second pos
sibility for reducing adsorption is to coat the glass in some way
for example, with a chlorosilane (11). Such treatment, if prac
tical and effective, would not only reduce the drying time but
also eliminate memory effects in the circulating system. There
are also advantages to reducing adsorption in the water vapor
gage, although at present adsorption in the circulating system
is a greater limitation on the method.

It was never possible to free the circulating system of unknown
vapors which would condense with water in the liquid nitrogen
cold trap. The amount of this gas, about 0.2 liter-micron
(Tables I and II), was too small for identification by the mass
spectrometer; it would not be possible to sample it properly,
because, if condensed and sealed off in a glass tube, there would be
contamination by vapors driven from the glass during sealing.
The amount found was not related to the oxygen introduced
nor to the water collected, but did decrease as a given batch of hy
drogen was repeatedly circulated and dried. Therefore, it was not
due alone to impurities in the oxygen, nor to solution, nor trapping
of hydrogen in the condensate. Presumably it was traces of
hydrocarbons from the stopcock grease (Apiezon N) or traces in
the original tank hydrogen absorbed by the grease and slowly
released. Whatever its nature, it does impose a definite lower
limit on the determination of oxygen.

This method is not alone in having limitations imposed by
water vapor adsorption. Hydrogen reduction followed by the
measurement of water vapor with an infrared analyzer or hygrom
eter is affected in the same way. Water vapor must also be
el~minated in carbon reduction methods since it will be reduced,
with oxygen, to carbon monoxide. In this respect chemical
methods, responding to molecular oxygen only, have an advan
tage, but they suffer from the inconvenience of preparing and
handling oxygen-sensitive reagents. This method uses simple
apparatus and demands simple, though careful, manipulative
skill. The sensitivity is high, and small samples can be taken.

Applications. This technique should be applicable to certain
other analytical problems which are beyond the scope of ordinary
gas analysis. Thus, through the reaction

Pt
Hz + '/zOz -+ HzO

small amounts of oxygen and hydrogen may be determined in each
other, and in nitrogen, helium, and neon by adding excess hy
drogen and oxygen, respectively. If the water vapor is condensed
at the dry ice temperature, oxygen and hydrogen may also be
determined in argon, krypton, carbon dioxide, and methane,
although with lower sensitivity owing to the higher vapor pres
sure of water at this temperature. Analytical methods could also
be developed on the basis of the platinum-catalyzed reaction

Pt
CO + '/zOz -+ COz

and the condensation and measurement of carbon 'dioxide.
Further extension is possible by including in the apparatus a
nickel filament for catalyzing at 300 0 C. the reaction

Ni
CO -f 3H z -+ CH. + HzO

Carbon monoxide and hydrogen could now be determined in
each other and in nitrogen, inert gases, and methane. By com
bining the three reactions the analysis of oxygen-hydrogen
carbon monoxide mixtures would be possible.

A very interesting application is to the direct determination of
low concentrations of nitrogen in hydrogen and inert gases,
based on the iron-catalyzed reaction

Fe
N, + 3H 2 -+ 2NH3
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The catalyst could in the form of an iron filament, or as granules
of promoted iron-synthetic ammonia catalyst.

An obvious application is to the direct determination of
moisture in solids. Dry gas would be circulated through the
substance held at a definite temperature, and the water vapor
condensed and measured. This approach has the advantages
that small samples can be taken, provided the substance is uni
form with respect to moisture content, and accurate weighings
are unnecessary.
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Colorimetric Determination of Elemental Sulfur in Hydrocarbons
J. K. BARTLETT' and D. A. SKOOG

Department of Chemistry, Stanford University, Stanford, Calif.

In the development of a rapid and accurate method for
the determination of small quantities of elemental
sulfur in hydrocarbons, it was found that, in acetone
solution, elemental sulfur reacts rapidly and quanti
tatively with cyanide to give thiocyanate. Thiocyanate
can be estimated colorimetrically by addition of an
acetone solution of ferric chloride. The recommended
procedure, based on these reactions, is sensitive to
2 p.p.m. of elemental sulfur. Peroxides, sulfides, di
sulfides, and mercaptans do not interfere even when
present in fairly large excess. Accuracies of 98 to 99%
are possible. The method is directly applicable to the
analysis ofpetroleum fractions, and with suitable modi
fication, it should be possible to analyze other material
containing small amounts of elemental sulfur.

T H E determination of small quantities of elemental sulfur
dissolved in hydrocarbons or other organic solvents has been

of considerable interest, and a variety of methods for this analysis
has been proposed. The reactions of sulfur with metallic mer
cury (13, 15, 16) or metallic copper (2, 8) have been the basis of
numerous procedures; however, Kiemstedt (11) reported that
organic peroxides inhibit the reaction between copper and ele-

mental sulfur leading to low results. Peroxides also react with
metallic mercury giving dark precipitates which may interfere
with methods based on the use of this metal. Uhrig and Levin
(16) have suggested preliminary treatment of samples with aque
ous ferrous sulfate to prevent such interference.

A modification of the doctor reaction, using butyl mercaptan
(butanethiol) as a reagent, has been proposed by Wirth and
Strong (17) for the quantitative analysis of free sulfur. How
ever, Ball (3) has indicated that the method is susceptible to
interference by peroxides and in addition gives poor results for
low sulfur concentrations. Morris, Lacombe, and Lane (1.4)
have also studied this procedure as well as one involving reactions
of elemental sulfur with sulfite. They conclude that neither
is suitable for analysis of sulfur concentrations below 100 p.p.m,

The polarographic reduction of sulfur appears to offer many
advantages, and several papers have been published recently
reporting details for such methods (9, 10). Diphenyl disulfide
is the only compound so far encountered which interferes.

The reaction between sulfur and alkali cyanide has been pro
posed by several authors as a means for the analysis of macro
quantities of elemental sulfur in various substances (1, 5, 6, 12).

1 Present address, Department of Chemistry t University of Santa Clara,
Santa Clara. Calif.
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The thiocyanate formed in the reaction must be determined in
the presence of an excess of cyanide; methods for accomplishing
this have been proposed. Castiglioni (.n has suggested the use
of the reaction followed by treatment with ferric chloride as a
qualitative test for elemental sulfur, and it occurred to the authors
that this might also be used 1\,1> I\, basis for a sensitive method for
the quantitative determination of the element. Investigation
has shown that concentrations of sulfur as low as 2 p.p.m. in
hydrocarbon solvents can be determined in such a way. Further
more, it has been found that other sulfur-containing compounds
and peroxides either do not interfere or can be readily prevented
from interfering with an analysis by this method. Details of
the proposed method and a discussion of the variables affecting
the reactions involved are given.

APPARATUS, REAGENTS, AND SOLUTIONS

Spectrophotometer. A Beckman Model DU spectrophotom
eter equipped with l-cm. Corex cells was used for all light
absorption measurements in this work.

Acetone Solvent. Fifty milliliters of water were diluted to 1
liter with technical grade acetone.

Sodium Cyanide Solution. This solution was prepared by
dissolving 0.1 gram of sodium cyanide in 100 ml, of the acetone
solvent. When first prepared, the solution was cloudy but be
came clear upon standing for a few hours.

Ferric Chloride Solution. This solution was prepared by dis
solving 0.4 gram of ferric chloride hexahydrate in 100 ml. of the
acetone solvent. Hydrolytic precipitation of part of the iron
occurred shortly after preparation. After the precipitate had
settled for 24 hours, the supernatant liquid was decanted into a
dry bottle. The resulting solution was found to be stable for
several weeks.

Mercuric Chloride Solution. Approximately 20 grams of
mercuric chloride and 20 grams of potassium chloride were dis
solved in 1 liter of distilled water.

Standard Sulfur Solution. A standard sulfur solution con
taining 50 p.p.m, sulfur on a weight per volume basis was pre
pared by dissolving 50 mg. of powdered roll sulfur in exactly 1
liter of petroleum ether. The solvent had a boiling range of 770

to 1100 C. and a density of 0.73 at 250 C.
Miscellaneous Organic Compounds. The organic sulfides, di

sulfides, and mercaptans used in the work were obtained from
Eastman Kodak Co. and used without further purification.
The tert-butyl hydroperoxide was obtained from Union Bay
State Co.; the n-amyl peroxide and nonyl hydroperoxide were
furnished. by Harry S. Mosher of Stanford University.

RECOMMENDED PROCEDURE

Analysis of Samples Containing No Mercaptans, Sulfides, or
Disulfides. Place a 5-mI. sample of the solution in a 25-mI.
volumetric flask. If the sample contains more than 50 p.p.m,
elemental sulfur, make suitable dilutions with petroleum ether
to give a sample which contains between 5 and 50 p.p.m. Add
15 m!. of the sodium cyanide solution, mix, and allow to stand
for about 2 minutes. Make up to the mark with the acetone
solvent, and withdraw a 5-m!. aliquot. Add exactly 5 ml. of
the ferric chloride solution to the aliquot and mix. Determine
the absorbance at 465 miL against a blank which has been pre
pared by mixing 5 rnl. of the acetone solvent with 5 ml, of the
ferric chloride solution. Make absorbance readings within 10
minutes after preparation, or store the colored solutions in the
dark if optical measurements are to be made at a later time. If
the sample is colored, make a blank correction by carrying a
5-m!. aliquot through the procedure" with the exception that no
cyanide should be added. Determine the concentration of ele
mental sulfur from a calibration curve which is prepared by
treatment of a series of standard sulfur solutions in petroleum
ether in the same way.

Analysis of Samples Containing Sulfides, Disulfides, or Mer
captans. Take about 20 ml, of the sample and add 50 ml. of
the aqueous mercuric chloride solution. Shake the mixture
thoroughly. If the amount of precipitate formed is small, with
draw 5 ml. of the sample from the supernatant liquid and treat
by the above procedure. If the quantity of precipitate is large,
filter part of the supernatant liquid through a Buchner funnel
with gentle vacuum, remove a 5-mI. sample from the filtrate,
and treat by the above procedure.

EXPERIMENTAL

The reaction between elemental sulfur and an alkali cyanide
has been shown to take place rapidly in various solvents (1, 4);
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the mechanism of the reaction has been discussed in a recent
publication (7). The first attempts to utilize this reaction for the
quantitative analysis of small amounts of sulfur were carried
out by refluxing samples dissolved in acetone over an excess of
solid potassium cyanide. The acetone solution was then sep
arated and evaporated to dryness. The resulting mixture of
potassium cyanide and thiocyanate was taken up in water and
the thiocyanate determined colorimetrically by addition of ferric
ion. Several objectionable features to such a procedure be
came apparent; the method was time-consuming, not as sensi
tive as desired, and inapplicable to samples containing high
molecular weight, nonvolatile hydrocarbons. Furthermore,
the results obtained were not entirely reproducible and ap
peared to depend upon the quantity of potassium cyanide dis
solved in the solution during refluxing. This in turn depended
upon the type and quantity of sample taken for analysis. For
these reasons, attempts were made to carry out both the conver
sion of sulfur to thiocyanate and the color reaction in a single
nonaqueous solvent.

Choice of Solvent. Several experiments were carried out
with anhydrous acetone as the solvent, and a considerable in
crease in the sensitivity of the procedure was noted. This was
expected on the basis of the work of Woods and Mellon (18)
which has shown that the color intensity of the ferric thiocyanate
complex increases as increasing amounts of acetone are added to
an aqueous solution of the complex. However, it was also dem
onstrated that the presence of very small quantities of water
caused a noticeable decrease in the intensity of the color, and if
reproducible results were to be obtained, considerable care would
be required to maintain anhydrous conditions throughout the
analysis. Furthermore, neither sodium nor potassium cyanide
is very soluble in anhydrous acetone, and solutions of ferric
ion in such a solvent are rapidly decomposed giving a dark brown
solution. All of these difficulties could be overcome by use of
an acetone solution containing a small amount of water, and
throughout the remainder of the work a solvent was used con
sisting of 5% of water in acetone by volume. In such a solvent
small variations in water content do not appreciably affect the
color intensity of the ferric thiocyanate complex. This is illus
trated in Table 1.

Table I. Effect of Variation of Water Content on Light
Absorption of Ferric-Thiocyanate Corrrpfex

Water Content
of Solution, Absorbance

% by Volume at 465 mIl
5.0 1.04
5.4 1.06
5.8 1.04
6.2 1.04
6.6 1.04
7.0 1.01

Iron Reagent. Solutions containing various concentrations of
ferric chloride hexahydrate were prepared in 95% acetone. With
all of these, rapid solution of the salt occurred followed by a
slow, hydrolytic precipitation of part of the iron. After 24
hours, the precipitate could be separated by decantation or
filtration to give solutions which were stable for as long as 2
months with respect to further precipitation and behavior with
thiocyanate solutions. The amount of precipitate formed by
the hydrolysis increased as increasing quantities of ferric chlo
ride were taken; however, the solutions made up with larger
amounts of ferric chloride also contained more iron as indicated
by their color. These solutions were used to determine the op
timum iron concentration for color development by addition of
measured volumes of each to the acetone solvent containing
measured quantities of potassium thiocyanate. The results of
these experiments are shown in Table II. The decreasing light
absorption at higher iron concentrations presumably results



1010 ANALYTICAL CHEMISTRY

Table III. Effect of Cyanide Concentration on Ferric
Thiocyanate Color

Table II. Effect of Iron Concentration on Color
Developrnent

from an increase in acidity which is associated with the more
extensive hydrolysis in the iron solutions of higher concentra
tion. For the subsequent work, the iron reagent was prepared
by dissolving about 0.4 gram of ferric chloride hexahydrate in
100 ml, of the 95% acetone. Analysis of this solution, after
precipitation was complete, showed that it contained approxi
mately 50 mg. of iron per 100 m!. of solution, which indicated
that almost half of the iron originally present had precipitated.

FeCh.6H,O. per
100 Ml. Iron Reagent,

Grams

0.20
0.28
0.36
0.40
0.48
0.60
1.00
2.00
4.00

Wt. NaCN,
Mg.

o
3.0
3.0
6.0
9.0

12.0
15.0
15.0
18.0
20.0

Source of S

KSCN
KSCN

S
S
S
S

KSCN
S
S
S

Absorbance
(465 mJO)

0.910
0.970
0.975
0.980
0.975
0.970
0.950
0.950
0.930

Absorbance

0.900
0.915
0.910
0.935
0.955
0.960
0.980
0.975
0.985
1.00

3 hours were found to be completely stable and gave identical
values for absorbance with solutions examined immediately after
preparation. The results of these studies are shown in Table
IV.

Calibration Curve. A plot of absorbance against concentra
tion of elemental sulfur was found to give a straight line passing
through the origin. Beer's law was followed over a concentration
range of 0 to 50 p.p.m. of elemental sulfur.

Interferences. The effect of the presence of a number of dif
ferent organic compounds on the proposed analysis was investi
gated. The results of these tests are shown in Table V. In
each case 5 ml. of a petroleum ether solution containing 0.25 mg.
of sulfur and a 200-fold excess of the compound under study was
used.

Ethyl, n-butyl, and benzyl mercaptan caused a marked de
crease in the amount of sulfur found by the procedure. This
was to be expected, inasmuch as the reaction between mercaptans
and elemental sulfur is known to take place rapidly in basic solu
tions. Undoubtedly most of the sulfur present in these samples
was converted to a disulfide in the basic cyanide solutions.
It was possible to eliminate completely this interference by shak
ing the sample with an aqueous solution of mercuric chloride or
silver nitrate prior to the addition of cyanide. The sulfur analysis
was then run on an aliquot from the petroleum ether layer. With
large amounts of mercaptans, filtration of the mercaptides through
a Buchner funnel was necessary. Table V shows that excellent
recoveries of elemental sulfur in the presence of the mercaptans
studied were attained when this treatment was used.

Table IV. Stability of Ferric Thiocyanate Color in
95% Acetone

Effect of Cyanide Concentration. The effect of cyanide con
centration upon the completeness of conversion of sulfur to
thiocyanate and upon the reaction of thiocyanate with ferric
ions was studied. A series of solutions containing identical
quantities of sulfur as elemental sulfur and as potassium thio
cyanate were treated with various volumes of a standard sodium
cyanide solution. This was followed by color development with
the standard iron solution. The results of these experiments are
shown in Table III.

At the same cyanide concentrations, the data for solutions pre
pared from elemental sulfur and from potassium thiocyanate
agree within the experimental error of the measurements. This
indicates that quantitative conversion of the sulfur to thiocya
nate is rapidly achieved even with the smallest quantity of cyanide
used. However, an increase in cyanide concentration results
in greater light absorption with both types of samples. In all
probability this results from the decrease in acidity of the solu
tion as the cyanide concentration becomes larger. Such a
change in pH undoubtedly has a considerable effect on the
equilibria involved in the complex formation. Concentrations
of sodium cyanide greater than 20 mg. per 25 m!. were found to
cause precipitation of iron. To avoid this and yet work at
near the maximum sensitivity of the method, a sodium cyanide
concentration of 15 mg. per 25 m!. was chosen for conversion of
sulfur to thiocyanate. It is seen from Table III that great care
is not required in the preparation and addition of the cyanide
reagent.

Stability of Color. A study of the stability of the ferric thio
cyanate color in acetone solution revealed that a slow decrease
in the color occurred when the solutions were exposed to day
light. For example, a solution which was allowed to stand for 3
hours in ordinary daylight was found to have decreased in
absorbance by about 20%. Prolonged exposure to light resulted
in complete loss of the red color. Solutions kept in the dark for

Time after
Preparation, Type of

Min. Storage Absorbance

1 Dark 1.10
25 Dark 1.10
90 Dark 1.11

180 Dark 1.10
24 hr. Dark 0.416

1 Daylight 1.10
5 Daylight 1.10

15 Daylight 1.10
20 Daylight 1.10
30 Daylight 1.08
40 Daylight 1.07
60 Daylight 1.03

120 Daylight 0.960
170 Daylight 0.890

The effect of four organic sulfides on the analytical procedure
was investigated. With methyl, ethyl, and benzyl sulfides, es
sentially complete recoveries of the added sulfur were obtained.
However, low results were encountered when n-butyl sulfide was
present. Treatment of the sample containing this 'compound
with aqueous mercuric chloride prior to the analysis removed
the interference and resulted in complete recovery of the added
elemental sulfur. The mercuric chloride may have removed the
sulfide as a complex, thus preventing its interference; however,
it seems more probable that the low recoveries in the untreated
samples occurred as a result of mercaptan impurities in the n
butyl sulfide. This was not investigated further.

Analysis of samples containing large amounts of methyl, ethyl,
and phenyl disulfides gave recoveries which were low by 1 to
3%. However, theoretical results were obtained when these
were treated with mercuric chloride prior to analysis. Here
again, the low results may have been caused by mercaptan im
purities.

The effect of hydrogen sulfide on the analysis was also investi
gated. A quantity of petroleum ether was saturated with the
gas and then diluted fourfold with more of the solvent. Sufficient
elemental sulfur was added so that 5-ml. aliquots contained 0.25
mg. of the element. These were analyzed with and without
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treatment with aqueous mercuric chloride. The untreated
samples gave erratic results. The low results probably arose
from a decrease in the ferric ion concentration as a result of re
duction by the hydrogen sulfide. In any case, the interference
was readily prevented by removal of the hydrogen sulfide as
mercuric sulfide. Excellent recoveries were then obtained, as
illustrated in Table V.

The effect of peroxides on the proposed procedure was investi
gated, because this type of compound has been reported to inter
fere with many of the methods for determining free sulfur.
Analysis of samples containingexcesses of tert-butylhydroperoxide,
n-nonyl hydroperoxide, and n-amyl peroxide indicated that
theoretical recoveries of sulfur could be expected when peroxides
are present. As further evidence for this, a sample of known
sulfur concentration was prepared in white gasoline which had
been air oxidized for several hours in sunlight. Sufficient per
oxides were formed by this treatment to liberate appreciable
quantities of iodine from iodide. Analysis of this sample gave
a complete recovery of sulfur and no peroxide interference.

Samples containing thiophane, thiophene, and large quantities
of toluene and amylene were also 'analyzed, and these com
pounds were found to interfere in no way with the analysis.

RESULTS AND DISCUSSION

A series of samples containing known quantities of elemental
sulfur and a variety of other compounds was prepared and ana
lyzed by the proposed procedure as a test of the method. The
results of these analyses are shown in Table VI.

The data indicate that accurate analysis for elemental sulfur
can be made over a concentration range of 5 to 50 p.p.m. Ob
viously, more concentrated samples can be analyzed by suitable

Table V. Effect of Various Cornpou'nds on Analytical
Results for EleIllental Sulfur

Quantity of S Found, Mg.
Sample not Sample Quantity

Quantity treated treated of S
Compound Added. with with Taken,

Added Mg. HgCh HgCh Mg.

None 0.250 0.250 0.250

Mercaptans
0,250 0.250Ethyl 50
0.250"

n-Butyl 50 0.005 b 0.252 0.250
0.253"

Benzyl 50 0.075 c 0.250 0.250
0.250"

Sulfides
Dimethyl 50 0.248 0.250
Diethyl 50 0.250 0.250
Di-n-butyl 50 0.202 0.249 0.250

0.250"
Dibenzyl 50 0.248 ,0.250

Disulfides
Dimethyl 50 0.241 0.248 0.250
Diethyl 50 0.215 0.250 0.250
Diphenyl 50 0.244 0.248 0.250

0.248 0.254 0.250

Hydrogen sulfide d 0.254 0.250 0.250
0,252 0.250 0.250
0.110 0.250

Peroxides
tert-Butyl hy-

0.250droperoxide 50 0.250 0.251
n-Amyl per-

0.250oxide 50 0.250
n-Nonyl hydro-

0.250 0.250peroxide 50

Thiophane 100 0.252 0.250 0.250
Thiophene 20 0.250 0.250 0.250
Amylene e 0.127 0.127 0.125
Toluene f 0.125 0.125 0.125 .

a Sample treated with aqueous silver nitrate rather than mercuric chloride
solution.

b a-Butyl mercaptan (25 mg.) used in untreated sample.
c Benzyl mercaptan (12.5 mg.) used in untreated sample.
d Samples were approximately one quarter saturated with H2S.
e Sample contained approximately 50% amylene.
f Sample contained approximately 50% toluene.
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dilution with petroleum ether. As low as 2 p.p.m. of sulfur can
be determined, although the relative error at this level of concen
tration would be greater than at higher concentrations. Some
attempts were made to increase the sensitivity of the method
further by using smaller volumes of solutions and more concen
trated reagents. However, precipitation of iron was encountered
under these conditions.

Table VI. Analysis of Sarrrpdes t:ontaining Known
Concentrations of Eleruerrtal Sulfur

Sulfur Content,
Other Compounds P.P.M.

Solvent Present Found Present

Petroleum ether 5.2 5.0
Petroleum ether 10.2 10.0
Petroleum ether 15.4 15.0
Petroleum ether 20.2 20.0
Petroleum ether 50.0 50.0

Benzene 24.9 25.0
White gasoline 50.3 50.0
White gasoline (oxidized) 49.7 50.0

Petroleum ether n-Butyl mercaptan 5.0 5.0
n-Butyl sulfide
n-Butyl mercaptan 9.9 10.0
Ethyl disulfide
n-Butyl sulfide 15.4 15.0
Ethyl disulfide
n-Butyl mercaptan 20.2 20.0
H,S
n-Butyl sulfide 49,7 50.0
n-Butyl mercaptan
Ethyl disulfide

The method is very simple and is free from interference by
compounds commonly occurring in petroleum fractions and ap
pears to offer many advantages for the analysis of elemental sul
fur in samples of this type. It seems probable that, with suitable
modification, it could be applied to the analysis of other ma
terials containing elemental sulfur.
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In the captions of the figures of the article on "Microscopic
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(1954)J the last sentence should read: Original magnification
X 125, reduced ';' in reproduction.
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Figure 1. Evaluation of a Test Procedure

Work by Others. Considerable work has been done on the
evaluation of tests. Peakes (6) has shown how to decide whether
a test method will distinguish between samples by using the F
test. ASTM Committee E-ll on Statistical Quality Control of
Materials is working on the evaluation of test procedures. The
committee has made (9) some preliminary suggestions based on
the use of control charts. However, it did not suggest any
method of handling wild results in the work. Moreover, the ASTM
method does not tell how to handle the situation where the relia
bility of the test changes with the magnitude of the result. It
has been found that both of these problems crop up in practical
work.

Wernimont (9, 10) has done considerable work on this problem.
He showed (10) how to obtain separate estimates of the variability
in test results due to differences between laboratories, differences
between analysts in the same laboratory, day-to-day differences
when the tests are run by the same analyst, and differences in
replicate results on the same day by the same analyst in the same
laboratory. In the method suggested here, a separate estimate
of the variability due to the last two effects was not obtained.
From the practical standpoint, it seemed sufficient to get an
estimate of the laboratory effect and the combined effect of repli
cates, days, and analysts. Mitchell (5) has recommended the
use of control chart techniques for the control of accuracy and
precision in industrial tests.

To obtain an estimate of reliability of a test method
from an exchange of samples between laboratories, the
data are first combed for wild results. Then a pre
liminary review is made to determine whether or not
the reliability of the test depends on the magnitude of
the variable being studied. If so, a separate estimate
of reliability is made for each magnitude; if not, all
the data are pooled to obtain a single estimate of
reliability for the whole range of magnitudes studied.
The four statistical tools used are: analysis of variance,
the F test for comparing variances, Dixon's Q test for
rejecting off laboratories, and Bartlett's test for Iiorno-.
geneity of variances. The statistical evaluation is only
approxfmute, It gives a working estimate of the
reliability of the test rnenhod, and it indicates which
laboratories, if any, are not qualified to run the test
without Irrrproverrrcnts in their technique. The statis
tical evaluation outlined has proved useful in labo
ratories of the Standard Oil Co. (N. J.).

RE SEAR CH work often depends on tests. In manufactur
ing, the processes are controlled, and the quality of the

product is determined by testing. Both the research worker
and the manufacturer want to know the reliability of the test
method upon which they are depending. An approximate idea
of this is usually obtained by experience. However, cases arise
in which a direct determination is desirable. For example, when
a new test method is being tried, or when tests are being run in
several laboratories, questions arise such as: Is the new method
as good as the old one? Do all laboratories give the same an
swer? Is the reliability of the test dependent on the magnitude
of the variable being measured?

Round-Robin Tests. These questions can be answered by
running a round robin of tests. Several samples are run several
times each in each of several laboratories. The data are then
examined to get an estimate of the reliability of the test. The
results will show how the test compares with former tests, how
well laboratories check one another, and how the reliability is
affected by magnitude.

The results from such an exchange are not always easy to
analyze. Frequently, one or two laboratories will differ radically
from the others, or one or two single wild determinations will
crop up, or the data may show that there is a highly significant
tendency for some laboratories to do better than average on cer
tain samples and worse than average on others. It is difficult
to account for these anomalies. They make the job of estimating
the reliability harder.

No matter how perverse the results, however, it is desirable
to get some sort of working estimate of the reliability of the test
from them. It is also desirable to learn whether the reliability
depends on the magnitude of the variable being tested, and
whether some laboratories need help in improving their technique.
It is the purpose of this paper to 'suggest a method of determining
these things from the results of an exchange of samples.

1012



VOL U M E 26, NO.6, J U N E 1 9 5 4

It is felt by the authors that the cost of statistical analysis is
small compared to the cost involved in evaluating a test proce
dure. It, therefore, seems desirable to use the most efficient
statistical methods available in analyzing the results. The
analysis of variance technique is more efficient than the control
chart techniques. High efficiency in utilizing the data is, of
course, most important when the round-robin program is per
force small. In industrial work, it is sometimes desirable to get
a rough estimate of.the reliability of a test by running only three
samples, three times each, in three laboratories. In cases such
as this the authors feel that the analysis of variance will give a
better estimate of reliability than control charts. When a large
number of tests can be run, the control chart technique looks
promising. It would seem desirable to incorporate into this
technique some means of taking into account the effect of magni
tude on reliability and some systematic means of combing the
data for wild results.

The simplest and safest estimate of the reliability is, of course,
one which is based on all of the data from the test work. How
ever, when one or two laboratories are far out of line, or some
obviously wild results are reported, this estimate of the reliability
is high. It is not acceptable to the experienced tester. Al
though the estimate is a safe one, it is not a useful one. It is
preferable, from the standpoint of the user, to reject the wild re
sults and base his estimate of the reliability on data from labora
tories which are in control. An effort is then made to bring the
errant laboratories into line. In this way the round robin of
test work serves two purposes: First, it gives a usable estimate
of the reliability of the test method, and second, it indicates
which laboratories cannot meet this reliability level without im
proving their technique.

OUTLINE OF METHOD

The method is not exact. It is an approximate method de
signed to come up with a working estimate of the reliability of a
test procedure. It is offered as a step toward the development
of a uniform, statistical evaluation of analytical procedures.

Description of Terms. The reliability (as used here) is meas
ured in terms of the repeatability and the reproducibility.

The repeatability is a measure of the ability of the test method
to check itself when it is run in one laboratory. It takes into
account the effect of differences in analysts and days. The re
peatability is a standard deviation. On the average, two out of
three results obtained on a sample in a particular laboratory will
not differ from the laboratory average for that sample by more
than the repeatability.

The reproducibility is a measure of the ability of a test method
to check itself when it is run in different laboratories. It takes
into account all of the factors affecting the repeatability and, in
addition, includes the effect of differences between laboratories.
It is also a standard deviation. Two out of three results ob
tained in any laboratory will not differ from the over-all average
(all laboratories) by more than the reproducibility.

The repeatability would be a useful estimate of test reliability,
where one laboratory is being used to control a manufacturing
process. The reproducibility is a more generally useful estimate
of reliability which. would be useful, for example, in discussing
the quality of competitive products. The competitive products
would very likely be tested by several different laboratories.

Statistical Tools Used. The statistical evaluation requires a
knowledge of the following:

1. The analysis of variance technique (11).
2. The use of the F test for comparing variances (1).
3. The use of Dixon's Q test for comparing averages (2, 3).
4. Bartlett's test for homogeneity of variances (8).

Details on the use of these four tools can be found in the ref
erences shown and in many other textbooks on statistics. The
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laboratory worker will also need a desk calculating machine to
speed his analysis.

Steps in the Method. The evaluation is carried out in se-
quence as shown in Figure 1.

1. A round robin of test work is done in several laboratories.
2. The raw data are combed to eliminate wild results.
3. A preliminary examination is made to find whether the

repeatability of the method depends on the magnitude of the
variable being tested.

4. The data are analyzed to obtain the repeatability and the
reproducibility of the test.

When it is desirable, the second step can be deleted without
interfering with the rest of the analysis. However, it 'has been
found, particularly with newly developed tests, that some labo
ratories are out of control. Unless these wild data are rejected,
the reliability figures obtained will not be realistic.

GENERAL PLAN

First, the basic data must be obtained by an exchange of sam
ples between laboratories. Even for a rough estimate, at least
three samples should be circulated to at least three laboratories.
Each sample should be run three times by each laboratory.
The three runs on each sample should be made on different days
and by different operators, if more than one operator will be
running the tests in the normal course of events. The more
samples and laboratories involved, the better will be the estimate
of the reliability. The results are then tabulated, and all of the
totals and averages determined.

The data should then be combed to eliminate wild results.

First, look at the results obtained on each sample separately.
Determine the variance within laboratories (this is the first
estimate of repeatability), and look over the results to see if any
single determinations differ from the laboratory sample (results
obtained in one laboratory on one sample) average by more than
three times the estimated repeatability. If a wild result is found,
reject it, and simply substitute an averaged value. Single wild
determinations are thus rejected at about the 99% confidence
level. No correction is made in the degrees of freedom, since
the method is only approximate. This will simplify the subse
quent calculations without introducing a large error in the result.
This averaged value is used as if it were a real determination in
the subsequent work.

Now look over the laboratories to find if any are out of control.
Compare the average result obtained by each laboratory on each
sample using Dixon's Q test. If a laboratory is far out of line,
all results from this laboratory should be rejected. This pro
cedure will identify the laboratories which need help with the
test procedure. The laboratories may then be compared" on the
basis of the spread of their results, using Bartlett's test for
homogeneity of variances. If the within laboratory variance in
one laboratory is much greater (99% confidence) than that ob
tained in the other laboratories, it should be rejected. Some
improvement in technique is required before this particular
laboratory is qualified to run the test.

Subsequent handling of the data hinges upon whether the re
peatability of the test depends on the magnitude of the variable
being measured. In some tests, the repeatability is poorer on
large values than it is on smaller values, and vice versa. For
example, the repeatability of the macro-Kjeldahl nitrogen de
terminations is poorer for high concentrations of nitrogen than
it is for low concentrations. If the repeatability depends on the
magnitude of the variable being measured, the data for each sam
ple are handled separately. A separate estimate of the reli
ability is obtained for each sample. If enough samples have been
run it may be desirable to plot the reliability estimates against
the magnitude. This plot will then serve to give an estimate of
the reliability for any level within the range covered by the sam
ples.

Where the repeatability of the method is not dependent on
the magnitude of the variable being tested, all of the data are
handled together. A complete analysis of variance makes it
possible to determine whether there is a significant laboratory
by sample interaction. If the bias for a laboratory varies from
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one sample to another, then an "interaction" exists between
laboratory and samples (12). Where such an interaction exists,
an extra component must be added to the estimate of the repro
ducibility.

Frequently it is found that the spread between laboratories
is significantly greater than that within laboratories. When
this occurs, a separate component must also be added to the esti
mate of the reproducibility. In the ideal case the reproducibility
is identical with repeatability. However, it is more common in
preliminary work to find that the reproducibility is greater than
the repeatability because of components contributed by differ
ences between laboratories and by significant interaction effects.
As the test is perfected, these extra components may diminish
or disappear.

The best way to demonstrate the statistical evaluation. of a
test method is to work through an actual example. Two exam
ples are shown here. The first represents the first round-robin
results on a new test. Some of the laboratories are not in con
trol, and a lot of data have been rejected. The second example
illustrates the evaluation of a well-developed test procedure.
All of the laboratories are in control, and no data are rejected.

ANALYTICAL CHEMISTRY

spread in their results. Laboratories which are a long way off,
in either respect, should be rejected. The averages can be com
pared using Dixon's Q test, and the spreads, using Bartlett's test
for homogeneityof variances.

COMPARE AVERAGES. The averages obtained, by each labo
ratory on each sample have been compared using Dixon's
Q test (3) at the 99% confidence level. The Q ratios are shown
in Table IV. The low result on sample 3 is out of line. A re
examination shows that no other laboratoriea.should be rejected,
although Laboratory H is near the rejection limit (after rejecting
Laboratory G). A Q test on the over-all laboratory averages
shows that no other laboratories are sufficiently high or low in
over-all average to be rejected.

COMPARE SPREADS. The remaining laboratories should now
be examined to determine whether some show a significantly
greater spread in results than others. An analysis of variance
run on the data from each laboratory is shown in Table V. The
x' value as determined for Bartlett's test (8) is 33.73, which

Table I. Results Obtained on Burnable Carbon

Grand total 52.67 24.57 24.27 7.54
Grand average 1.596 0.745 0.735 0.228

Sample No.
234

Carbon in Catalyst, %

DETERMINATION OF CARBON ON A CATALYST

Recently it was desired to obtain an estimate of the reliability
of a new method for determining the carbon on a catalyst.
When the catalyst is regenerated in the normal manner, most of
the carbon deposited thereon will be removed. Unfortunately,
this removal is not always complete; carbon which has been en
trapped within the catalyst will not be removed, even in highly
efficient regenerators. A laboratory procedure was developed
to determine the burnable carbon remaining on the catalyst.
A portion of the catalyst sample is weighed into a combustion
boat and put into a furnace under a stream of oxygen at a tem
perature of 1000 0 F. The temperature is gradually raised to
1600 0 F., and the evolved carbon dioxide is collected and weighed
in an Ascarite absorber. The per cent weight of carbon col
lected in the absorber is reported as burnable carbon.

In order to determine the reliability of this new test, a round
robin of tests was run, and the data obtained are shown in Table I.

The round-robin exchange of samples in this case consisted
of sending four catalyst samples to eleven laboratories and asking
each laboratory to run each sample three times. The totals
and averages were determined, and the data made ready for
statistical analysis.

COMB FOR WILD RESULTS

Look at Each Sample. By examining each sample separately,
an estimate of the repeatability (or replicate variance) within
laboratories is made. We can then decide whether individual
results in anyone laboratory sample are wild. In other words,
do they differ from their laboratory-sample average by more than
would be expected on the basis of normal variations? The
results of an analysis of variance for each sample are shown in
Table II. Any results which differ from their laboratory-sample
average by more than three times the repeatability, 3So, (sym
bols are defined in Table III) should be rejected. An inspection
of the results shows that the second results obtained by Labora
tory H on Sample 4 (0.39) differ from the laboratory-sample
average (0.28) by more than 3So (for this sample So = 0.035,
so that 3So = 0.105). The average of the other two results
(0.2:!) is substituted for 0.39 and appropriate changes made in
the totals.and averages. Recalculating .the corrected data on
sample 4 shows that the sample now has a repeatability, So, of
0.021. There are no other wild results.

Look at Each Laboratory. The results obtained by each
laboratory on each sample may now be examined to determine
what laboratories, if any, are out of control. The laboratories
are compared both on the basis of their average result and the

Labora
tory

A

B

C

D

E

F

G

H

J

K

1.66
1.68
1.66

Total 5:00
Av. 1.67

1.60
1.58
1.57

Total 4.75
Av. 1.58

1. 74
1. 69
1.65

Total 5.08
Av. 1.69

1. 70
1.69
1. 70

Total 5:09
Av. 1.70

1.57
1.53
1.58

Total 4:68
Av. 1.56

1. 55
1. 52
1.50

Total T57
Av. 1.52

1. 46
1. 46
1.44

Total T36
Av. 1. 45

1. 65
1. 61
1.46

Total T72
Av. 1.57

1. 66
1.62
1.64

Total 4:92
Av. 1.64

1.62
1.64
1. 60

Total 4:86
Av. 1.62

1.47
1.60
1.57

Total T.64
Av. 1.55

0.76
0.77
0.75
2.28
0.76

0.78
0.75
0.71
2.24
0.75

0.75
0.76
0.81
2.32
0.77

0.76
0.81
0.78
2.35
0.78

0.70
0.67
0.70
2.07
0.69

0.60
0.67
0.64
I:9l
0.64

0.68
0.75
0.73
2:16
0.72

0.80
0.79
0.82
2.4T
0;86

0.74
0.75
0.76
2.25
0.75

0.72
0.74
0.75
2.2i'
0.74

0.76
0.79
0.82
2.37
0.79

0.82
0.81
0.81
2.44
0.81

0.83
0.83
0.75
2.41
0.80

0.81
0.80
0.79
2.40
0.80

0.84
0.86
0.79
2.49
0.83

0.78
0.74
0.80
2.32
0.77

0.73
0.77
0.69
2.19
0.73

0.31
0.43
0.54
1.28
0.43

0.63
0.71
0.58
1. 92
0.64

0,70
0.80
0.76
2.26
0.75

0.81
0.70
0.81
2.32
0.77

0.67
0.73
0.84
2.24
0.75

0.21
0.25
0.24
0.70
0.23

0.24
0.22
0.24
Q.7O
0.23

0.21
0.23
0.22
0.66
0.22

0.26
0.23
0.23
0.72
0.24

0.20
0.20
0.22
D.62
0.21

0.21
0.21
0 ..19
0.61
0.20

0.18
0.21
0.22
0.61
0.20

0.26
0.39
0.20
0.85
0.28

0.26
0.22
0.23
0.71
0.24

0.21
0.21
0.19
Q.6i
020

0.21
0.25
0.29
0.75
0:25

Total

10.42

10.10

10.46

10.65

9.69

9.28

8.41

9.90

10.14

10.00

10.00

109.05

Labora
tory

Average

0.868

0.842

0.872

0.888

0.808

0.773

0.701

0.825

0.845

0.833

0.833

0.826
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(Laboratory G rejected)

A B C D E F H J K
(Corrected)

10.42 10.10 10.46 10.65 9.69 9.28 9.74 10.14 10.00 10.00
0.87 0.84 0.87 0.89 0.81 0.77 0.81 0.84 0.83 0.83

Inspection of Data to Find Laboratories with Repeatabilities
Far Out of Line

a Value must exceed 0.679 for rejection at the 99% confidence level (3).
b Value must exceed 0.597 for rejection at the 99% confidence level.

a Youden (11).
b The values in parentheses represent the recalculated values after

rejection of the one wild value.

1.93
0.014

4

0.22

Variance
Ratio

2841 a

7.08a

2.98a

18.07
0.042

3

0.78

Variance

7.0170
0.0175
0.002471
0.000828

6.78
0.026

3
6

18
56
83

r. + No (NL ~\»)
SI' = 0.002,471

(Table VII)

= 0.000,828 + 3(7 ~ 1)
SI'

SI' = 0.000,469
SI = 0.022 = component of

reproducibility due to
laboratory by sample
interaction

VI + N.N. (NLN~ 1)
SL' = 0.0175 (Table
VII)

= 0.002,471 + 4(3)

( _ 7 )SL'
7 - 1

6.36
0.025

859
3.63
-2.44
+0.59

Effect of Magnitude on Repeatability
(After rejecting 4 laboratories)

1 2

1.62 0.73

Analysis of Variance on Seven Laboratories
(Laboratories A, G, H, and K rejected)

Degrees
Sum of of Free-
Squares dom

1029
1.20
-2.92
+0.11

1019
0.86
-3.06
-0.03

Table VI.

21.0509
0.1053
0.0445
0.0464

Total 21.2471

a Significant at the 99% confidence level.

Between samples
Between laboratories
Laboratory by samples
Replicates

Sample No.

Sample average
Within laboratory variance X

10' (14 degrees of freedom)
Repeatability, So

Table VII.

Analyze All Data. The analysis of variance on all of the re
maining data from the seven laboratories is shown in Table VII.
The laboratory by sample interaction proved to be significant in
this case. This points up the need for more work on the method.
Any results obtained for repeatability and reproducibility will
only be working approximations for use until the procedure is in
better control. Testing the between-laboratories variance
against the laboratory by sample interaction shows that it is
also significant.

The components of variance due to the interaction effect and
to the laboratory effect can be calculated from the data in Table
VII using the equations shown 'by Villars (7). See Table VIII,
Case B.

V o So' = 0.000,828
S. = 0.026 = repeatability

The analysis shows which laboratories may be having trouble
with their techniques. It serves to pinpoint possible sources
of difficulty. A good estimate of the reliability of the test can
still be obtained from the seven remaining laboratories.

Does Magnitude Affect Repeatability? Subsequent handling
of the data hinges on whether the repeatability of the carbon
determination depends on the amount of carbon present. This
can be determined by inspection of the repeatability results in
the various samples. The repeatability figures on the four
samples (with data from Laboratories A, G, H, and K deleted)
are shown in Table VI. It is apparent that there is no consistent
trend. An F test on the two extremes shows that they are not
significantly different at the 99% confidence level. In this in
stance we can handle all of the data together.

948
3.86
-2.41
+0.62

908
0.90
-3.05
-0.02

0.200
0.000

0.200
0.000

4 (Corrected)

0.23 (0.22)

942
0.51
-3.29
-0.26

1.85 (0.87)

1.20 (0.43)
0.035 (0.021)

3

3

0.73

1088
0.56
-3.25
-0.22

39.47

3.42
0.058

1115
0.81
-3.09
-0.06

7.02

0.66
0.026

Q Valuea

0.182 0.158
0.533 0.790

Nomericlature Used

Bartlett's test (8) for homogeneity of variances:
X n~' = 2.65 (f - 1) 2; (Log Vo - Log Yo)'

= 2.65 (10 - 1)(1. 4131)
= 33.73 (significant at 99% confidence level)

17.15

0.167
0.416

1055 931
0.17 0.94
-3.77 -3.03
-0.74 0.00

Repeatability within Laboratory Saznpdes
(Carbon determination)

1 2

.60 0.74

TallIe III.

Inspection of Data to Find Laboratories with
Averages Far Out of Line

(Using Dixon's Q test)

1 2

Table V.

Table II.

Revised Q Values after Rejecting Laboratory Gb

On highest result 0.067 0.091 0.200
On lowest result 0.176 0.334 0.530

On highest result
On lowest result

Sample No.

Sample No.

Sample average, %
Variance X 10'

Between laborstories,
VLa

Within laboratories,
Voa 1. 76

Repeatability = So = VV;; 0.042

Symbol

No. Number of repeat tests on each sample in each laboratory
Ns' Number of samples in the exchange program
NL Number of laboratories in the exchange program
Vo Variance due to differences between replicate tests
V s Variance due to differences between samples
VL Variance due to differences between laboratories
VI Variance due to interaction between laboratories and samples
So VVo ~ repeatability
Ss Component of variance due to differences between samples
SL Component of variance due to differences between laboratories
Sf Component of variance due to laboratory by sample interaction

Table IV.

Laboratory

indicates that the variances are not homogeneous. The labora
tories differ significantly in repeatability.

Inspections of the logarithms of the within-sample variances
in Table V shows that sample A is the heaviest contributor to
the lack of homogeneity. If the data from sample A are deleted,
the x' value for Bartlett's test drops to 18.35. This is not high
enough to prove (with 99% confidence) that the balance of the
data lack homogeneity. No further data need be rejected.
However, this value for x' is suspiciously high (shows a lack of
homogeneity at the 98% confidence level). It is apparent that
Laboratories Hand K have a much higher within-sample var
iance than the other. laboratories. From the practical stand
point the data from these laboratories were deleted. This re
sults in a x' value of only 2.11, which shows that the balance of
the data are homogeneous. The decision as to what data should
be rejected to eliminate nonhomogeneous variances will depend
on the distribution of the variances and the judgment of the ana
lyst.

Total
Average

Variance X 10'
Between samples
Within samples, Vo

Log Vo
Deviation from log Vo
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peatability and reproducibility of the macro-KjeldahJ method
of determining nitrogen. This method is well established and
in control, so that few wild results would be expected in such a
survey. In this case five samples were run three times each
in five laboratories (Table IX).

Comb for Wild Results. Following the suggested statistical
procedure, the data were first surveyed for wild results. An
analysis of variance on each sample (Table X) showed that no
individual results could be rejected. Dixon's Q test on each
laboratory sample showed that none of them can be discarded.

The variances within samples for each laboratory are shown
in Table XI. Bartlett's test for homogeneity of variances shows
that the laboratories do not differ at the 99% confidence level;
therefore no data should be rejected.

Does Magnitude Affect the Repeatability? The next step is
to determine whether the repeatability of the test depends on
the concentration of nitrogen being determined. Since no data
have been rejected, we can use the results in Table X. Inspec
tion of the results shows that the repeatability is poorer as the
nitrogen content goes up. Comparison of the ratio of replicate
variances, F, for the extreme samples (largest and smallest nitro
gen content) shows that the difference is significant.

Vo = 802NLNs(No - 1)

Table VIII. Components of Varfance"
So uree of Degrees of
Variation Freedom Components of Variance

Case B. Assuming that all (or most) of the laboratories, which will be
using the test technique, are included in the exchange of samples

Between NL NI. - 1 NL ,
laboratories VL = Vo + NO(NL _ 1) (SI) +

NsNo (Nt~ 1) (SL)'

VI + NSNo(N:: 1) (SL) ,

V o + No (Nt: 1) (SI)'
Laboratory by (NL - I)(Ns - 1) VI

sample inter-
action

Replicate tests NI.Ns(No - 1)
(repeat-
ability)

Case C. Assuming that the laboratories involved in the exchange of samples
represent only a cross section of those using the test technique

Between NL NL - 1 VL = So' + No.SI' + NoNs.SL'
laboratories

Laboratory by (NI. - I)(Ns - 1) VI = So' + No.SI'
sample inter-
action

Replicates

a Villars (7).

SI.2 = 0.001,071
SL = 0.033 = component due to differences between labora

tories

F = 221. 3 X 10 -6 (10 degrees offreedom) = 96 2
2.3 X 10 6 (10 degrees of freedom) .

" "

l·~/~ ~

o
o

2 3 4 5
% Nitrogen Total

Figure 2. Reproducibility of Nitrogen
Deter-mirration

Average

0.4977

0.4984

0.4977

0.49656

0.4941.

0.4949

1.2

7.412

7.476

7.465

7.466

7.423

37.242

0.6 0.8 1.0
NITROGEN LEVEL,-I.

0.40.'

0.094 0.985 1.323
0.091 0.980 1.351
0.093 0.977 1.329
0.278 2.942 4.003
0.093 0.981 1.334

0.097 0.990 1.342
0.100 0.979 1.335
0.104 0.979 1.341
0.301 2.948 4.018
O.lOO 0.982 1.339

0.097 0.979 1.334
0.099 0.984 1.326
0.099 0.992 1.331
0.295 2.955 3.991
0.098 0.985 1.330

0.096 0.974 1.320
0.094 0.981 1.342
0.095 0.983 1.335
0.285 2.938 3.997
0.095 0.979 1.332

0.097 0.999 1.301
0.096 0.977 1.355
0.097 0.992 1.331
0.290 2.968 3.987
0.097 0.989 1.329

1.449 14.751 19.996
0.0966 0.9834· 1.3331

Table IX. Results by Regular Macro-Kjeldahla

Sample No.

0.006 0.055
0.008 0.056
0.011 0.053

Total 0.025 0.164
Av. 0.008 0.055

0.009 0.061
0.010 0.059
0.010 0.060

Total 0.029 0.180
Av. O.OlO 0.060

0.015 0.062
0.011 0.061
0.014 0.062

Total 0.040 0.185
Av. 0.013 0.062

O.OlO 0.059
O.OlO 0.058
0.009 0.057

Total o:ozg 0.174
Av. O.OlO 0.058

0.011 0.061
0.012 0.062
0.012 0.062

Total 0.035 0.185
Av. 0.012 0.062

T

Q

S

R

Sample total 0.158 0.888
Av. 0.OlO5 0.0592

a Based on data obtained by Lake (4).

Labora
tory

P

Raw Refined
Data Data

Repeatability 0.042% 0.026%
Reproducibility 0.079% 0.049%

We now have all of the information required. The best esti
mate available for the repeatability of the method.is So = 0.026.
The best estimate of the reproducibility is given by:

Reproducibility = VS0 2 + SI 2 + SL2

= VO-=-."--00~0-'--,8---"2::":8-+----'-,,0:':".0':::'0-0,~46~9-+-0~.0~0~1-,0-7-1
= 0.049
= approximately 0.05%

Based on this working estimate, single carbon determinations
made in any laboratory will, on the average, lie within the in
terval, mean value ± reproducibility, 68% of the time. On
the average, determinations will lie within the interval, mean
value ± twice the reproducibility, about 95% of the time.

If no data are rejected-i.e., if step 2 of the method is deleted
the reproducibility figure is
higher than that obtained by
the method outlined.

DETERMINATION OF
NITROGEN

The Esso Laboratories re
cently cooperated in a pro
gram for determining the re-

On the raw-data basis, errors
as great as 0.16% (2 X 0.079)
may be expected. It is ap
parent that if this figure is
taken as the working limit, the
method is of little use in meas
uring carbon contents under
0.30%. For example, it would
be of no use on samples such
as sample 4 in the exchange
program. It is felt that the
estimate based on the refined
data is a more realistic assess
ment of the potentialities of
the method.
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the within-laboratory variance, Yo, so that separate estimates
for each component should be made. The estimates can be de
termined from the expression:

Table XIII. Modified Nitrogen Deterrnrnatfon
Sample No. 1 2 3 4 5

Sample average, % N 0.010 0.057 0.095 0.976 1.32
Variance X 106

V L between labora-
tories 13.2 123.2 48.7 563.0 676.0

Vo within Iabora-
tories 0.6 9.5 4.9 114.5 16.9

vv; = So = first esti-
mate of repeatability 0.0008 0.0031 0.0022 0.0107 0.0041

VL/Vo ratio 22.0 13.0 10.0 4.91 40.0

Is V L significan tly
greater than Vo (99%
confidence)? Yes Yes Yes No Yes

Pooled variance X 10' 242.6
SL' X 10' 0.8 7.6 2.9 0 44.0
Repeatability 0.0008 0.0031 0.0022 0.0156 0.0041
VSo' + S1,' -

reproducibility 0.0012 0.0041 0.0028 0.0156 0.0078

5

1. 33
1.32

0.0131
0.0078

4

0.983
0.976

0.0070
0.0156

0.097
0.095

0.0033
0.0028

0.059
0.057

0.0031
0.0041

0.010
0.010

0.0022
0.0012

COlllparison of Regular and Modified Method
of Deterillining Nitrogen

123Sample No.

Average value
Regular method
Modified method

Estimated reproducibility
Regular method
Modified method

Table XIV.

at the 99% confidence level. As indicated in Figure 1, the data
from each sample should be handled separately in this case.
We will get a separate estimate of the reproducibility for each
sample and then try to make up a composite picture of variation
of reproducibility with nitrogen content over the range studied.

The results of these calculations are shown in Table X, B.
In samples 1, 4, and 5, the variance between laboratories was not
significantly greater than the variance within laboratories. The
two variances can therefore be pooled to give an over-all estimate
of the reproducibility. In the case of samples 2 and 3, the be
tween-laboratories variance, V L, is significantly greater than

Table X. Regular Nitrogen Determination
Sample No. 1 2 3 4 5

Sample average, % N 0.010 0.059 0.097 0.983 1.33
Variance X 10'

VL between labora-
tories 11.8 26.0 26.2 46.8 49.0

Vo within labora-
tories 2.3 1.0 3.5 49.7 221.3

VVo = So = first esti-
mate of repeatability 0.0015 0.0010 0.0019 0.0070 0.0149

VL/Vo ratio 5.13 26.0 7.48 <1.0 <1.0

Is VL significantly
greater than Vo (99%
confidence) ? No Yes Yes No No

Pooled variance X 10' 5.0
8:33

48.8 172.1
SL' X 10' 0 7.57 0 0
Repeatability 0.0022 0.0010 0.0019 0.0070 0.0131
VSo' + SL' -

reproducibility 0.0022 0.0031 0.0033 0.0070 0.0131

AverageTotal

Villars (7) Case C is used here, since the five laboratories in
volved represent only a sample of those using the test.

The five individual estimates of the reproducibility are not
particularly useful as they are. It is desirable to have some way
of interpolating to get estimates of the reproducibility at inter
mediate nitrogen levels. Probably this can best be done by

plotting the reproducibility
against nitrogen content as
shown in Figure 2. Working
estimates of the reproduci
bility of the test method can
then be read off this curve.5

1.140

17.19
-3.765

4

1.142

3.02
-4.520

3
% Nitrogen

1.136

1.31
-4.882

2

Results by Modified Macro-Kjeldahl Method"
Sample No.

1.148

1.37
-4.863

1.150

4.89
-4.310

Comparfsorr of Nitrogen Deteemfnattons
P Q R S T

7.412 7.476 7.466 7.423 7.465
0.4941 0.4984 0.4977 0.4949 0.4977

Table XII.

Table XI.

Labora
tory

Laboratory

Total
Av.

Variance
Between samples
Within samples,

Vo X 10'
Log V o

Bartlett's test (8) for homogeneity of variances.
x.:, = 2.64 (5 - 1) X 0.8493 = 9.00 (4 degrees of freedom)

This value is not significant at the 99% confidence level.

When test methods are to be
compared, the same calculation
is made for each method, and
the average values and the re
producibilities are compared.

For example, at the time the
results on the nitrogen deter
mination discussed above were
made, results were also ob
tained using a modified macro
Kjeldahl method. The detailed
results are shown in Table XII.
Evaluation of this procedure
shows that no results should be
rejected. The results of the
analysis shown in Table XIII
demonstrate the anomalies
frequently encountered in this
sort of work. There is ap
parently a tendency for the re-

COMPARING TEST METHODS

0.4858

0.4899

0.4906

0.4883

0.5026

0.49145

7.349

7.359

7.287

7.325

7.539

36.859

0.049 0.096 0.969 1.334
0.044 0.096 0.970 1.332
0.047 0.096 0.970 1.328
0.140 0.288 2.909 3.994
0.047 0.096 0.970 1.331

0.055 0.090 0.968 1.315
0.067 0.093 0.990 1.310
0.058 0.091 0.979 1.306
0.180 0.274 2.937 3.931
0.060 0.091 0.979 1.310

0.059 0.097 0.945 1.301
0.059 0.097 0.979 1.305
0.057 0.097 0.952 1.310
0.175 0.291 2.876 3.916
0.058 0.097 0.959 1.305

0.056 0.093 0.979 1.309
0.055 0.091 0.979 1.306
0.055 0.091 0.973 1.310
0.166 0.275 2.93f 3.925
0.055 0.092 0.977 1.308

0.063 0.100 0.999 1.333
0.064 0.106 0.984 1.344
0.064 0.097 1.005 1.338
D.f9l 0.303 2.988 4.015
0.064 0.101 0.996 1.338

0.852 1.431 14.641 19.781
0.0568 0.0954 0.9761 1. 3187

Q

P

s

R

T

0.008
0.011
0.009

Total 0.028
Av. 0.009

0.009
0.009
0.009

Total 0.027
Av. 0.009

0.010
0.010
0.009

Total 0.029
Av. 0.010

0.009
0.009
0.010

Total 0.028
Av. 0.009

0.014
0.014
0.014

Total 0.042
Av. 0.014

Sample total O. 154
Av. 0.0103

a Based on data obtained by Lake (4).
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peatability to get poorer as the nitrogen content increases. In
spite of this, the .repeatability is much better in the sample con
taining 1.3% nitrogen than it is on the sample containing 1.0%
nitrogen. More data on intermediate samples, or a more in
volved statistical analysis, are needed to explain this result.

The regular and the modified methods of determining nitrogen
are compared in Table XIV. The modified method tends to
give lower nitrogen values. Obviously, the method giving the
best value can be determined only by running samples' of known
nitrogen content. There seems to be little difference between
the methods from the standpoint of reproducibility.
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Effect of Aviation Fuel Components on the Accuracy
Of the Karl Fischer Electrometric Titration
R. W. SNEED, R. W. ALTMAN, and J. C. MOSTELLER

Wright Air Development Center, Wright.Patterson Air Force Base, Ohio

The Karl Fischer eiectromet.ric titration lllethod for
quantitatively deterlllining water has been considered
satisfactory for unleaded gasolines, light and dark oils,
and, with slight rnodifleatfon, greases and sludges.
With the advent of wider specification Hrnjts for gaso
line and jet propulsion fuels, which pecmtts the inclu
sion of additional naturally occurring rrrater-ia'ls, and
with new or higher .concentrations of fuel additives,
the validity of results by this procedure is questionable.
It has been theorized that finished fuels now contain
rrrater-iafs, natural or added, which influence the ac
curacy of results obtained by the Karl Fischer pro
cedure. This work was undertaken to deterllline if this
rrrefhod is practical for deterznfnfng the water content
of aviation fuels. The study conducted deterlllined
the effect of as little as 0.001 weight % of tetraethyllead,
aeornatfcs, olefins, mercaptans, and oxidation inhibi
tors on the accuracy of water determinations. Of the
corrrporrrrds investigated, only rrreroap.tans appear to
show any appreciable interference.

THE Karl Fischer electrometric titration is now a standard
analytical procedure for the determination of moisture con

tent of a large number of materials (8). In the majority of ap
plications this procedure has been considered satisfactory for
the accuracy required. However, there have been considerable
disagreement and discussion regarding the applicability of this
procedure to aviation gasoline and jet propulsion fuel. This
disagreement arises from the fact that these fuels may contain
quantities of materials which cause reproducible inaccurate re
sults. For example, several members of industry believe that
this method causes erroneous results for fuels containing tetra
ethyllead, because the lead compound reacts with, and hence
consumes, the Karl Fischer reagent in much the same manner as
water. Data obtained by other organizations indicate that tetra
ethyllead does not interfere with the accuracy of results. No
data have been presented in the literature specifically on the
effect of fuel components on the determination of water.

This uncertainty was of particular interest to the U. S. Air
Force, which is a major consumer of aviation fuels and must
operate in areas where climatic conditions could cause excess
moisture in the fuel to crystallize, resulting in malfunction
of equipment. Therefore, this program was undertaken to
check conflicting literature and to determine other compounds
that may affect the accuracy of results.

The project was conducted, keeping in mind the military fuel
specifications. It was assumed that accuracy to ±O.OOI weight
% water was sufficient for Air Force purposes. The Karl Fischer
electrometric titration has been employed in this attempt to
determine specifically the effect of several of the more predom
inant, and usually disputed, components of fuel blends on the.
accuracy of the method. Effects of aromatic, olefin, and mer
captan (thiol) compounds, tetraethyllead, and oxidation inhibi
tors on the accuracy of results have been investigated. In
formation obtained shows that fuels need not be specially treated
to remove detrimental compounds before the determination of
water.

METHOD AND APPARATUS

The method of Karl Fischer has been widely employed by
research workers and has now become a routine tool for the de
termination of water in a wide variety of materials or products,
including hydrocarbons (1, 3, 4,11). Previous data indicated
that the Karl Fischer reagent was quantitative and specific for
small amounts of water. This reagent, a solution of pyridine,
sulfur dioxide, and iodine in anhydrous methanol, is normally
dark brown in color. A change in this color is usually evidenced
at the end point. However, in most instances an electrometric
procedure is preferred to the colorimetric technique because of the
accuracy in detecting the end point, and because it permits
determinations in dark materials where the color end point would
be obscure. The electrometric method functions on the basis
that an excess of the reagent will conduct current. When a
slight excess of water is present, one of the electrodes becomes po
larized, . and the current decreases, approaching zero. Thus,
the end point may be determined by a dead-stop technique.

Karl Fischer reagent, equivalent to about 3.5 mg. of water per
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ml., was used for the titration of 25 to 40 grams of the sample.
The solvent used to render the system homogeneous consisted of
1 volume of anhydrous methanol plus 3 volumes of chloroform.

The specific method, apparatus, and calculations employed
have been described in detail (10).

DISCUSSION

Six fuels and an iso-octane were employed in this study. Four
gasolines of varying aromatic and olefin content were employed
to study the effect of these materials on the accuracy of the
Karl Fischer technique. A single jet propulsion fuel with vary
ing mercaptan content was used. The effect of tetraethyllead
on the procedure was investigated with iso-octane as the carrier.
A single gasoline containing inhibitors was employed in the
investigation of inhibitor 'effect on the method. This was con
sidered a sufficient number to allow conclusions to be drawn
from the data obtained.

Table I. Efli'ect of AJ;oOlatic Concentrations on Water
DeterOlination

Water Total W~ter, %
Water, Added. Calcu- Deter-

FuelS % % lated mined

A 0.0051 0.0040 0.0087 0.0084
0.0043 0.0037 0.0084 0.0079

Av. 0.005

B 0.0052 0.0038 0,0091 0.0086
0.0054 0.0038 0.0091 0.0088

Av. 0.005

A + 17'7. 0.0072 0.0044 0.0115 0.0098
toluene 0.0070 0.0041 0.0112 0.0107

Av. 0.007

B + 12% 0.0064 0.0039 0.0103 0.0111
toluene 0.0063 0.0041 0.0105 0.0103

Av. 0.006

a Fuel A contains 0.0% aromatics and 11.0% olefins. Fuel B contains
14.1%·aromatics and 0.9% olefins,

Aromatic Compounds. The percentage of water in samples A
and B was determined in accordance with the procedure (10).
To each a known amount of water was added, using absolute
methanol as a carrier. The water content of each fuel was then
determined to see if the difference in aromatic content of the two
fuels would affect the results obtained for the total water con
tent.

To test further the effect of the aromatic content, 12% by
volume of toluene was added to. each of the above fuels, and the
water content was determined by the Karl Fischer method. The
calculated water content, obtained by adding the percentage of
water initially in the fuel to the known percentage of water in
jected, was compared to the water content as determined by the
Karl Fischer method.

Results of the above tests are tabulated in Table 1. The water
concentration figures calculated in the manner given and those
obtained by employing the Karl Fischer procedure agree within
±0.001%, which is the limit of reproducibility of the equipment
and procedure employed. Therefore, it appears that in determin
ing moisture in aviation fuels, a high aromatic-containing sample
has relatively no more effect on the accuracy of the test than a
low aromatic-containing sample.

Olefin Compounds. Fuels C and D, typical fuels with a low
olefin content, were selected so that the effect of the addition of
small quantities of olefins would be amplified. After the initial
water content of each of the fuels was obtained by the Karl
Fischer method, 12% by volume of diisobutylene was added to
each in order to increase the olefin content. The water content
was then determined on the newly blended, 'higher olefin fuel.
The results, presented in Table II, indicate that the concentration
of the olefins used in this investigation does not tend to alter the

1019

accuracy of the Karl Fischer method. It is possible that ole
finic compounds other than those in the base fuels and those
added could have some influence on the data. However, this
program indicates that olefins will probably be of little conse
quence. Because of the presence of more double bonds per
molecule, diolefin materials, such as used, probably offer greater
difficulty in obtaining accurate results than any mono-olefin
type hydrocarbons.

Table II. Effect of Olefin Concentration on Water
Dener-mfnation

Water Total Water, %
Water, Added, Calcu- Deter-

Fuelo % % lated mined

C 0.0035 0.0036 0.0075 0.0066
0.0042 0.0037 0.0075 0.0076

Av. 0.004

D 0.0046 0.0036 0.0081 0.0078
0.0043 0.0037 0.0082 0.0089

Av. 0.005

C + 12% di- 0.0048 0.0043 0.0088 0.0081
isobutylene 0.0042 0.0044 0.0089 0.0080

Av. 0.005

D + 12% di- 0.0045 0.0040 0.0084 0.0080
isobutylene 0.0042 0.0042 0.0086 0.0089

Av. 0.004

a Fuel C contains 3.5% aromatics and 2.5% olefins. Fuel D contains
17.0% aromatics and 0.8% olefins.

Mercaptans. In view of the fact that jet propulsion fuels in
present production allow a maximum of 0.005 weight % mer
captans, their effects on a typical fuel, JP-3, were investigated.
Two mercaptans were used in these tests, a four-carbon and a
twelve-carbon compound. Table III shows that the addition
of these mercaptans to a base fuel increased the figures obtained
for its water content proportionately. The addition of 0.005
weight % of either four- or twelve-carbon mercaptans gave results
within the limit of reproducibility of the method, and may not
actually be considered as causing an increase in the values.

Table III. Effect of Mercaptan Concentration on Water
Dererrntnation

Water,
Fuel % Average

JP-3 (sample 1691) 0.0027 0.003
0.0026

JP-3 (1691) + 0.005% tert-butyl meroap- 0.0031 0.003
tan 0.0029

JP-3 (1691) + 0.02% eers-butyl mercaptan 0.0049 0.005
0.0055

JP-3 (1691) + 0.005 % tert-dodecyl mer- 0.0029 0.003
captan 0.0038

JE,3 (1691) + 0.02% tert-dodecyl mercap- 0.0052 0.005
tan 0.0048

However, in anticipation of higher mercaptan concentrations,
a 0.02% addition was tested. Because this gave considerably
higher results, which were beyond test reproducibility limits,
it may be assumed that the addition of the lower concentrations
caused higher results, even though within the limits of the test.
There appeared to be no variations between the effect of the
high and low molecular weight mereaptans on the method.
For fuels in which the mercaptan concentration is known, an
empirical correction probably can be applied to the apparent water
content. Although not ascertained, it is theorized that other
readily oxidizable or reducible sulfur compounds, if present in
the fuel, will cause larger or smaller errors, respectively, in
the accuracy of water content as determined by this method.
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0.005

0.004

Average
Water,

%
0.0047
0.0047
0.0038

0.0049
0.0052

6

o

Table VI. Effect on Water Deterlllination of Addition of
Tetraethyllead to 80-0ctane Fuel

Tetraethyllead,
Ml. per Gallon

80-0ctane

Tetraethyllead. A number of test samples were prepared
using different concentrations of tetraethyllead in iso-octane,
covering the range of tetraethyllead permitted in current
military aviation gasoline specifications. In one series of
tests iso-octane, as received from the manufacturer, was used
with known quantities of tetraethyllead added. In a second
series of tests the iso-octane, as received, was saturated with

0.006

0.006

0.005

Average

0.006

0.0061
0.0054

Water,
%

0.0058
0.0051

0.0056
0.0049

Fuel E + 11b./5000 gal. (2,6
di-tert-butyl-4-methyl
phenol)

Fuel E + 11b./5000 gal'. (2,4
dimethyl-6-tert-butyl
phenol)

Fuel E + 1 Ib./SOOO gal. 0.0059
(N.N'-di-sec-butyl-p- 0.0053
phenylenediamine)

a Fuel E is uninhibited high-octane aviation gasoline.

Table VII. Effect of Inhibitors on Water Deteemfnatfori

CONCLUSIONS

No concentration of aromatics, olefins, tetraethyllead, or
oxidation inhibitors, likely to be encountered in the near future
in aviation fuels, would interfere to any appreciable extent with
the accuracy of water determinations by the Karl Fischer elec
trometric titration method.

REFERENCES

Concentration of mercaptans as high as·0.02% and as tow as
0.005% cause higher values for water because of a mercaptan
reaction which consumes part of the Karl Fischer reagent.
However, since no current military aviation fuel specification
allows more than 0.005% of mercaptans, it is unlikely that ap
preciable errors will arise from this source.

These tests indicate that this method is reliable and practical
for determining the water content of aviation fuels manufac
tured under current military procurement specifications.

0.002

0.002

0.007

0.002

0.002

0.001

0.002

0.002

Average

Average

Water,
%

0.0067
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%
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o
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0.0017

2 0.0030
0.0005
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0.0020
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5 0.0012
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6 0.0015
0.0014

o

water prior to the addition of the lead compound. Tables IV
and V show the results of these tests, which indicate that tetra
ethyllead does not affect accuracy in water content determina
tions in concentrations of 0.0 to 4.6 ml. per U. S. gallon, which
is the current specification range used in aviation fuels. A
sample of 80-octane unleaded gasoline was obtained and the
percentage of water determined before and after the addition of
tetraethyllead. The results, shown in Table VI, verify the lit
erature statement that tetraethyllead does not interfere with the
Karl Fischer method.

Table V. Effect on Water Deterrnfnatfon of Addition of
Tetraethyllead to Iso-octane Saturated with Water

Tetraethyllead,
Ml. per Gallon

Iso-octane

Table IV. Effect on Water Deter-mfrrat.iorr of Addition of
Tetraethyllead to Iso-octane

Tetraethyllead,
Ml. per Gallon

Iso-octane

Oxidation Inhibitors. Present fuel specifications permit the
addition of up to 1.0 pound per 5000 U. S. gallons of certain
oxidation inhibitors. To obtain the ultimate effect of these
materials on the method under consideration, the maximum
antioxidant concentration was employed. To uninhibited high
octane aviation gasoline, 2-6-di-tert-butyl-4-methylphenol, N,N'
di-sec-butyl-p-phenylenediamine, and 2,4-dimethyl-6-tert-butyl
phenol were added individually, and the water content was
determined. In comparison with tests on the base uninhibited
fuel no effect on the accuracy was.exhibited. Results of these
tests are tabulated in Table VII. All inhibited samples appear
to behave similarly under conditions of the test.
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Constant Current Source for Coulometric Titralions
JAMES J. LINGANE

Department of Chemistry, Harvard University, Cambridge 38, Mass.

+

In coulometric titrations using grounded line-operated vacuum
tube voltmeters, or similar electronic devices, for potentiometric
end-point detection the power supply usually must be left un
grounded, as otherwise coupling through ground may occur be
tween the generator and indicator electrodes with resultant mal
functioning of the vacuum tube voltmeter. The input to the
Brown amplifier must, of course, also be left ungrounded, although
it is usually beneficial to ground the case of the amplifier to earth
through a 5- or 1O-1'f. capacitor. Also, when this supply is used
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?or£NrIOMt:r£R.
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Figure 1
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ity because there is no current drain from the battery and conse
quently it maintains very constant voltage. Switch S is provided
to open the battery circuit, and thus prevent battery drain, when
the instrument is not in use.

The accuracy of the current measurement depends on the ac
curacy of R-4 and that of the potentiometer. When utmost ac
curacy is desired R-4 should be calibrated against a certified re
sistance, such as those obtainable from Leeds and Northrup Co.,
Philadelphia. When R-4 is selected so that the voltage drop
across it is 1 volt or more, the usual type of laboratory potenti
ometer correct to ±0.1 mv. will provide current readings correct
to ±0.01 % or better.

The rectifier power supply is a General Radio Type 1204-B,
whose ungrounded output is continuously variable from 0 to 300
volts with a maximum output current of 100 mao To minimize
random fluctuations in the output, the power supply is fed from a
Sola constant voltage transformer. Any other power supply of
similar characteristics, including a well filtered and ungrounded
output, can, of course, be used. For currents not greater than
about 25 mao several large 45-volt B-batteries in series can serve
instead of a line-operated power supply. The use of a relatively
high voltage supply, in conjunction with the large series resist
ance R-2 which drops the voltage across the cell to the required
range of a few volts, minimizes the tendency for current variation
due to changes of the cell impedance (resistance plus back e.m.f.),
and thus favors highly precise control.

I T IS advantageous in coulometric titrations (,.0 t.o employ a
strictly constant current so that the quantity of electricity

passed can be computed simply as the product of current and
electrolysis time. Several electronic instruments have been de
scribed (1, 2, 4-7) which fulfill this function, but as yet no in
strument of this type appears to be commercially available.
The electromechanical servo instrument described herein can be
assembled very easily from components which are all commer
cially available, so that no special skill in the art of electronic cir
cuitry is required, and its performance is fully equal to the best
of the instruments previously described. The instrument main
tains currents of any desired value constant to well within
±0.01% for periods of several hours. It was designed specifi
cally for currents ranging from about 1 to 100 ma., but by suit
able selection of the power supply and the various resistors it can
be used with equal precision for either smaller or larger currents.

As shown in Figure 1, the control element is a Brown Electronik
amplifier and its associated motor (Type 356410-1 with 27 r.p.m.
motor) which is obtainable as a unit from the Minneapolis-Honey
well Regulator Co., Wayne and Windrim Avenues, Philadelphia.
The iR drop developed by the electrolysis current in resistor
R-1 is opposed by the voltage of the 1.5-volt dry cell, B, the dif
ference voltage constituting the input signal to the Brown ampli
fier. Thus when the iR drop differs from the battery voltage
the motor operates either to increase or decrease the series resist
ance R-3 to restore balance in the amplifier input circuit, and the
current is kept constant within very narrow limits. An off
balance as small as 0.05 mv. is sufficient to activate the motor
when the amplifier is operated at maximum gain, and, since the
iR drop across R-1 is 1.5 volts, this corresponds to a control
sensitivity of ±0.003%.

The value at which the current is controlled is selected by ap
propriate choice of resistor R-1 so that the product iR is equal to
1.5 volts. Resistance R-1 need not be known precisely because
the current is measured independently by measuring with a po
tentiometer the voltage drop across the precision resistance R-4
and applying Ohm's law. Decade resistance boxes may be used
for R-1 and R-4; but it is more convenient to use fixed, plug-in
type resistors such as the Type 500 of the General Radio Co.,
Cambridge, Mass., which are available in a wide selection of
values with an accuracy of ±0.05%. With a 1.5-volt bias battery
three resistors of 20,50, and 300 ohms will provide currents of 75,
30, and 5 mao which are sufficient for most coulometric titrations.
The use of a radio-type potentiometer for R-1 is unsatisfactory
because of too inconstant resistance of the sliding contact.

Alternatively, continuously variable current selection could be
achieved by using the battery to power a variable voltage divid
ing rheostat whose output would constitute the biasing voltage.
However, the use of the battery directly is not only simpler, but
has the more important advantage of much better control stabil-

An electrornecharrleal Servo instruIllent is described
which is capable of rnafrrtaintng electrolysis currents of
any desired Illagnitude constant to ±O.Ol% for periods
of several hours. The control elernent is a converter
aIllplifier whose input responds to very srrral] changes in
·the electrolysis current, and whose output actuates a
motor to position a series resistor arrtoma'ttealty to COIll
pensate the tendency for current variation. The instru
rnerrt is easily ussernbded from unit cornpojaerrts which
are all cornrnereiatly available, and it serves excellently
for all types of couloIlletric titrations.
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in conjunction with the Beckman autotitrator (3) an alternating
current ground through a capacitor is necessary to eliminate
perturbation of the Beckman instrument by stray alternating
current from the Brown amplifier.

The voltage dropping resistance R-2 consists of a bank of five
600O---ohm, high wattage, resistors connected to a terminal panel
in such a way that various series and series-parallel combinations
can be selected by plug-in connectors to provide a range from 1200
to 30,000 ohms.

Control resistance R-3 is a 200-ohm, lO-turn Helipot potenti
ometer, connected directly to the motor by a short length of thick
walled rubber tubing. This serves as a simple friction drive that
slips if the Helipot reaches the end of its travel, SO that limit
switches are not required. When the controller is turned on, the
Helipot is adjusted manually so that it operates near the middle
of its range. The motor and Helipot operate at 27r.p.m. which
provides amply rapid corrective action.

Optimum control action results when the voltage drop across
R-3 is small compared to the total voltage output of the power
supply. A value of R-3 of 200 ohms is suitable for currents rang
ing from about 5 to 100 mao when the power supply output is be
tween about 100 and 300 volts.

When the controller is turned on the power supply must always
be connected to a load, because on open circuit resistor R-3
would be driven to its lower limit. In actual use in coulometric
titrations a dummy resistor is provided whose resistance is' ad
justed to match the impedance (resistance plus back e.m.f..)
of the cell. By means of a single pole-double throw switch the
current is directed either to the cell or the dummy resistor.

ANALYTICAL CHEMISTRY

With the automatic coulometric titrator previously described
(3) this switching is done automatically by a relay which also
controls the timing clock. By placing a switch in one of the motor
supply leads the motor and R-3 can be inactivated, but the
amplifier can be left on and warmed up, during periods when it
is desired to open the circuit. The switch S in series with the
biasing battery should be opened when the power supply circuit
is opened, as otherwise the small current drain from it detracts
from the constancy of its voltage.

Because of the small time lag associated with the mechanical
linkage in the servo loop, this type of controller does not have the
instantaneous response of all electronic devices. However, the
fact that the current tends to change only relatively slowly renders
instantaneous response unnecessary. The speed of response of
the present instrument is more than ample in actual practice.
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Precision Determination of Low Concentrations of Carbon in Metals
LEONARD P. PEPKOWITZ and WILLIAM D. MOAK

Knolls Atomic Power Laboratory, General Electric Co., Schenectady, N. Y.

The deterrnfnation of low concentrations of carbon in
rrretals «0.01 %) is increasing in Irnportance with the
newer developrrrerrts in me.talhrrgy, This paper de
scribes an extrernely strrrpdified apparatus which gives
precise results. The rneuhod is applicable to a variety
of ruerals besides iron and steels. Carbon, with a rrrearr
deviation of ±0.0002%, was detezmtned in rnangariese,
rnofybrlernarrr, copper, lead, titaniulll, and tin. A
routine precision of ±0.0002% was obtained on carbon
of standard steel sarnpdes with concentrations as low
as 0.0028%. The calculated lower Hrrrit of detection is
0.002 m.g, of carbon which in a l-gralll sarrrple is equiv
alent to 0.0002%.

TH E determination of low concentrations of carbon in metals
«0.01 %) has been a problem for many years and is be

coming of increasing importance with the newer developments in
metallurgy. Many authors have described (3, 4, 6, 8-10) com
plicated high vacuum equipment for the determination and
have obtained good precision at the expense of maintaining and
manipulating the complex high vacuum systems. Other draw
backs to these methods are the requirement for multiple loading
devices in some cases, elaborate oxygen purification systems,
etc.

Various attempts were made to simplify the determination.
A procedure by Wells (7) utilizes the conventional resistance fur
nace to burn the sample in oxygen and then isolates the evolved
carbon dioxide by freezing it out with liquid oxygen. The trap
containing the carbon dioxide is transferred to a vacuum measur
ing system similar to that described by Yensen (9). A morere-

cent modification by Hickam (1) used a mass spectrometer for
the analytical part of a vacuum fusion system.

This paper describes an extremely simplified apparatus for
the determination of carbon in a variety of metals. This appa
ratus is capable of performing the determination with precision
equivalent to that which has been reported previously. The
simplification is obtained in three ways: the elimination of the
high vacuum requirements using only a standard rotary vacuum
pump to remove the products of the preceding determination and
the excess oxygen; the use of a commercially available high fre
quency combustion unit; and the use of a simple differential
freeze-out technique (2) for isolating the carbon dioxide.

APPARATUS

The simple schematic diagram is shown in Figure 1. The
oxygen, which is the prepnrified grade, is obtained from a gas
cylinder through the usual reducing valve.. It is further purified
by passing it over copper oxide heated to about 400 0 C. and then
through Ascarite to remove carbon dioxide and water.

The combustion unit-is the standard Lindberg H-F combus
tion unit, H, used without modification except that the valves
are bypassed and the oxygen flow is regulated at the gas cylinder
by means of the reducing valve and a screw clamp on the Tygon
connecting the-cylinder with the copper oxide tube.

The combustion products are led by Tygon tubing to the
gasometer, G. The usual manganese dioxide trap is eliminated.
The standard gas buret, leveling bottle, L, and leveling solution
(sodium sulfate plus sulfuric acid) of the' Lindberg volumetric
carbon determinator for the gasometer is used for convenience
so that the equipment can be easily converted back for the pre
cision determination of carbon in the higher concentrations (5).

A is the four-way stopcock of the Lindberg gas buret, while
Band C are precision vacuum-type stopcocks. If a special
gasometer were constructed, A could be a precision three-way
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H

Accuracy of SiInplified Method
No. of KAPL
Deter- NBS Value. Value,

minations % %
5 0.0274 0.0268
7 0.0114(0.014)" 0.0119
5 O.OlOb 0.0098

10 0.0028 0.0028

Table I.
Sample

Designa
tion

NBS 166
NBS 55a
NBS 550
NBS 131

is used, when: hi = length of the gas column in the sealed capil
lary of the McLeod gage in millimeters for the sample, h2 =
length of the gas column in the sealed capillary of the McLeod
gage in millimeters for the blank, K = experimentally deter
mined constant for the entire system. K is determined by
carrying known standard samples through the procedure.

The standard was a special low-carbon stainless steel which
is used as a secondary standard and has been repeatedly checked
by a precision macromethod (5). The carbon content of this
material is 0.038%.

The variations in temperature have a negligible effect on the
value of K over the normal ambient room temperature and can
be neglected. The use of the experimentally determined con
stant gives the most accurate results because it includes unknown
variables as the temperature distribution in the apparatus,
deviations from a perfect gas, precise determinations of the
McLeod gage constant, precise determination of the analytical
volume, and any adsorption effects in the equipment. The
experimentally determined constant for the simplified apparatus
is 4.18 X 10-6 when h, and h« are measured in millimeters. The
theoretical constant derived from estimates of the average tem
perature and the measured volume of the system, assuming that
carbon dioxide is a perfect gas, is 4.3 X 10-6, which confirms the
contention that only carbon dioxide is measured by this pro
cedure.

C is then turned to isolate the pump and form the measuring
volume (comprised of the trap and McLeod gage). The liquid
nitrogen is replaced with an alcohol slush (2) whose temperature
is between -100° and -105° C.

This slush is prepared by adding liquid nitrogen to methanol
containing a few milliliters of water in a Dewar flask and stirring
vigorously. This cooling bath is of a sirupy consistency and the
temperature is maintained at the desired level during the work
ing day by periodic additions of liquid nitrogen. If the tem
perature falls below that desired, the alcohol will freeze, but can
be rectified by adding a few milliliters of methanol. The bath
made up in this manner will last for many months, requiring
merely the periodic additions of liquid nitrogen to maintain the
required temperature.

At this temperature (about -102° C.) the carbon dioxide will
sublime into the measuring volume where the pressure is deter
mined with the McLeod gage. The pressure is followed until
a constant value is obtained (about 12 minutes).

A blank for the determination is measured by going through the
procedure without burning a sample. This is equivalent to
determining the blank on the oxygen used which is the major
source' of the blank value. With the simple clean-up system of
oxygen, the blank is still only about 2 l' of carbon which is
negligible and does not justify more elaborate precautions.

Although the amount of carbon can be calculated knowing
the McLeod gage constant, volume of the system, and an ap
proximation of the system temperature, etc., in actual practice
the equation

Mg. of C = (h~ - hnK

EXPERIMENTAL RESULTS

The accuracy of the method was proved by the determination
of National Bureau of Standards standard samples. The data are
presented in Table I and adequately demonstrate the accuracy of
the method.

NBS Sample 55a has been used by a number of the previous
investigators. The results summarized by Murray and Ashley
(3) show that, although the NBS recommended value is 0.014,
the average value obtained by six cooperating laboratories using
varied equipment and over a long period of time is 0.0114, which
isin better agreement with the KAPL value of 0.0119. Stanley
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PROCEDURE

The system up to stopcock B is pumped out thoroughly by
flaming the cold trap, T, and the glass tubing, in order to remove
any contaminants. It is advisable to flame the cold trap during
the subsequent operations if the pressure in the system cannot be
lowered by a reasonable time of pumping. A residual pressure
of about 2 microns is more than adequate for most work.

The portions of the system before B are flushed with oxygen
allowing the gas to escape through the leveling bottle, L. This
flushing technique is essential and should be done between deter
minations. It is convenient to flush while the carbon dioxide
measurement is being made so that the elapsed time of the over
all measurement is not increased.

H· LINDBERG H-F FURNACE
G - LINDBERG GAS BURET
L· LEVELING BOTTLE
T 'COLD TRAP

stopcock and B eliminated. The trap, T, is about 160 ml.
volume and of conventional design. The one-way mercury
valve, V, utilizing a fritted disk of medium porosity is placed
in the system as a relief valve for a safety measure.

Vacuum-tight joints between the glass and Tygon tubing are
obtained and cemented by dipping the Tygon tubing into acetone
to soften it before slipping over the glass tubing.

The sample, approximately 1 gram, is weighed into a standard
Lindberg "cuplet," being careful not to handle the container
with the fingers. It is placed in position and the apparatus swept
out for a minute or two and then the leveling solution is allowed
to fill the gasometer by cracking open the breech of the combus
tion tube. The breech is closed and the combustion is started
immediately. The gas flow is controlled from the pinch clamp
by watching the level of the solution in the gasometer and is
adjusted that the level of the solution is stationary or advances
slightly during the burning but never moves upwards. This pre
caution will provide sufficient oxygen to assure a complete burn
without the necessity of a flowmeter. The products of combus
tion are swept into the gasometer, and stopcock A is turned
through 90° to contain the gases in the gasometer. At this step
the sample cuplet is removed to prevent overheating the gaskets
in the combustion chamber.

The evacuated part of the system-is checked to make sure
that the residual pressure is about 2 microns of mercury and the
pump is shut off. C is turned to connect the system with the
pump, isolating the McLeod gage. A Dewar flask containing
liquid nitrogen is placed around trap T and by manipulating A
and B, the gases including the oxygen are slowly condensed in the
trap. When the leveling solution has risen to the neck of the
gasometer, A is turned back to connect with the oxygen system
through the heater. The system is flushed with oxygen during
the succeeding steps in preparation for the next run.

After a minute or two to condense the' gases in the cold trap,
the vacuum pump is started to remove the oxygen. It is good
practice to leave B open and pump back to A until the short
length of Tygon tubing starts to collapse. Then B is closed
and the pumping continued until the oxygen is removed. When
most of the oxygen is removed, as indicated by the sound of the
pump, the three way stopcock, C, is turned to connect the trap
and McLeod gage with the pump. Pumping is continued until
the pressure drops to 2 microns which takes about 10 minutes.
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Table II. Precision of SiDlplified Method
Deviation Standard

Sample Carbon, from Mean, Deviation,
Designation % % %

NBS-131 (silicon 0.00327 0.00046
steel) 0.00254 0.00027

0.00271 0.00010
0.00262 0.00019
0.00279 0.00002
0.00306 0.00025
0.00301 0.00020
0.00248 0.00033
0.00278 0.00003
0.00285 0.00004

Mean 0.00281 ± 0.00019 0.0002,

NBS-55c (ingot 0.00931 0.00044
iron) 0.00950 0.00025

0.01000 0.00025
0.00966 0.00009
0.01029 0.00054

Mean 0.0097, ± 0.00031 0.0003,

NBS-55a (open 0.01176 0.00011
hearth iron) 0.01151 0.00036

0.01203 0.00016
0.01204 0.00017
0.01185 0.00002
0.01193 0.00006
0.01199 0.00012

Mean 0.01187 ± 0.0001. 0.0001,

NBS-I66 (stainless 0.02767 0.00090
steel) 0.02635 0.00042

0.02706 0.00029
0.02513 0.00164
0.02766 0.00089

Mean 0.02677 ± 0.00083 0.00107

and Yensen (6) point out that the carbon content of NBS-55a
obtained by the low pressure combustion method is lower
(0.0109%) than the total carbon content (0.0114%). This is
ascribed to the fact that an adsorbed carbon-containing compo
nent is pumped off at 600° C. When the carbon is determined by
nonvacuum methods the higher value is obtained. The results
of this investigation (0.0119%) confirm this observation that
combustion, performed under nonvacuum conditions, produces
values in good agreement with total carbon value (6).

The precision of the method, as indicated by the mean devia
tions, are given in Table II. The data were obtained with 1
gram samples without any added accelerator or flux.

General application of the method was demonstrated by de
termining the carbon content of pure manganese, molybdenum,
copper, lead, titanium, and tin and the results are presented in
Table III.

DISCUSSION

The use of the high frequency combustion unit with an oxygen
pressure somewhat above atmospheric makes possible the at
tainment of very high combustion temperature·(>1700° C.) In
the usual low-pressure systems, temperatures much in excess of
1300° C. are prohibited without elaborate precautions because of
the collapsing of the furnace tube. In the methods using resist
ance furnaces the attainment of temperatures above ,..",1100° C.
becomes a difficult problem.

The use of the high-frequency unit also eliminates the necessity
for multiple loading systems (3, 8) with the manipulation of the
samples with magnets, loading buckets for nonmagnetic mate
rials, etc. Also, the use of the cheap disposable cuplets is a tre
mendous advantage compared to the problems associated with
crucibles, crucible liners or pretreating the combustion boats
required by the other methods (3, 6, 8). No evidence of excess
carbon has been found by using these cuplets without previous
treatment, as long as they are handled in a quantitative manner
to avoid pickup of grease from the fingers, or minute shreds
of paper by placing the ouplets on notebooks, table tops, or weigh
ing the samples on paper. Another source of contamination is
from cork- or rubber-stoppered containers; Bakelite closures or
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stoppers wrapped with aluminum foil are preferred for precision
work. The necessity of properly degreasing the sample is dis
cussed by Wells (7) and Stanley and Yensen (6).

No difficulty is encountered from oxides of sulfur. At the high
combustion temperatures in the excess of oxygen only sulfur
trioxide is formed. This material is either absorbed by the level
ing solution or frozen out in the cold trap. Because the carbon
dioxide is measured at about -102° C., the vapor pressure of the
sulfur trioxide is negligible. Accordingly, the activated man
ganese dioxide trap is eliminated.

The gasometer was inserted in the system to provide flexibility
in handling the combustion products. This device regulates the
gas flow and makes possible the pumping out of the determina
tion system during the combustion step. Its main function is to
prevent overloading the freeze-out trap. It was assumed during
the design of the system that the rapid oxygen flow rate during the
combustion (about 1000 ml. per minute) would not allow sufficient
time to freeze out the carbon dioxide if the gasometer was elim
inated. Conversely, the gasometer made possible the use of the
simplest kind of cold trap.

In addition to the high frequency combustion unit, the success
of the method depends on the effectiveness for carrying excess
oxygen for carbon dioxide when it is condensed in the cold trap
and the selective differential freeze-out technique (2). The rapid,
quantitative transfer of the carbon dioxide from the gasometer
to the cold trap is due to the condensation of the excess oxygen
in the cold trap. The large volume of oxygen "carries" the car
bon dioxide with it in a manner analogous to a diffusion pump.
Thus one is not dependent on the pure diffusion of the carbon
dioxide molecules in the temperature gradient but the collisions
with the larger number of oxygen molecules accelerates the rate
of transfer of the carbon dioxide and makes it quantitative in a
short time. Because oxygen has a vapor pressure of about 100
mm. at liquid nitrogen temperatures, it is easily removed by
pumping while the carbon dioxide, water, pump oil vapors,
sulfur trioxide, etc., remain frozen in the cold trap.

Table III. Carbon Content of Various Metals
No. of Mean
Deter- Carbon, Deviation,

Designation minations % %
Electrolytic manganese 8 6.0019 ±0.0002
Fused molybdenum 3 0.0120 0.0002
Electrolytic copper 4 0.0042 0 . 0003
Test lead (o.r-.) 6 0.0004 0.0001
Crystal bar titanium? 4 0.0179 0.0003
Tin shot (c.e.) 4 0.0016 0.0001

a 300-mg. samples using manganese metal as a bedding material.

The usual method of liberating the carbon dioxide for measure
ment is either to allow the trap to warm up to room temperature,
or to replace the liquid nitrogen trap with a dry ice-acetone or
Cellosolve mixture. In the first case, one must cope with all
the components initially frozen out in the cold trap in the measure
ment. In the second case, although sulfur trioxide and the pump
oil vapors will remain frozen out, sulfur dioxide, if present, and
water have an appreciable vapor pressure which will produce a
significant error in the pressure measurement. These consid
erations are pointed out by Murray and Niedrach (4) and by
Horton and Brady (2). The use of the methanol slurry (2)
eliminates these interferences. At -102° C. water has a com
pletely negligible vapor pressure «15 X 10-6 mm.) while carbon
dioxide has a vapor pressure of 85 mm. Therefore, only carbon
dioxide sublimes into the analytical volume whereas the water,
sulfur trioxide, pump oil vapor, etc., remain frozen in the trap.

In the usual employment of the Lindberg high-frequency
combustion unit, the oxygen is introduced at the top of the com
bustion chamber and the products of combustion are removed
by the breech connection. Equally good results are obtained
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by reversing the gas flow, which allows for shorter Tygon connec
tions with the rest of the apparatus because the gas control valves
on the instrument are bypassed.

A modification of the procedure is to use a detachable cold trap
and expand the gases, after removal of the oxygen, into a mass
spectrometer (1).

Because of the high-combustion temperature attainable, no
accelerator or flux need be used in most cases for millings, turn
ings, or drillings. Titanium and zirconium are exceptions.
Complete combustion in some cases requires more time than is
available if the oxygen flow is maintained at the prescribed flow
rate of about 1000 ml. per minute because of the size of the gas
buret. A simple modification in the procedure corrects this
difficulty and indicates the flexibility of the equipment.

After the start of the ignition, the oxygen flow is regulated at
the pinch clamp to supply just sufficient oxygen to support the
combustion. This is accomplished by watching the liquid level
in the gasometer and maintaining it stationary for the desired
duration of the combustion period. If the oxygen flow rate is
not fast enough, the leveling solution will start to rise in the gasom
eter which serves as a very convenient flowmeter.

By this means, combustion times of as long as 5 minutes were
used to effect the complete oxidation of tin, copper, lead, and
molybdenum. Without this precaution, the materials are in
completely oxidized and the carbon values are low and erratic.
"Then the metals are completely converted to the corresponding
oxides, there is little or no inductive coupling and rapid decrease
in the temperature of the sample, as shown by its color, indicates
the end of the combustion. The combustion products are then
swept into the gasometer and the determination is continued.

The very reactive metals, such as titanium and zirconium,
represent the opposite extreme. These metals flash-burn too
quickly when burned alone and produce very erratic results.
They are best handled by introducing a flux which will maintain
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the combustion for about 5 minutes to. ensure the complete oxi
dation of the carbides.. This flux should alloy with the sample
to slow down the oxidation and form a homogeneous melt.

After some experimentation manganese was found to be the
ideal bedding material for this purpose. By itself, it burns
more smoothly and at a higher temperature than iron, but more
important, it forms homogeneous melts with titanium and zir
conium. Also it is one of the lowest in carbon content, so that
the correction required is small.

Because only a small quantity of crystal bar titanium was avail
able, 300-mg. samples were used with 0.5 gram of electrolytic
manganese as the flux. No zirconium values are reported be
cause the available material was so high in 'carbon that it was
outside the range covered in this paper. Nevertheless, good
controllable burnings were obtained with zirconium (and tita
nium) on I-gram samples plus 1 gram of manganese.
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Quadrivalent Uranium as a Reducing Titrant
RONALD BELCHER, DEREK GIBBONS, and THOMAS S. WEST
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Quadrivalent uranium has a redox potential of -0.334
volt (10) in O.IN acid solution and is, therefore, a
moderate reducing agent. It is fairly stable to atmos
pheric oxidation. Quadrivalent uranium, as a reduc
ing titrant, is one of the most stable titrants that can
be used for the direct titration of ferric iron. Although
it can be used for several other titrations, it has no
advantages over existing reagents, and, in most cases,
is less convenient.

SE VE R AL reagents utilizing a less common valency state of
the element concerned have found wide applications in

titrimetric analysis, Chromium(II) (5), titanium(III) (7),
and vanadium(III) (15) salts have long been used as reducing
titrants and, more recently, tungsten(III) (12), copper(1I1) (1),
nickel(III) (13), silver(III) (20), manganese(III) (3), and molyb
denum(V) (16) have been examined.

Quadrivalent uranium is one of the few elements, in an un
usual valency state, which has not been examined extensively
as a titrimetric reagent, although there is considerable informa
tion in the literature (8,11,) concerning the titration of uranium
(IV) by other reagents.

The only work described hitherto, in which quadrivalent
uranium is used as a titrant, is by Vortmann and Binder (17),

who suggested the use of uranous sulfate as a reagent for the
determination of nitrate, chlorate, chromate, manganese dioxide,
and ferric iron. A visual method was used for the detection of
the end point (the disappearance of a ferric thiocyanate color),
and consequently only ferric iron could be determined directly.
The other oxidants were determined in one of two ways:

An excess of ferrous sulfate solution was added, and the ferric
iron formed was titrated with uranous sulfate.

An excess of uranous sulfate solution was added, and the excess
was back-titrated with ferric iron.

The present authors have extended the work of Vortmann and
Binder and have examined the possibility of titrating several
reducible substances. The end points in these titrations were
detected potentiometrically, using a Mullard "magic-eye" poten
tiometric. bridge (Mullard Ltd., Century House, Shaftesbury
Ave., London W.C.2., England).

Although quadrivalent uranium can be used for several ti
trations, it has little advantage over existing reagents; in most
cases, it is less convenient.

EXPERIMENTAL

Preparation of the Reagent. The uranous solution was pre
pared under the conditions described by Willard and Diehl
(19) for the quantitative reduction of uranyl salts. About 43
grams of analytical reagent grade uranyl acetate were dissolved in
500 ml. of 4N hydrochloric acid and the solution was allowed to
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flow down a silver reduetor (18) at about 5 ml. per minute. The
reduced solution was diluted to 2 liters to give an approximately
O.lN uranous solution in IN hydrochloric acid.

Uranyl acetate was used as starting material for the prepara
tion of the reagent, rather than the chloride, because the chloride
was not commercially available in a sufficiently pure state.
Uranyl nitrate could not be used, because the nitrate ion inter
feres in the titration of quadrivalent uranium with dichromate
(14).

Stability of the Reagent. Vortmann and Binder (17) prepared
their uranous sulfate solution by reduction of uranyl sulfate
with zinc in sulfuric acid. The solution was stored in a stoppered
dark bottle and found to be 25% oxidized after 28 days.

The present authors also stored the uranous solution in a dark
bottle and fed it into the bottom of a buret by means of a siphon
and two-way tap system. The solution was, therefore, open to
the air. The reagent was titrated against standard potassium
dichromate solution.teach -morning over a period of 10 days. No
appreciable oxidation took place over the first 24 hours, but the
titer increased steadily thereafter.

o
'"'t

o
o
't

oxidation of the hydrochloric acid by the permanganate at the
high temperature, with concomitant loss of chlorine. This still
occurred when the hydrochloric acid medium was replaced by
sulfuric acid, because there was still hydrochloric acid in the uran
ous solution used as titrant. When the titration was carried out
in the cold, no change in the oxidation potential of the system
occurred, but the permanganate was docolorized; The color
change at the end point was from red to greenish yellow through
yellow-brown. This gave satisfactory results if the end point
was taken when the first tinge of green appeared in the solution.
However, when the titration was carried out hot in the presence
of 20 mi. of Zimmerman-Reinhardt preventive solution, good re
sults were obtained.

The titration of ferric iron was more troublesome. Even at
60° C. the reaction was somewhat sluggish, causing indistinct
end points and slightly high results. It was found preferable
to add the titrant slowly near the equivalence point (0.1 ml, per
minute), rather than to work at higher temperatures, as in the
titration of quadrivalent uranium with ferric iron (1..n.

Ferricyanides were titrated in a way similar to ferric iron,
but the reaction was even more sluggish, presumably owing to
the stabilizing effect of the cyanide ions. However, provided
that the titration was carried out slowly near the equivalence
point, it was possible to obtain satisfactory results.

c:

o
o
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VARIATION OF REDOX POTENTIAL WITH ACIDITY

Searching studies of the redox potentials of the uranium(IV)
uranium(VI) system have already been published (6, 9), but for
the sake of completeness, the redox potential of the system was
determined over a range of pH.

A suitable amount of potassium dichromate solution was ti
trated with uranous chloride in the usual way, and then an equal
amount of uranous solution was added in excess. The acidity
was adjusted to the required pH, and the potential of the system
was measured using bright platinum and saturated calomel elec
trodes. The potential with respect to the hydrogen electrode
was then calculated. This was repeated over a range of pH.

The graph obtained (Figure 1) shows a fall in potential (and
therefore an increase in reducing power) with increasing pH. It

TITRATION OF OTHER REDUCIBLE SUBSTANCES

Chlorate, persulfate, and peroxide were reduced slowly by the
uranous solution even at elevated temperatures, and satisfactory
end points could not be obtained. In hot solution oxidation of
the hydrochloric acid occurred, which caused low results. All
three radicals could, however, be determined, over a range of
concentration, through ferrous ion.

A suitable excess of ferrous ammonium sulfate solution was
added to a known amount of the oxidant and the mixture warmed
to 60° C. for 5 to 10 minutes. The solution was made IN with
respect to hydrochloric acid, and then titrated with the uranous
solution, as for ferric iron. Consistent results were obtained,
and the amounts of uranous solution consumed corresponded to
the calculated values.

Vortmann and Binder (17) determined nitrate in this way by
boiling the nitrate solution with ferrous sulfate in the presence
of hydrochloric acid in an atmosphere of carbon dioxide. An
attempt was made to apply the more convenient conditions em
ployed by Leithe (11), but the high acidity made the subsequent
titration with uranous solution too sluggish. When the acidity
was reduced to approximately IN, by the addition of sodium
bicarbonate, sodium carbonate, or sodium hydroxide, a satis
factory end point was still not obtainable, because the high
electrolyte concentration upset the redox potentials of the system.

Finally, as the potential ranges involved in the reduction of
ferric ion and dichromate were sufficiently wei! separated, it
was possible to determine these two ions in the presence of each
other.

+1·5+1-0'5-I o +0'5
pH

Figure 1. Variation of Reducing Power of
the Uranous Reagent with pH

o
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A reductor buret (.4) using silver or lead as reductant, was not
found suitable, under ordinary conditions, for maintaining the
uranium solution in the quadrivalent state.

When the reagent was stored under a layer of petroleum ether
(boiling point 100° to 120° C.), no oxidation took place even after
several weeks. A layer of petroleum ether was also placed on top
of the solution in the buret, to minimize oxidation, but this was
not essential, provided that the buret was filled with fresh solu
tion for each titration. The layer of petroleum ether, however,
gave a sharp definition of the meniscus in the buret.

Standardization of the Reagent. The uranous solution was
standardized by titration against a standard solution of potas
sium dichromate, prepared by weight from the oven-dried
analytical reagent grade salt.

Twenty milliliters of O.lN potassium dichromate solution were
run into a 40Q-mi. beaker from a buret, and 10 mi. of 2N hydro
chloric acid were added. The solution was stirred magnetically
and titrated potentiometrically with the uranous solution, using
a bright platinum indicator electrode and a saturated calomel
reference electrode. The reaction was found to be somewhat
sluggish at room temperature, making the end point rather in
distinct, but when the titration was carried out-at 60° C., satis
factory and consistent results were obtained. Similar results
were also obtained using 0.02N solutions.

TITRATION OF VARIOUS IONS

Cerate, permanganate, and vanadate solutions were deter
mined in a way similar to the titration of dichromate. It was
again necessary to work at elevated temperatures, but 60° C.
was found to be sufficient, provided the titration was performed
carefully in the vicinity of the end point. In the titration of
permanganate, however, low results were obtained owing to



VOL U M E 26, N O. 6, J UN E 1 954

would appear that at an even higher pH the uranous solution
would be a still more powerful reductant, but as pH 2 was ap
proached the solution became dark brown in color, and beyond
this, precipitation of the uranium occurred.

CONCLUSIONS

Quadrivalent uranium is only a moderate reducing agent in
acid solution, but can be used for the direct titration of the stronger
oxidants and ferric iron. Weak oxidants may be determined
through their oxidation of ferrous iron. Ferric iron may also
be determined in the presence of dichromate.

Quadrivalent uranium is the most stable reagent that has
been used for the direct titration of ferric iron, apart from mer
curous nitrate (2), but the method is less convenient and holds
no advantage over those involving existing reagents.
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Infrared Absorptiometry for Quantitative Determination of Boron
Hyd rides in Presence of Pentaborane
LEWIS V. McCARTY, GEORGE C. SMITH, and ROBERT S. McDONALD

Genera/Electric Research Laboratory, Schenectady, N. Y.

Physical methods of determination for the boron hy
drides are much easier to apply than conventional
chemical methods. Of the available physical methods
infrared absorption in the gas phase offers a number of
advantages. Data are presented for the determination
of the four component system containing diborane,
tetraborane and dihydropentaborane in a relatively
larger amount of pentaborane. The data are com
bined into equations which permit the direct calcula
tion of the pressure in rrrrrr, for each boron hydride from
D1easurements of the absorbance, D, at four wave
lengths.

PB,H, = - 0.58 DU5 + 0.52 D U 5 - 3.49 D 5•54 + 14.81 D 6.,s

PB,HlO = - 3.64 D •.os + 68.55 D u s - 1.45 D 5•54 + 0.47 D U 5

PB,H, = - 7.25 o..; + 14.65 D U 5 + 164.10 D 5 •54 + 0.45 D U 5

PB,HlI = 39.86 D 4. o5 - 74.85 D U 5 + 2.48 D 5 •54 - 5.12 D U 5

At a total pressure of 100 rrrrrr, the minimum detectable
amount of diborane Is aboutO.z mofe %; fortetrahorane
it is about 0.6 mole %; and for dihydropentaborane it
is about 0.7 mole %.

T HE quantitative and qualitative chemical determination of
_ boron hydrides is a very difficult matter because of the simi

larity of the chemical properties of the compounds. With further
research it may be possible to determine an individual material
chemically, but at present physical methods of analysis are much
easier to apply. Four techniques have been used in this labora
tory and certain advantages can be claimed for each. To set

infrared absorption analysis in its proper perspective with re
spect to these other methods, a brief review of each method is
presented here.

Cryoscopic determination of pentaborane content is an excel
lent method for checking the quality of purified pentaborane and
can probably be used as an analytical tool for material which
contains as much as 20 mole % impurity. However, the method
tells nothing of the kind of impurity that is present.

The mass spectrometer is an excellent method for qualitative
identification of boron hydrides. It also can be made roughly
quantitative, but really good analytical work requires the pres
ence of an internal gas standard with a convenient mass such as
argon (3). The difficulty then is in sample preparation and com
putation of results, since all significant peak heights must be re
lated to the argon-40 peak.

A method which has been much used in this laboratory is low
temperature analytical distillation. It is a time-consuming
operation, and, since some of the boron hydrides are very un
stable, subject to errors and perhaps impossible in a few cases.

Infrared absorption analysis suffers from none of these dif
ficulties. The method is reasonably rapid and the sample is in
the spectrophotometer a relatively short time, so that decomposi
tion during analysis is not a serious problem. No standard gas
samples need be maintained if the infrared spectrophotometer
is kept in good operating condition. The technique identifies the
impurities that are present except for those that occur in trace
amounts, for which more data would be desirable.

EQUIPMENT

A conventional vacuum system consisting of a manifold, liquid
nitrogen trap, oil diffusion pump, and mechanical pump was used
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Figure 1. Infrared Absorption Curve of Diborane, B 2H" Obtained on Baird Double-Beam Spectrophotometer
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Table I. Absorbance of Pure Boron Hydrides at Various Pressures
(Base line points at 3.50 and 5.92". Reference beam, air, no cell used)

Perkin Elmer
Spectrum No.

528
1062

753
1064

395
717
527
422

733
1075

723

for handling the various gases used in the calibration work. A
direct reading, low-pressure manometer similar to the Pearson
manometer (4) was built to measure pressure in the 0 to 20-mm.
range. In the laboratory model, the mercury for adjusting the
height in the reference bulb was controlled by a borosilicate glass
syringe; a micrometer was used for ac-
curately measuring the plunger displace-
ment. When two components were
present, the gas in lower concentration
was added directly to an evacuated cell
and its pressure measured. The valve
on the cell was closed and the vacuum
manifold evacuated. Next pentaborane
was vaporized into the vacuum mani
fold until it was near the final pres
sure. Then the valve on the cell was
opened and the pentaborane was ad
mitted very rapidly so as to cause as
much turbulence as possible. The total
pressure was read on an ordinary U-tube
manometer.

Since some of the boron hydrides arc unstable, it is important
to make the determinations as soon after filling the cells as pos
sible. With a little effort and much cooperation it was possible
to fill a cell and obtain a spectrum within half an hour, during
which time decomposition is negligible. This is best demon-

Pressure, Mm. of Hg Absorbance at
B2R. B 4 H IO B,R, BsHn 4.05" 4.65" 5.54JL 6.15"

1.23
9:38

0.012 0.003 0.005 0.063
0.293 0.161 0.000 0.004

99.5 1. 55 1. 59 -0.010 0.074 G

102.7 1.57 1.46 -0.007 -0.002

100.1 0.007 0.017 0.611 0.137
100.8 0.006 0.016 0.614 0.146
101.0 0.008 0.013 0.611 0.145
102.3 -0.002 0.016 0.610 0.145

9.58 0.256 0.015 0.008 0.010
10.25 0.295 0.006 a.010 0.015
59.5 1.40 0.056 0.053 0.030
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strated by data on tetraborane which is the most unstable of these
boron hydrides (3). The sample used to obtain spectrum 753
(Table I) was kept at room temperature 'for an additional 2 hours
and a new spectrum obtained. The data indicate that 2.1 mole
% of the 99.5 mm. of tetraborane decomposed in this time. Since
the samples used for calibration were at much lower pressures,
even less decomposition would be expected. Nevertheless, the
gradual accumulation of solid deposits' in the cells is bothersome,
and each cell was thoroughly evacuated as soon as the spectrum
was obtained.

The infrared absorption instrument for this work is a double
beam Perkin Elmer Model 21, Serial No. 161, equipped with a
sodium chloride prism. Complete spectra from 2 to 15 microns
were recorded for each sample using slit program 3. The spectra
were run without suppression; the running time was approxi
mately 15 minutes per spectrum. Cell-window losses were
eliminated by measuring absorbance from an arbitrary base line
intersecting the spectra at 3.50 and 5.92 microns, rather than by
use of an evacuated cell in the reference beam. All gas cells in

this work are 5.00-cm. Baird-type cells, and absorptivities are
quoted for a 5.00-cm. path length.

MATERIALS

The pentaborane was 99.9+% pure as determined by freezing
point analysis.

Diborane was purified by distillation in a Podbielniak low
temperature distillation column of 100 theoretical plates.

Tetraborane was purified first by distillation, and then by
pumping on the stirred liquid at _80 0 C. until diborane disap
peared from the infrared spectrum.

Dihydropentaborane was purified by distillation and pumping
on the stirred liquid at -80 0 C. until both tetraborane and di
borane disappeared from the infrared spectrum.

RESULTS AND DISCUSSION

In studies on the pyrolysis of diborane, four boron hydrides are
generally found in greatest abundance: diborane, tetraborane,
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Figure 3. Absorbance of Pentaborane, B 5H,
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Absorptivities for Pentaborane and Other Boron Hydrides in
Pentaborane

Ahsorhance of Mixtures Containing Pentaborane arid One Other
Boron Hydride

(1)

(3)

(2)

6.15"

0.219
0.363
0.486
0.620
0.163
0.160
0.138
0.126
0.141
0.158
0.146
0.133
0.142

absorbance at indicated wave length
partial pressure in mm.

6.15/l

0.0679 ± 0.0029
0.0006

0.00143 ± 0.00004
0.0013

is relatively short and no difficulty is
involved in obtaining consistent results.
The absorbance values read from the
charts are recorded in Table I for pure
compounds, and in Table II for mix
tures of pentaborane and one other boron
hydride. Table III records the absorp
tivities for pentaborane and other boron
hydrides when mixed with pentaborane
at a total pressure of about 100 mm,
In the case of pentaborane the absorp
tivities were determined at the various
wave lengths from spectra of the pure
material. These values were then used
to calculate absorptivities of other boron
hydrides from the mixtures. The latter
were combined with coefficients calcu
lated from data on the pure materials,
and a standard deviation was deter
mined for the whole set. The only ex
ception to this procedure is for diborane
at 6.15 microns. Since it is a small
molecule, it is subject to pressure broad
ening, and the extinction coefficient
calculated from the data for spectrum
528 of Table I is low for this reason.
It is not included in the extinction

coefficient calculated for Table III.
Considerable difficulty was encountered in trying to keep

tetraborane pure.' The material decomposes readily and one of
the products is diborane which absorbs strongly at 6.15 microns.
It is probable that the extinction coefficient for tetraborane at
6.15 microns in Table III is somewhat high.

The absorptivities of Table III can be combined in a series of
equations at the respective wave lengths.

D U 5 = 0.0087PB,H, + 0.0305PB•H" +
0.00003PB,H, + 0.0280PB,Hn

D ...s = 0.0162PB•H" + 0.00012PB,H.; + 0.0015PB, Hn

D s.s4 = 0.0002PB,H, - O.OOOlPB•H" +
0.00608PB,H, + O.OOllP B, Hll

where

D e.I • = 0.0679PB,H, + 0.0006PB•H" +
0.00143PB,H, + 0.0013PB,Hll (4)

D
P

Initially, these equations were solved for each sample by a
method of successive approximations. The first step is an esti
mation of the concentration of pentaborane from Equation 3 by
ignoring other compounds. The justification for this is that
pentaborane is by far the strongest absorber at 5.54 microns.
The value for pentaborane is now used to help estimate tetra
borane from Equation 2, then diborane is estimated from Equa
tion 4 using all estimates made so far. The final estimate is
made from Equation 1 for dihydropentaborane. Then the proc
ess is repeated using the estimates to calculate more precise values
in succession again. The second approximation of each material
is usually within the experimental error of the spectrophotom
eter.

Obviously this is a rather clumsy method of calculation. What
we would like to do is to be able to solve directly for the partial
pressure of each material. The .equations were inverted to form
a new set of equations explicit in the concentrations by the

5.54"
0.0002

-0.0001
0.00608 ± 0.00006

0.0011

4.65"

0.0000
0.0162 ± 0.0014

0.00012
0.0015

1. 98
4.58

10.09
13.42

(Absorbance per rnm, pressure per 5 em. cell length)

Wave Length

1. 23
3.13
5.13
7.15

4.05"

0.0087 ± 0.0016
0.0305 ± 0.0011

0.00003
0.0280 ± 0.0020

(Base line points at 3.50 and 5.92/l. Reference beam, air, no cell used)

Pressure, Mm. of Hg Absorbance at
B.H" B,H, B,Hn 4.05/l 4.65/l 5.54/l

99.7 0.014 0.012 0.603
97.9 0.025 0.010 0.595
95.3 0.038 0.009 0.574
94.4 0.080 0.012 0.577
98.1 0.059 0.040 0.610
96.3 0.145 0.085 0.590
90.7 0.318 0.182 0.558
88.2 0.415 0.243 0.528
97.9 1.09 0.036 0.018 0.598

101.0 4.84 0.123 0.021 0.618
95.0 6.63 0.205 0.014 0.581
90.4 9.57 0.251 0.025 0.559
88.7 11.80 0.344 0.019 0.551

Perkin Elmer
Spectrum No.

531
529
530
533

1057
1058
1059
1061
735
736

1078
737

1079

Compound

B,H,
B.H"
B,H,
B,H"

Tahle II.

Table III.

pentaborane, and dihydropentaborane. It is true that small
amounts of hexaborane, decaborane, and a solid polymer,
(BH)z, may also be present. The vapor pressure of the latter
two is so small at room temperature tha,t they do not interfere
in the analysis, and less than a few tenths of 1 mole % of hexa
borane are present as indicated by mass spectrometer analyses
(3). Essentially, then, a four-component system is being em
ployed.

Four simultaneous equations are needed, and these should be
based on more or less characteristic absorption peaks in the in
terest of sensitivity. Inspection of the infrared absorption
curves (the diborane curve was obtained on a Baird double-beam
spectrophotometer with the cooperation of D. L. Harms and J.
E. Scott) shows that pentaborane has a characteristic peak at
5.54 microns and with only slight interference by dihydropenta
borane. Diborane and pentaborane are the chief absorbers at
6.15 microns; at 4.65 microns tetraborane is predominant. Di
hydropentaborane absorbs at 4.05 microns, but so do diborane and
tetraborane. If this absorption peak is used, it is anticipated
that the dihydropentaborane determinations will not be as ac
curate as the others. There is another dihydropentaborane ab
sorption peak at 8.55 microns but the location of a good 10 line is
difficult because of a deposit which absorbs in the region 7 to 8
microns and is slowly laid down on the windows of the cell dur
ing repeated use. This deposit has never interfered with the 2
to 6.5-micronregion to date, therefore, it is felt that all bands be
low 6.5 microns are safe from this difficulty. The absorption due
to the deposit is illustrated in the 10 line which is recorded on the
curve for dihydropentaborane.

The general technique is to measure the extinction coefficients
of binary mixtures of the various materials in pentaborane at the
four wave lengths chosen; 4.05, 4.65, 5.54, and 6.15 microns.
The total pressure was maintained near 100 mm. except for the
pure sample of dihydropentaborane. Initially, two base-line
points were chosen for each of the characteristic peaks used for
analysis according to the method recommended by Heigl, Bell,
and White (2). Considerable difficulty ensued because these
points were often on the shoulders of major absorption peaks.
Finally, it developed that the simplest, and most effective plan to
date is to select two base-line points for all four peaks. The
points so chosen are 3.50 and 5.92 microns. One peak at 6.15
microns lies 'outside of the base-line points, but the extrapolation
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method of Crout (1). The application of the method to Equa
tions 1, 2, 3, and 4 results in the following series in which the
pressure can be calculated directly.
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pressure. The following data illustrate the kind of analysis
made:

Measured total pressure of unknown, 100.9 mrn. at 27° C.

Wave Length, !' Absorbance

-0.58 o.: + 0.52 ».; - 3,49 Ds•s4 + 14.81 D u • (5)
4.05
4.65
5.54
6.15

0.464
0.133
0.499
0.658

The minimum detectable amount of diborane is about 0.2 mole
%, while for tetraborane it is about 0.6 mole %, and for dihydro
pentaborane, it will run about 0.7 mole %.

-3.64 Du • + 68.55 D U 5 - 1,45 D s,54 +
0,47 D e.I •

-7.25 D U 5 + 14.65 D U 5 + 164.10 D s,54+ 0,45 DU 5

(6)

(7)

Compound

B2H.
B,HlO
B,H,
B,Hu

Calculated Pressure, Mm.

7.8
7.0

80.8
6.4

Total 102.0

The application of these equations to unknown, impure samples
of pentaborane vapor, which may contain small amounts of hexa
borane not accounted for by this work, usually results in calcu
lated pressures the sum of which is within 2% of the measured

PB,Hll = 39.86 D u • - 74.85 Du • + 2,48 D s.54
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Radiochemical Assay of Cobalt-60
ROBERT BALLENTINE and DOROTHY D. BURFORD

McCollum·Pratt Institute, The Johns Hopkins University, Baltimore 18, Mel.

A rrreubod of determining cobalt-60 in biological rrra
terials has been found accurate within ±3% in over a
thousand deterIllinations. The aarrrple was wet-ashed,
separated as cobaltic hydroxide, and electroplated as
cobalt menal froIll a Huoborate buffer. A special
met.harie-flow proportional couzrter of cylindrical geoIll
etry is used so that a rriaxfmum, precision and sensitivity
of detection of cobalt-60 are obtainable. Aside from
the bfocherrucal and clinical applications of this assay,
the data on the quantitative electroplating of cobalt are
applicable to its standard gravimetric deterIllination.

CUR RE NT interest in the chemical and biological reactions
of cobalt has directed attention to the use of the isotopic

tracer, cobalt-60. The recent work on vitamin B12 has made
this tracer of considerable biochemical and clinical importance.
Cobalt-60, with a half life of 5.3 years, has many properties which
should make it a very favorable isotope for experimentation.
Not only is it available with high specific activity, but during de
cay, it emits a beta particle of 0.31 m.e.v. and two gamma rays
of 1.17 and 1.33 m.e.v. energy. The major difficulty in its use
has been the preparation of samples for radiochemical assay.
The method employed should be both sensitive and precise.

Early work on cobalt in biological systems utilized the mixture
of radioactive isotopes which emitted a mixture of gamma rays,
produced with the cyclotron. Sheline, Chaikoff, and Mont
gomery (10) simply dried their samples, but Comar and Davis
(4-) first subjected their material to dry-ashing, followed by count
ing with a dipping counter placed in a solution of the ash. Co
mar, Davis, and Taylor (5) utilized electrodeposition of the co
bait; because they were only detecting gamma rays, they found
no advantage in the more elaborate procedure. Others have
used a combination of dry-ashing and precipitating as cobalt
sulfide (6).

These techniques applied to cobalt-60 either suffer from the
low sensitivity of gamma ray detection or the lack of precision
when beta particles are counted in dried unprocessed samples.
The serious interference of both iron and the alkaline earths com
plicated the plating method of Comar and Davis (5), but was
avoided in biological samples by an involved and time-consuming
procedure.

Ballentine and Stephens·(1) precipitated cobaltic hydroxide
from wet-ashed material, detecting the beta emission with a
highly efficient and accurate methane-flow beta counter (2).
They reported an error of ±2.35%, but in routine use unaccount
able disagreements, as high as 25%, between duplicates are
occasionally observed. An attempt to perfect a precise and de
pendable assay has led to the procedure described. This method
has been in routine use on a thousand samples of various biologi
cal materials, covering a period of more than a year, without any
of the erratic results previously experienced, and with an over-all
accuracy of ± 97%.

The necessity of controlling a number of conditions has led to
the following analytical sequence: wet-ashing with perchloric
and nitric acids, collection of the cobalt carrier as cobaltic hy
droxide and resolution as the chloride, electrolytic plating as co
balt metal from a potassium fluoborate buffer, and counting the
beta particles in a methane-flow counter of high efficiency and
reproducible geometry.

RESULTS AND DISCUSSION

Ashing Procedure. The original procedure (1) employed a sul
furic-nitric acid digestion. This has been abandoned in favor of a
perchloric acid digestion, because it is much smoother and more
rapid. However, its main advantage is in the reduction of the
amount of neutral salts resulting from the neutralization in a
later step. With the sulfuric-nitric acid digestion, it was neces-.
gary to employ a large dilution to prevent both the crystallization
of sodium sulfate and the production of such a high solution
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density that the cobaltic hydroxide precipitates could not be
collected by centrifuging. These difficulties are all avoided with
the perchloric acid digestion, which should present no hazard
with reasonable precautions.

Preliminary Separation of Cobalt. Cobalt carrier is routinely
added to the samples before ashing. While this makes subse
quent procedures easier and more accurate, it is not essential.
Even with the perchloric acid digestion, the electrolyte concen
tration of the digest does not permit direct electroplating.
Therefore, the sample is subjected to a preliminary separation
from other neutral salts.
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Figure 1. Rate of Plating and Current Density in
Potassium Fluoborate Buffers

Voltage between electrodes, 4.0 volts
• Per cent of cobalt deposited in 15 minutes from buffer solution

containing 0.1 tng. cobalt per 10 od. buffer
o Total current density. rnilliarnperes

Previous experience (1) showed that the nitrosonaphthol
methods were inapplicable to high electrolyte solutions, because
the reagent precipitated. The precipitation as cobalt metal by
reduction with sodium borohydride is described by Hoekstra (9).
This reduction gives excellent recoveries on numerous occasions,
but is unreliable for routine assay. With pure 'cobalt solutions,
the very narrow range of pH and absence of oxygen necessary to
achieve quantitative precipitation and to prevent resolution of
the cobalt can be reproduced. However, when digests are
analyzed, such control was found to be impractical. The sul
fide precipitation, while simple and reproducible, involves the
use of a toxic and obnoxious gas. It was found (1) that cobaltic
hydroxide can be quantitatively precipitated from an alkaline per
borate solution. The amorphous precipitate, used before as the
counting sample, is difficult to filter from a solution of high salt
content. Peptization of the semicolloidalprecipitate is probably
the major factor contributing to the erratic behavior of the former
assay. This is completely avoided by centrifugation. Semi
colloidal cobaltic hydroxide, passing through a sintered-glass
filter of medium porosity, is readily and quantitatively collected
by moderate centrifuging. Further, the precipitate may be
readily redissolved as the chloride.

Several other elements-iron, silica, and the alkaline earths,
which are the major contaminants in biological samples-also
precipitate under these conditions. The alkaline earths and silica
give no trouble since they are eliminated during the electrolytic
plating. The amounts of iron encountered were insufficient to
interfere in the assay, although iron plates along with the cobalt.
Therefore, no attempt was made to eliminate the iron from the
samples. Should the procedure without carrier be used,it might
be necessary to employ some method of eliminating this con
taminant. After resolution of the cobaltic hydroxide precipitate
in 6N hydrochloric acid, the iron may be readily removed by ex
traction with ether.

Electrolytic Plating. Cobalt has the reputation of giving very
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poor plates under the conditions, which in general were the same
as those for iron, employed in the past for radiochemical assay.
These plating solutions usually were alkaline ammonia solutions,
used to maintain the cobalt in solution as the ammono complex.
This complex is of sufficient strength to make deposition very
slow, and the high electrolyte concentration leads to high current
densities with etching and uneven deposition of the plate. There
fore, fluoborate was used as a complexing agent to plate from a
weakly acid solution.

Figure 1 shows the relationship between the pH of the potas
sium fluoborate buffer and both the speed of plating and current
density. The pH chosen for plating is modified by two further
factors. Table I shows the resolution effect of acidic fluoborate
buffers on the cobalt plate. A neutral or alkaline medium is
essential to abolish this effect. However, the high current densi
ties at a more alkaline pH lead to such a local alkaline reaction at
the cathode that a' copious precipitate of cobalt hydroxide is
formed with concomitant severe losses. Stirring during the plat
ing process merely augments the resolution effect in acidic buffers,
while it does not avoid the precipitation of cobalt hydroxide in the
neutral range. To balance these effects, a point of low current
density was selected (pH 3.1) for the deposition of the major por
tion of tlie cobalt. After this has occurred, the pH may then be
raised without danger of precipitation; at the same time, resolu
tion is prevented during the removal of the electrolyte. Various

Table I. Resolution of Cobalt Plates in Potassium
Fluoborate Buffers

Buffer, pH % Resolution"

2.0 14.2
3.1 20.1
7.0 4.9
8.2b 0:06

a Per cent dissolved on 30 seconds' contact with a saturated potassium
fluoborate buffer.

b p H obtained when 1 ml. of IN NaOH is added to 10 ml. of plating
solution of p H 3.1.

~

C>
o
--l

TIME IN MINUTES

Figure 2. Efficiency of Plating
Plating of cobalt CroDl potassiuDl ftuoborate buffer of pH 3.1 at
3.5 volts (current density between 2 and 4 :rna. per square inch)
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U udia l io n s o u r ce wa~ 0 .4. Dl.C."'. h cta r a d ia t ion from c o halt-60
B r a ckets d efine operat ing r a n g e
A . Variation i n cou n t i ng r a t e with vol t a g e o n center w i re u sing gai n 100 a n d di!'lcrintinator + 5 ,' o ils
B . Cou n t i ng r a t e ua, d is crimina t or leve l a t gai n }OO a n d 4.3 k v ,
C. Cou n t i ng r ate es, r el a t i ve a n 11)l i fie r gai n a t d iscrirn inu lor lev el or + 5 volt!'io a n ti 4 .3 k v , across cou n lt~r
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self-absorption is a lso to be
kept to a minimum, an ad
vantage with beta part ic le
count ing, t hen as la rge an area
as possible, commensura te with
a minimum volume, is desir
able. This is best met by a
c y l in d r ic a l geometry, and,
therefore, the counter and plat
ing assembly shown in F igures
4 a nd 6 were const ru cted.

C o u n t in g , o bs erved
Calc ula te d e

Pl at in g "
Asbirur a nd p recip i t a ti on -t
T o t al for a ll s te ps

50 10 0

GAIN -RELATIVE

The equipme nt e m p l oye d
wa s the high vol tage supply
u s e d by Hig inbotham (8)
( Mode l 400 B pow er supply,
J ohn Fluke Engineering Co.,
Springdale, Conn. ) and t he
no nov erl oad ing amplifier used
by Bernst ein , Br ewer, an d
Rubinson (8). The qua nt itat
ing sys te m wa s eithe r the
Mo del 100 count ing rat e met er
used bv Elmore and Sand s (7)
0 1' t he decade ver sion of the
Mu l t i s cu le r ( :\Iodel 1060,
Atomic Inst ru ment Co., Ca m-
br idge :m, Mass. ).

Figure :~ shows operation curves for the counter. In sp ecti on
reveals t hat a t a suitable operat ing poin t. with this equipme nt
(gain, 50 to 100; vo ltage, 4.) to 4.4 ; discriminator, +3 to + 10
volt s ), the counte r has a slope of 0.70 % pCI' hundred volts.

By th e use of a standa rd cobalt-60 sa mple procured from th e
Na tion al Bureau of Standards, the geom etr y of t he count ing sys 
te m was determined to be 4!l.1 % when I mg . of carrier cobalt
was present. T he specific thickn ess of thi s cobalt plate is 0.0 622
mg . pCI' sq uar e em. T he counter operates within count ing
s ta t is t ics ; hence, t he pr ecision of th e assay need not be lim ited by
t he count er sv stem . The ba ckground rate shielded is )·t.6
cou nts per minute.

a Based o n t en re p li cates .

" Ca leu lu t cd as (V N / At )100 w here N t ota l nu m b er of co u n ts recorded
1)('1' sa m ple (p re de te r m ine d co u n t wit h time va r ia b le ).

C R e jil icu .te plat es of a st a ndn rd Coso so lu t io n co n ta in ing a s ca r rie r 1 rug ,
ccba tt a s c h lo r ide pe r sam ple.

Upi lit i llll:= ± V U2 t o ta i U 2c o u nt i llll
,[ R e pli ca te a ssays of cu lt u re m edi a to wh ich we re a d de d a liq uots of t he

s ta nda rd C oso so lu t io n.
Ua sh inJ;:-p r('c i ll i t n.t io n = ± VQ 2t o t s i - Q 2c o u n t ing - U 2plati n~

Tahle I I. P re ci s io n a n d Accu racy o f Assay
So u rc e of E r-ror ± (Ta , %

The recent in t roduct ion of sc int illa t ion counters for the meas
ur em en t of gamma radia ti on meri ts consideration. T he pri
mary advant age of count ing gam ma ra diat ion is th e a bsence of
major sclf-ubsorp t iou of th e radia tion, a nd consequent freedom
in the nat ure of the sa mple to he counted . Often little or no
sa mple manip ula t ion , such as ash ing or plating, is required .
Howev er, the relative sensit iv ity of scint illa t ion counters is low
owing to their high backgr ound count ing rate. If a sign ifican t
level of nc t ivi t v is considered to be t wice th e background count
before correct ion, t hen the descr ibed proportional counte r is 5 to
50 t imes more sensit ive. I n dist inct ion to propor tional counters ,
sc int illat ion det ectors do not show as well defined operati onal
pla teaus, no r do t hey opera te within decay sta t ist ics . These
cha ra cte rist ics limit bo th thei r long-t erm count ing stability a nd
th eir precision,

Accuracy an d P rec is ion . The use of isotopic tracers in an
analyti ca l pr ocedure provides a ready and elegant means of

c
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conventional siphoning methods and disp lacem ent of the elec
troly te wer e tri ed , but non e of thes e were as successfu l a nd re
producibl e as decreasing the hydrogen ion concent ration nca r the
end of t he plating period.

The efficiency and exte nt of the plating process arc shown in
Figure 2. This expe rime nt was ca rried out by pla ting for a
prescri bed t ime, ca rofully withdraw ing a n a liquo t from the
sa mp le cup whil e t he pla ting was cont inued, add ing the ca rrier
to th e a liquo t , a nd plating to complet ion. Counts were then
made of the eohalt-60 in t.lu -so aliquots. Quantita t ive pla ting
may be ca rried to ext re me ly low cobalt concen trations (less t ha n
5 X 10 - 9 gra m ) wit hou t a ny major a lteration in the procedure,
perm itting direct assay of man v sa mples without t.he addit ion of
ca rr ier.

Cou nting Techniques . The procedure described could un 
doubtedl y be ap plied to man v different sty les of detection sys 
tems a nd shapes of pla t ing elec t rodes. The autho rs prefer
methane-flow prop or tional count ing (2 ). The high sensit ivity
to beta particles a nd the yea r-to-year stability of cou nt ing res ult s
a rc t he most compelling reasons. Early experiments with end-on
ver sions of the flow counte r (2 ) showed that the bead on the
cen ter wire cas ts a sha dow of low detection sens it ivity a nd great ly
reduces the reproducibi lity of the method by augment ing t he ef
fect of slight vari a t ions in the eve nness of t he electropla te. If
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PlaLing Asse m h ly Hack S h()\d n g PlaL ing Vessels a nd E lcell'(Hles
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Figu re 6 . Cross Sec t io n of M ct.han e 
Flow P r o por tional Be t a C o u n ter for

P lating Ve ssels

chloric a nd ni tric acids are d isp ensed from
automatic burets.

N it r ic Acid, conccntrated.
Sod iu m JIydroxid e, 9M, ca rbonate

free.
Sod ium P e rborat c Tet r ahydr ate ,

reagent .
Aerosol 01', 0.01 % . ( Fisher Scien

t ific Co . )
H yd rochlori c Acid , 6N .
Cupric F luoborate So lution, purified.

(B ake r an d Adn rnso n )
P otassium F luobora te Buffer . Fluo

boric a cid (0.5,\!) is made by diluting
Baker a nd Ad amson fiuoboric acid (42
to 45 % ) according to t he acid conten t
on t he label. Potassium hydroxid e (5M")
is added until the pH measured with t he
glass elec t rode is 3 .1. After standing
for 30 minutes, the siza ble precip it ate is

filtered off in a sintercd-gluss filter fu nn el of med ium porosity .
The reagen t keeps ind efin itely , bu t af te r se vera l weeks it m ay
req uire refi lte ri ng.

Sod ium H ydroxid e, 1.;jN .

I' HOC EDU H E

Ashing . A sample con ta ini ng a bou t 100-mg. dry weigh t of
t issue is placed in a 100-m!. Kj cld ahl flask . To this a re added 1
mg. of cobalt as cobalt ch loride to act as ca rr ier, 30 ml, of con
cen t ra t ed nitric ac id , a nd fro m 2 to 4 ml. of 1 to 1 per ch loric aci d
(t he a mount dep ends on the quantity of organic matter present).
A gla ss bead if' adde d t o preve nt bumping, a nd the sample is
bo iled un ti l t he liquid remaining in t he flask is no greater than the
a mo unt of per ch lor ic acid used , a nd whit e fu mes a re produc ed .
The pink color of a cobalt sal t s ho u ld be clearly di scernible. A
b rown color ind icat es in suffi cient oxidation, in which ca se more
ni tric a nd porc hlori c ac id shoul d be adde d and t he sa m ple again
boiled do wn.

Precipitat ion. T he ashed sa m ple is diluted t o ,50 to 60 rnl.
wit h di stilled wa ter a nd br ought carefully to bo iling with fre 
quent agitation t o prevent bumping. Using 9J! sodium hy
droxide , the solut ion is ma de just al kal ine to phenolphthalein,

F ig u r e ;"i .

AI' I' AIUTLJ:oi

Plating Vessels. The constru ct ion of the pl ating "ups is clea r
from t he exploded view , F igure 4, A . T hey are mach ined fro m
'l-inch dia mete r 18-8 stainless st eel t ub ing wi th ' I s-inch wa ll.
The over-all leng t h is 2.25 in ch es. T he funct ion of t he L ucite
plug is to confine t he plating sol ut ion to a reg ion of the vessel
(F igur e 4, B ) which will be in a hom ogeneou s electrost a t ic field
dur ing count ing (Figu re 4, C).

P latin g Assembly. A va riety of unit s may be devised to hold
t he vessels a nd a node during t.he pla ti ng proper. A rack to hold
eigh t cups is show n in Figure 5. The const ruct ion is of Lucit e.
The 0 .5-ineh elect roly t ic copper bar a node fo r copper -flas hing
t he cups is a t the left end po sition . T he pl a ting an odes a re con 
st ructed from 14-gage platinum wire so lde red t o 12-gag e copper
bus bar a nd th en ca st in pla st ic. T he p ower su pply is a 5-volt
storage ba ttery. T he voltag e is nd just ed by mean s of a 25
ohm, 1 0-w,, ~ t po tent iomet er ac ros s th e batt ery .

Counter. Figure 6 sho ws a cross sect ion t hrough the coun ter
des ign ed for t he p la t.ing vessels of F igu re 4 . The sa m ple cup , 1,
with its cobal t p la to and bronze cap, 2, slide s in to t he t a pered
guide cy linder, 4 . A bail, 3, ho lds it t ight against a neopren e
gas ket , 7, the pressure bein g exer t ed by t he sp ring, 5, an d t he
out er sliding sleev e, .5. M et han e is passed in to a nd out of t he
coun ter by channels a nd connect ors, 8. T he cente r wire, 11, is
2-mil t ungs ten a nd te rm inates i,l a 5-mm. di a meter b ra ss plumb
bob, 12. T his la t er is pos it io ned to he complete ly in t he recessed
portion of the sa mple cup without short ing ac ross to t he cap , 2 .
T he ot her end of t he cen te r wi re is eit her welded or silver solde red
t o a p iece of n icke l wir e which pas ses t h rough t he silve r t ub ing,
10, in t he Lu cite insu la tor, O. Connect ion is mad e to t he amplifier
a nd hig h volt ag e supply t hrougi an Amphc nol T eflon conne ct.or,
T ype 82-80E., 13 .

H K tGE"'T S

Perch loric Acid , 1 t o 1. R c::tg en t j.!;r ~lt l e 70 % pr-rch loric acid is
dilu ted wi th a n equa l vol um e of d ist ill ed wa t er. B oth th e per-

check ing th e accuracy of a gra vi met ric annlyt icn ! proced ure.
T he values for t he err ors give n in T ab le II re prese nt th e .iceu rucv,
as well a" the precision, ± 3'i( , of proced ure.

T he major sour ce of ('1"1'0 1' is in t he us hi ng a nd p n -c ipi t u t ion of th e
s.unp les . T he error of t h« det er-tion a nd co un t ing is lim it ed sololv
bv t.hc st ut.ist ica l na t u re of t he de e ~ lY process, t he counter ope ra t 
in g wit hi n t h is st at.ist icu l Iluct na t ion . While it m ight bc pos
sib le to red uce t he error of t he plat ing process further, t hi s doc s
not Sl'l'm per t inen t in v iew of the ± :1.0 1% err or in t he ashinj.!; a nd
precipit a t ion st eps. The mat er ial se lected fo r t his te st was a
microb iologi cal nu-d iu m whi ch had given t h o most er rat ic res u lt s
in t he former procedure (1 ). Since t he ove r-a ll er ro r is sa t isf:w
torv for mo s t tracer a pplica t ion, no sys temat ic a ttempt has be r-n
made to low, ') it. The mo st likely source of erro r is los-. in t he
scparn.t ion or 1he coba lt ic hydroxide precipit a te.

A wide v nri r-t .v of bio logica l rn at cri als has bee n assayed for co
In lt- 50 .[) ~ . t his method . These materials have been predomi
n an t ly mold (Veu rospora ), mycelia, a nd homogonatos, bu t in add i
t ion an imal 1issues, f,.'cps, uri ne, green plan t t issue:" bacteria ,
iso lnt r-d B " , an d p ro teins hnvr h ." 'n ns-aycd. Those nssa.ys are
run in d up lica te ro utinely. T he v. nin.tion be tw een duplicat e"
Las been th e expect e-d r:tl tgP pt't'di cl<'d fro m T able II. This is
based on no.ul.... a t housa nd indi vi d u a l ~t s"ay s .
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and 5 or 6 drops of the sodium hydroxide are added to give a pH
of about 13. About 75 mg. of sodium perborate tetrahydrate are
added immediately, andthe sample is shaken well to mix, brought
again to boiling, and another 25 mg. of sodium perborate are
added. The sample is then boiled for about 30 seconds and
allowed to coo!.

The sample is transferred to a 100-m!. centrifuge tube, and
the Kjeldahl flask is rinsed with an 0.01 % Aerosol OT solution
and then with water. The inside of the centrifuge tube is rinsed
down with a small amount of the Aerosol OT solution, and the
sample is centrifuged for 15 minutes. The supernatant liquid is
removed by suction, using a glass filter stick (Pyrex No. 39535
10F), the inside of the tube washed down with about 10 m!. of
Aerosol OT solution to wash out any remaining soluble salts, the
sample again centrifuged for 15 minutes, and the supernatant
liquid removed using the same filter stick. In handling the
centrifuged samples, great care must be taken to prevent jarring
the tube, as the precipitate is very easily stirred up.

The filter stick is left in the centrifuge tube, which is washed
down with 2 m!. of concentrated nitric acid to dissolve the pre
cipitate, a few drops being run into the inside of the filter stick.
The centrifuge tube is then placed in boiling water and allowed to
stand until cool, during which time 1 m!. of 6N hydrochloric
acid is added to the sample. When cool, the acid is blown out
of the filter stick into the centrifuge tube with compressed air,
and the filter stick filled with water and blown out again, and
finally rinsed off and removed. The inside of the tube is washed
with about 10 m!. of Aerosol OT solution, and the sample placed
in an oven at 95 to 100 ° C. to dry (too high a drying temperature
produces an insoluble precipitate). When thoroughly dry,
about 5 mI. of water are added to aid in the removal of any resid
ual acid, and the sample is again taken to dryness, after which it
can be stored indefinitely before proceeding with the analysis.

Plating. A very light copper flash (1 ampere for 30 seconds) is
applied to the inside of the stainless steel cup, using a solution of
cupric fluoborate. The cup is rinsed with distilled water and
dried with a clean cloth. The surface must be smooth and the
plate unbroken. (In putting the Lucite plug into the bottom of
the tube, care must be taken to see that all touching surfaces are
clean and that the metal cap is screwed on tightly, to .prevent
some of the sample leaking into the metal cap.)

The centrifuge tube containing the sample to be analyzed is
rinsed with 5 m!. of saturated potassium fluoborate buffer, of
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pH 3.1. The tube is placed in boiling water for a few minutes,
and then in cold water. The lip of the tube is lightly greased, the
solution is poured into the plating cup, and then the centrifuge
tube is rinsed with another 5 mI. of potassium fluoborate buffer,
using 3-, 1-, and l-ml. portions. The tube is centrifuged briefly
to collect all drops of solution hanging on the sides of the tube,
and this solution is added to the plating cup.

The plating is carried out at 3.5 volts, which in this assembly
gives a current of 40 to 80 mao (current density 2.1 to 4.2 mao per
square cm.). After 1.5 hours of plating, 1 m!. of 1.5N sodium
hydroxide is added, and the plating is continued for another 1.5
hours. The cup is then removed from the plating setup, the solu
tion poured out quickly, and the cup rinsed with 95% alcohol
and drained dry. It is then ready to be counted. The total
elapsed time from start to finish of the assay is 3 days. By care
ful programming, 50 samples can be handled in a working week.
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Colorimetric Determination of Propionaldehyde
LAWRENCE R. JONES and JOHN R. RIDDICK

Commercial Solvents Corp., Terre Haute, Ind.

Aldehydes are a principal or rnirror product of rrrariy
chemical and biocheDlical processes. Often, it is desir
able not only to deterDline the a morrrrt of aldehyde(s)
produced, but the specific aldehyde(s). Propionalde
hyde reacts with ninhydrin in concentrated sulfuric
to produce a deep red-blue color suitable for spectro
pbotomoteic analysis at a wave length of 595 DlJ.l. The
Dlethod is sensitive to 1 to 3 'Y of propionaldehyde with
an accuracy within about ±5%·and a precision within
about ±l%. The Dlethod is specific for propionalde
hyde in the presence of several other aldehydes and it
Dlay he used for the de.ter-mirrariorr of propionaldehyde
in solutions and in air.

A SPECIFIC method was desired for propionaldehyde in
the presence of other aliphatic aldehydes. Numerous

techniques have been proposed for the determination of micro
and macro amounts of aldehydes, but no specific method for
propionaldehyde was reported in the literature.

The determination of one aldehyde in the presence of another
is difficult because of their closely related chemical properties;
but some specificity in reaction of certain aldehydes was obtained

with colorimetric methods. Because of this, various reactions
were investigated that might form a specific color with propion
aldehyde.

Propionaldehyde reacts with 1,2,3-triketohydrindene (ninhy
drin) in the presence of concentrated sulfuric acid to yield an
intense red-blue color suitable for quantitative measurement at
a wave length of 595 rna. This reaction was found to be almost
specific for propionaldehyde. The chemical reactions between
propionaldehyde and ninhydrin that develop color are not known
but this test is similar to the reaction of ninhydrin when used as a
reagent for amino acid determinations (1, 3, 5).

BASIC PROCEDURE

Apparatus. Spectrophotometer, Beckman Model DU.
Tubes, Lewis-Benedict, graduated at 12.5 and 25.0 ml., Corn-

ing No. 7860.
Flowmeter, Fisher Laboratory Model No. 11-163.
Cooling bath,25° C., any type.
Pipet, 0.5 ml., Ostwald type.
Aeration apparatus, Figure 1.
Reagents. Propionaldehyde Standard, obtained from East

man Kodak and purified by method of Smith and Bonner (4).
Analyzed 99.99% by the bisulfite method.

Sulfuric Acid, specific gravity 1.84, Mallinckrodt, low nitro
gen.
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Table II. Detertnination of Propionaldehyde in
For-maldehyde Mixtures

Table III. Detertnination of Propionaldehyde in
Aldehyde Mixtures

Data for the determination of propionaldehyde in mixtures of
aldehydes other than formaldehyde are presented in Table III.

IN A MIXTURE OF ALDEHYDES IN THE ABSENCE OF FORMALDE
HYDE. Weigh a sample of an aldehyde mixture into a volumetric
flask containing 5% bisulfite solution and dilute to volume With bi
sulfite solution. From this solution, prepare a dilute sample
such that a 0.5-m!. aliquot Will contain 30 'Y or less of propion
aldehyde and analyze.

Propion
aldehyde

Found,
Wt. %
30.40
28.35
19.85
43.84
49.00

Propion
aldehyde

Found, Mg.

0.48
0.47
0.99
1.00
2.05
3.02

Propion
aldehyde

29.20
28.37
19.80
43.85
48.93

n-Butyr- Isobutyr-
aldehyde aldehyde

19.32 22.20
0.0 0.0

20.60 10.10
0.0 21.15
5.32 30.10

Composition of Mixtures, Wt. %

Composition of Mixture, Mg.
Formal- Propion-
dehyde aldehyde

3.0 0.5
5.0 0.5
3.0 1.0
5.0 1.0
3.0 2.0
3.0 3.0

Acet-
aldehyde

29.28
71. 63
49.50
35.00
15.65

Ninhydrin Reagent, 3% solution Eastman Kodak Co. No.
2495, 1,2,3-triketohydrindene crystals in a 5% aqueous sodium
bisulfite solution which is stable at room temperature.

Sodium Bisulfite, 5% aqueous solution.
Glycine Solution. Dissolve 5 grams of U.S.P. glycine (amino

acetic acid) in 250 m!. of saturated sodium bicarbonate solution.
Sodium Bicarbonate Solution, saturated aqueous.
Preparation of Calibration Curve. Prepare a solution of pro

pionaldehyde standard in 5% sodium bisulfite solution to con
tain 1 mg. per m!. Transfer 0.0, 0.5, 1.0, 2.0, and 3.0 m!. of the
standard solution to five 50-m!. volumetric flasks and dilute each
to volume with water or bisulfite solution.

Transfer 0.5 m!. of each dilute standard to Lewis-Benedict
tubes, add 0.1 m!. of distilled water, cautiously add 4.0 ml. of
concentrated sulfuric acid, and mix. Stopper tubes as a protec
tion against dilution due to water vapor and cool to 25° C. in a
water bath.

Add 0.2 m!. of ninhydrin reagent and mix. Stopper tubes and
allow them to stand for 1 hour at 25° C. to develop full color
intensity. Dilute contents to 12.5 m!. with concentrated sul
furic acid and mix. Transfer to a l-orn. Corex cell and read the
absorbance at 595 mIL with the spectrophotometer, using the
zero prepared standard as the blank for the zero absorbance
setting of the instrument.

Plot concentration against absorbance on linear graph paper.
The above standards equal 0, 5, 10, 20, and 30 'Y of propionalde
hyde, respectively.

Determination. The determination was made according to
the described method, but the sample was prepared so that a
0.5-m!. aliquot of bisulfite solution does not contain more than
30 'Y of propionaldehyde.

Applications. Formaldehyde does not react with ninhydrin
to give a color complex, but inhibits the formation of color with
propionaldehyde and ninhydrin (Table I). Therefore, formal
dehyde must be removed prior to determination of propionalde
hyde. The presence of formaldehyde can be conveniently
proved by the method of Eegriwe (2).

Absorb
ance

0.800
0.740
0.690
0.600
0.505
0.385
0.200

Figure 1. Aeration Apparatus

Found,
'Y

990
500

4960
48

Calculated,
'Y

1000
500

5000
50

E E
I
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" " " "" " "A " " " "" " " ""_tl_ " " "-'IT-

-ac- ft -4+
F- _TT_ --u--

crt; =Tr_-ar-
-Ti- -ar- -'IT_ _TL
-ii- -nr- -n- -If-

AIR-- I I I I
I I I I

TI T2 T3 T4

Table IV. Detertnination of Propionaldehyde in
Air.Satnples

A. Air sp.aeger-, borosilicate filter s'tdoks
C. Standard-taper 24/40 glass joints
E. Tygon tubing
F. Ftowrnener-, Fisher Laboratory Model No. 11-163
S. Three-way stopcock
T. Traps, 25 X 200 nun., borosilicate tube

IN AIR. Pass the air containing propionaldehyde vapor through
a train of three tubes containing 20 m!. of glycine-bicarbonate
solution in T, and 20 ml. of 5% bisulfite solution in -T2 and T.
at the rate of 0.2 liter per minute. At the end of the sampling
period, combine the bisulfite solution from T2 and Ts into a volu
metric flask, dilute to volume with bisulfite solution, and analyze
a 0.5-ml. aliquot containing 30 'Y or less of propionaldehyde by
the proposed procedure.

Table I. Effect of Fonnaldehyde on Detertnination
Conen. of Conen. of
Propion- Formal-

aldehyde, 'Y dehyde, 'Y

20 0
20 ;3
20 10
20 20
20 30
20 50
20 100

The formaldehyde may be separated from the propionalde
hyde effectively by passing the aldehyde vapors through a glycine
(aminoacetic acid) solutio'n which will combine the formalde
hyde:

HCHO + NH2CH,COOH ....... CH2NCH2COOH + H 20

n-Butyraldehyde will interfere if present in larger quantities
than propionaldehyde. Equal or smaller amounts of n-butyral
dehyde in relation to propionaldehyde may be determined suc
cessfully.

Determination of Propionaldehyde. IN A MIXTURE OF
ALDEHYDES CONTAINING FORMALDEHYDE. Prepare an aeration
train consisting of four tubes (Figure 1). Add 20 m!. of satu
rated bicarbonate solution to'Ti , 20 ml. of 5% glycine-bicarbon
ate solution to T 2 , 20 m!. of 5% bisulfite solution to T a, and 15
m!. of bisulfite solution to T.. Prepare a sample of aldehyde
mixture in sodium bisulfite solution such that a 1.0-m!. aliquot
will contain 1 to 3 mg. of propionaldehyde.

Add to T i a 1.0-m!. aliquot of the prepared mixture, connect
all tubes in aeration train, and adjust air-flow, delivered either
by vacuum or pressure, through the train at the rate of 0.2 liter
per minute as measured by the flowmeter. Continue aeration
for 3 hours. Combine, quantitatively, the contents of 'I'« and
T. in a 50-ml. volumetric flask and dilute to volume With water.

Analyze a O.5-m!. aliquot of the solution for propionaldehyde.

Results on the determination of propionaldehyde in mixtures
of formaldehyde by aeration are given in Table II.
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Table V. Tfrrre of Reaction at 25 0 C.
(30 y propionaldehyde)

Time, Absorb-
Min. ance

o 0.0
15 0.560
W 09W
45 1.200
60 1. 200
75 1.195
90 1.180

Propionaldehyde determinations in known concentrations of
air samples are presented in Table IV.

EXPERIMENTAL

The effects of several variables were investigated for their in
fluence on the color formation and quantitative applications of
the reaction. The factors included the absorption curve, sta
bility and intensity of color, time and temperature of reaction,
stability and concentration of ninhydrin, concentration of acid,
conformity to Beer's law, and interference from other compounds.
A Beckman Model DU spectrophotometer was used. to measure
the color. Briefly, the following procedure was employed.

An aqueous solution containing 20 'Y of propionaldehyde was
transferred to a Lewis-Benedict tube, 4.0 ml, of concentrated
sulfuric acid added, and the solutions were mixed and cooled
to 25 0 C. Ninhydrin reagent was added and the reaction was
allowed to stand for 1 hour for complete color development.
The samples were diluted to 12.5 ml. with concentrated sulfuric
acid and read by means of the spectrophotometer.

solution the reagent resisted oxidation and remained stable
indefinitely. The bisulfite solution· of ninhydrin remained
colorless compared to the rapidly darkening of pink color of the
aqueous ninhydrin solution. It was believed that the bisulfite
formed ar: addition compound 'with the keto groups of nin
hydrin, but did not interfere in the reaction.

Reagent Concentration. A 0.2-m!. aliquot of 3% or higher
ninhydrin in 5% bisulfite solution was optimum. Lower con
centrations than 3% resulted in less color development. Higher
concentration resulted in full color development, but increased
the color of the blank proportionately, for ninhydrin reagent is
pink in the acid-water solution.

Concentration of Acid. The optimum acid content was ap
proximately 83 volume % in the color development reaction
(Table VII). Also, the sum of volumes of acid, water, and nin
hydrin reagent in the reaction mixture was critical toward color
development with propionaldehyde. Table VIII illustrates that
a higher intensity of color developed using 4 ml. of acid in an
83.3 volume % solution than did other amounts of acid in a
similar concentration.

Table VI. Stability of Colored Complex
Time, Absorbances of Propionaldehyde
Min. W y 20 y 30 v

o 0.400 0.800 1.200
5 0.400 0.800 1.200

10 0.400 0.800 1.200
15 0.400 0.795 1. 200
20 0.385 0.770 1.170
30 0.350 0.745 1.160

a Absorbance read after I-hour reaction time and final dilution to 12.5
ml. with concentrated sulfuric acid.

With lower concentration of acids (70 to 75 volume %), when
the samples were allowed to stand for the l-hour reaction time
and then diluted to 12.5 ml. with concentrated acid, the color
rapidly gained in intensity for 3 to 5 minutes after dilution. It
appeared that the reaction might take place in two steps: (1) a
rearrangement of the propionaldehyde in the lower concentration
of acid, and (2) coupling with ninhydrin reagent in the stronger
acid concentration. In the acid range of 80 to 85 volume %
when samples stood for 1 hour, no additional increase in color in
tensity was noted after dilution to 12.5 ml, with concentrated
acid. If samples were prepared and diluted to 12.5 ml. with con
centrated acid prior to the hour of development time, very little,
if any, color developed.

A 4.0-m!. volume of acid, O.6-m!. volume of aqueous sample,
and a 0.2-m!. volume of reagent was chosen as the optimum reac-

1.WO
1.200
1.170
1.140
1.080
1.070
1.040
1.020

Absorb
ance"

1.080
1.200
1. 170
1.060
0.920

Absorb
ance

Optimum Acid Concentrations
Water Acid Acid,

Vol., Vol., Vol.,
Ml. Ml. .%
0.0 4.0 85.1
0.1 4.0 83.3
0.2 4.0 81.7
0.3 4.0 80.0
0.4 4.0 78.4
0.5 4.0 76.9
0.6 4.0 75.4
0.7 4.0 74.0

Optimum Amount of Total Acid Present
Acid Acid,
Vol., Vol.,
Ml. %
3.0 83.3
4.0 83.3
5.0 83.3
6.0 83.3
7.0 83.3

Reagent
Vol.,
Ml.

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Water
vei..
Ml.

0.6
0.8
1.0
1.2
1.4

Table VII.
Sample

Vol.,
Ml.

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Table VIII.

Absorption Spectrum. Spectral-absorbance curves of the red
blue complex, resulting from the reaction of propionaldehyde
and ninhydrin, show a maximum absorption at 595 m«.

Transmittance and Concentration. Calibration curves were
determined for propionaldehyde by plotting absorbance against
concentration. The compound gave a straight-line calibration
originating at zero concentration and absorbance. The color
obeys Beer's law for amounts of 1 to 30 }L of propionaldehyde in
the total volume of 12.5 m!.

Temperature and Time of Reaction. A correlation exists
between the temperature and the length of time required for color
development. Samples were treated for color development at
0°, 250

, 50 0
, and 1000 C. At 00 C., color development was not

completed for almost 3 hours; at 250 C., color development was
complete in 45 to 60 minutes; at 50 0 C., color developed in 10
minutes; and at 100 0 C., the color was formed almost immedi
ately. However, the color is not stable at the higher tempera
tures of 50 0 and 100 0 C. Because heat destroys the ninhydrin
propionaldehyde complex, the reagent was added after the reac
tion mixture was cooled to 25 0 C. The addition of 0.2 ml, of
ninhydrin reagent to the reaction did not raise the temperature
sufficiently to affect color decomposition. Total color developed
in approximately 45 minutes at 25 0 C. and remained constant
for 30 minutes. A I-hour period for color development at 25 0 C.
was chosen for convenience. The time of reaction at 25 0 C. is
illustrated in Table V.

Stability of Colored Complex. Propionaldehyde was treated
to develop the colored complex. The absorbances of the samples
were determined at time intervals. The color was stable for
only 15 minutes after the final addition of sulfuric acid, after
which a gradual decrease in intensity occurred. The stability
data are recorded in Table VI.

Reagent Stability. One of the most critical factors was the
instability of aqueous solutions of ninhydrin when exposed to the
air or light. Oxidation proceeded rapidly and the reagent
changed in its reaction with propionaldehyde during the day.
When the ninhydrin was dissolved in a 5% sodium bisulfite
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tion mixture. This dilution gave the highest precision, reproduci
bility, and color intensity.

Interference. In order to determine the specificity of the
ninhydrin reaction toward propionaldehyde several carbonyl
compounds were tested. Aqueous bisulfite solutions of the
aldehydes were prepared, each to contain 1 mg. of aldehyde, and
tested. These aldehydes included formaldehyde, paraformalde
hyde, acetaldehyde, paraldehyde, n-butyraldehyde, isobutyral
dehyde, crotonaldehyde, 2-furaldehyde, benzaldehyde, vanillin,
salicylaldehyde, and acrolein. They produced no color, except
acrolein, which darkened in the concentrated sulfuric acid, and
n-butymldehyde, which gave a red-color complex with ninhydrin.
The intensity of the color with n-butyraldehyde was much less
than that of propionaldehyde and absorbed at a wave length of
470 mu, Formaldehyde did not react with color formation, but
it inhibited the color formation of propionaldehyde when the two
were present together.

Because ketones have many reactions similar to aldehydes,
solutions of acetone and 2-butanone were tested. 2-Butanone
gave no color reaction in the proposed test. Acetone gave no
color in small concentrations, but 1000 'Y of acetone gave the
characteristic color of the propionaldehyde test corresponding to
4 'Y of propionaldehyde. It was thought that perhaps the ace
tone contained a small amount of propionaldehyde. Some ace
tone was subsequently purified by the method of Werner (6) and
supposedly all aldehydes had been removed, but this product also
gave a positive test corresponding to 0.4% propionaldehyde.
Therefore, acetone might interfere if present in large concentra
tion.

Ninhydrin reagent in a neutral aqueous media was used as a
characteristic test for a-amino acid compounds. Several amino
acids-glycine, di-valine, di-lysine, i-proline, i-hydroxyproline,
l-tyrosine, and l-arginine-were tested and reacted negatively
under the conditions of this test.

ANALYTICAL CHEMISTRY

Ninhydrin used under the given conditions was specific for
propionaldehyde.

SUMMARY

A colorimetric procedure for the specific determination of
propionaldehyde has been presented. Only n-butyraldehyde,
among the aldehydes tested, reacted to give a color, which ab
sorbed at 470 mJ' as compared to 595 mJ' for propionaldehyde.
The method is so sensitive that the presence of acetone would
not interfere in the range of concentration used.

Formaldehyde must be removed prior to the analysis since it
inhibits the formation of the ninhydrin-propionaldehyde color
complex.

The proposed test, adapted for the determination of propion
aldehyde in air and in mixtures of other aldehydes, will
quantitatively determine propionaldehyde in amounts as low as
1 to 3 'Y and has an accuracy within ±5% with a precision within
±l%.
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Determination of Silver with 1,2,3-Benzotriazole
KUANG LU CHENG

Department of Chemistry, University of Connecticut, Storrs, Conn.

A method for the determination of silver with 1,2,3
benzotriazole has been developed which proves useful
when silver is deterrnfned in the presence of the inter
fering metals commonly encountered. Ethylenedi
aminetetraacetic acid is used as a complexing agent.
Only silver is precipitated by 1,2,3-benzotriazole in the
presence of ethylenediaminetetraacetic acid and am
monium hydroxide. No interference from metals is
found; chloride, bromide, and fluoride do not inter
fere, but iodide for-rna less soluble silver iodide precipi
tate. Cyanide and thiosulfate dissolve the precipitate
of silver benzotriazolate. From 10 to 100 mg. of silver
may be deterrnrned gravimetrically or volumetrically
with an average error of 0.2 mg. or less. The procedure
is simple, rapid, and accurate.

SILVE R is commonly determined gravimetrically or volu
metrically with chloride or thiocyanate. The methods

are subject to the disadvantages of lack of specificity, low molec
ular weight, and sensitivity to light. There are many organic
reagents being suggested for the determination of macro amounts
of silver; however, none of them is specific for silver. It was
found that 1,2,3-benzotriazole, named silvon because of its

probable specificity for silver, may be used for the determination
of silver in the presence of all metals without any interference if
ethylenediaminetetraacetic acid (Versenate) is used as a complex
ing agent.

1,2,3-Benzotriazole was first suggested as a precipitant for
silver by Remington and Moyer (3) and later by Tarasevich (5).
According to them copper, cadmium, iron(II), nickel, cobalt, and
zinc are also precipitated by 1,2,3-benzotriazole. Curtis (1)
recommended 1,2,3-benzotriazole for the determination of copper.

When an ammonical solution of the reagent is added to a
slightly acid or neutral solution containing silver ions in the pres
ence of Versenate, a precipitate is formed which, when dried at
Ll.O? C., corresponds to the formula AgC,R.N,.

+ R+

The development of a volumetric method for silver determina
tion was based upon the fact that silver benzotriazolate (silver
silvonate) is soluble in the cyanide solution. When the pre
cipitate is dissolved in a. known amount of cyanide solution, the
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Table I. Metals Precipitated by 1,2,3-Benzotdazole
Metal Without Yersenate With Versenate

excess cyanide may be back-titrated by the standard silver ni
trate solution using potassium iodide as the indicator.

RECOMMENDED PROCEDURE

Gravimetric Procedure. To a solution containing from 10 to
100 mg. of silver is added about 1 to 10 grams of disodium salt

EFFECT OF pH UPON PRECIPITATION

The pH range was not critical for the precipitation of silver
benzotriazolate. However, the precipitation should be carried
out in ammoniacal solution in order to complex the interfering
metals by Versenate. When precipitation was made at the acid
medium, colloidal precipitates were found. Ammonium hy
droxide tended to coagulate the precipitate.

Dif
ference,

Mg.

+0.23
+0.04
-0.06
-0.01
-0.09
+0.11
+0.23
+0.11
-0.06
+0.12
-0.07
+0.33
-0.10

Difference,
Mg.

+0.05
-0'.13
-0.27
+0.02
-0.26
-0.35
+0.04
-0.06
-0.20

-0.13Average

Silver
Found,

Mg.

95.48
95.29
95.19
95.24
95.16
95.36
95.48
95.36
95.19
47.74
47.55
95.58
95.15

Silver
Taken,

Mg.

95.25
95.25
95.25
95.25
95.25
95.25
95.25
95.25
95.25
47.62
47.62
95.25
95.25

Form
Added.

200 Mg.

Hg(NO,)o
Hg(NO,)o
Hg(NO,)o
PbCh
PhC\,
PbC\,
Fe,(SO.)a
Fe,(SO.)a
Fe,(SO.)a

Table II. Determination of Silver
Weight of Silver

Precipitate, Found,
Mg. Mg.

40.0 19.10
39.8 18.92
39.5 18.78
99.8 47.64
99.2 47.36
99.0 47.27

199.6 95.29
199.4 95.19
199.1 95.05

Determination of Silver in Presence of Foreign
Metals

Metal

Hg(II)
Hg(II)
Hg(lI)
Pb(lI)
Ph 'II)
Pb(lI)
Fe(lII)
Fe(lII)
Fe(III)
Mixturea

Silver
Taken,

Mg.

19.05
19.05
19.05
47.62
47.62
47.62
95.25
95.25
95.25

FeV-- -e ~ FeV-

of Versenate, depending upon the amounts of interfering metals
present. The solution is made neutral or slightly acid with
ammonium hydroxide or nitric acid and heated to 60° to 90° C.
Sufficient reagent solution, containing a slight excess of the
amount necessary, is added to precipitate. completely the silver
present in the solution. For 10 to 100 mg. of silver, satisfactory
results are obtained using 10 m!. -of 2.5% reagent. The resulting
precipitate is digested at 60° C. for 15 minutes and allowed to cool
to room temperature. The precipitate is then filtered through
a weighed, medium porosity sintered-glass crucible, washed five
to six times with 10 m!. of water, and dried at 110° C. for 1 to 2
hours to constant weight. The weight of silver present in the
sample is calculated by multiplying the weight of precipitate by
the gravimetric factor 0.4774.

The results of several determinations of silver with the reagent,
in the absence of and in the presence of interfering metals, are
shown in Tables II and III. The reagent is not specific for silver
(1,2,6); however, the combination of the reagent and Versenate
make the method probablyspecificfor silver. So far, no metals have
been found causing interference. When mercury(I) ions were oxi
dized to mercury(II) ions, no interference was found; also uni
valent thallium and copper did not interfere under the condi
tions of determination. Table III indicates that all the inter
fering metals are strongly complexed by Versenate. No silver
precipitate is formed with 1,2,3-benzotriazole in the presence
of Versenate and iron(II). The silver ion is reduced to metallic
silver by ferrous Versenate. This phenomenon was first found
by Pribil et al. en. Ferric Versenate complex is much more
stable than ferrous Versenate complex. The equilibrium

is wholly displaced in favor of the ferric complex-i.e., the reduc
ing power of the ferrous salt will be considerably increased. If
the ferrous ions are oxidized to ferric ions, such interference is
eliminated. The hydroxides ·of tin, antimony, titanium, and
beryllium are insoluble even in the presence of Versenate. It
is necessary to add sufficient amount of tartrate in order tocom
plex them when they are present. The error is somewhat less
than 0.2 mg. in samples coptaining from 10 to 100 mg. of silver
and in the large amounts of foreign metals and anions.

In the study of the effect of anions on the silver determination,
no interference is found from chloride, bromide, fluoride, sulfate,

Table III.

a The mixture contained 0.2 gram each of copper(lI), cobalt(lI), nickel
(II), zinc(II), and cadmium(lI).

No precipitate

No precipitate
No precipitate
No precipitate
No precipitate
No precipitate
White precipitate

Yellowish green
precipitate

Brown precipitate
White precipitate
White precipitate
White precipitate
Brown precipitate
White precipitate

Cu(lI)

Fe(II)
Ni(lI)
Cd(II)
Zn(lI)
Co(lI)
Ag(I)

QUALITATIVE REACTIONS

Qualitative tests were performed upon several common metals.
The results are shown in Table I. As reported p.reviously
(1-3, 5, 6), 1,2,3-benzotriazole precipitates iron(II), zinc(II),
cobalt(II), cadmium(II), copper(II), and nickel(II). But in the
presence of ammoniacal Versenate solution, 1,2,3-benzotriazole
precipitates only silver. Therefore, the reagent is probably a
specific precipitate for silver when ammonium hydroxide and
Versenate are employed. This may also be an excellent way
to separate silver from other metals when silver is an interfering
meta!.

REAGENTS

1,2,3-Benzotriazole Solution, 2.5%. Dissolve 2.5 grams of
1,2,3-benzotriazole (Eastman Kodak Co.) in 30 ml. of concen
trated ammonium hydroxide and dilute to 100 ml. with water.

Standard Silver Solution. Dissolve 3.0000 grams of pure
silver nitrate in 500 m!. of water and 1 ml. of concentrated nitric
acid and make up to 1 liter with water.

Versenate Solution. Dissolve 400 grams of disodium dihydro
gen ethylenediaminetetraacetic acid in 500 m!. of water, add a
sufficient amount of ammonium hydroxide to dissolve the
Versenate, then dilute to 1 liter with water.

Cyanide Solution, O.05M.
Potassium Iodide Solution, 2%.

PROPERTIES OF PRECIPITATE OF SILVER BENZOTRIAZOLATE

Stability. It was found that the temperatures from 110° to
150° C. were safe for drying the precipitate. If dried overnight
at 175° C., the precipitate began to decompose. Not only did
the weight of precipitate decrease, but also its color changed
from white to yellowish brown. It was found that the precipi
tate could be dried to constant weight in 2 hours at 110° C.
Unlike silver halides, the silver benzotriazolate precipitate did
not show sensitivity to light.

Composition. 1,2,3-Benzotriazole formed precipitates with
bivalent metals (1-3); the ratio was 2 to 1. However, the re
agent probably forms an insoluble salt with silver in the ratio of
1 to 1. The experimental data were in good agreement with
the theoretical gravimetric factor, 0.4774.

Solubility. The silver precipitate was practically insoluble
in most organic solvents and acetic acid. It- was very soluble in
concentrated acids such as nitric, sulfuric, and hydrochloric.
Cyanide and thiosulfate also dissolved the precipitate.
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able coprecipitation was noticed. Probably the metals are so
tightly cornplexed by the Versenate that no appreciable amounts
of free metal ions are available for coprecipitation. No attempt
was made to determine silver with the reagent on a micro scale;
however, it could be easily adapted to the microdetermination.
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nitrate, phosphate, and 'acetate. The anions interfering with
the precipitation are cyanide, thiosulfate, and iodide. Cyanide
and thiosulfate dissolve the silver precipitate, and silver iodide
is less soluble than the silver benzotriazolate.

Volumetric Procedure. Alternatively, the silver may be deter
mined volumetrically. The silver benzotriazolate precipitate
is coagulated by heating and stirring, or 10I,lg standing and is
filtered by use of a paper-bottomed Gooch crucible. The pre
cipitate is washed with water. The precipitate is dissolved with
a small amount (10 ml.) of 1 to 1 nitric acid into a 250-ml.
beaker, diluted to about 50 ml. with water, then the acid is
neutralized and the solution made alkaline with concentrated
ammonium hydroxide. The precipitate formed, due to the
neutralization, is dissolved again by adding a known amount of
0.05111 cyanide solution. The excess of cyanide is back titrated
by a standard silver nitrate solution using 1 ml. of 2% potas
sium iodide solution as indicator. The appearance of light
yellowish silver iodide indicates the end point. A blank deter
mination is recommended.

The volumetric procedure is based upon the fact that the cya
nide solution dissolves silver benzotriazolate precipitate and that
silver iodide is less soluble than silver benzotriazolate. Several
determinations by the volumetric procedure are shown in Table
IV. The volumetric procedure has the advantages of simplicity
and rapidity. It may also increase the accuracy, because con
tamination of the precipitate by foreign substances which do not
react with cyanide will cause no error in the volumetric procedure.

Table IV.

Silver
Taken,

Mg.

19.05
19.05
19.05
47.62
47.62
47.62
95.25
95.25
95.25

ANALYTICAL CHEMISTRY

Volumetric Determination of Silver
Silver Dif-

Found, ferenee,
Mg. Mg.

19.08 +0.03
19.00 -0.05
18.80 -0.25
47.76 +0.14
47.52 -0.10
47.78 +0.16
95.13 -0.12
95.28 +0.03
95.36 +0.11

CONCLUSION

1,2,3-Benzotriazole precipitates iron(II), cobalt(II), copper(II),
nickel(II), cadmium(II), zinc(II), and silver. In alkaline me
dium, Versenate forms very stable water-soluble complexes with
all the metals mentioned except silver; therefore, 1,2,3-benzo
triazole precipitates only silver in the ammonical Versenate solu
tion. The precipitate has a high molecular weight and definite
composition, and is less sensitive to light and heat.

Satisfactory results are obtained for the determination of silver
with the reagent either gravimetrically or volumetrically. The
volumetric procedure is preferred because of its simplicity and
rapidity. Reprecipitation is not necessary because no appreci-
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Reaction of Morphine with Potassium-Mercuric Iodide
LEO LEVI and CHARLES G. FARMILO

Fooa ana Drug Laboratories, Department of National Health ana Welfare, Ottawa, Cened«

When morphine hydrochloride reacts in an aqueous
medium with a solution of potassium mercuric iodide,
a complex, having the composition [C 17HI9NO,.H].

[HgI,], precipitates on standing. The rate of the
reaction is dependent upon the availability of HgI3'
anions which are supplied by the reagent in accord
ance with the equation:

A shift of the equilibrium in favor of the HgI3' ions
occurs when the mercuric iodide-potassium iodide
ratio is increased. Accordingly, in a series of experi
ments using solutions containing 0.2 mole of mercuric
iodide per liter and decreasing potassium iodide con
centrations the rrraxfrnrrm product yield (98.6%) was
obtained. when the precipitant became saturated with
respect to mercuric iodide. By this reaction as little
as I 'Y of the amine can be detected and identified, for
under suitable conditions, the microcrystalline precipi-

tate formed consists of characteristic aggregates of fine,
elongated needles. The ultraviolet and infrared ab
sorption spectrum, x-ray diffraction pattern, optical
rotation, and solubility behavior of the alkaloidal
derivative, compared with srrrrifar properties of the free
base, are of value in identification of minute amounts
of the narcotic.

WH E N a mixture of mercuric iodide and potassium iodide
is dissolved in water and the resulting preparation added

to an aqueous solution of morphine hydrochloride, a 'flocculent,
amorphous precipitate is formed which becomes crystalline on
prolonged standing. This reaction was first reported in 1858
by the English chemist Groves (3) who, on the basis of a partial
analysis, assigned to the reaction product the formula morphia
Hg2I, (molecular weight of mercury is 100). Soon after this work
was published, Valser in France used potassium iodide-mercuric
iodide solutions for precipitating a number of nitrogenous
bases (7, 8, 11). He included morphine in his investigations and
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Table I. Composition of Reagent and Morphine-Mereuric Iodide Complex
Composition of Purified Complex a

Re- Composition of Reagent Wt. of (Morphine.H).(HgI3). % Product
agent HgI3, KI, H20, Complex, Mercury Iodine Morphine Yield,
No. g. g. m!. G.' Found Theory Found Theory Found Theory %
A 4.545 3.320 50.00 7.513 23.08 23.12 43.73 43.89 32.84 32.87 98.59
B 4.545 5. 820 50.00 6.702 23.01 43 . 85 - 32.65 87.94
C 4.545 8.320 50.00 6.085 22.95 43.63 32.57 79.86

. a Crude product was found to contain 31.19% morphine, 23.78% mercury, and 44.63% iodine and melted to a
dark brown liquid from 2440 to 247 0 C. at a heating rate of 5° C. per minute. Hence, the composition of complex
remained unchanged during purification.

Sensitivity of Potassium-Mercuric Iodide Reagents toward Morphine
Hydrochloride

gave to this complex the formula (morphia.HI) + (Hg,I).
Finally, the alkaloidal derivative, prepared again in 1922 by
Francois and Blanc, was assigned the formula morphine.HI.HgI.
(1), which composition is different from that postulated by
Groves and Valser.

None of .these workers characterized the complex further.
Because of its importance to the forensic chemist for the identi
fication of minute amounts of morphine, a study of the mech
anism of formation and the physicochemical behavior of the alka
loidal derivative should be of both theoretical and practical value.
The authors' investigations showed that the composition of the
complex may be represented more correctly by the formula
(morphine.Hj.IHgI, ) and that as little as 1 'Y of the alkaloid may
be detected by this reaction.

EXPERIMENTAL RESULTS AND DISCUSSIONS

The compositions of the potassium-mercuric iodide solutions
used are shown in Table 1. The solutions were added slowly and
with constant stirring to 500 m!. of 0.01757M aqueous solutions
of morphine hydrochloride. After refrigeration for 24 hours
at 5° C. the bulky, gelatinous precipitates were filtered off,
dried in vacuo over phosphorus pentoxide, and the product yields
obtained.

Following repeated purification (from 50% acetonc) the pre
cipitates were obtained as faintly yellowish crystalline com
pounds, which melted at 246.5 to 247.8° C. (corrected) to a dark
brown liquid. Analyses showed that they possessed identical
composition. Morphine was determined as the reineekate,
the metal was precipitated as mercuric sulfide, and the halide
estimated gravimetrically as silver iodide. The analytical data,
recorded in Table I, justified tentatively assigning to the com
plex the formula (rnorphino.Hj.tHglj). Further evidence in
favor of this composition was secured by means of the following
experiments.

Formation of HgI;] Ions. Taurins (9) assumed that aqueous
potassium iodide-mercuric iodide solutions contain both HgI 3
and Hgl i " ions and postulated that the concentration of the that the sensitivity of this reaction

is decreased when the reagent
contains excess potassium
iodide because of the solubility
of the alkaloidal iodomercurate
in potassium iodide solutions
(8, 10). This assumption
could not be confirmed by the
authors, as shown in Table IV
and illustrated by means of the
following experiments which
were carried out further to sub
stantiate the reaction
mechanism postulated.

To 1.0-m!. portions of an
aqueous morphine hydro
chloride solution containing
0.50 mg. of alkaloidal salt were
added 0.2 m!. of solutions A,
B, and C, respeetively. A
voluminous precipitate formed
in each case immediately, but
on standing for 5 minutes, this
precipitate coagulated to form
a few isolated gelatinous par
ticles; so that the solution ap
peared now much clearer. The
same experiment was repeated
using 1.0 m!. of reagent in each
case. Again there was ob
served an immediate strong
cloudiness throughout the
entire solution as the first few

Equilibriurn Process in Potassiurn-Mercuric
Iodide Solutions

2KI + HgI, • ~ K,HgI.
~ Excess
~ KI

2K+ + 1- + HgI;~ 2K+ + HgI~-

Excess
HgI2

Morphine.HCl J Morphine.H + + Cl "
Morphine.H." + HgI; ~ (Morphine.Hj.IHgls)

Some workers concluded

Hgl, ions was depleted by the addition of an excess of potassium
iodide, whereas the equilibrium was shifted in favor of the HgI4
ions by addition of an excess of mercuric iodide. The authors'

Figure 1.

data strongly support the existence of this equilibrium proc
ess (Figure 1) for the product yield [M.H]. [HgI3J increased
from 79.86 to 87.94% and reached 98.59% when the potassium
iodide concentration in the reagent was decreased from 1.0 to
0.7 and finally reduced to 0.4 mole per liter. Apparently, the
derivative is formed by interaction of the HgI3 ion with the rnor
phinonium ion produced by the virtually complete dissociation
of morphine hydrochloride in water (5). The over-all reaction
may be represented as follows:

Further data in support of this mechanism are given in Table
II, which shows the influence of the potassium iodide-mercuric
iodide ratio upon the rate of the reaction, and in Table III,
which records the sensitivity of the reaction in the presence of
equivalent amounts of morphine and morphine hydrochloride.
The decreased sensitivity of the reaction when the free alkaloid,
instead of its salt, is used as reactant apparently is due to the
incomplete ionization of the free base in aqueous media and the
sluggish supply of morphinonium ions from this system:

Morphine + H 20 ~ morphine.H." + OH-

No reaction

No reaction

Faint opalescence after 7
hours

Crystals appear after 19 hours

Solution C

Slight ppt. after 3 min.

Faint cloudiness after 5 hours

Crystallization after 9 hoursCrystallization after 4 hours

Solution B

Faint ppt. after 30 sec.

Faint cloudiness after 90 min.

Faint opalescence after 4
hours

Crystals appear after 12 hours

Faint opalescence after 9
hours

Crystallization after 36 hours

No reaction

Solution A

Immediate heavy ppt.

Immediate gelatinous ppt.
which gradually coagulates

Crystallization after 45 min.
but most of ppt. still amor
phous. Crystallization com
plete after 85 min. and
supernatant liquid clear

Faint opalescence after 5 min.

Crystals (long, branching nee
dles) appear after 75 min.

Faint opalescence after 80
min.

Crystallization after 9 hours

Faint opalescence after 3
hours

Crystallization after 51 hours

Table II.

0.124

0.093

0.062

Morphine
Hydro

chloride,
Mg. per

M!.

0.658

0.248
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This mechanism is supported further by the observation that
the derivative is formed at approximately the same rate when
95 rnl, of saturated mercuric iodide solution (4.5 mg. HgI2 ) ,

are added to 5 ml. of an aqueous morphine hydrogen iodide
solution containing 0.135 gram of the alkaloidal salt, or when
100 rnl. of an equimolar (0.003M) aqueous morphine hydro-

OH

HO

OH

HO

.\
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Figure 2. Mode of Addition of Mercuric Iodide to
Morphine Hydrogen Iodide

HO

ig .6
01..

.9

1.1

1.2

1.0

.2

230 240 260 260 270 280 290 300 310 320
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Figure 3. Ultraviolet Absorption Spectra of Reagents and
Reaction Product

.8

.6

.3

.4

chloride solution react with 0.05 ml. of aqueous potassium
mercuric iodide (Solution A, Table I) containing 4.5 mg. of
mercuric iodide and 3.3 mg. of potassium iodide. Evidently,
in the former case the iodide ions are supplied by the morphine
hydrogen iodide while in the latter case they are contributed by
the potassium iodide present in the system.

Study of Ultraviolet Absorption. The ultraviolet absorption of
the" complex differs markedly from that of the' compounds used
for its synthesis. as shown in Figure 3. No resemblance exists
between the spectra of mercuric iodide, potassium iodide, and
potassium iodide-mercuric iodide solutions and the experimental
data strongly suggest that potassium iodide and mercuric iodide
interact with the formation of a new compound.

In the potassium iodide-mercuric iodide solutions studied a
bathochromic shift of the maximum from 280 to 290 mil occurs
as the potassium iodide concentration is increased from 0.0001
to 0.0005 mole per liter. (A O.OOOlM solution of potassium
iodide was found to dissolve no more than 0.00004 mole of mer
curic iodide.) This shift is evidently associated with the increased
concentration of HgJ4- ions under these conditions (Figure 1)
and the property of these ions to absorb at higher wave lengths
(2).

In accordance with these interpretations the resemblance be-

1.85
6.0

32
87

Appearance
of Crystals,

Hours

Conen. of
Morphine,
Mg./Ml.

0.200
0.100
0.075
0.050

0.75
1.25
8.5

48

Appearance
of Crystals,

Hours

Solubility of Morphine-Mercuric Iodide
Complex in Various Solvents

Solubility,
% Wt./Vol.

0.004
0.083
0.104
0.106
0,385
0.643

Solvent

Chloroform
Ether
Water
Potassium iodide, 10%
Ethanol, 95%
Acetone

Table IV.

Table III. Sensitivity of Reagent toward Equirnolar
Solutions of Morphine and Morphine Hydrochloride
Conen. of
Morphine

Hydrochloride,
Mg./MI.

0.248
0.124
0.093
0.062

These experiments strongly suggest that the morphine mercuric
iodide complex does not form by coordination of the mercuric
iodide with the oxygen of the ether linkage in the morphine mole
cule to give a compound of the formula shown in Figure 2. One
could expect to obtain the analogous product from the reaction
of morphine hydrochloride and mercuric iodide, but under the
experimental conditions the alkaloidal complex forms according
to the following equations.

M.HI~ M.H+ + 1

HgI2 + 1- ..... Hgla

M.H+ + Hgla-~ M.H.HgIa

drops of reagent were added, but as the addition was continued
this cloudiness disappeared because the gelatinous precipitate
gradually coagulated. Such an observation could easily be
misinterpreted as indicating increased solubility of the alka
loidal iodomercurate in excess reagent. But in none of the
experiments could the coagulated precipitate be dissolved by
the subsequent addition of either 1 m!. of 10% potassium iodide
or 1 ml. of precipitant.

Mercuric Iodide Reactions. In order to disprove the possi
bility that the ether oxygen of the alkaloid was mercurated dur
ing the reaction the following experiments were carried out.

To 0.1 gram of morphine hydrochloride dissolved in 5 ml. of
water were added 100 ml. of a saturated aqueous mercuric iodide
solution (45 mg. per liter). No reaction was observed. Similarly,
when to 100 m!. of an aqueous 0.003M morphine hydrochlo
ride solution (1.1274 grams per liter) 0.0003 mole (0.1364 gram)
of solid red mercuric iodide was added, no reaction occurred,
even when the suspension was stirred mechanically for prolonged
periods of time, and the metal halide could be recovered quantita
tively.

When morphine hydrogen iodide instead of morphine hydro
chloride was used in these experiments, product formation oc
curred in each case. Thus, on addition of 100 ml. of saturated
mercuric iodide solution to a solution of 0.1 gram of morphine
hydrogen iodide in 5 ml. of water 2.3 mg. of material formed
after 12 hours' standing. It was found to be identical to
that obtained by reaction of morphine hydrochloride with
potassium mercuric iodide. The same compound was isolated,
when to 100 ml. of a 0.003M aqueous morphine hydrogen iodide
solution (1.3479 grams per liter), 0.0003 mole of solid red mer
curic iodide was added, and the suspension was stirred mechani
cally for several hours, the extent of product formation being a
function of the reaction time.
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:\forphinc recrystalli zed fr oOl w ate r

I /I,

20
1

20
3
3
3

20
15 B
2B
3B
3B
2B

Comple x

Sp eci fic
R ota t ion

-166 .4
52 .6

- 49 . 5

Morphine

d, A .

2 .40
2 .37
2 . 3 1
2 .27
2 . 22
2. 18
2. 14
I. 98
1. 89
1. 84
I. 74
1.71

-0 .3 1
-0 .28
-0 . 66

Ob served
An gle of
RotationM ole/liter

0 .00614
0 .00614
0 .01 535

%
wt ';vo L

0 . 18 60
0 .5327
1. 3316

i rt ,
100
35
55

2
30
50
45
15 B
15 B

5 B
15
15
25

Optical Rotations of Morphine and
M ercuric Iodide in 50% Acetone

Concentrat ion

d, A.

10.9
8.94
8 . 33
7 . 58
6 .6 2
6. 09
5 .4 8
5 . 10
4 . 53
4 .1 3
3 .97
3 .90
3 .78

Compound

Morphine
M or phine-

mercuric
iodide

X -R ay Diffra cti on Powder Dat a of M o rph ine l\l ercuri c Iodide
C.K a( >. = 1.790 A.)

d, A. I /I .

3 . 63 50
3 . 55 1
3 .47 25
3 .39 2
3 .30 2
3 .2 2 15
3 .1 0 10
3 .00 20 B
2 . 92 1
2 . 79 10 B
2 .67 3
2 . 60 15 B
2 .52 3

T able V.

Figure 6. X - Ray Diffra ction Pattern
1\lorp hin e-ntcrcuric iodide re c ry stall i zed CrolTl 50 %acetone

M. H .Hg I3 + NaOH ----+ M. H .OH + Na HgI3

and in nonaqueous systems following t he procedure for t he de
termination of amine-cadmium halide complexes by mea ns of
perchlori c acid (6 ). The experimental data illustrated in F igure
4 suggest that Fran cois and Blanc's formula M .H I. Hg I2 is

instead of morphine mercuri c iodide was used in the exp erime nt
an immediate orange-red coloration was observed and black
mercuric sulfide gradually began to precipitate. T hese observa
tions do not support the formula M .H I.HgI2 but again can be
exp la ined on the basis of the composit ion (M .H).(H gI,); Evi
dently, the H gG ion of the complex remains undissociated in
acetone and is th erefore not affecte d by hydrogen su lfide.

Aqueous and Nonaqueous Titration of Compl ex. T he deriva
t ive disp layed on ly slight ac idity in aqueous media and it was
not pos sible to t itrate it in pure water by means of alkali. It
could be quantitatively est imate d , however , in 90% (aqueous)
acetone, in which solvent it exhibite d a pK A of 6.95, by means of
alcoholic sodium hyd roxid e :

2 4 5 6 7 9 10
VOL. BASE ADDEO (m')

Eleetrometrie T itration ofMorphinc-iHercuric
Iodide Co m p lex

I
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Figure 4 .
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Figur e 5. X-Ra y Diffraction Pattern

12

tw een th e spect ru m of t he derivative and t ha t of th e potassium
mer cu ric iodide solution containing the lowest po tassium iodide
concentration and t he high est HgG ion concentration, grea tly
supports the formula (M .H).(HgI 3) of the complex. Evi
dently , the Hgl; ions which comprise 67 % by weigh t of th e com
llound afford a more decisive cont ribut ion to the ultraviolet
absorption pattern of t he compicx th an does the alka loida l base
it self.

Morphine ex hibits a distinct maximum at 285 m", ( Emax =

1576) whereas t he complex (M.H ).(HgI3 ) shows a plateau (. =
6957 ) from ab out 265 to 280 mu . At 285 mu t he molar extinc
tion coefficient of t he complex is equa l to 6320-i.e., about four
times as grea t as that of the a lka loida l base. Mercuric iodid e
ab sorbs strongly at 263 mu (. = 4924) , but no sign of a peak is
observed in th e spect ru m of the complex at that wav e lengt h.

None of these data support th e formula M .HI.I-IgI2 as pro
posed by Francois a nd Blan c, but they can all be inte rpreted in
terms of t he compos it ion (M.H ).(HgI3 ) .

Nonreactivity of H ydro gen Sulfide toward Alkaloidal Deri va
tive. When 0.0003 mole of the complex (0.2603 gram) was dis
solved in 25 mI. of reagent gra de aceto ne and a stream of dry
hydrogen sulfid e was bubbled slowly through t he solut ion, no
precipit at ion occurred . H owever, when red mercuric iodide
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- 1---

F ig u re 9. C rys ta ls of ) Iorp h i ne H ydrochlo ride w i t h
Pota ssf u m-Afe rcrrr !c Iodide

fr ar-ti on pa ttern a nd in frared absorption
spectrum and iu Tabte " , which rcc() rds
it s op t ir-al rotat ion in .50% aqueou s
ncot one . Si milar dat a [II'(' re ported for
t he a lka loidal base,

T he experiment a l da ta repor ted in
T uhle V show that tlu- observed angles of
rot ation are p ra cti call y identical for t he
free bas e a nd the com plex wh en measu red
on sol u t ions of com para b le mola r it ies.
H owever, the spe cific ro tation of t he
r-orn p le x is consick-ra b ly smaller I han
t hat , of t he free base because of its
much highe r mo lec ula r weight , T he
sper -ific rot ati on of t he co mplex is not a
cons tant but docrenses slight ly with in
creasing conce ntrat ion. This phen om
eno n is d isplayed a lso by morphine hy
dr ochl oride, on whi ch co mpo u nd it was
firs t observed by H esse (.4).

This rr-a ct ion is ex t n-mely sen sitive
a nd may be used to id en tify mere traces
of morph ine . It is mur-h mon- sensitive
th an t he r-lussica l react ion of I Ill' a lkaloid
wi th a n aqueous cadmium iod ide -
pot a ssiu m iod ide so lution ( Xl .rrrn e 's rea
gen t ). W hen t Ill' tes t is ca rr ied ou t

under a be ll ja r a nd p ret -nut ions u rr- take n to main tain a co ns tant
humidit y ut mosphere, up p roxi mn te ly 25 "t of t he su bst unce ca n
sa fely 1)(' d l't ect l'd a nd id en t ified . T ill ' a p pl'a n u ll'l' of a we]! de
fined microery stulline p rt-cipi t ut e mav t.akr- sonu - t inu -, b u t in
va riuhi ," t lu- a morp hous mass ini t inlly f01'l111'd will gradually de
n- lop int o ehanu-t er ist ic crystul pat terns who-«- habits m a y be
recognized an d sl ud iod umk-r the m icroscop e ( F igu res 8 a nd !Jl.
\n ll' n ,'an'fu lly ,'arr ipd ou t in a «apil lnrv t u lx-, as lit t lr- as 1 ., of
th e nart-ot ic ca n st ill be del o.-tcd .

WAVE NUMBERS IN CW-I

I.,
WAvE LENGT H IN MICRONS

In f r a red ,\ hso l'(. t io n Sper-t rn o f )Iorphin e , .\I orphi n e H yd r-o gen
10 .l id e , and ,\l o rj . h in e i\leren r ic Io rl i d e

wME NUM3ERS I" eM·'

Fi #!lIrt~ ';.

Figu re 8 , C r-y s t a ls of ) Iorph in e H ydrochlorid e wi th
1>l)ta ssium-'lerenril~ Iodi d e

probably incor rect, because one would ex pect t hi s co m po u nd to
d isp lay marked a cid ic p ropert iI'S and ti t rat a bility in water.

Physicochemical Constants of Complex and M icrochemical
Va lue of the R eaction. T he iden t ification of mo rphine by it:'
con version : 0 111l' mer curic iodi de com plex is of te n used as
e vidence in r-ourt . For t his purpose', a more com plete ehame
te riz a t ion of t he deri va t ive is highl," dr-sirablc. Accord ingly ,
ad d itional characteristic propert ies of the a lkaloidal deri vative
a re ill us t ra ted in F igure:' 5, G, a nd I, whi ch show its x-ray di f-
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Separation of Niobium and Tantalum by Liquid-Liquid Extraction
J. Y. ELLENBURG, G. W. LEDDICOTTE, and F. L. MOORE

Analytical Chemistry Division, Oak Ridge National Laboratory, Carbide and Carbon Chemical Co., A Division of Union Carbide
and Carbon Corp., Oak Ridge, Tenn.

The limitations of existing conventional methods for
the separation of niobium and tantalum make it desir
able to consider any other method that offers the pos
sibility of a separation of these two elements. Studies,
using inactive niobium and tantalum as well as radio
active tracers of these elements, indicate that the sepa
ration of niobium from tantalum by liquid-liquid
extraction of the hydrochloric acid solution of the ele
ments with long-chain aliphatic and aromatic amines
in organic solvents is quantitative. Further studies
showed that niobium and tantalum sulfate and oxalate
complexes extract with the solvated amines. How
ever, in the case of tribenzylamine in methylene chlo
ride, the niobium sulfate complex may be quanti
tatively separated from the tantalum sulfate complex if
the ratio of organic to aqueous volume is maintained
at 15 to 1. These methods should be valuable for rapid
separations of these elements and the amine systems
may be applied to industrial separations of niobium
and tantalum.

T HE separation of niobium and tantalum is one of the most
difficult of inorganic problems. Previous methods based on

repeated fractional separations are both time-consuming and
often uncertain. More recently, increased interest in liquid
liquid extractions led to the exploration of this technique as a
more efficient method of separation for these elements.

The essential criteria for extraction are a suitable solvent and
a favorable partition coefficient. Thus, one element may be ex
tracted quantitatively while the other remains in the original
medium. In laboratory scale operations, a favorable distribution
coefficient is essential to keep the analytical procedure simple
and the apparatus uncomplicated. Solutions of long-chain
aliphatic and aromatic amines in organic solvents have been
shown to be efficient acid extractants (4, 9). The use of methyl
dioctylamine in xylene for the separation of niobium and tanta
lum has been described (3). In this study, tribenzylamine, TBA,
a product of Eastman Kodak Ce, , Rochester, N. Y., was
'of particular interest. It is water-insoluble and is known to
form the corresponding amine acid salts which are also water
insoluble but, in general, soluble in various organic solvents.

Table 1. Nuclear Data for Radioniobium and
Radiotantalum

Radio- Tl/'J., Characteristic
nuclide Production Days Radiations

Nb" d of Zr" 35 e; "y
Ta l 8 2 Ta181(n, 'Y)Ta182 117 s>, v

EXPERIMENTAL

In a typical experiment, an aqueous solution containing
either niobium-95 radioactive tracer or tantalum-182 radioactive
tracer was extracted with an equal volume of the amine in an or
ganic solvent. Each phase was checked for niobium-95 " or
tantalum-182 " radioactivity by use of a ,,-scintillation counter
having a sodium iodide crystal. Experiments of this type showed
that niobium-95-tantalum-182 tracer mixtures and nonradioac
tive niobium-tantalum separations could be effected by this
solvent extraction method.

The nuclear properties of the two radionuclides used in these
experiments are described in Table I. This information has been
tabulated from data by Way et al, (10). Radiochemical purity
of the radioactive tracer and end products of solvent extraction
technique were checked by means of decay studies and absorption
measurements.

The radioactive tracers were prepared as follows:
Niobium-95. Radioniobium product was obtained from the

Radioisotope Sales Department, Oak Ridge National Laboratory.
Decay studies and {:l-absorption measurements indicated the
radiochemical purity to be 99%.

Tantalum-182. Tantalum metal was bombarded in the Oak
Ridge National Laboratory graphite reactor. After irradiation,
the material was processed by dissolving the metal in concen
trated nitric acid-hydrofluoric acid mixture followed by a pre
cipitation of tantalum hydrated oxide upon the addition of con
centrated ammonium hydroxide. The precipitate was then
dissolved in concentrated hydrochloric acid. Aliquots were
taken for each experiment.

The Tribenzylamine System. The experimental work 'with
methyldioctylamine (3) suggested that the hydrochloric acid
system would probably yield satisfactory results in the tribenzyl
amine extractions. In experiments with tribenzylamine, equal
volumes of the sample and extracting solvent were shaken for
5 minutes. The layers were allowed to separate and the activity
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a 11111 H'Cl solution, equal volumes solvent-aqueous phase.

counts/min./m!. of solvent phase
counts/min./m!. of aqueous phase

KTa

0.004
0.003
0.003
0.002
0.004
8.3

20.1
17.0
12.1

data obtained by

DISCUSSION

Partition Coefficient with Sulfuric Acid
Concentration

Table IV.

as shown in Table IV. At higher concentrations of sulfuric acid,
the methylene chloride extracted the tantalum from the aqueous
phase.

Increasing the concentration of tribenzylamine beyond 8%
was unfavorable as the tantalum sulfate complex began to ex
tract into the solvent. The alternative lay in a change in the
volume ratio of the phases. Bush and Densen (1) showed that
for a mixture of two substances having partition coefficients,
K; and K b, the greatest fractional separation for a given extrac
tion was. attained if the ratio of the volumes of the two solvents,

X and Y, was maintained at: Vx/V. = ~Ka
1K

b
' Theoreti

cally, when this relationship was applied to KNb = 0.58 and KT. =
0.001, the ratio of solvent phase to aqueous phase was calcu
lated as 41 to 1. However, a solvent ratio of 15 to 1 gave
KNb equal to 99.2 while KTa remained at 0.001, thus, a quanti
tative separation had been made. Macro experiments with ni
obium concentrations of 10 mg. per ml. and tantalum concen
trations of 20 mg. per ml. showed 99% recovery of both elements
in their separate phases.

In the hydrochloric acid system, niobium is thought to ex
tract into the solvent phase by the formation of an oxychloride

complex of the type H(NbOCL) or H2(NbOCls) (11).
On the other hand, neither chlorotantalates (6, 8) nor
oxychloride (12) complexes of tantalum are presumed
to exist in aqueous solution. This may be a possible

explanation for the lack of extraction of the tantalum into the
solvent phase. Because complex ions are in equilibrium with
their simple components, increased hydrochloric acid concentra
tion would shift the equilibrium in favor of the complex and con
sequently increase the extractability of the niobium.

Niobium and tantalum pentoxides are both soluble in sulfuric
acid. The exact configuration of these complexes are in doubt
(2). However, the complexes of both niobium and tantalum,
whatever their structure, are extractable to a degree by the chloro
form-tribenzylamine solvent. For example, with a ratio of
15 parts of organic phase--i.e., of methylene chloride-8%
tribenzylamine-to 1 part aqueous phase by volume, a quanti
tative separation of niobium from tantalum apparently can be
made at 4.5M sulfuric acid. Although niobium can be separated
from tantalum, the concentration of sulfuric acid is very critical
and should be very carefully controlled at this molarity.

The use of tribenzylamine as the amine solute for the oxalic
acid system results in some interesting anomalies. Both ni
obium and tantalum oxalato complexes (5, 7) are extracted by the
chloroform and methylene chloride solvents. However, when
the only change in experimental conditions is the replacement of
the solvent with benzene, carbon tetrachloride, toluene, or xylene,
neither niobium nor tantalum was. extracted from the aqueous
phase.

Material balance studies with oxalic acid show that the acid
is extracted by the tribenzylamine solvated in chloroform or

H2S04,
M KNb

0.45a 0.02
4.0 0.42
4.5 0.58
4.7 0.56
4.8 0.53
4.9 1.2
5.0 2.4
5.5 2.7
6.0 6.4

a 8% TBA in methylene chloride. Experimental
extracting equal volumes solvent/aqueous phase.

KT.

0.003
0.004
0.004
0.002
0.038

% TribenzylamineCoefficient with
in ChloroforIna

KNb

0.20
0.80
9.4

74.4
72.6

Partition

% TBA

1.25
2.5
5.0
8.0

10.0

mg.A/m!. of solvent phase
mg.Ay'ml. of aqueous phase

HCI,
M Solvent KNb KT.

2 Chloroform 0.003 0.0008
3 Chloroform 0.004 0.0007
4 Chloroform 0.002 0.0002
6 Chloroform 0.003 0.0005
8 Chloroform 0.24 0.0017
9 Chloroform 5.05 0.0013

10 Chloroform 13.34 0.0028
11 Chloroform 74.38 0.0025
11 Methylene 80.50 0.0023

chloride

Table II.

In macro experiments using both inactive niobium, tantalum,
niobium-95, and tantalum-182 radioactive tracers, solutions
containing 25 mg. per ml, of tantalum were quantitatively sepa
rated from 6 mg. per ml, of niobium. In order to identify the
radioactivity in each phase, radioactive decay studies were made
on aqueous and chloroform phases. The half life of the aqueous
phase was about 110 days which corresponded to radio-tantalum.
The chloroform phase had a half life of about 31 days which was
indicative of radioniobium.

The behavior of the niobium and tantalum oxalate complexes
was similar. They were both extracted by tribenzylamine in
chloroform or methylene chloride. The partition coefficients
remained at 3 for niobium and 1 for tantalum with varying con
centrations of tribenzylamine or added oxalic acid. There was
no measurable extraction of niobium or tantalum when the solvent
was benzene, carbon tetrachloride, toluene, or xylene.

The niobium sulfate complex in 0.45 to 9M sulfuric acid had
a distribution coefficient of less than 0.15 when chloroform or
benzene and its related compounds were employed as the solvent.
KT. was less than 0.01. However, the behavior of the sulfate
complexes with methylene chloride was radically different.
The difference in coefficients at 4.5M sulfuric acid appeared sig
nificant enough to encourage further work on the sulfate system.
With 8% tribenzylamine in methylene chloride at 4.5M sulfuric
acid, niobium had a K of 0.58, whereas tantalum had a K of 0.0030,

Table III. Effect of Hydrochloric Acid Concentration on
Extraction of Niobium from Tantalum by 8%

T'rfberrzyfamjne

of the radioactive tracers, niobium-95 and tantalum-182, was
determined.

The partition coefficient for niobium varied with the hydro
chloric acid concentration and per cent tribenzylamine present
in the solvent are shown in Tables II and III. Quantitative
separation of niobium from tantalum was effected by extracting
an 11M hydrochloric acid solution of the sample with an 8%
solution of tribenzylamine in chloroform or methylene chloride.
Chloroform .and methylene chloride were the only satisfactory
solvents for tribenzylamine among those tested. A white solid
precipitated upon the addition of concentrated hydrochloric
acid to solutions of tribenzylamine in benzene, carbon tetra
chloride, toluene, and xylene. Material balance studies showed
the precipitate was amine hydrochloride. In Tables II, III,
and IV
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methylene chloride but not in tribenzylamine solvated in carbon
tetrachloride or benzene and its homologs.

These methods for the separation of niobium from tantalum
should prove valuable to those interested in a rapid separation
of the two metals. Of the systems reported, the separation of
the two metals in the hyurochloric acid system is much more de
sirable for tantalum does not readily extract from any hydro
chloric acid concentration. Technologically, these amine sys
tems may be applied successfully to the industrial separation of
niobium from tantalum with cheap chemicals and replace the
present tedious fractionation methods.
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Fluoride Determination by Electron Transfer Catalysis
W. D. ARMSTRONG and LEON SINGER

Department of Physiological Chemistry, Medical School, University of Minnesota, Minneapolis, Minn.

The rnarked catalytic effect of fluoride on the cerous
ceric electron exchange reaction suggested that this re
action could be used as a Inicroanalytical Inethod for
fluoride deterInination without the rreeesstty of r-ernov
ing ions which interfere in present rnerbods, Cations
in general were found to exert negligible catalytic ef
fects. The catalytic effect of fluoride was about 900
tiInes that of sulfate and about 370 tfmes that of phos
phate. These circurnatances liInit the application of
the Inethod to those samples which do not contain these
ions or in which the effect of the interfering ions can be
m.ade constant. The fluoride content of bone ash has
been deterInined by Inaking constant the effect of inter
fering ions. The results of electron transfer catalysis
by various negative ions are considered to be in qualita
tive agreement with Libby's description of the mech
anism of electron transfer catalysis.

H OR NI G and Libby (1) discovered a marked catalytic effect
of fluoride ions on the rate of electron transfer between

cerous and eerie ions in nitric acid solution and showed that the
increase in electron transfer rate was proportional to the fluoride
concentration. A proposed mechanism (1, 2) of electron trans
fer catalysis describes the placing of a small negative ion (in this
case fluoride) between the positive exchanging ions, so as to form a
symmetrical transition complex in which the hydration atmos
pheres of the positive ions are shared. This model of electron
exchange catalysis suggested the possibility that the effect of
fluoride on this type of electron transfer might be so specific as to
permit the determination of fluoride in natural materials, with
out the necessity of separation of fluoride from other ions in the
sample. This report presents a comparison of the catalytic ef
fect of several ions commonly present in natural materials with
that of fluoride, and indicates the limitations of fluoride analysis
based upon this principle.

EXPERIMENTAL

The stock solution of radioactive cerium-144 was treated with
hydrogen peroxide in order to convert the ion to the cerous state.
The excess hydrogen peroxide was removed by heating the solu
tion on a water bath. Concentrations which would give ap
proximately 75,000 counts per minute of the radioisotope, under
conditions of radioactive counting used in this method, were em
ployed in each reaction mixture.

The reactions were carried out in 50-m!. centrifuge tubes sus
pended in a large, stirred bath of ethylene glycol, which was
placed in a household-type deep-freeze cabinet. The tempera
ture of the bath was regulated at -14.2 0 C. and rose no more
than 0.4 0 over an 8-hour working period. At room temperature
3 ml. of 0.003M cerous nitrate hexahydrate solution in 12M nitric
acid, labeled with cerium-144, were transferred to the reaction
tubes and mixed with 3 ml. of an aqueous solution of the ion to be
tested. After a temperature equilibrium had been established,
usually by standing overnight, the reaction was started by the
addition of 3 m!. of nonradioactive cerium(IV) solution (0.0003M
eerie ammonium nitrate in 6M nitric acid) at -14.2 0 C.

The reaction was stopped after 160 minutes and the cerium
(IV) separated from the reaction mixture by rapid and forceful
injection of 20 ml. of cold ether into the reaction mixture with a
syringe. Ten minutes later, 5 ml. of the ether layer containing
the cerium(IV) were removed with a cold pipet and transferred
to a 25-ml. volumetric flask. The ether was removed by aeration
and the flask diluted to volume with a solution containing 2 mg.
per liter of nonradioactive cerium(IV). This solution acted as a
carrier and diluent to impede possible adsorption of the radio
active eerie ions on container walls. The flask was allowed to
stand at least 175 minutes (usually overnight) in order to permit
the praseodymium-l44 daughter to grow to a concentration in
equilibrium with that of cerium-144. The contents of the flask
were transferred to paraffined drinking cups and the radioactivity
was measured (3). It is presumed that under these conditions
only the energetic beta radiation from praseodymium-l44 decay
was measured.

Aldehydes and peroxides in untreated ether would reduce eerie
ion during its extraction from the reaction mixture. The ether
was satisfactorily purified in volumes sufficient for 5 days' use by
washing with eerie ammonium nitrate 'in approximately 8M'
nitric acid until the color of the eerie ions remained in the wash
ings. The ether was then washed eight times with water, or until
the washings were neutral, and stored in a dark bottle in the
deep-freeze cabinet.

In agreement with Hornig and Libby (1), the dependable and
rapid separations of the ether and aqueous phases, in the extrac
tion of cerium(IV) from nitric acid solutions, were obtained with
difficulty. The conditions specified were found by trial-and
error experiments, in which the relative volumes of ether and acid
solutions were varied, to be optimal. Phase separation could not
be obtained at the low temperature employed when 15 ml. of
ether and 9 ml. of acid were used, or when the acid concentra
tion was·increased to 8.7M.

RESULTS AND DISCUSSION

The results given in the figures are shown as the per cent of the
exchange that has not yet occurred, plotted against time or con-
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'"0..

c
'"u

centration of the ion whose catalytic effect was being tested.
The values were obtained from mixtures which contained a large
exeess of fluoride (1 mg.) and which had stood several hours at
room temperature allowing the exchange reaction to reach com
pletion.

The half time of the uncatalyzed exchange reaction was found
to be approximately 390 minutes (Figure 1), as compared with
220 to 224 minutes observed by Hornig and Libby (1). Since ap
proximately 75% of the uncatalyzed exchange reaction has not
yet occurred at 160 minutes, this time was the period in which the
comparative catalytic effects of fluoride and other ions were
examined.
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In Figure 1 the y intercept is at 100% indicating zero exchange
at zero time. This circumstance can be obtained only when a
correction is applied to the results to allow for the apparent pres
ence of radioactive cerium(III) ions in the ether phase. In 10
experiments, in which only cerium(III) was employed, and in
which the volume changes due to mutual solubilities of ether and
nitric acid solutions were observed and taken into account, 0.57 ±
0.17% of the radioactivity was found in the supernatant ether
phase. This quantity represents cerium(III) in the nitric acid
solution trapped in the ether, and may include also cerous ions
oxidized to the eerie state. Presumably the graphical correction
for zero time exchange, applied by Hornig and Libby (1), is of
the same type. In the results given in Figures 2 and 3, this cor
rection has not been applied, since comparative results only are
the items of interest.

The results in Table I show that a number of ions commonly
present in natural materials, in amounts in excess of those likely
to be present in practical samples, do not alter the measured rate

60 f--------------".--I

F-+H 2PO;
Calculated

'"

80,------,------,----------,

70 .........

2 0 0.1 0.2 0.3 0,4 0.5 0.6
Millimoles

Figure 2. Effect of Certain Ions on Cerous
Ceric Electron Exchange

Amounts on abscissa given as m.dlfmoles per 9 In!. of
reaction mixture. These values t:o be JDult:iplied hy

10 -3 for fluoride

of electron transfer. Also 54 mg. (2.3 millimoles) of sodium,
added as sodium nitrate, did not alter the catalytic effect of 1 and
2 'Y of fluoride. Silver was included in these experiments, owing
to the anticipated use of silver nitrate to remove protein and
Chloride from blood plasma.

Figure 2 presents a comparison of the effects of some ions which
were found to alter the measured rate of electron transfer. The

30025050 100 150 200
Time in minutes

Figure 1. Uncatalyzed Cerous-Ceric
Electron Exchange

6M UNO" 3 X IO-'M, Ce(III) = Ce(IV)

co
'"o
'"0..

Table I. Ions Exhibiting No Effect on Electron Transfer
between Cerous and Ceric Ions

Temp. -14.2° C.; time 160 minutes; HNOa concn. 6jlf; total volume 9 mi.

a A definite acceleration of the electron exchange was produced by 10 mg.
of magnesium. ~

Ion

Na+
K+
Mg++
Fe+;-+
Ag+
1-

Compound
Used

Nal'\O,
KNO,
Mg(NO,),
FeC:-,rO,),.9H,O
AgKO,
NaI

Maximum Amount
of Ion Tested, Mg.

54.0
0.06
2.0"
6.0
6.4
0.5

200 2
Micrograms Fluoride

Figure 3. Interference between Phosphate
and Fluoride in Cerous-Ceric Electron

Transfer

A. Fluoride alone
B. Calculated effect of fluoride in presence of 1.7 mg.
phosphorus (as phosphate), obtained by assuming that ca
talysis by each increment of fluoride is additive to that of
phosphate, and produces same effect on electron transfer
as is given in A .
C. Observed effect of fluoride in presence of 1.7 mg.
phosphorus (as phosphate)
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Table II. Analysis of Bovine Bone by Electron Transfer
Catalysis

The authors thank 1. M. Kolthoff, who called their attention to
the work of Hornig and Libby and who supplied helpful dis
cussions.
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8
2.72 ± O. loa
0.52

Bone Ash + 0.50 'Y
FluorideBone Ash

No. of samples analyzed 10
Fluoride found, 'Y 2.20 ± O. 17a

Fluoride recovered, 'Y
Fluoride, % 0 . 044 ± O. 003 a

a Standard deviation of mean.
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hoped for, but unrealized, circumstance that phosphate and other
ions do not alter appreciably the rate of electron transfer.

Fluoride determinations by electron transfer catalysis can be
'made without removing the interfering ions, if the quantities and,
hence, the effects of these ions can be made constant.. This can
easily be attained with calcified tissues, since the composition of
the mineral part of a given type of calcified tissue-for example,
bone-is virtually fixed by nature. Table II shows the results
of fluoride determinations in bovine bone ash and gives the re
sults of recovery of added fluoride. In this work, 5-mg. samples
of bone ash were used. The fluoride contents of these samples
were obtained by reference to standard curves of electron trans
fer, with known amounts of fluoride in the presence of the
quantities of phosphorus and calcium found in 5 mg. of bone ash.
These quantities of calcium and phosphorus were actually ob
tained by use of a solution of the same bone ash from which the
fluoride had been removed by repeated treatment with nitric acid
in a platinum dish, followed by removal of the excess acid by heat.

high order of catalytic effect of fluoride on this example of electron
transfer, discovered by Hornig and Libby (1), was confirmed.
The same workers stated that chloride had a slight catalytic effect
in the same direction as fluoride. However, in this work, chloride
added as sodium chloride, in three trials over wide ranges of con
centration, produced an apparent slight negative catalytic effect.
Also, an inhibition in measured catalytic effect of fluoride was ob
served in the presence of chloride. A detectable inhibition was
noted at 0.5mM chloride; at 1.0mM chloride, the effect of 1 "y

of fluoride was reduced by 7.8%.
Calcium ion, whose slight catalytic effect decreases in increment

with increasing amount, is (except for magnesium) the only cat
ion for which definite evidence of catalysis of the cerous-ceric
electron transfer was obtained in this study. The effect of cal
cium and chloride on electron transfer could be controlled in prac
tical fluoride analysis, by adjusting to a concentration above
which their effects became nearly constant. The catalytic effect
of 0.1 millimole of sulfate is of the order of 1/900th that of the
same amount of fluoride. On this account, some materials
would require removal of sulfate prior to fluoride determination
by electron transfer catalysis.

The catalytic effect of O.lmM phosphate is approximately
1/370th that of an equal amount of fluoride (Figure 2), and the
relative efficiency of phosphate increases with increasing amounts
of the ion. The measured catalytic effect of phosphate on elec
tron transfer cannot be attributed to fluoride contaminating the
dibasic sodium phosphate used to supply the phosphate ion, be
cause the observed effect was not altered by repeated treatments
of the salt with concentrated nitric acid, followed by removal of
the acid by evaporation at water bath temperature.

Evidence was obtained to indicate that the catalytic effects of
phosphate and fluoride, when both are present, are not additive.
The results given in Figure 3 show that the effects of 1 and 2 "y of
fluoride are augmented in the presence of phosphate ion equiva
lent to 1.7 mg. of phosphorus.

The high catalytic effect of phosphate introduces a serious in
terference in the application of electron transfer catalysis to
fluoride analysis, since many materials, particularly those of
biological origin, may contain upward of several hundred times
as much phosphate as fluoride. While fluoride and phosphate
may be separated by chemical manipulations and distillation (4),
it would not be advantageous, on account of cost, to use electron
transfer catalysis for fluoride determinations in those cases in
which phosphate must be eliminated from the sample. This
procedure would have found a justifiable, routine use only in the

Polarographic Determination of Alpha-Ketoglutaric Acid
JAMES K. PALMER' and CLIFFORD O. JENSEN

Department of Agricultural ana Biological Chemistry, The Pennsylvania State University, State College, Pe.

I N THE course of studies on the metabolism of plant tissues, a
rapid, sensitive, and specific method for determining a-keto

glutaric acid was desired. The most commonly used method for
determining a-ketoglutaric acid was developed by Friedemann
and Haugen (4). It is based on the formation of a red-brown
color when the 2,4-dinitrophenylhydrazone of a-ketoglutaric
acid is treated with sodium hydroxide. This method is sensitive,
but it is specific for a-ketoglutaric acid only when carried out
under carefully defined conditions. It also suffers from the rela
tive lack of stability of the colored compound and the range is
small.

Several other procedures have been employed for determining
keto acids. Clift and Cook (3) described a titration method

1 Present address. Connecticut Agricultural Experiment Station, New
Haven, Conn.

based on the formation of a bisulfite addition product. Keto
acids also have been determined by measuring the carbon di
oxide produced on oxidation with ceric sulfate or permanganate
(7, 11). These methods are not specific for a-ketoglutaric acid.
Chromatographic separations have been desoribed.j employing
Celite (8), silica gel (5), ion exchange resins (1), and filter paper
(2, 10). Procedures using silica gel columns and paper chromato
grams have given good recoveries of a-ketoglutaric acid, but these
methods are not convenient for the determination of a single
acid.

Previously, certain acids of the tricarboxylic acid cycle have
been successfully determined polarographically (9, 12). The
polarographic behavior of a-ketoglutaric acid is such that waves
suitable for quantitative analysis are obtained in solutions buf
fered at pH 1.8 and 8.2. The current increment observed under
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Table J. Recovery of a-Ketoglutaric Acid frorn Enzyrne
Reaction Mixtures

(At pH 1.8 in 0.7 M potassium chloride-hydrochloric acid solution)

a-Ketoglutaric a-Ketoglutaric
Acid Added, Acid Found,
Micromoles Micromoles Recovery, %

ANALYTICAL CHEMISTRY

bubbling purified nitrogen through the solution for about 10
minutes. At pH 1.8, record the current produced over the ap
plied voltage range of -0.35 to -0.85 volt. At pH 8.2 record
the current produced over the applied voltage range of -1.05 to
-1.60 volts.

Calculate the a-ketoglutaric acid concentration from the
equation:

0.0
0.0

100
100
100
160
160
160
160

0.0
0.0

95.0
98.7
97.5

159.9
159.2
158.7
159.9

95.0
98.7
97.5
99.9
99.5
99.2
99.9

Av. 98.5 ± 1.5

where

Cm

C.

i m
i,

molar concentration of a-ketoglutaric acid in the
sample

molar concentration of a-ketoglutaric acid in the
standard

current produced by a-ketoglutaric acid in the sample
current produced by a-ketoglutaric acid in the standard

these conditions is proportional to the a-ketoglutaric acid con
centration.

APPARATUS AND MATERIALS

Apparatus. The Fisher Elecdropode was employed in these
studies. To facilitate determination of the limiting current, the
galvanometer deflection was calibrated in terms of microamperes
by substituting a 100,000-ohm Akra-ohm resistance for the
polarographic eel!. The galvanometer was calibrated at each of
the shunt settings used. All voltages were measured versus the
saturated calomel electrode.

The polarographic cell was of the H type described by Komy
athy, Malloy, and Elving (6). The temperature of the cell was
maintained at 25.0 ± 0.2 0 C. by water flowing from a thermo
statically controlled constant-temperature bath.

The Beckman Model G pH meter was used in measuring pH.
Materials. Alpha-ketoglutaric acid (General Biochemicals,

melting point 110-112° C.) was dissolved in water and neutralized
to bromothymol blue with IN potassium hydroxide.

The supporting electrolyte solution of pH 1.8 consisted of a
0.7 M potassium chloride-hydrochloric acid solution. At pH
8.2 the electrolyte was a 1.0M ammonium chloride-ammonium
hydroxide solution.

EXPERIMENTAL

Solutions of a-ketoglutaric acid were electrolyzed at pH 1.8
and 8.2 at various ionic strengths of supporting electrolyte solu
tion. The usual polarographic procedure was followed. The
mercury column of the dropping electrode was maintained at a
constant height of 47.0 em.

Capillary Constants. The weight of mercury delivered by the
capillary under the conditions employed was 1.062 mg. per
second. At pH 1.8 the drop time at an applied potential of
-0.85 volt was 5.6 seconds and the value of m2/3t"6 was 1.39
mg. 2/3 sec. -112 At pH 8.2 the drop time at -1.60 volts was
4.4 seconds and the value of m2f3tl/6 was 1.33 mg. 2f3 sec. -112

Effect of Concentration, Ionic Strength, and pH. Solutions of
a-ketoglutaric acid give well defined polarographic waves whose
values of E,/2 ( -0.63 volt at pH 1.8 and -1.34 volts at pH 8.2)
are independent of concentration over the range of 0.20 to 2.00
millimolar. The average diffusion current constant (I = i/C
m2f3t'f6) is 2.71 ± 0.04 at pH 1.8 (10 observations) and 3.32 ±
0.07 at pH 8.2 (18 observations). A pH variation of 0.1 unit
had no significant effect on E,/2 or i d• At pH 8.2 a small second
ary wave appeared at ionic strengths lower than 1.0; the com
bined wave heights were equal to that of the single wave at
higher ionic strength. At pH 1.8 ionic strengths lower than 0.7
produced slight irregularities in the limiting portion of the wave.

ANALYTICAL PROCEDURE

Select an aliquot (1 to 12 m!.) of the test solution so that the
concentration of a-ketoglutaric acid in the solution electrolyzed
is in the range 2 X 10-4 to 2 X 1O-3M. Transfer this aliquot to
a 50"m!. volumetric flask, with 35 ml, of supporting electrolyte
solution, and dilute the contents to volume. Place the solution
in the polarographic cell, and remove the dissolved oxygen by

SPECIFICITY

The presence of other anions is immaterial as long as they are
not reducible over the range of measurement. Relatively few of
the organic acids encountered in metabolic studies involving the
tricarboxylic acid cycle are reducible polarographically. Of the
reducible acids, only maleic acid will interfere at both pH 1.8
and 8.2. Pyruvic and cis-aconitic acids will not interfere at pH
1.8, but may interfere at pH 8.2. Fumaric acid will interfere at
pH 1.8, but not at pH 8.2.

In the presence of proteins at pH 8.2, the limiting portion of the
wave may be obscured by the appearance of an interfering wave
at about -1.60 volts. At pH 1.8 the current produced is meas
ured readily in the presence of protein, although the half-wave
potential may be shifted to about - 0.69 volt.

APPLICATION

At pH 1.8 the polarographic method provides a rapid means
for measuring the enzyme-catalyzed appearance or disappear
ance of a-ketoglutaric acid in the absence of maleic and fumaric
acids. Addition of supporting electrolyte buffered at acid pH
will usually stop the enzyme reaction and the polarogram may
be obtained at any convenient time. This procedure is useful
especially in kinetic studies.

Table I shows the recovery of added a-ketoglutaric acid from
enzyme control mixtures in which the enzyme has been inac
tivated. Aliquots were withdrawn following incubation of the
mixtures (or 1 to 6 hours at 37° C. From these data it appears
that a-ketoglutaric acid may be determined within 3 to 4% under
such conditions. The sensitivity of the method is of the order of
30 l' per ml.
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Determination of Sulfur by Peroxide Bomb Decomposition and
Amperometric Titration
BENJAMIN WARSHOWSKY, THOMAS E. SHOOK, and E.J. SCHANTZ

(ml ( Biological Laboratories, (amp Detrick, Frederick, Md.

ALTHOUGH numerous procedures have been described for
.t\.. the determination of micro quantities of sulfur in organic
compounds, no detailed study has been reported on the use of
amperometric techniques following peroxide combustion. The
standard gravimetric micromethod is time-consuming and the
turbidimetric procedure is subject to considerable error. For
this reason, a study was undertaken to develop an amperometric
titration of the sulfate resulting from a peroxide bomb combus
tion.

Majer (4) was the first to report an amperometric titration of
sulfate in which lead nitrate was used as the titrating reagent.
Since the solubility of lead sulfate varies greatly with the ionic
strength of the medium, his procedure was not satisfactory for
samples containing unknown quantities of salt. Spalenka (5)
improved the method by specifying that the titration be per
formed in a medium containing 30 to 40% ethyl alcohol to repress
the solubility of the precipitate. Kolthoff and Pan (3) described
the optimum conditions for the amperometric titration of sulfate
with lead. For a O.OOlM sulfate solution, it was recommended
that the medium contain at least 30% of ethyl alcohol and the
potassium nitrate concentration be less than O.lN. When this
titration was applied by the authors to a system containing a
high salt concentration, such as would be encountered in a per
oxide fusion, the precipitation of lead sulfate was almost com
pletely inhibited and, therefore, the method could not be adapted
to the peroxide combustion. Another amperometric determina
tion of sulfate was carried out by Hoyrovsky and Berezicky (1),
who measured the decrease in the diffusion current of barium
upon titration with sulfate. Apparently their results were in
conclusive. Later Kolthoff and Gregor (2) made studies of the
polarographic behavior of barium and established conditions for
its determination by amperometric titration with potassium
chromate.

The procedure described in this paper involves combustion of
the sample in a Parr peroxide bomb, followed by precipitation of
the resulting sulfate with excess barium, and an amperometric
titration of the excess barium with a standard solution of potas
sium chromate. As the solubility product of barium sulfate is
less than that of barium chromate, the precipitated barium sulfate
does not redissolve in presence of small excess of chromate ions.

APPARATUS

A Heyrovsky polarograph, Model XII, manufactured by E. H.
Sargent and Co., was used for the amperometric measurements.
The drop time for the capillary in a 3M sodium chloride solution
was 4 seconds at zero applied voltage. The cell was at room tem
perature. A silver-silver chloride electrode was used as the
reference electrode. This was made by electrolyzing a saturated
sodium chloride solution for approximately 3 minutes using a
heavy gage silver wire as the anode. The large titration cell con
sisted of a 100-ml. wide-mouthed bottle fitted with a rubber
stopper which contained openings for the silver-silver chloride
electrode, a dropping mercury electrode, a nitrogen inlet and out
let tube, and the tip of a 5-ml. buret. The buret was graduated
in 0.01 ml. For the microgram-scale titrations, the cell was a 50
mi. centrifuge tube, which used the same components as the
larger unit except that they were reduced to a smaller scale. A
Parr electric ignition bomb (22-ml. capacity) was used for all com
bustions.

REAGENTS

Merck's sodium peroxide and benzoic acid, and Fisher's po
tassium perchlorate were used for the combustion. Stock solu-

tions of O.OlM barium chloride, 0.01110'1 potassium chromate, and
3M sodium chloride were of Merck's reagent grade materials.
The potassium chromate was standardized iodometrically with
standard sodium thiosulfate solution. The other reagents,
10% sodium hydroxide solution, concentrated hydrochloric acid,
sodium hypochlorite, and ethyl alcohol, also were reagent grade.
The sodium hypochlorite solution was prepared by passing chlo
rine through a 5% solution of sodium hydroxide. Commercial
sodium hypochlorite was not suitable, as it appeared to contain
significant quantities of sulfate. National Bureau of Standards
cystine, Merck's sulfanilamide, and Baker's sodium sulfate were
used as standards.

PROCEDURE

Combustion. To an 8- to 12-mg. sample, containing prefer
ably 1 to 5 mg. of sulfur, are added 50 mg. of benzoic acid, 100
mg. of sodium perchlorate, and 1.5 grams of sodium peroxide.
These materials are well mixed and then placed in a small paper
cup which is placed in the nickel cup of a Parr macro electric
bomb. The paper 'cup is constructed simply from a small piece
of quantitative filter paper which weighs approximately 70 mg. It
is used to hold the charge for combustion in the Parr electric
bomb. The electric fuse wire is embedded in the charge inside
the paper cup and ignited in the usual manner. After combustion,
the bomb is cooled. The metal cup is placed in a small beaker,
and the melt is dissolved in approximately 20 ml. of hot water.
The cup is removed and washed with warm water, and the solu
tion is transferred to a 250-ml. Erlenmeyer flask. A few glass
beads are added and the solution is boiled on a hot plate for 5
minutes in order to decompose most of the peroxides. The re
maining peroxides, which interfere with the amperometric titra
tion, are decomposed by the addition of 5 ml. of sodium hypo
chlorite. The solution is boiled for an additional 2 minutes and
then acidified by the dropwise addition of concentrated hydro
chloric acid.

When sufficient acid has been added, the vigorous evolution of
gases ceases and the color of the solution changes from dark gray
to a clear amber. Approximately 7 m!. of concentrated hydro
chloric acid are usually sufficient to decompose the excess sodium
hypochlorite and to neutralize the alkaline digest. The solution
is allowed to cool and is then transferred to a 50-ml. volumetric
flask and diluted to the mark with distilled water.

Precipitation of Sulfate and Preparation for Titration. A 20
ml. aliquot of the combustion solution is placed in the large titra
tion cell and warmed for approximately 5 minutes in a boiling
water bath. Ten milliliters of the O.OlM barium chloride solu
tion are added slowly to the aliquot, and the precipitate of barium
sulfate is allowed to digest for 20 minutes. The solution is cooled,
and the pH is carefully adjusted to the orange color of methyl
red (ca. pH 6). In order tokeep the volume to a minimum, this
first is done approximately with a 10% solution of sodium hy
droxide and the final adjustment is made with more dilute alkali.
Thirty milliliters of ethyl alcohol are added to the solution, making
a total volume of about 60 ml.

For the micro scale titration, all quantities are reduced by a
factor of 10-e.g., a 2-m!. aliquot sample, 1 ml. of O.OlM barium
chloride and 3 m!. of ethyl alcohol.

Amperometric Titration. The cell is connected to the titra
tion assembly and deaerated with nitrogen for 5 minutes. The
initial residual current is noted on the polarograph, which is ad
justed to a sensitivity of 5 X and an applied voltage of -1.35
volts. The sample is titrated amperometrically with O.OlM po
tassium chromate. After each increment has been added, nitro
gen is again bubbled through the solution for 2 minutes. Follow
ing the first sharp rise in the current, the increments of potas
sium chromate are limited to 1 ml. Four or five points past the
first rise in current will usually be sufficient to obtain a straight
line. The end point is determined graphically by plotting the
galvanometer deflections (corrected for dilution effect) against
the volume of titrant added. A blank determination is made to
correct for any impurities in the reagents and to eliminate any
effect due to the high salt concentration or other factors resulting
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c Solutions contained 10 ml. of O.OlM Ba.Cle. 20 ml. of H 20, and 30 ml.
of ethyl alcohol.

-0.01
-0.04
-0.20
-0.26
-0.34

Difference, Ml.

9.99
9.96
9.80
9.74
9.66

Sodium Chloride
Added, Mg.

20
100
200
400
600

Table II. Effect of Sodtum Chloride on Titration of
BariuID Chloride Solution" with Potassrurn ChroIDate

O.OIM
Potassium Chromate

Consumed, Ml.
S If rt or _ V X M X 32.06 X 100

u ur, \I . /0 - W

from conditions of the determination. The same procedure is
followed for the microtitration, but smaller increments (0.1 mI.)
of titrant are added.

The sulfur content of the sample is calculated as follows:

where V = volume in milliliters of standard potassium chromate
used by the sample, which equals the difference in volumes re
quired by the sample and blank titrations; 111 = molarity of the
standard potassium chromate; and W = weight in milligrams of
the sample in the aliquot titrated.

EXPERIMENTAL AND DISCUSSION

The paper cup arrangement for combustion in the electric
ignition bomb was found to be more satisfactory than that in
which the microbomb involving ignition by flame was used.
During the course of these studies much more difficulty was en
countered in repeatedly obtaining complete combustion with the
micro flame bomb than with the electrically ignited bomb, even
when micro samples were used. For that reason only the electric
ignition method outlined in the procedure was followed.

Size of Sample. Using the procedure described, National
Bureau of Standards cystine and Merck's sulfanilamide were
analyzed. Samples ranging in sizes from 9 to 14 mg. were oxi
dized, and aliquots coataining 0.1 to 1.5 mg. of sulfur were ti
trated. The results of these tests on known .materials are tabu
lated in Table I and show an accuracy in the order of 98% of
the theoretical value. In Figure 1 are recorded the data of a

70 ;,
//

:i 60 //
2 .'
z· //
0 50 /?i=
0 Ii
~

;.//lL 40
W
0

II:
W 30 l.?-'I-
w /~
0 20 ~/,;yz« :0 9-"lP-":;

..~'-:-::''-·~O°lo
~ 10

a Except for cystine sample 5, all results were obtained by macrotitration

o 0.2 OA 0.6 08 1.0 1.2
VOLUME OF 0.01 M POTASSIUM CHROMATE, ML.

Figure 1. Arripororrret.rte Microtitration of
Sulfate

o 1.0 2.0 3.0 4.0 5.0 6.0
VOLUME OF 0.01 M POTASSIUM CHROMATE, ML.

Figure 2. Effect of Alcohol Concentra
tion on AIllperoIDetric Titration of

BariuID

typical experimental titration of the sulfate resulting from a cys
tine combustion. Curve a represents the microtitration of a 2
ml. aliquot containing 102 l' of sulfate sulfur from a peroxide com
bustion, 1 ml. of O.01M barium chloride and3 m!. of ethyl alcohol;
curve b is the corresponding blank.

Salt Effect. To determine the effect of various concentra
tions of salts on the accuracy of the titration of barium with
chromate, standard barium chloride solutions containing in
creasing concentrations of sodium chloride were used as the
media. It was found that as the concentration of salt increased,
the amperometric end point appeared earlier. The extent of this
salt effect is seen in the data presented in Table II. Although not
systematically investigated, an even more pronounced effect was
caused by the presence of nitrate ion. For this reason, the pres
ence of nitrate ions was avoided by the use of hydrochloric acid
for the neutralization of the combustion products rather than
nitric acid. The effect of salt on the end point of the titration is
presumed to be due either to a change in the solubility of barium
chromate or to a measurable amount of coprecipitation of barium
ions. In any event, the blank determination, which is performed
in the same manner as the unknown and with the same amounts of
reagents, will compensate for these variations.

Effect of pH. Preliminary studies indicated that unless the
proper pH was maintained, erratic and nonreproducible results
would be obtained. This factor was studied by performing deter
minations on synthetic solutions II'hich were adjusted to a selected
pH value prior to the chromate titration. This synthetic solu
tion consisted of 5 ml. of O.OlM sodium sulfate, 5 ml. of 3M
sodium chloride, 10 ml. of O.OlM barium chloride, 10 ml. of
water, and 30 ml. of ethyl alcohol. The pH was adjusted to the
desired value, as measured with a Beckman Model G pH meter,
by the careful addition of acid or alkali to the unbuffered solution.
Below pH 3, no precipitate of barium chromate formed owing

-2 6
-1.1
-1.6
-1.8

-0.8
-2.2
-1.1
-1.9
-1.5
-1.5

Av.

Av.

Sulfanilamide (18.6% Sulfur)

1.09 1.05,1.07
0.91 0.89,0.90
0.176 0.173,0.173

I
2

1
2
3
4
5

:i 140
~

Z
0 120i=
0

~
lL 100W
0

II:
W
I- 80
w
~
0

~ 60

;;J
" 40

20

Table I. DeterIllination of Sulfur in Cystine and
Suffuoflamtde

Wt. of Sulfur in Aliquot, Mg.
Sample Present Found" Error, 0/0

Cystine (26.7% Sulfur)

1. 50 1. 47,1. 51
1. 36 1.. 33
1.33 1.32,1.31
1.02 1.00
0.133 0.131
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to its solubility in mineral acids. At a pH between 3 to 5.5,
precipitation was slow, and irregular results were obtained. In
the pH range between 5.5 and 6.2, accurate and reproducible
values were found. Above pH 6.5 values again became irregular
and high, presumably owing to the presence of carbon dioxide
hom the air, resulting in the precipitation of barium carbonate.
After several determinations the solutions with high pH values
had a poisoning effect on the silver-silver chloride electrode.

Several buffer systems were investigated for the purpose of
maintaining the pH within the designated range of 5.5 to 6.2.
These included acetic acid-sodium acetate, malonic acid-sodium
malonate, and succinic acid-sodium succinate. All these buffers,
even in very small amounts, completely inhibited the reaction
between barium and chromate ions. This was apparent from
the fact that in addition to the absence of an observable precipi
tate of barium chromate, the current increased after the first in
crement of chromate had been added. In view of this unpre
dieted phenomenon, the pH thereafter was adjusted to the proper
value without the use of buffers by simply adding acid or alkali
until the solution was orange to methyl red.

Effect of Alcohol Concentration. Because the solubility of
barium chromate is noticeably affected by the presence of in-
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different salts, Kolthoff and Gregor (g) carried out the titration
in the presence of alcohol. In order to ascertain the minimum
concentration of ethyl alcohol that would be required to yield
reliable results under the conditions of the determination, this
factor was studied. The results obtained by titrating synthetic
media similar to those used for the pH study but containing in
creasing concentrations of ethyl alcohol are illustrated in Figure
2. As seen in the figure, the solubility of barium chromate is ap
preciable when the alcohol concentration is below 50%, making
the base line, and therefore the end point, uncertain. Conse
quently, it is recommended that the ethyl alcohol concentration
be at least 50%.
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Determination of Formic Acid by Oxidation with Lead Tetraacetate
A. S. PERLIN

Division of Applied Biology, National Research Laboratories, Ottawa, Canada

SLOW oxidation of formic acid to carbon dioxide by lead tetra
acetate in aqueous acetic acid was originally reported by

Grosheintz (4). More recently, Mosher and Kehr (5) have de
scribed the reaction with glacial acetic acid as solvent. The
oxidation is greatly accelerated by potassium acetate, and the
consequent enhanced rate of evolution of carbon dioxide makes
the reaction suitable for manometric measurement of formic acid
production during lead tetraacetate oxidations of carbohydra tes
(6).

The present paper proposes that the accelerated reaction may
have wider application for the determination of formic acid.
In some respects, it offers advantages over the usual analysis
by oxidation with mercuric chloride (1, 2). For example, the
lead tetraacetate oxidation provides a simple, accurate, volu
metric analysis (Table I, procedure 1) which is much more rapid
and less tedious than the gravimetric procedure of the latter
method. Further, Ahlen and Samuelson (1) have shown that

formaldehyde interferes with the mercuric chloride method and
must first be separated from the formic acid-e.g., in the anal
ysis of sulfite waste liquors. In contrast, formaldehyde has
no effect on the determination of formic acid by oxidation with
lead tetraacetate (Table I). The lead tetraacetate procedure
can also be used for determinations in the presence of other acids
such as acetic, propionic, and succinic (Table I), and may there
fore find application in the analysis of fermentation liquors.

Formic acid may be determined not only by titration of the
amount of reduced lead tetraacetate but also by measuring the
amount of carbon dioxide evolved. The latter procedure is
especially useful in the presence of substances-e.g., glycols
which consume lead tetraacetate but do not yield carbon dioxide
or formic acid. The Warburg respirometer is suitable for the
micro range (6) (Table I, procedure 2A), or a gas adsorption
train for larger quantities of formic acid (Table I, procedure
2B). Procedures 2A and 2B are suited ~lso to the determination
of compounds, such as glycerol and oxalic acid, which yield formic
acid or carbon dioxide when oxidized with lead tetraacetate.

a By alkali titration of a stock aqueous solution of formic acid.
b Produced in situ by oxidation of 0.66 mg. of glycerol.

'fable I. Deterlllination of For-rrrie Acid
Other Com-

HCOOH" pounds Added, HCOOH Reaction
Procedure Added, Mg. Mg' J ..,. Found, Mg. Time, Min.

1.05 1.06 20
2.14 2.12 20
2.14 2.40 2.13 20

(Formaldehyde)
2.11 5.0 2.11 20

(Propionic acid)
0.5

(Succinic acid)
4.22 4.18

2A 0.080 0.077
0.16

0:43b
0.16

0.33b 0.33
(Formaldehyde)

2B 21. 5 21.3
21.4

32.3 32.1
32.7

20

30
30
30

75
90
60
75

EXPERIMENTAL

Reagents. Formic acid, reagent grade.
Glacial acetic acid, reagent grade.
Lead tetraacetate. A satisfactory method of preparation is

given by Vogel (8).
Anhydrous potassium acetate, reagent grade.
Stopping solution: 10 grams of potassium iodide and 50 grams

of sodium acetate dissolved in 100 ml. of water (3).
Standard 0.02N sodium thiosulfate.
Procedure 1. Five milliliters of a solution of formic acid (1 to

5 mg.) in 80% acetic acid areadded to 5 ml. of oxidizing solution,
consisting of 100 mg. each of lead tetraacetate and potassium
acetate in glacial acetic acid, in a glass-stoppered flask. A blank
is prepared from 5 m!. of 80% acetic acid and 5 ml. of oxidizing
solution. When the reaction has proceeded at room temperature
(25 0 to 27 0 C.) for 20 to 30 minutes, 10 ml. of stopping solution
is added. The yellow precipitate of lead iodide which appears
may be dissolved by addition of water and the iodine is titrated
with standard thiosulfate to a starch end point. The titration is
equally satisfactory with the lead iodide present, but a pea-green
color is given by the starch-iodine complex instead of the normal
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blue, and tbe end point is then indicated by the sudden reappear
ance of the bright yellow of the lead iodide.

Procedure 2A. A conventional constant-volume type of
Warburg respirometer is used for measurement of carbon dioxide
produced. Detailed descriptions of the apparatus and its ma
nipulation are given by Umbreit et al. (7). The reaction tem
perature in the author's experiments was 27 0 C. One milliliter
of oxidizing solution (10 mg. each of lead tetraacetate and potas
sium acetate in 90% acetic acid) is added to the vessel and 0.2
ml. of the formic acid solution (0.1 to 0.5 mg. of formic acid in 90%
acetic acid) is placed in the side arm. A blank is run simul
taneously with 1 m!. of oxidizing solution in the vessel and 0.2 m!.
of 90% acetic acid in the side arm. The vessels are equilibrated
for 10 to 15 minutes, the contents are mixed, and the change in
pressure is observed until a constant value is attained (20 to 25
minutes). The apparatus is calibrated in the same manner by
oxidizing known quantities of formic acid, or compounds such as
glycerol and erythritol which yield known quantities of formic
acid when oxidized by lead tetraacetate. Since the carbon dioxide
produced is proportional to the change in pressure, the formic acid
content of the unknown solution is determined by reference to the
manometer calibration.

Procedure 2B. The apparatus is a gas train consisting of the
reaction vessel provided with a gas-inlet and gas-outlet tube and
a separatory funnel, a dry ice trap, a scrubbing bottle containing
concentrated sulfuric acid, and a carbon dioxide adsorption tube
containing Ascarite. In a typical experiment 10 m!. of 90%
acetic acid containing 21.5 mg. of formic acid are added to the
reaction vessel. The inlet tube is closed and the oxidizing solu
tion, 25 m!. of 90% acetic acid containing 1 gram each of lead
tetraacetate and potassium acetate, is introduced through the

separatory funnel. When the reaction has proceeded at room
temperature for 30 to 40 minutes, the inlet tube is opened and a
stream of carbon dioxide-free nitrogen is slowly flushed through
the apparatus for 30 to 40 minutes, the reaction vessel being
shaken occasionally. Carbon dioxide evolved is measured by the
increase in weight of the ascarite tube. A blank determination is
also made using the lead tetraacetate reagent and 90% acetic
acid.
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Analysis of Alkyd Resins Modified with
Vinyl Chloride-Acetate Copolymer
MELVIN H. SWANN and GEORGE G. ESPOSITO

Paint anel Chemical Laboratory, Abereleen Proving Grounel, Mel.

of the vinyl resins, but alkyd resins are only partially soluble in
ethyl alcohol at room temperature. If alkyd resins are first dis
solved in a small amount of dioxane or methyl isobutyl ketone,
they will not separate from solution when poured into alcoholic
potassium hydroxide, even at low concentrations of alkali.
Vinyl resins are decomposed by alkali, but a solution of 0.125N
potassium hydroxide in absolute ethyl alcohol precipitates the
vinyl chloride-acetate resin without decomposition in the time re
quired to effect separation, retaining the alkyd in solution. The
separated vinyl resin must then be dried at a low temperature,
since decomposition may occur at temperatures above 80 0 C.
The alkyd resin is then present in a suitable saponifying medium
for further analysis.

The vinyl chloride-vinyl acetate copolymers are available in
varying proportions of the chloride to the acetate. A copolymer,

Theoretical Found

Phthalic Anhydride,
%

Vinyl Chloride
by Chlorine
Analysis, %

Theoretical Found

32.1 32.5 29.4 29.5 23.8 23.8
32.3 29.4 23.8

33.2 33.2 30.4 30.1 15.7 15.7
33.5 30.6 15.6

34.2 33.1 31.3 31.6
33.0 31.6J

33.2 34.0 30.4 31. 7
33.5 31. 7

Table I. Results of Analyses
Vinyl Chloride

Acetate Copolymer
by Gravimetric
Separation, %

Theoretical FoundAlkyd

Linseed oil,
modified

Soybean oil,
modified (low
phthalic
anhydride)

Coconut oil,
modified

Castor oil,
modified

4

2

3

No.

WH E N alkyd resins are modified with vinyl chloride"
acetate copolymer, they dry more rapidly and possess

increased chemical and abrasion resistance. As in other types of
modified alkyd resins, control is needed on the alkyd resin content
as well as on the amount of modifying resin. Analysis for vinyl
resins based entirely on total chlorine content does not prevent
the substitution of other chlorinated resins and is affected by
chlorinated plasticizers and solvents. The alkyd resin content of
enamels has always been controlled by analysis for the phthalic
anhydride present.

All methods for determining phthalic anhydride begin with
saponification of the resin with alcoholic potassium hydroxide.
Vinyl chloride-acetate resins decompose during saponification and'
form products which prevent determination of the phthalic an
hydride content of the alkyd resin by any existing method. This
characteristic of vinyl resins necessitates an
analysis based on separation of the vinyl resin from
the alkyd. Alkyd resins are soluble in glacial
acetic acid and aromatic. hydrocarbons and par-
tially soluble in ethyl alcohol, but vinyl chloride-
acetate resins are insoluble in these materials.
Use of aromatic solvents for separation would give
a medium suitable for direct saponification of the
alkyd resin, but consistent results could not be ob
tained in separations with this class of solvents.
When the vehicle of the enamel was properly
diluted with glacial acetic acid, then added drop
wise to an excess of acetic acid, followed by con
siderable mechanical agitation, good quantitative
separations could be obtained, except with alkyds
modified with raw soybean oil. Ethyl alcohol is an
excellent precipitating medium for the separation
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If preferred, the volumetric method for determining chloride
may be used. If a vinyl chloride-acetate copolymer of the
medium acetate length was used, the vinyl chloride content of the
sample should equal 89.5 to 91.5% of the copolymer found.
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DISCUSSION

A vinyl alkyd resin made according to specification was used as
a known sample. Resin vehicle, Number 1 in Table I was made by
blending 32.1 parts of Vinylite VAGH and 67.9 parts alkyd resin
(nonvolatile basis). The nonvolatile content of the finished
vehicle was 30.7%. The vehicles tested were also pigmented
with the same formulation was used in Federal Specification TT-E
485b, then separated without difficulty by the usual high-speed
centrifuging.

The vinyl chloride content of Vinylite VAGH, the copolymer
used to formulate these enamels, was also determined by the fu
sion method. This resin, believed to contain 89.5 to 91.5% vinyl
chloride, was analyzed to be 91.5 and 91.6%.

weight of AgCI X 4360
weight of sample X % nonvolatile

% vinyl chloride

% phthalic anhydride =
corrected weight of dipotassium phthalate X 6110

weight of sample X % nonvolatile
The actual weight of the sample used was determined in the
analysis for the vinyl resin.

If chlorinated paraffin was present in the original sample,
potassium chloride is formed during saponification and affects the
phthalic anhydride analysis. Its presence is indicated by dis
solving the dipotassium phthalate precipitate in water and testing
for chlorides by adding 6N nitric acid followed by an aqueous
silver nitrate solution. Chlorinated diphenyl has no effect on
the phthalic or vinyl determination. If the dipotassium phthal
ate contains chlorides, the phthalic anhydride should be deter
mined by precipitation with lead acetate (1), using aliquots esti
mated to contain 30 to 45 mg. of phthalic anhydride.

Determination of Vinyl Chloride in Chloride-Acetate Copoly
mer. The enamel vehicle or the isolated copolymer separated
from the alkyd resin may be used for the chlorine analysis. If
there is no evidence of other chlorinated resins or plasticizers
present, the determination can be made more conveniently from
the vehicle of the ename!.

From 1.0 to 2.0 grams of vehicle are weighed into a nickel cru
cible of 30-m!. capacity. Six grams of potassium hydroxide
pellets are added and the contents of the crucible dried in an oven
at 1100 C. for 3 hours. The fusion of the dried sample is con
ducted as for the analysis' of styrenated epoxy resins (2), with
the following modification: After 45 minutes of fusion, the cover
is removed and the temperature gradually increased at 15-minute
intervals until the fusion is complete.

Without cooling, the crucible is transferred to a 400-m!. beaker
and the contents are poured into the bottom of the beaker. When
cool sufficient water is added to cover the crucible completely,
and'the contents are boiled for 15 minutes. The sample is fil
tered through a double thickness of filter paper of medium porosity
into a 60Q-m!. beaker, and the crucible and rod are scrubbed and
washed with water. The filtrate is neutralized with 6N nitric
acid and an excess of 5 m!. of acid added for every 100 m!. of water
volume. While stirring vigorously, 20 m!. of a 5% silver nitrate
solution are added, and the sample is heated to boiling. When
cool, it is filtered through a Gooch crucible which has been heated
to 200 0 C., cooled, and weighed. Transfer of the precipitate
and washing are done with 2% nitric acid. The crucible is dried
at 110° C. for an hour followed by 15 minutes of additional drying
at 200° C.

known as a medium acetate copolymer, having 89.5 to 91.5 parts
of vinyl chloride combined with 2.5 to 5.5 parts of vinyl acetate
(5.3 to 7.0 parts of vinyl alcohol), has the compatibility properties
that make it best suited for use in vinyl-alkyd blends. The
chlorine content of the vinyl chloride is known to vary, therefore,
the total chlorine content of the resin serves only as an estimation
of the composition of the copolymer. However, this analysis is
desirable for quality contro!. The vinyl chloride resin can be
estimated from its chlorine content, either on the enamel vehicle
or on the isolated copolymer. Many methods for determining
chlorine are available; most of those used with organic mate
rials either involve special equipment or are time-consuming.
To find a rapid, accurate, and simple method for total chlorine
determination, suitable for routine testing and specification use
to control the acetate length of the vinyl copolymer, a technique
used to determine polystyrene in epoxy resins (2) was tested.
This method, which involves fusion with potassium hydroxide,
is not rapid, requires very little attention, and with slight
modification, has proved satisfactory.

PROCEDURE
Determination of Vinyl Chloride-Vinyl Acetate Copolymer.

A dry 50-m!. Erlenmeyer flask is provided with a cork stopper
and weighed. From 1 to 2 grams of the clear enamel vehicle
(0.1 to 0.2 gram of vinyl resin) are poured into the flask, which is
then stoppered and reweighed. Five milliliters of 1,4-dioxane
are added, the sample is dissolved, and the flask is reweighed.
The sample solution is poured very slowly into 200 m!. of 0.125N
alcoholic potassium hydroxide made with absolute ethyl alcohol
contained in a 500-m!. glass-stoppered Erlenmeyer flask. The
small sample flask is stoppered and reweighed, and the 500-m~.
flask is shaken constantly for 5 mmutes, preferably in a meehani
cal agitator. Without delay, the alkaline solution is filtered
throuzh a weighed fritted-glass crucible of coarse porosity, pre
viouslY prepared with a mat of asbestos. When all of the fil
trate has drained through, it is set aside for phthalic anhydride
analysis, then the washing and transferring of the precipitate
are continued with 95% ethyl alcoho!. The crucible is given at
least two washings with water followed by additional washing
with 95% ethyl alcoho!. It is then dried in an oven at 60° C.
to constant weight (2 to 4 hours) and the vinyl resin content
calculated on a solids basis.
% vinyl chloride-acetate copolymer =

weight of precipitate X 10,000
weight of sample X % nonvolatile

The actual weight of the sample used may be calculated in the
following manner:
If A = weight of empty flask (stoppered)

B = weight of flask plus sample plus dioxane (before pouring)
C = weight of flask plus residual sample (after pouring)

I ieh B-C .. I I izhtthe actual samp e weig t = B _ A X.ongma samp e weig

Chlorinated paraffin or chlorinated diphenyl, if present in the
original sample, is not precipitated by the alcohol and is present
in the filtrate. Chlorinated rubber, if present, is precipitated
and will appear in the crucible with the vinyl resin. It can be
removed by washing with warm xylene (60° C.) immediately
after the vinyl resin has been washed with ethyl alcohol; the vinyl
resin is insoluble in xylene.

Determination of Phthalic Anhydride in the Alkyd Resin.
The filtrate contains the alkyd resin. It is transferred, washing
with absolute ethyl alcohol, to a 500-m!. Erlenmeyer flask and
refluxed under a condenser for at least 1 hour in a water bath.
The sample is allowed to cool to a comfortable temperature for
handling, about 50° C., filtered while warm through a weighed
fritted-glass crucible of medium porosity, washed, and dried in
the usual manner.

Potassium carbonate may precipitate with the dipotassium
phthalate and be a source of error. A correction is made by dis
solving the weighed precipitate in about 50 m!. of distilled water
that has been neutralized to the phenolphthalein end point. If
the solution is alkaline to phenolphthalein, it is titrated with O.lN
hydrochloric acid.

Weight of potassium carbonate = m!. of HCI X normality X
0.1382.

Deduct the weight of potassium carbonate from the weight of
dipotassium phthalate and calculate the phthalic anhydride. on a
solids basis:



Mass Spectrographic Analysis of Solids
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TH E application of mass spectroscopy to the analysis of solids
has become of great interest within the last few years, and

several different approaches to the problem have been made.
The choice of technique and instrumentation depends greatly
upon the nature of the analytical problem.

Dempster (-,/) was the first to discuss the analysis of traces of
impurities in solids with the mass spectrograph. A double
focusing mass spectrograph, designed for mass measurements
(2), a spark source (3), and photographic detection of the ions,
was used for this work. Shaw and Rail (13) constructed a dou
ble-focusing mass spectrograph of the Mattauch type, with a
spark source and photographic detection, for the analysis of
solids. No applications to analysis using this instrument have
been reported. Gorman, Jones, and Hipple (5, 9), using a modi
fied Dempster instrument with a spark source and electrical de
tection, have demonstrated the quantitative possibilities of
mass spectrometric analysis of solids. Theil' work was done with
stainless steel samples, with determinations of chromium and
nickel in concentrations ranging from 0.3 to 25%.

For specialized problems, ion sources may be used to simplify
the instrumentation. Hickam (7, 8) studied impurities in
copper by vaporizing the metal into an electron bombardment
type ionization chamber, with time integration of the ion cur
rents. Inghram and his coworkers (10, 11) have obtained very
high sensitivities using isotopic dilution techniques and both
thermal ionization and electron-bombardment ion sources.

For a general analysis of impurities in solids, the vacuum spark
source has several great advantages. It is reasonably independent
of such factors as relative volatility of the various impurities, dif
ferences in ionization efficiencies and nature of the material
being analyzed, so that sensitivities remain high regardless of
the element being determined. Contamination and background
difficulties are less than for some other types of sources, as the
spark is confined only to the material under analysis, and no
other source parts are heated. Disadvantages of the spark
source, such as the large spread in initial energies of the ions
and the erratie fluctuations of current from the source, must be
allowed for in the instrumentation.

The use of the spark source creates problems in the ion-detec
tion method. The electrical detection scheme of Gorman,
Jones, and Hipple used a ratio measurement to avoid the problem
created by the current fluctuations due to the erratic nature of
the spark. In this work they measured the ratio of the resolved
ion current emerging from the magnetic analyzer to the current
arriving at an electrode which served to monitor the total cur-

rent from the source. In the studies of high concentration sam
ples, this method gave good quantitative results; but in samples
of very low concentrations very high sensitivity is required in the
detection system for the resolved ion current. For a typical
sample, in the instrument used for the work described below,
the average ion current to the final collector is of the order of
5 X 10-11 ampere for the singly charged peaks of the principal
component. A 1 p.p.m. impurity would give a current of less
than 10-" ampere, requiring a device such as an electron multi
plier for detection. While this is feasible, the instrumentation
to achieve maximum sensitivity in the vicinity of the large
radio-frequency spark voltages becomes difficult. Photographic
detection provides high sensitivity, integration of currents despite
source fluctuations, and the simultaneous recording of a wide
mass range; but it is less quantitative, requires the introduction
of photographic plates into the vacuum system, and does not
provide visual information while the source is in operation.
The choice between electrical detection and photographic methods
is not clear, and would depend considerably on the problems to
be investigated. When quantitative results are desired, the
electrical method appears preferable; when semiquantitative
identifications of trace impurities are required, the photographic
method has advantages.

INSTRUMENTATION

The instrumental aspects of the work have been described in
detail (6). A Mattauch-type instrument with double focusing
and a spark source was constructed. The instrument was de
signed for either electrical recording 01' photographic detection;
however, the photographic detection method was used in most of
this work, because of the nature of the problems. Ilford Q plates
have been used for all work.

The instrument is designed with a demountable source and ac
cess to the photographic plate region. The sample and plate can
be changed in about 0.5 hour, by using cutoff devices in the pump
lines to permit continuous operation of the pumps during this
procedure, and pumping times can be as low as an hour. For
electrical recording, a blank metal plate carrying an exit slit is
substituted for the photographic plate and the current through
this aperture strikes a collector mounted on a glass press. A
"monitor" electrode between the electric and magnetic fields
permits ratio measurements of the type made by Gorman,
Jones, and Hipple.

SAMPLES

Samples for this instrument are handled in the form of rods,
0.030 to 0.040 inch in diameter and 0.25 to 0.50 inch long. These
are held in pin vises, so the cross-sectional shape of the rods is
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Calculations have been carried out for two systems, boron in
silicon and antimony in germanium. These were chosen because
samples were available covering a wide range in concentrations.
Concentrations were determined from electrical resistivity meas
urements, with <T = neu, where <T is the electrical conductivity, n
is the carrier concentration, e is the electronic charge, and v
is the mobility. From' this equation, n can be calculated from
measurements of <T and published values of v. Mobilities for
germanium were taken from Conwell (1), and for silicon from
data obtained by Morin (12). Assuming complete 'ionization of
the impurity centers at room temperature, the impurity concen
tration is equal to the carrier concentration n.

In optical spectroscopy, an internal standard is required to
allow for variations in the source and in photographic plate char
acteristics. The most convenient internal standard in the pres
ent work has been to take a line originating from the principal
component-e-i.e., germanium or silicon-and to refer the im
purity intensity to this line. The instrumental arrangement per
mits six exposures on each plate, so that each sample was run
for exposure times ranging from 1 second to 15 minutes. Spark
conditions were kept nearly constant throughout the exposures
and from one sample to another. Absorbances for the impurity
line' and the standard line were measured with a recording den
sitometer, and these absorbances were plotted as a function
of exposure time. A typical plot, Figure 2, shows the expected
"absorbance V8. intensity" character. If it is assumed that the
source remained constant during the exposures, then the relative
values of the ion currents for the two lines can be determined
by the factor necessary to shift one curve into the other along the
intensity (exposure) axis. This is simply the ratio of
exposure times for a given absorbance in the linear portion
of the curves. This procedure was followed for each sample
and the same reference line was used in each case. The relative
intensity values give the mass spectrographic determination of
concentration (in arbitrary units). The results for boron in
silicon and antimony in germanium are shown in Figures 3 and
4. Five different samples were available for each system and in
most cases each sample was run twice, but not in consecutive

0.2

0.02

In order to obtain semiquantitative analyses, rather than
qualitative identifications or comparisons of concentrations of
impurities, calibrations with standard samples are necessary as
in the case of the emission spectrograph. If further work indi
cates that mass spectrographic sensitivities vary less than emis
sion spectrographic sensitivities, the calibration problem for
the mass spectrograph will be somewhat simplified. For many
systems, standard samples could be prepared using radioactive
tracers as the added impurity.

0.5

0.4

0.3

unimportant. Only the tips of the rods are analyzed, as the
spark is confined to this area and the amount of wearing away of
the electrodes in any reasonable exposure time is small. Be
cause the rods form part of the electrical circuit in the spark
source a modification of the technique is required for insulators.

Most metals, and semiconductors like silicon and germanium,
can be 10awed or formed readily into rods of the desired shape.
In some cases only small chips of material may be available,
which are too small to be held directly in the pin vises; such
material can often be forced into the ends of metal tubes with
small diameters and then held in pin vises.

In the limited amount of work that has been done with insu
lators, the materials were ground up into a powder and packed
into a metal tube 0.040 inch in diameter-gold, for example.
The metal tube not only serves as a container for the powder, but
also provides the necessary conducting path. With this arrange
ment the mass spectrum of the powder and the metal with its
impurities are observed; therefore, high purity of the metal tube
is desirable. Since all metals are likely to show some impurity,
it probably will be necessary to choose a tube material that is
free of the impurities one expects to encounter in the particular
sample under study. By having several different metal tubes
available, it should be possible to investigate any impurity. A
run made on the empty metal tube serves as a blank. The same
technique also should permit the handling of metal powders.

ANALYTICAL RESULTS

MASS SPECTRA

Typical mass spectra are shown in Figure 1. Positions on the
plate and line widths vary as the square root of the mass. It
may be seen that nearly a 15 to 1 mass range can be covered in a
single exposure. Each plate ordinarily permits six exposures, so
several exposure times and magnetic fields (mass ranges) can be
covered for each sample. For a 0.002-inch principal slit, the
resolution of the instrument is 1500-that is, mjSrn. = 1500,
where Am is the least distinguishable mass difference at mass m.
This high resolution is useful in certain analytical identifications
as it usually is sufficient to distinguish between and identify two
lines of the same nominal mass, differing only by the small amount
arising from their different packing fractions.

In Figure 1, the spectra show: (a) germanium sample with
added antimony at the concentration of 6 p.p.m, (atom fraction);
(b) arsenic impurity in antimony at lOO.p.p.m.; (e) copper sample
with 1 monolayer of gold deposited on its surface. Exposure
times were 3 minutes, 30 seconds, and 1 minute, respectively.
In the original plates, the antimony in germanium lines showed
clearly with an exposure t.ime of 5 seconds.

Contaminations on surfaces of conductors have been studied.
There appears to be no simple way to study surface contamina
tions on insulators, or on conductors of a shape that does not per
mit handling in the pin vises.

Because of the high sensitivity of the instrument, surface con
taminations and bulk impurities appear in the mass spectra.
Careful etching of the sample is desirable to avoid unnecessary
background. Surface contaminations are distinguished easily
from bulk impurities as they appear strongly only in the first
exposure, so there is usually no difficulty in determining impurity
lines.

A considerable variety of metals and semiconductors has been
run in the machine with no important differences in the ease of
handling. Many elements have appeared as impurities with no
evidence of "blind spots" in the method. From these results, it
appears qualitatively that, within a factor of about ten, the sen
sitivities for the different impurity elements in any metal will be
equal. The differences arise because of different degrees of
efficiency of ionization, and differences in photographic plate
sensitivities for various ions. Larger sensitivity differences hold
for the emission spectrograph. One of the reasons for the
relatively small spread in sensitivities in the mass spectrograph
is the nature of the spark (high voltage, very short "on" periods)
which minimizes differences in volatility, ionization efficiencies,
etc.
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runs. In view of the experimental uncertainties in maintaining
constancy of the spark during the exposures between samples, in
determining relative intensities from the absorbance measure
ments, and in the mobilities used to calculate impurity concen
trations, the results appear to be satisfactory. These results indi
cate that after calibration analyses are accurate within an un
certainty factor of 2 or 3.

The absorbance represented by the lowest concentration
antimony lines was as low as could be measured on the densi
tometer; hence the indicated uncertainty for this sample is large.
Exposure times of less than 1 second or a change to a secondary
line of the impurity element are necessary to keep absorbance low
enough for quantitative measurement for samples above a con
centration of about 10-4• In the latter case a weak isotopic line
would be most satisfactory, but where this is not available a
multiple-charge line could be used.

Surface contaminations are distinguished readily from bulk
impurities, as they show up strongly only in the first exposure
i.e., in the initial sparking. Thereafter, they appear weakly
as the spark gradually wears the electrode away and reaches new
areas of the surface. Bulk impurities remain constant through
out the exposures.
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Figure 3. Boron in Silicon Deterlllinations

Samples for surface contamination studies were prepared by
evaporation of known quantities of appropriate metals onto the
surface of clean copper wires or germanium rods. Mass spectra
were obtained from samples having 0.1 and 1.0 monolayer of
gold on copper, 0.1 and 1.0 monolayer of indium on copper, and
a sample of germanium on which one monolayer each of indium,
silver, aluminum, chromium, iron, nickel, copper, and palladium
was deposited. In all these cases the lines of the deposited ma
terial were readily visible.

The number of atoms of impurity necessary for detection as a
surface contamination was eompared with the number necessary
as a bulk impurity to give a line of the same absorbance. In
the ease of surface contamination, roughly 10-2 sq. em. of surface
is sparked initially and for a one-monolayer sample this corre
sponds to approximately 1012 atoms of the impurity. By compar
ison, to obtain a line of the same absorbance but originating from
a bulk impurity, an exposure of 20 seconds for an impurity
concentration of 10-6 and a total weight loss of about 0.01
mg. are required, corresponding to 1011 atoms of the impurity.
Very roughly the same number of impurity atoms are required
in either case.

To check the feasibility of the method for insulators and for
powdered samples, samples of lithium carbonate and the same
lithium carbonate with 5 p.p.m, of zirconium nitrate were packed
into gold tubes and run. The zirconium was detectable; so
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this method is usable, but no effort was made to Jearn if sensi
tivities are as high as for metals.

CONCLUSIONS

An instrument with photographic detection is capable of semi
quantitative analyses at concentrations at least as low at 10-7,

for most elements. The presence of background lines prevents
determination of such elements as carbon, oxygen, nitrogen, and
hydrogen at low concentrations. Surface contaminations as
low as 0.1 monolayer are detectable. These sensitivities have
been reached with photographic detection; the method undoubt
edly can be made more quantitative with electrical recording,
as shown by Gorman, Jones, and Hipple, but with a probable
loss in sensitivity. The present limitation on sensitivity is set
by faint background lines originating from traces of organie
contaminants in the source chamber, and by diffuse background
due to ion scattering and change of ion mass or charge in transit.

The primary usefulness of this method is for problems not
suited for emission spectrographic analysis. These are for the
most part cases where the emission spectrographic sensitivity is
inadequate, and where general, semiquantitative results are
needed. For this type of work the present method has given good
results, and provides information not available by any other
method.
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Noninterference of Phosphate in an Ethylenediamine Tetraacetate
Method for Serum Calcium
ALEXANDER D. KENNY and SVEIN U. TOVERUD

Biological Research Laboratories, Harvarc/ School of Dental Mec/icine, Boston 15, Mass.

I N THE determination of calcium in leaf tissue by titration
with the disodium salt of ethylenediaminetetraacetic acid

(EDTA), using ammonium purpurate as indicator, Willson (5)
encountered interference by orthophosphate when the ratio of
phosphorus to calcium was 0.1 or greater (by weight). In cow's
milk, where the ratio of phosphorus to calcium is approximately
0.8, Jenness (.4) overcame the interference of phosphate by remov
ing it with an anion exchange resin.

The authors wished to determine the calcium concentration
of rat serum in which, under certain experimental conditions,
the phosphorus-calcium ratio may be as high as 4. The ethyl
enediamine tetraacetate method of Fales (1), with minor modifica
tions, was chosen for this purpose because it requires only 0.5 m!.
of serum for each determination rather than 2 m!., as in the
classical method of Fiske and Logan (2) previously in routine
use in this laboratory. An investigation of the extent of the
interference of phosphate in the new method was considered to be
necessary. It has been found that under the specified conditions
of the analytical procedure there is no interference even when
phosphorus-calcium ratios are as high as 8.

EQUIPMENT, REAGENTS, AND PROCEDURE

The recommendations of Fales (1) were followed wtih minor
exceptions. (Details of the modified procedure will be supplied
on request.) Microburets (5-m!. capacity, O.OI-m!. graduations)
were used instead of pipets for addition of reagents. Aliquots of
0.5 or 1.0 m!. were diluted to 6.0 m!. with distilled water and 0.5
m!. of indicator, freshly filtered, was added. In addition, the
following standard solutions were prepared:

Standard Calcium Solution. Calcium acetate monohydrate
(0..44 gram), analytical reagent, was dissolved in water and
diluted to 1 liter. The calcium content was found by 14 deter
minations in duplicate by the method of Fiske and Logan (2).

Table I. Effect of Phosphate on Analysis of Aqueous Solu
tions and of Serum for Calcium by Ethylenediaminetetra

acetic Acid

P.Ca Ratio Calcium. Mg./I00 MI."
Solutions Studied Calcd. Theoryb Found

Calcium acetate « 0 8.45 8.45
0.26 8.45 8.41
0.53 8.45 8.27
0.78 8.4.5 8.43
1.03 8.4.5 8.41
1.28 8.45 8.48
1.58 8.45 8.27

Calcium chloride 0 5.43 5.43
1.28 5.43 5.56
2.60 5.43 5.49
3.59 5.43 5.97
5.04 5.43 5.67

Human serum e 0.41 6. 14 6.14
1. 51 6. 14 6.37
2.71 6. 14 6.19
3.78 6. 14 6.32

Rat serums 0.59 4.70 4.70
1.65 4.70 4.71
3.76 4.70 4.74
5.84 4.70 4.76
8.09 4.70 4.67

(I Concentrations are given for solutions analyzed; D.5-roI. aliquots of cal
cium acetate, calcium chloride, and human serum, and l.O-mi. aliquots of rat
serum were taken.

b On basis of analysis with no added phosphate.
c Calcium acetate solution standardized by 14.determinations in duplicate

by method of Fiske and Logan (2).
d Phosphorus determined by method of Fiske and Subbarow (3).

Standard Phosphate Solution. Anhydrous potassium dihydro
gen phosphate (4.39 grams), analytical reagent, was dissolved
in water and diluted to 1 liter after the addition of 10 m!. of ION
sulfuric acid.

Calcium Chloride Solution. An aqueous solution containing
approximately 7.5 mg. of calcium per 100 m!.

All solutions were prepared with distilled water which contained
only negligible amounts of calcium.

RESULTS

Varying amounts of standard phosphate solution were added
to standard calcium acetate solution, calcium chloride solution,
human and rat blood serum, respectively, to provide a range of
phosphorus-calcium ratios which includes values far in excess of
expectation in the analysis of serum calcium. As shown in Table
1. on analysis of aliquots of these solutions for calcium by the
present method no evidence of interference by phosphate was
disclosed.

DISCUSSION

The method here described for analysis of calcium by titration
with ethylenediaminetetraacetic acid in a photoelectric color
imeter is applicable to solutions of calcium salts-for example,
diluted blood serum-which are far more dilute than the samples
tested by Willson and required by his method, which relies upon
natural vision for determination of the end point. The calcium
concentrations in the solutions titrated (the 1.0-m!. aliquot for
human serum and 0.5-m!. aliquots for the other samples were
diluted to a total of 6.5 m!. for titration) ranged from 0.42 to
0.72 mg. per 100 m!. as compared with a range of 9.2 to 15 mg.
per 100 m!. used by Willson. The authors attribute the absence
of interference by phosphate in the present method to the fact
that the ion products are well below the solubility product
(Ks .p .) of calcium diphosphate (CaHPO.), in contrast to the
conditions of Willson's experiments.

Difficulties may be encountered in the application of the present
method to the analysis of urine, particularly of pathological origin,
where phosphorus-calcium ratios as high as 250 are not unknown.
Here the prior removal of phosphate with an anion exchange
resin, as recommended by Jenness (4) in another application,
may be helpfu!.
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flame (photometric Determination of Calcium in
Wet-/Process /Phosphoric acid
J. A. BRABSON and W. D. WILHIDE

Division of Chemical Development, Tennessee Valley Authority, Wilson Dam, Ala.

E CON OMY in the production of wet-process phosphoric acid
requires that the by-product calcium sulfate be easily fil

tered from the acid. Growth of the crystals of calcium sulfate
to a readily filterable size is influenced greatly by the ratio of
calcium ions to sulfate ions in the mother liquor (9). Control
of this ratio is hampered when the time-consuming oxalate method
(5) is used. for the calcium determination. Iron, aluminum, and
phosphorus interfere and necessitate a double precipitation of
calcium oxalate, with tedious filtrations.

Flame photometric methods based upon the internal standard
principle (2, 4) have been used for the determination of calcium
in complex materials (1,6, 10, 11). The direct intensity principle,
with standards simulating the samples, also has been used for the
determination of calcium (3, 8). The internal standard technique
has the advantage of simplicity in the preparation of standards.

The flame photometric method described here-an internal
standard method-cuts hours from the usual time required for
the determination of calcium in wet-process phosphoric acid.

APPARATUS AND REAGENTS

Flame Photometer. Perkin-Elmer, Model 52-C, with acet
ylene burner.

Shaker. Equipped to hold 250-m!. flasks.
Standard Calcium Solution. Dissolve 3.5696 grams of dried

reagent calcium carbonate in 100 m!' of 1M hydrochloric acid
and dilute to 1 liter. The calcium oxide content is 2 mg. per m!'

Internal Standard-Strontium Chloride Solution. Dissolve
30.45 grams of the hexahydrate in distilled water and dilute to
1 liter. The strontium content is 10 mg. per m!'

Cation Exchange Resin. Amberlite IR-120(H), analytical
grade (Rohm & Haas Co.) or its equivalent. Treat 100 grams of
resin with 5M hydrochloric acid in an ion exchange column until
flame photometric tests of the eluate show an absence of sodium
and calcium. Rinse the resin thoroughly and air-dry it.

Ammonium Nitrate. Analytical grade.

STANDARDIZATION

Prepare a series of eleven concentration standards containing
50 mi. of strontium chloride solution and from 0 to 50 m!' of the
standard calcium solution in 5-m!' increments. Dilute to 500 m!'

Warm up the electrical circuit of the photometer and adjust
the burner to give a steady flame. Set the element selector at
about 5500 A. and adjust to maximum sensitivity while atomizing
the calcium chloride solution.

To calibrate the photometer, take readings on the two end con
centration standards until the settings are reproducible. Then
take three readings on each intermediate standard, with a recheck
of the end standards after each series. Plot average readings
against concentration. The standards correspond to from zero
to 20 grams of calcium oxide per liter with the unknown in its
specified dilution.

ANALYSIS

Warm a 100-ml. sample of the unknown with 50 mi. of hydro
chloric acid until suspended matter is dissolved. Dilute to vol
ume in a I-liter volumetric flask. Pipet a 10-m!. aliquot into a
250-ml. flask. Dilute to 150 m!' with distilled water and add 1
gram of IR-120(H) resin.

Shake flask and contents in the shaking machine for 15 min
utes. Collect the resin on a coarse filter paper and wash it ten
times with distilled water.

Dry the paper without charring and. brush the resin into a
platinum dish. Add 2.5 grams of solid ammonium nitrate.
Heat on a hot plate until the reaction subsides, then over a
Bunsen burner until organic matter is eliminated. Cool the
residue, add 5 mi. of 72% perchloric acid, and evaporate just
to dryness on a hot plate. Add 5 drops of concentrated hydro
chloric acid and 30 mi. of distilled water. Warm to clarity, mix

with 10 m!' of the internal standard solution in a 100-ml. volu
metric flask, and dilute to volume.

Pour some of the unknown into the photometer and estimate
the calcium content. Pour in some of the standard solution
whose calcium content is nearest that of the unknown. Agree
ment of the scale reading with that obtained in the calibration
indicates that the instrument is ready for the final measurements.

Take three alternate readings for the unknown and for the
nearest standard solution. Calculate the average reading for the
unknown and read the calcium content from the calibration
curve.

EVALUATION OF METHOD

The preponderance of phosphorus pentoxide over calcium
oxide in wet-process phosphoric acid is as much as a hundredfold.
The acid also contains iron, aluminum, fluorine, and sulfur as
impurities.

Preliminary tests of the effects of phosphorus and of these
impurities on the calcium determination were made with reagent
chemicals. Lithium was the internal standard. The photometer
was tuned to the diatomic band emission that occurs at about
5500 A. and which gives much greater sensitivity than the pri
mary calcium line emission at 4226 A.

Iron, fluorine, and sulfur in their usual proportions were with
out effect. Aluminum depressed the calcium readings, the de
pression becoming more severe as the ratio of aluminum to cal
cium was increased. Phosphorus also interfered. Moreover,
the action of aluminum and phosphorus together was synergistic.

Mitchell and Robertson (7) found that strontium lessens the
interference of aluminum in the determination of calcium by the
Lundegardh flame spectrographic method. The materials with
which they worked, however, apparently did not entail the com
bined effect of aluminum and phosphorus. Since aluminum
affects the spectral emissions of strontium and calcium in the
same way, strontium was viewed as a potential internal standard
in the present problem.

Strontium chloride equivalent to 100 grams of strontium per
liter was added to a series of fivc solutions containing 300 grams
of phosphorus pcntoxidc, 4 grams of calcium oxide, and from
10 to 50 grams of aluminum oxide per liter. The emission
intensities then were compared with those of similar phosphorus
free solutions. Since the factory setting of the fixed slit to trans
mit the lithium line emission at 6708 A. corresponds to a band
emission of strontium chloride, adjustment of the slit was un
necessary.

The calcium found in the phosphorus-free solutions was uni
formly 100% of that present. The calcium found in the phos
phorus-containing solutions ranged from 98% of that present
at 10 grams of aluminum oxide per liter to 80% at 50 grams of
aluminum oxide per liter. To take advantage of the strontium
standard as a means of eliminating the interference of aluminum,
the phosphorus would have to be removed.

A separation by means of an ion exchange resin often proves
practical for eliminating the interference of one ion in the deter
mination of another of opposite charge. The commonly used
column technique of ion exchange-with regeneration of the
resin-requires an aggregate time, however, that was viewed as
objectional in the present work. An alternative was sought
through a batch separation of cations with a small amount of
resin that then could be considered as expendable.

Calcium was separated from solution quantitatively when an
aliquot equivalent to 1 m!' of wet-process acid was diluted to
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Table I. Comparison of Photometric and Chemical De
termination of Calcium in Wet-Process Phosphoric Acid

CaO, Grams per Liter
Photometric Method Chemical Method

Av. Max. Min. Av. Max. Min.

4.1 4.1 4.0 4.2 4.3 4.0
2.7 2.7 2.6 2.6 2.7 2.6
4.1 4.1 4.0 4.0 4.0 4.0
8.3 8.4 8.0 8.5 8.5 8.4
2.7 2.8 2.6 2.7 2.8 2.6
2.4 2.4 2.3 2.4 2.5 2.4
3.7 3.7 3.5 3.8 3.8 3.7
3.0 3.1 2.9 2.8 2.9 2.8
3.0 3.1 2.9 3.1 3.2 3.1
2.2 2.3 2.1 2.1 2.2 2.1

150 ml, and shaken for 15 minutes with 1 gram of Amberlite
IR-120(H) resin. The resin was collected on a paper filter,
transferred to a platinum dish, and ignited with ammonium ni
trate at a low temperature. The ash was digested with perchloric
acid. Strontium chloride was added as an internal standard
and calcium was determined photometrically. Triplicate anal
yses of ten samples .of wet-process acid by this method are
compared with analyses by the conventional chemical method
in Table 1.

Some commercial wet-process acids contain sodium that was
added to precipitate silica. This sodium enhances the photo
metric reading for calcium.

Tests on synthetic samples showed that the effect of sodium
on the calcium determination is linear at concentrations of so
dium oxide from 0 to 4 grams per liter. When the sodium oxide
content is higher, part of it must be removed. About half of it
can be removed without loss of calcium by washing the resin
twenty times with O.IM hydrochloric acid. Further loss of
sodium through sublimation in the ashing step lowers the sodium
to less than 20% of that present in the original acid.
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Aliquots of a standard sodium solution equivalent to from 5 to
25 grams of sodium oxide per liter were added to a practically
sodium-free sample of wet-process phosphoric acid. The solu
tions then were analyzed photometrically for calcium and sodium,
the resin being washed as described. The calcium results, when
corrected for sodium interference, agreed closely with those ob
tained in the analysis of the original sodium-free phosphoric acid.

The flame photometric method is practically as precise as the
chemical method and is faster. A single determination of cal
cium in wet-process phosphoric acid can be made in I hour,
whereas the chemical method requires 5 hours. Multiple anal
yses by the photometric method require about one third the
time required by the chemical method.
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Isolation and Purification of Semimicro Quantities of Morphine
LEONARD B. ACHOR and E. M. K. GElLING

Department of Pharmacology,' University of Chicago, Chicago 37, III.

ME T H OD S for the isolation of morphine from the opium
poppy are numerous (3) but not satisfactory for the re

covery of quantities of the order of 1 to 10 mg. The cost of pro
duction of carbon-I4-labeled morphine (at least 20 me. of
carbon-14 as barium carbonate are required at a cost of $36
per mc.) by biosynthesis (5) in amounts sufficient for tracer and
metabolic studies requires a method which will give maximum
yields from the limited amounts of radioactive Papaver somnif
erum available.

It has been shown that certain of the ion exchange. resins can
be applied successfully to the separation and purification of
substances containing the basic nitrogen group (4). The fact
that morphine contains both an N-methyl and a phenolic hy
droxyl group somewhat simplifies the problem and, accordingly,
several ion exchange resins were evaluated. Of the resins
studied, optimum performance and maximum recoveries were
obtained with Nalcite SAR (anion, polyamine) and Amberlite
IRC-50 (cation, carboxylic acid): The procedure for the ex
traction, purification, and crystallization of morphine is given
below.

REAGENTS AND SOLUTIONS

Aqueous sodium carbonate, 10%.
Aqueous ammonium chloride, 20%.
I-Butanol-benaene, 1 to 1.
Aqueous sodium bicarbonate, 5%.

Sulfuric acid, 0.525N.
Potassium hydroxide, 2%, saturated with barium hydroxide.
Aqueous methanol, 50%.
Hydrochloric acid, O.IN.
Aqueous sodium hydroxide, 10%.
Dihydrogen potassium-phosphate-dieodiurn monohydrogen

phosphate buffer, pH 7.0, 0.5M.
Chloroform-ethyl alcohol, 3 to 1.
Absolute ethyl alcohol.
Concentrated aqueous ammonia

ISOLATION AND PURIFICATION PROCEDURES

Two grams of oven-dried (80 0 C.) P. somniferum capsules are
ground to 40 mesh in a Wiley mill, transferred to a 4O-ml. glass
stoppered centrifuge tube, and mixed intimately with 10 ml. of
a 10% aqueous sodium carbonate solution. After 1 hour of
quiet standing, the mixture is brought to pH 8.6 ± 0.1 by the
addition of 20% aqueous ammonium chloride (approximately 5
mI. being required) and extracted to 15 mI. of 1 to 1 I-butanol
benzene solution. The mixture is centrifuged to separate the
organic layer, which is drawn off. The extraction is repeated
twice using 10 ml, of I-butanol-benzene solution in each case.
The organic layers are combined, and shaken in succession with
two I5-mI. portions of 5% aqueous sodium bicarbonate to remove
pigments, many of which are present in the organic layer
following the original extraction. The I-butanol-benzene frac
tion is then shaken with 15 ml. of 0.525N sulfuric acid and
washed with two lo-m!. portions of water, so as to remove the
morphine and certain impurities to the aqueous phase. The
procedure described permits recoveries of the alkaloid on the order
of 92 to 95%; these values were checked by carrying out extrac-
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A sample of morphine base monohydrate was analyzed concurrently with
each determination. The deviation of "unknown" Rf values from the refer
ence standard in each system was ±O.Ol.

Ratio R]

I-Butanol-acetic acid saturated with water 100 to 4 0.468
100 to 30 0.660

dissolved in 0.5 to 1.0 ml. of O.lN hydrochloric acid. Four drops
of absolute alcohol are added and the whole is mixed well. One
drop of concentrated ammonia is introduced, the mixture is
agitated, placed in the cold, and crystallization usually begins
immediately.

CRITERIA OF PURITY OF ISOLATED PRODUCT

H

6.93
7.10

C

67.3
67 ..6

1. Carbon-hydrogen determination

Calculated, %
Found, %

2. Melting point (6), 229 to 2300 C.
Mixed melting point. 2300 C.

3. Rf values, paper chromatography (Whatman No.1)

tions using known amounts of morphine sulfate (1 to 20 mg. per
determination) in aqueous solution. Such control extractions
were carried out to the last stage (sulfuric acid) and measured
spectrophotometrically at 285 and 298 mil, respectively. In no
case was less than 92% of the alkaloid recovered.

The solution obtained by the preceding extraction is next
treated with 11.4 ml. of a saturated solution of barium hydroxide
in 2% potassium hydroxide, and passed through a column of
Nalcite SAR (hydroxide form, dimensions of 0.8 X 20 em.) at
a flow rate of 0.2 to 0.4 ml. per minute. The barium-potassium
hydroxide treatment removes the sulfuric acid and converts the
alkaloid to its anionic form; thus facilitating its uptake by the
resin. Filtration of the sulfuric acid extract treated with
potassium-barium hydroxide is necessary prior to introduction
to the column so that obstruction by the barium sulfate precipi
tate is avoided. The extract is followed by 200 ml. of 50%
aqueous methanol, which treatment removes a considerable
amount of pigment, as determined spectrophotometrically (7).
Elution of the morphine from the column is accomplished with
O.IN hydrochloric acid, with the alkaloid being present in the
first 30 ml. of effluent following the change of pH from neutrality
to approximately 2.0.

Ultraviolet absorption in hydrochloric acid, p H 2.0 (1)

Absorption maximum, mu 285 285
Absorbance 0.134 0.134

Nalcite SAR has proved to be the best quaternary base resin
available for separation of this type. Other strongly basic
anion exchange resins were carefully evaluated and found not
suitable (2) for these purposes. The large effluent volumes, re
quired for maximum recovery (2), did not permit efficient han
dling of small amounts of the alkaloid.

4. Spectrophotometric Data
Isolated Reference
Product Standard

The Nalcite effluent containing morphine is adjusted to pH
7.0 with 10% sodium hydroxide, about 3 ml. being required, and
passed through a column of Amberlite IRC-50 (same dimensions
as Nalcite column) which has been buffered at pH 7.0 with 0.5M
dihydrogen potassium phosphate-disodium monohydrogen phos
phate buffer. The experimental conditions of flow rate, washing,
and elution are the same as for the Nalcite procedure.

Absorbance Ratios. The ratio of absorbance at absorption maximum to
absorbance at the closest minimum is useful for the characterization of a
given compound as well as closely related substances (8). Analysis was
made on the isolated material, the authentic sample of morphine (base)
and pseudomorphine, which compound is likely to form during the ext.rae
tion of morphine from alkaline media (5). Determinations carried out in
the Beckman DU spectrophotometer gave:

Ultraviolet absorption in alkaline (sodium hydroxide) (7)
solution, pH 10

Morphine SO,
Added, Mg.

4.0
3.7
2.0

Morphine SO, Recovered from Nalcite SAR
Mg. %
4.0 100
3.65 98.8
1.97 98.5

Absorption maximum, mu
Absorbance

Compound

Morphine base monohydrate
Unknown
Pseudomorphine

298
0.178

Ratio

1. 75
1.75
1.145

298
0.178

These two resins can be used consecutively without significant
loss of the alkaloid. The resins provide essentially quantitative
recovery by the technique applied to the quantitative determi
nation of the alkaloid in commercial preparations. To demon
strate this point, 4.2 mg. of morphine sulfate was applied to a
N alcite column. Morphine was determined in the effluent, which
was then applied to the IRC-50, according to the outlined pro
cedure. The results are as follows when the alkaloid was meas
ured at 285 mil in the Beckman spectrophotometer:

Nalcite SAR
IRC-50

Theory,
Mg.

4.2
4.2

Found,
Mg.

4.2
4.15

%
Recovered

100
98.8

SUMMARY

The recovery of small amounts of labeled morphine from plant
material requires modification of conventional extraction pro
cedures to ensure maximum yield. The application of two ion
exchange resins, Dowex II and Amberlite IRC-50, has resulted
in the recovery of morphine of high purity. The technique pre
sented may also be applied to the quantitative determination of
the alkaloid in pharmaceutical preparations, animal tissues,
and plant material.
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Decay and Growth Tables for the Naturally Occurring
Radioactive Series
H. W. \(\R~Y
Mound Laboratory, Monsanto Chemical Co., Miamisburg, Ohio

THE tables which follow are intended primarily for use by
the analytical chemist. While in no sense complete, they

have been compiled in an effort to reduce or eliminate much of
the tedious and duplicative labor involved in the analysis of
radioactive materials.

The tables are divided into three sections devoted to the three
naturally occurring radioactive series. The nuclear data are
those compiled by the National Bureau of Standards (2).

The decay of each radiosotope is given in one or more appro
priate time units except where the half life of a particular nuclide
is either too long or too short to be of analytical importance.

The growth of families is given in relative disintegration rates,
which are readily determined by standard counting methods,
rather than in numbers of atoms. The criterion throughout
has been utility to the analyst. Thus, where the growth of a
family is either too slow to be useful, or is effectively complete in
a few hours, it has not been computed.

Although the uncertainty of the half lives and the precision of
present-day counting techniques do not warrant more than three
significant figures in most cases, values have been computed to
four or five significant figures to permit reasonably accurate inter
polation.

The equations used for calculating growth and decay were
adapted from those originally proposed by Rutherford (3) and
Bateman (1).

Table II. Thorium Series (4n)
(Decay in minutes and hours)

0.8931 0.9999 0.9921
0.7976 0.9999 0.9843
0.7123 0.9999 0.9765
0.6362 0.9998 0.9688
0.5681 0.9998 0.9611

0.5074 0.9998 0.9535
0.4532 0.9997 0.9460
0.4047 0.9997 0.9385
0.3614 0.9996 0.9311
0.3228 0.9996 0.9237

0.2883 0.9995 0.9164
0.2575 0.9995 0.9092
0.2299 0.9995 0.9020
0.2053 0.9994 0.8948
0.1834 0.999"4 0.8878

0.1638 0.9993 0.8807
0.1463 0.9993 0.8738
0.1306 0.9993 0.8669
0.1167 0.9992 0.8600
0.1042 0.9992 0.8533

0.0931 0.9991 0.8465
0.0831 0.9991 0.8398
0.0742 0.9990 0.8332
0.0663 0.9990 0.8266

T1208
1.0000
0.7996
0.6394
0.5113
0.4089
0.3269

0.2614
0.2090
0.1672
0.1337
0.1069

0.0114
0.0012
0.0001
0.0000

0.9367 0.5029
0.8774' 0.2529
0.8219 0.1272
0,7698 0.0639
0.7211 0.0322

0.6755 0.0162
0.6327 0.0081
0.5927 0.0041
0.5552 0.0021
0.5200 0.0010

0.4871 0.0005
0.4563 0.0003
0.4274 0.0001
0.4003 0.0001
0.3750 0.0000

0.3512
0.3290
0.3082
0.2887
0.2704

0.2533
0.2373
0.2222
0.2082

Pb212 Bi 2 12

1.0000 1.0000
0.9989 0.9886
0.9978 0.9774
0.9967 0.9662
0.9956 0.9552
0.9946 0.9443

0.9935 0.9336
0.9924 0.9229
0.9913 0.9124
0.9902 0.9020
0.9892 0.8917

0.9784 0.7952
0.9678 0.7091
0.9573 0.6324
0.9470 0.5639

Rn 220

1.0000
0.4662
0.2174
0.1013
0.0472
0.0220

0.0103
0.0048
0.0022
0.0010
0.0005

0.0000

Th228 Ra 224

1.0000 1.0000
0.9999
0.9997
0.9996
0.9995
0.9993

0.9992
0.9991
0.9989
0.9988
0.9987

0.9974
0.9960
0.9947
0.9934

AC228

1.0000
0.9981
0.9962
0.9943
0.9925
0.9906

0.9888
0.9869
0.9851
0.9831
0.9814

0.9630
0.9451
0.9274
0.9101

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24

Time,
Min.

o
1
2
3
4
5

6
7
8
9

10

20
30
40
50

Hours
1
2
3
4
5

SYMBOLS

number of atoms of the parent (first member) of
a family at an arbitrary time, t = 0

half life of the first, second, nth member of a
family

No

Table I. Thorium Series (4n)
Mode of Energies An decay constant of the nth mem-

Isotope Synonym Decay in Mev. Half Life Decay Constants bel' of a family (A" = 0.69315/
Tn'" 4.0 1.39 X 10 IDY 5.0XI0-11 v-. Tn)

t NOA! activity (disintegration rate) of
Ra 2 28 MsTh, fJ- 0.002 6.7 Y [0.1035 Y-' the parent of a family at t = 0

~
0.000283 D-' JV,A"N"An activities of the first and nth

Ao'" MsTh, fJ- 1.6 6.13 H [2.7138 D-' members of a family at any time

t 0.1131 H- ao alpha activity of the parent at t = 0
at total alpha activity of the chain

Th'" RdTh [72% 5.4 1.90 Y [0.3648 Y-' at any time
t 28% 5.3 0.00100D-' e. total beta activity of the chain at

Ra 2Z4 ThX [%%5.7 3.64 D [0.1904 D-' anytime
t 5% 5.4 0.0079 H-'

Rn 220 Tn 6.3 54.5 S [0.7631 M-'

t 0.0127 S-' GROWTH AND DECAY EQUATIONS

-PO~I6 ThA [(0.014% fJ-)
68 [263. 2'M-'

-+
(?) 0.158 S 4.3870 S-'

Relative activity of a single radioactive species:
At=:16_-1 7.8 0.0003 S 2300 S-'

I
I
I

N,A!~Pb212 I ThB fJ- [88% 0.3 1O.6H [1.5694 D-' e-A,t (1)

I
I 12%0.6 0.0654 H-' NOA!I
I
I [66.3% s: 2.3I
I [ 1%5.6'I' I 2% 5.8 60.5M [0.6874 H-'I-Br-I ThC 33.7% '!' 70% 6.0 0.0115M-' Activity of the first decay product relative to

27%6.1 the initial activity of a parent which was pure at
Po~2J2- ThC' a 8.8 3.04 X 10-' S 2.3 X lO'S-' t = 0:

+Tl"" ThC" fJ- 8 3.1 M [13.416 H-'

t 0.2236 M-'

Pb20S• ThD Stable N ZA2 A2 e-A,t) (2)
NOA!

= --- (e-A,t-
A2 - Al '
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Table III. Thorium Series (4n)

(Decay in days)

Time. Time,
Days Ra 22a AC~28 Th228 Ra 224 Pb 212 Days Ra228 Th228

0 1.0000 1.0000 1. 0000 1. 0000 1.0000 50 0.9859 0.9513
:I 0.9997 0.0663 0.9990 0.8266 0.2082 51 0.9856 0.9503
2 0.9994 0.0044 0.9980 0.6833 0.·0433 52 0.9854 0.9494
3 0.9992 0.0003 0.9970 0.5648 0.0090 53 0.9851 0.9484
4 0.9989 0.0000 0.9960 0.4669 0.0019 54 0.9848 09475
5 0.9986 0.9950 0.3859 0.0004 55 0.9845 0.9465

6 0.9983 0.9940 0.3190 0.0001 56 0.9843 0.9456
7 0.9980 0.9930 0.2637 0.0000 57 0.9840 0.9446
8 0.9977 0.9920 0.2180 58 0.9837 0.9437
9 0.9975 0.9910 0.1802 59 0.9834 0.9427

10 0.9972 0.9901 0.1489 60 0.9831 0.9418

11 0.9969 0.9891 0.12,n 61 0.9829 0.9409
12 0.9966 0.9881 0.101'8 62 0.9826 0.9399
13 0.9963 0.9871 0.0841 63 0.9823 0.9390
14 0.9960 0.9861 0.0695 64 0.9820 0.9380
15 0.9958 0.9851 0.0575 65 0.9817 0.9371

16 0.9955 0.9841 0.041·5 66 0.9815 0.9362
17 09952 0.9832 0.0393 67 0.9812 0.9352
18 0.9949 0.9822 0.0325 68 0.9809 0.9343
19 0.9946 0.9812 0.0268 69 0.9806 0.9334
20 0.9943 09802 0.0222 70 0.9804 0.9324

21 0.9941 09792 0.0183 71 0.9801 0.9315
22 0.9938 0.9783 0.0152 72 0.9798 0.9306
23 0.9935 0.9773 0.0125 73 0.9795 0.9296
24 0.9932 0.9763 0.0104 74 0.9792 0.9287
25 0.9929 0.9753 0.0086 75 0.9790 0.9278

26 0.9927 0.9743 0.0071 76 0.9787 0.9269
27 0.9924 09734 0.0058 77 0.9784 0.9259
28 0.9921 0.9724 0.0048 78 0.9781 0.9250
29 0.9918 0.9714 0.0040 79 0.9779 0.9241
30 0.9915 0.9705 0.0033 80 0.9776 0.9232

31 0.9913 0.9695 0.0027 81 0.9773 0.9222
32 0.9910 0.9685 0.0023 82 0.9770' 0.9213
33 0.9907 0.9676 0.0019 83 0.9767 0.9204
34 0.9904 0.9666 0.0015 84 0.9765 0.9195
35 0.9901 0.9656 0.0013 85 0.9762 0.9186

36 0.9898 0.9647 0.0011 86 0.9759 0.9176
37 0.9896 0.9637 0.0009 87 0.9756 0.9167
38 0.9893 0.9627 0.0007 88 0.9754 0.9158
39 0.9890 0.9618 0.0006 89 0.9751 0.9149
40 0.9887 0.9608 0.0005 90 0.9748 0.9140

41 0.9884 0.9598 0.0004 91 0.9745 0.9131
42 0.9882 0.9589 0.0003 92 0.9743 0.9121
43 0.9879 0.9579 0.0003 93 0.9740 0.9112
44 0.9876 0.9570 0.0002 94 0.9737 0.9103
45 0.9873 0.9560 0.0002 95 0.9734 0.9094

46 0.9870 0.9551 0.0002 96 0.9732 0.9085
47 0.9868 0.9541 00001 97 0.9729 0.9076
48 0.9865 0.9532 0.0001 98 0.9726 0.9067
49 0.9862 0.9522 0.0001 99 0.9723 0.9058
50 0.9859 0.9513 0.0001 100 0.9721 0.9049

Activity of the second decay product relative to the initial
activity of a parent which was pure at t = 0:

(3)

Activity of the nth member of the decay chain relative to the
initial activity of a parent which was pure at t = 0:

J _1)n-1 (A2 ... An) X

An) + ..

(4)

USE OF TillE TABLES

Fraction Remaining After a Given Time. EXAMPLE 1. What
fraction of radium-223 remains after 15 days?

ANALYTICAL CHEMISTRY

Table IV. Thorium Series (4n)

(Growth of decay products from initially pure parent.·
Parent, thorium-228)

(ThUS) N'A' = .-Alt
NOAI

(Ra224) N'A2 = 1.00528 (e-Alt _ e-A2t)
NOAI

(RnUO) N,A' = 1.00528 e-Alt _ 1.00545 e-A2t +
NOAI

0.00017 e - Aal

(Po''') N.A. = N'A'
NOAl NOAI

(P b 2l2) N'A' = 100592 e-Alt _ 114424 e-A2t +
NOAl' .

0.13833.- A,t

(Bi2l2) N'A' ~ 1.00598 e-Alt - 1.15759 e-A2t +
NOA, 0.15287 e-A,I - 0.00125 e-Aol

(Po"') N7.A7. = N'A'
NOAl NO>",

(TI208) N7A7 = 1.00598 e-Ad _ 1.15827 e-A2t +
NOAI 0.15362 e-A,t -0.00132 e-A,t

':! = 5.02182 e- Alt - 4.17377 e- A2t + 0.00034 e- Aat +
ao 0.51287 e-A,t _ 0.00125 e-A,t

Ii.! = 2.67886 e- Alt - 3.06999 e- A2t + 0.39330 e-A,t -
NOAI

0.00215.- Ao/

/l Valid 1 hour after purification, assuming 100% retention of radon-220.
b Assumes 100% counting yield of all betas.

Table V. Thorium Series (4n)

(Growth of decay products from initially pure parent.
Parent, thorium-228)

Time,
Pb 212 a,INoAl {!lINOAIDays Ra 224

0 0.0000 0.0000 1.0000 0.0000
1 0.1733 0.0878 1.5986 0.2204
2 0.3165 0.2280 2.1666 0.5929
3 0.4345 0.3578 2.6508 0.9404
4 0.5319 0.4679 3.0535 1.2356
5 0.6123 0.5593 3.3861 1.4809

6 0.6786 0.6349 3.6603 1.6835
7 0.7332 0.6972 3.8861 1.8506
8 0.7781 0.7485 4.0718 1.9882
9 0.8151 0.7907 4.2245 2.1015

10 0.8456 0.8255 4.3503 2.1950

11 0.8705 0.8540 4.4533 2.2717
12 0.8910 0.8775 4.5372 2.3345
13 0.9078 0.8967 4.6060 2.3861
14 0.9214 0.9124 4.6619 2.4283
15 0.9325 0.9252 4.7072 2.4626

16 0.9416 0.9356 4.7437 2.4905
17 0.9488 0.9440 4.7729 2.5130
18 0.9547 0.9508 4.7968 2.5314
19 0.9594 0.9563 4.8156 2.5462
20 0.9631 0.9606 4.8299 2.5577

21 0.9660 0.9640 4.8410 2.5669
22 0.9682 0.9667 4.8493 2.5741
23 0.9698 0.9687 4.8554 2.5795
24 0.971.0 0.9702 4.8596 2.5836
25 0.9719 0.9713 4.8622 2.5865

26 0.9724 0.9720 4.8635 2.5884
27 0.9726 0.9724 4.8637 2.5896
28 0.9727 0.9726 4.8631 2.5901
29 0.9725 0.9726 4.8617 2.5901
30 0.9723 0.9724 4.8597 2.5896

31 0.9719 0.9721 4.8572 2.5888
32 0.9714 0.9717 4.8543 2.5876
33 0.9708 0.9711 4.8511 2.5862
34 0.9701 0.9705 4.8476 2.5846
35 0.9694 0.9699 4.8439 2.5829

36 0.9687 0.9692 4.8399 2.5810
37 0.9679 0.9684 4.8359 2.5789
38 0.9671 0.9676 4.8317 2.5768
39 0.9663 0.9668 4.8274 2.5746
40 0.9654 0.9659 4.8230 2.5724

41 0.9645 0.9651 4.8185 2.5701
42 0.9636 0.9642 4.8140 2.5677
43 0.9627 0.9633 4.8094 2.5653
44 0.9618 0.9624 4.8048 2.5629
45 0.9609 0.9615 4.8002 2.5605

46 0.9599 0.9605 4.7955 2.5580
47 0.9590 0.9596 4.7908 2.5556
48 0.9581 0.9587 4.7861 2.5530
49 0.9571 0.9577 4.7814 2.5506
50 0.9562 0.9568 4.7767 2.5481
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Table VI. T'horfum Series (4n)

(Growth of decay products from initially pure parent.a
Parent, radium- 224)

(Ra''') Nl>'1 = .->'11
No>'1

(Rn"') N,>., = 1.00017 (.->'11 _ .->.,/)
NO>'1

(P02lO) Z:~: = 1.00017.->'11 - 1.00308.->.,1 + 0.00291 .->..1

(Pb.1') Z:~: = 1.13823.->'11 + 0.00143 .->.,1 - 1.13966.->.·1

(Bi2l2) N.>.. 1.15151.->'11 _ 0.00002.->',1 _
No>'. =

1.25947 .->..t + 0.10798.->..1

(TI20') N.>., 1.15219.->'11 + 0.00001 .->',1_
NO>'1

1.26564.->..1 + 0.11381 .->..t - 0.00037.->',1

,~: _ 4.15185 .->.,t - 2.00327 .->.,t + 0.00291 .->..1 -
.,lVQl\.l

1.25947 .->..t + 0.10798 .->..t

'::0:1 - 3.05387 .->..t + 0.00143 .->.,t - 3.24033 .-Nt +
0.18540.->'.1 - 0.00037.->.,1

B Valid 1 hour after purification, assuming 100% retention of radon-220
and its decay products.

b Assumes 100% counting yield of all betas.

EXAMPLE 3. What fraction of thorium-228 will remain after
1 year?

Since the tables do not give decay values beyond 100 days,
it is necessary either to make use of the decay constant given in
Table I or to use Equation 5, thus;

Fraction remaining after 1 year e--<l·3648 = 0.6943, or,

Fraction remaining after 100 days. 0.9049 (Table III)

Fraction remaining after 65 days = 0.9371 (Table III)

Fraction remaining after 365 days = (0.9049)3 (0.9371) = 0.6943

Differential Decay. Mixtures of nuclides are sometimes en
countered which cannot conveniently be resolved by chemical
methods. Various means have been employed to determine the
amount of each species present, but one of the most generally
useful is the technique of differential decay.

EXAMPLE 4. A mixture is known to contain only radium-223
and radium-224 in equilibrium with their decay products. When
counted, the activity of the mixture is found to have decayed to
half its original value in 5 days. What fraction of the original
activity was due to radium-224 and its decay products?

Table VII. T'horfurn Series (4n) Table VIII. UraniUln-Radiulll Series (4n + 2)

(Growth of decay products from initially pure parent.
Parent, radium-224)

The answer is read directly from Table XVI.
It is 0.3952.

EXAMPLE 2. What fraction of bismuth-210
remains after 7 days, 3 hours, and 14 minutes?

By virtue of the fundamental equation for ex
ponentials

the decay of bismuth-210 for the desired time is
the product of its decay in 7 days (0.3677 from
Table X), in 3 hours (0.9823 from Table IX), in 10
minutes (0.9990 from Table IX), and in 4 minutes
(0.9996 from Table IX)-Le.,

(0.3677) (0.9823) (0.9990) (0.9996) = 0.3607

Mode of Energies,
Synonym Decay Mev. Half Life Decay Constant.

UI 4.2 4.51 X IO'Y 1.54 X 1O- IOY-1

[56% 0.2 [0.02876 D -I
UXI p- 24.10 D

44% 0.1 0.0012 H-I

UX,
[0.

p- [90% 0.5
10% 1.2 1.14 M 0.6080 M-I

12% IT) (0.4)

UZ p- 2.3 6.7 H 0.1035 H-'

Un 4.8 267,000 Y O. 0000026 y-I

[75% 4.7
10 80,000 Y 0.0000087 Y -I

25% 4.6

[93% 4.8
1,620 Y 0.000428 y-I

7% 4.6

[0.1812 n-.
Em a 5.5 3.825 D

0.00755 H-1

[OO:%P-)
6.0

RaA 3.05M 0.2273 M-I
(?)

[0.02586 M -I
.RaB p- 0.7 26.8 M

1.5518 H-I

Lo.o:%p-)

6.7
2.0 S 0.3466 S-I

(?)

a 7.1 0.019 S 36.5S-1

[ s: [23~ 3.2
77 0 1.7 [0.03519 M-I

RaC 19.7M
(0.04% a) 5.5 2.1111 H-I

RaC' 7.7 0.000164 S 4,227S-1

RaC' p- 1.8 1.32 M 0.5251 M-I

RaD p- 0.03 22 Y 0.03151 y-I

s : [92% 1.1 [0.1429 D-I
RaE

[(10-'% a)

8% 1.2 4.85 D
0.00595 H ,_

(5.0)

RaF a 5.3 138.4 D [0.005008 D -I
1.8279 y-I

p- 1.5 4.23M 0.1639M-I

RaG Stable

Isotope

UUS

t
Th2U

~

l
- p a T

Pa 2
•
34lJ

•U 23 40

t
Th280

~
Ra225

~
Rn 222

~pOr---j
-Pb'" i

+-At218...,!
I
I

t
Rn"a_-:,i

____Bi 214

~ i
~ P0214-+--'

1-"T1
Pb 210_

t
Bi 210- 1

~ i
-P021D (

LTrJ
Pb'"

(J Isomer.

(5)

P,/No>'1

0.0000
0.0878
0.2096
0.3425
0.4758

0.6044
0.7262
0.8402
0.9464

1.0449
1 .1361
1.2203
1.2981
1.4962
1.6488
1.7644
1.8498

1. 9514
1.9873
1.9805
1.9462
1.8948
1. 8331
1.7657
1.6956

1.6249
1.5549
1.4863
1. 4197
1. 3554
1.2935
1. 2341
1.1773

1.1229
1.0709
1.0213
0.9739

a,/NO>'1

1.0000
2.9936
3.0087
3.0328
3.0594

3.0856
3.1098
3.1315
3.1505

3.1667
3.1803
3.1914
3.2002
3.2137
3.2111
3.1956
3.1698

3.0953
3.0006
2.8944
2.7823
2.6681
2.5543
2.4425
2.3336

2.2283
2.1268
2.0294
1.9360
1.8467
1. 7613
1. 6797
1.6018

1.5275
1.4565
1.3889
1.3244

Pb 21 2

0.0000
0.0617
0.1204
0.1748
0.2253

0.2721
0.3155
0.3557
0.3928

0.4271
0.4588
0.4880
0.5149
0.5832
0.6355
0.6749
0.7036

0.7369
0.7472
0.7425
0.7284
0.7082
0.6846
0.6590
0.6326

0.6061
0.5798
0.5542
0.5293
0.5053
0.4822
0.4600
0.4388

0.4185
0.3992
0.3807
0.3630

Time,
Hours

o
1
2
3
4

5
6
7
8

9
10
11
12
15
18
21
24

30
36
42
48
54
60
66
72

78
84
90
96

102
108
114
120

126
132
138
144
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Table IX. Uranfurn-Radtnm Series (4n + 2)
Time,

Bi 211lMin. Th'" Pa 234 Rn 222 P0218 Pb 214 Bi 214 Tl21B
0 i.oooo 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1 0.5444 0.9999 0.7967 0.9744 0.9654 0.5915 0.9999
2 0.2964 0.9997 0.6348 0.9496 0.9320 0.3499 0.9998
3 0.1614 0.9996 0.5057 0.9253 0.8998 0.2069 0.9997
4 0.0879 0.9995 0.4029 0.9017 0.8687 0.1224 0.9996
5 0.9999 0.0478 0.9994 0.3210 0.8787 0.8387 0.0724 0.9995
6 0.0260 0.9992 0.2557 0.8562 0.8097 0.0428 0.9994
7 0.0142 0.9991 0.2038 0.8344 0.7817 0.0253 0.9993
8 0.0077 0.9990 0.1623 0.8131 0.7547 0.0150 0.9992
9 0.0042 0.9989 0.1293 0.7923 0.7285 0.0089 0.9991

10 0.9998 0.0023 0.9987 0.1030 0.7721 0.7034 0.0052 0.9990
20 0.9996 0.0000 0.9975 0.0106 0.5962 0.4948 0.0000 0.9980
30 0.9994 0.9962 0.0011 0.4603 0.3480 0.9970
40 0.9992 0.9950 0.0001 0.3554 0.2448 0.9960
50 0.9990 0.9937 0.0000 0.2744 0.1722 0.9950

Hours
1 0.9988 0.9924 0.2119 0.1211 0.9940
2 0.9976 0.9850 0.0449 0.0148 0.9882
3 0.9964 0.9776 0.0095 0.0018 0.9823
4 0.9952 0.9703 0.0020 0.0002 0.9765
5 0.9940 0.9629 0.0004 0.0000 0.9706
6 0.9928 0.9557 0.0001 0.9649
7 0.9916 0.9485 0.0000 0.9592
8 0.9904 0.9414 0.9535
9 0.9893 0.9343 0.9478

10 0.9881 0.9273 0.9422
11 0.9869 0.9203 0.9366
12 0.9857 0.9134 0.9310
13 0.9845 0.9065 0.9255
14 0.9833 0.8997 0.9200
15 0.9822 0.8929 0.9146
16 0.9810 0.8862 0.9091
17 0.9798 0.8795 0.9038
18 0.9786 0.8729 0.8983
19 0.9775 0.8663 0.8931
20 0.9763 0.8598 0.8877
21 0.9751 0.8533 0.8824
22 0.9739 0.8470 0.8772
23 0.9728 0.8405 0.8720
24 0.9716 0.8343 0.8668

Table X. Uranfum-Radirrm Series (4n + 2)
Time, Time,

P021'ODays Tho.. Rn 222 Ph'" Bi 210 P0210 Days Tho" Ph'" Bi 210

0 1.0000 1.0000 1·.0000 1.0000 1.0000 50 0.2374 0.9957 0.0008 0.7785
1 0.9716 0.8343 0.9999 0.8668 0.9950 51 0.2307 0.9956 0.0007 0.7746
2 0.9441 0.6960 0.9998 0.7514 0.9900 52 0.2241 0.9955 0.0006 0.7707
3 0.9173 0.5806 0.9997 0.6513 0.9851 53 0.2178 0.9954 0.0005 0.7669
4 0.8913 0.4844 0.9997 0.5646 0.9802 54 0.2116 0.9953 0.0004 0.7630
5 0.8661 0.4041 0.9996 0.4894 0.9753 55 0.2056 0.9953 0.0004 0.7592
6 0.8415 0.3371 0.9995 0.4242 0.9704 56 0.1998 0.9952 0.0003 0.7554
7 0.8176 0.2813 0.9994 0.3677 0.9655 57 0.1941 0.9951 0.0003 0.7517
8 0.7945 0.2346 0.9993 0.3188 0.9607 58 0.1886 0.9950 0.0003 0.7479
9 0.7719 0.1957 0.9992 02763 0.9559 59 0.1832 0.9949 0.0002 0.7442

10 0.7501 0.1633 0.9991 0.2395 0.9512 60 0.1781 0.9948 0.0002 0.7404
11 0.7288 0.1362 0.9991 0.2076 0.9464 61 0.1730 0.9947 0.0002 0.7368
12 0.7081 0.1137 0.9990 0.1800 0 ..9417 62 0.1681 0.9947 0.0001 0.7331
13 0.6880 0.0948 0.9989 0.1560 0.9370 63 0.1633 0.9946 0.0001 0.7294
14 0.6685 0.0791 0.9988 0.1352 0.9323 64 0.1587 0.9945 0.0001 0.7258
15 0.6496 0.0660 0.9987 0.1172 0.9276 65 0.1542 0.9944 0.0001 0.7221
16 0.6312 0.0551 0.9986 0.1016 0.9230 66 0.1498 0.9943 0.0001 0.7185
17 0.6133 0.0459 0.9985 0.0881 0.9184 67 0.1456 0.9942 0.0001 0.7149
18 0.5959 0.0383 0.9984 0.0763 0.9138 68 0.1415 0.9941 0.0001 0.7114
19 0.5790 0.0320 0.9984 0.0662 0.9092 69 0.1374 0.9941 0.0001 0.7078
20 0.5626 0.0267 0.9983 0.0574 0.9047 70 0.1335 0.9940 0.0000 0.7043
21 0.5466 0.0222 0.9982 0.0497 0.9002 71 0.1298 0.9939 0.7008
22 0.5311 0.0186 0.9981 0.0431 0.8957 72 0.1261 0.9938 0.6973
23 0.5161 0.0155 0.9980 0.0374 0.8912 73 0.1225 0.9937 0.6938
24 0.5014 0.0129 0.9979 0.0324 0.8867 74 0.1190 0.9936 0.6903
25 0.4872 0.0108 0.9978 0.0281 0.8823 75 0.1157 0.9935 0.6869
26 0.4734 0.0090 0.9978 0.0243 0.8779 76 0.1124 0.9935 0.6834
27 0.4600 0.0075 0.9977 0.0211 0.8735 77 0.1092 0.9934 0.6800
28 0.4469 0.0063 0.9976 0.0183 0.8692 78 0.1061 0.9933 0.6766
29 0.4343 0.0052 0.9975 0.0158 0.8648 79 0.1031 0.9932 0.6732
30 0.4220 0.0044 0.9974 0.0137 0.8605 80 0.1002 0.9931 0.6699
31 0.4100 0.0036 0.9973 0.0119 08562 81 0.0973 0.9930 0.6665
32 0.3984 0.0030 0.9972 0.0103 0.8519 82 0.09'46 0.9929 0.6632
33 0.3871 0.0025 0.9972 0.0089 0.8477 83 0.0919 0.9929 0.6599
34 0.3761 0.0021 0.9971 0.0078 0.8434 84 0.0893 0.9928 0.6566
35 0.3654 0.0018 0.9970 00067 0.8392 85 0.0868 0.9927 0.6533
36 0.3551 0.0015 0.9969 0.0058 0.8350 86 0.0843 0.9926 0.6500
37 0.3450 0.0012 0.9968 0.0051 0.8308 87 0.0819 0.9925 0.6468
38 0.3352 0.0010 0.9967 0.0044 0.8267 88 0.0796 0.9924 0.6436
39 0.3257 0.0009 0.9966 0.0038 0.8226 89 0.0773 0.9923 0.6404
40 0.3165 0.0007 0.9966 0.0033 0.8185 90 0.0751 0.9923 0.6372
41 0.3075 0.0006 0.9965 0.0029 0.8144 91 0.0730 0.9922 0.6340
42 0.2988 0.0005 0.9964 0.0025 0.8103 92 0.0709 0.9921 0.6308
43 0.2903 0.0004 0.9963 0.0021 0.8063 93 0.0689 0.9920 0.6277
44 0.2821 0.0003 0.9962 0.0019 0.8022 94 0.0670 0.9919 0.6245
45 0.2741 0.0003 0.9961 0.0016 0.7982 95 0.0651 0.9918 0.6214
46 0.2663 0.0002 0.9960 0.0014 0.7942 96 0.0632 0.9917 0.6183
47 0.2588 0.0002 0.9960 0.0012 O.7~03 97 0.0614 0.9917 0.6152
48 0.2514 0.0002 0.9959 0.0010 0.7863 98 0.0597 0.9916 O. Q121
49 0.2443 0.0001 0.9958 0.0009 0.7824 99 0.0580 0.9915 0.6091
50 0.2374 0.0001 0.9957 0.0008 0.7785 100 0.0564 0.9914 0.6060



VOL U M E 2 6, N O. 6, ] U N E 1 9 5 4

Table XI. Uranium-Radium Series (4n + 2)

(Growth of decay products from initially pure parent." Parent, radium-22M

·1067

Table XIII. Uranium-Radium Series (4n + 2)

(Growth of decay products from initially pure parent. Parent, lead-21O)

.(Pb'lO) NIX...' = ,-All
Nox,

(Bi'lO) Ii,-x.: = 1.00060 (,-Ad _ ,-x,l)
NOh!

(Po"O) ~:~: = 1.01815 ,-x,t + 0.03634 ,-x,t - 1.05449 ,-x,l

Time, Days Bi 210 P0210 Time, Days Bi 210 P0210

0 0.0000 0.0000 40 0.9939 0.1517
1 0.1332 0.0003 41 0.9942 0.1559
2 0.2485 0.0013 42 0.9945 0.1601
3 0.3484 0.0027 43 0.9947 0.1643
4 0.4354 0.0047 44 0.9950 0.1684
5 0.5105 0.0071 45 0.9951 0.1726

6 0.5755 0.0098 46 0.9952 0.1767
7 0.6320 0.0128 47 0.9953 0.1808
8 0.6809 0.0160 48 0.9954 0.1848
9 0.7233 0.0194 49 0.9955 0.1889

10 0.7601 0.0230 50 0.9955 0.1929

11 0.7919. 0.0268 51 0.9955 0.1969
i2 0.8195 0.0306 52 0.9955 0.2009
13 0.8434 0.0346 53 0.9955 0.2049
14 0.8640 0.0387 54 0.9955 0.2088
15 0.8820 0.0429 55 0.9955 0.2127

16 0.8975 0.0471 56 0.9954 0.2167
17 0.9109 0.0514 57 0.9954 0.2205
18 0.9226 0.0557 58 0.9953 0.2244
19 0.9328 0.0601 59 0.9953 0.2283
20 0.9415 0.0645 60 0.9952 0.2321

21 0.9491 0.0689 61 0.9952 0.2359
22 0.9556 0.0733 62 0.9951 0.2397
23 0.9612 0.0777 63 0.9950 0.2435
24 0.9661 0.0821 64 0.9950 0.2472
25 0.9704 0.0866 65 0.9949 0.2510

26 0.9740 0.0910 66 0.9948 0.2547
27 0.9772 0.0954 67 0.9948 0.2584
28 0.9799 0.0998 68 0.9947 0.2621
29 0.9822 0.1042 69 0.9946 0.2657
30 0.9843 0.1086 70 0.9945 0.2694

31 0.9860 0.1130 71 0.9944 0.2730
32 0.9875 0.1174 72 0.9944 0.2766
33 0.9888 0.1217 73 0.9943 0.2802
34 0.9899 0.1261 74 0.9942 0.2837
35 0.9909 0.1304 75 0.9941 0.2873

36 0.9916 0.1347 76 0.9940 0.2908
37 0.9924 0.1390 77 0.9940 0.2943
38 0.9929 0.1432 78 0.9939 0.2978
39 0.9934 0.1475 79, 0.9938 0.3013
40 0.9939 0.1517 80 0.9937 0.3049

Let Co represent the original count obtained, let R, be the frac
tion of Co due to radium-223 and its decay products, and let R.
be the fraction due to radium-224 and its decay products. In
5 days, radium-223 decays to 0.7339 of its original value (Table
XVI) and radium-224 decays to 0.3859 of its original value
(Table III). Therefore,

The two equations are solved simultaneously, and it is found
that R, = 0.3279 Co and R. = 0.6721 Co. The results give a
measure of the relative activity of each isotope and its decay
products in the mixture at the time of the first measurement. A
determination of the absolute amount of each isotope depends
upon the radioactive equilibrium constant (see below), the na
ture and energy of the radiation counted, the self-absorption of
the sample, and the geometry of the counter, subjects which are
beyond the scope of this discussion.

Co 1.0000 R, + 1.0000 R.

0.5 Co = 0.7339 R, + 0.3859 u;

Radioactive Equilibrium. When a radioisotope decays to a
radioactive daughter whose half life is shorter than that of its
parent, a condition of radioactive equilibrium will eventually be
attained in which the daughter product is decaying as rapidly as
it is being produced. The mixture then decays with the half life
of the parent.

The ratio of daughter activity to parent activity is given by
the expression

1.00001 ,-x,t - 1.00545 ,-x,l - 0.00007 ,-x,l +
0.00552 ,- x,l

1.00001 ,-All - 1.00906 ,-x,l + 0.00001 ,-x,l +
0.02084 ,-x,l - 0.01179 e : x,t

(Bi''') N,x,
Nox,

(Ra''') N,X, = ,-x,t
lVO)\1

(Rnaaa) N,x, = 1.00001 ,-All _ 1.00001 ,-x,l
NOxl

(PO'lS) N,x, = 1.00001 ,- x,l - 1.00056 ,- x,l + 0.00055 ,~x,l
NOxl

(Pb''') N,'X, ~
Nox,

(Po''') N,x, ~ N,X,
NOxl Nox,

(Pb2lO) ~;~: = 1.01378 ,-All + 0.00048 ,-x,l - 1.01428 ,-x71

(Bi'lO) ~:~: ~ 1.01379 .-xlt - 0.00179 ,-x,l - 1.01489 ,-x71 +
0.00286 «: xsl

(PO'IO) ~~'~' = 1.01402 ,-All + 0.00005 ,-x,l - 1.03267 ,-x7t _
• 0 , 0.00010 ,-xst + 0.01868 ,-x,l

;~ = 5.01405 ,-All - 3.00958 ,-x,l + 0.00056 ,-x,t + 0.02084 ,-'X,l _
1 0 , 0.01179 ,-x,t _ 1.03267 ,-x71 _ 0.00010 ,-xsl + 0.01868,-x,1

~ = 4.02759 ,-X,t - 2.01582 ,-x,l - 0.00006 ,-x,l + 0.02636 ,-x,l _
NOxl 0.01179 ,-x,l _ 2.02917 ,-X7t + 0.00286 ,-xsl

a Valid 1 hour after purification, assuming 100% retention of radon-222
and its decay products.

• Assumes 100% counting yield of all betas.

Table XII. Uranium-Radium Series

(Growth of decay products from initially pure parent. Parent, radium-226)

Time,
Pb'lO Bi 210 P0210 a,/NoX,Days Rn222 P,/Nox

0 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
1 0.1657 1. 4892 0.3194
2 0.3040 1.9054 0.597\1
3 0.4193 2.2525 0.8304
4 0.5156 0.0000 2.5422 1.0243
5 0.5959 0.0001 2.7838 1.1861

6 0.6628 0.0002 0.0000 2.9853 1.3211
7 0.7187 0.0003 0.0001 3.1536 1.4337
8 0.7653 0.0003 0.0001 3.2939 1.5277
9 0.8042 0.0004 0.0002 3.4110 1.6062

10 0.8367 0.0005 0.0002 3.5086 1.6716

11 0.8637 0.0005 0.0002 3.5901 1.7263
12 0.8863 0.0006 0.0002 3.6580 1.7719
13 0.9052 0.0007 0.0003 3.7147 1.8100
14 0.9209 0.0008 0.0004 3.7619 1.8417
15 0.9340 0.0009 0.0004 3.8014 1.8683

16 0.9449 0.0010 0.0005 3.8344 1.8905
17 0.9541 0.0010 0.0006 3.8618 1.9090
18 0.9617 0.0011 0.0007 3.8847 1.9245
19 0.9680 0.0011 0.0007 3.9038 1.9374
20 0.9733 0.0012 0.0007 3.9197 1.9482

21 0.9777 0.0013 0.0008 3.9331 1.9573
22 0.9814 0.0014 0.0009 0.0000 3.9442 1.9649
23 0.9845 0.0015 0.0010 0.0001 3.9535 1.9712
24 0.9871 0.0016 0.0011 0.0001 3.9612 1.9766
25 0.9892 0.0017 0.0011 0.0001 3.9675 1.9810

26 0.9910 0.0018 0.0012 0.0001 3.9728 1.9848
27 0.9925 0.0018 0.0013 0.0001 3.9774 1.9880
28 0.9937 0.0019 0.0014 0.0001 3.9811 1. 9906
29 0.9948 0.0020 0.0015 0.0001 3.9842 1.9929
30 0.9956 0.0021 0.0015 0.0001 3.9868 1.9948

31 0.9963 0.0022 0.0016 0.0001 3.9890 1.9964
32 0.9969 0.0023 0.0017 0.0001 3.9908 1.9978
33 0.9974 o 0024 0.0018 0.0001 3.9923 1.9990
34 0.9979 0.0024 0.0019 0.0001 3.9936 2.0000
35 0.9982 0.0025 0.0019 0.0001 3.9947 2.0009

36 0.9985 0.0026 0.0020 0.0001 3.9956 2.0016
37 0.9987 0.0027 0.0021 0.0001 3.9963 2.0023
38 0.9989 0.0028 0.0022 0.0001 3.9969 2.0028
39 0.9991 0.0029 0.0023 0.0001 3.9974 2.0034
40 0.9993 0.0030 0.0024 0.0002 3.9978 2.0038

45 0.9997 0.0034 0.0028 0.0002 3.9992 2.0055
50 0.9998 0.0038 0.0032 0.0003 3.9997 2.0067
60 0.9999 0.0047 0.0041 0.0005 4.0001 2.0086
70 0.9999 0.0055 0.0049 0.0006 4.0003 2.0103
80 0.9999 0.0064 0.0058 0.0009 4.0005 2.0120
90 0.9999 0.0072 0.0067 0.0012 4.0007 2.0137

100 0.9999 0.0081 0.0075 0.0015 4.0010 2.0154
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Table XIV. Uzanfurrr-Act.i'nfum Series (4n + 3)
Mode of Energies,

Isotope Synonym Decay Mev, Half Life Decay Constants

U 28li AcU
[20% 4.6

t 8.8XIO'Y 7.9 X lO- lOY-I

80% 4.4
[0.6486D-'

Th u 1 UY {j- 0.2 25.65 H

t 0.0270 H-'

[58%
5.0

PaUl
'" 25% 4.9 34,300Y 0.0000202Y-'

t 3% 4.8
13% 4.7

AC227-~., [ {j- 0.02 [0.0315 y-I

t , 22.0 Y
(1.2% "') (4.9) 0.0000863 D-I

[24% 6.1
-Th'" i 22% 6.0 [0.0373D-I

RdAc 7% 5.9 18.6 D
25% 5.8 0.00155 H-I
22% 5.7

,
[1.9804 H-I

Fr22S"""':' AcK {j- 1.2 21 M
I 0.0330M-'
I
t

[41%
5.7

[0 0619 D-'
-+Ra 223 AcX 35% 5.6 11.2 D17% 5.5 0.00258 H-'

t 7% 5.4

[69%
68

Rn 2U An 15% 6.6 3.92 S 10.61M-'
12% 6.4

t 4% 6.2

[(0.0~05%r)
7.4

P02!;; AcA 0.00183 S 22,800M-I

t (?)

[20% 0.5 [1.1520 H-'
_Pb 211 AcB {j- 36.1 M

80% 1.4 0.0192 M-'

At~llii+- 8.0 lO-'S 416,OOOM-'
I
I

[84% 6.6 [19.25 H-It
[(0.3:%{j-)

_Bi 2 11 - - , AcC 16% 6.3 2.16M 0.3209 M-I

t i
(?)

[8.736H-I
-TI2Q7 : AcC' r 1.5 4.76M

0.1456 M-I

P0211...; AcC' 7.4 0.52 S 79 .98M-'
I
t

_Pb 207 AcD Stable

Table XV. Uranfum-Aetfnfurn Series (4n + 3)
(Decay in minutes and hours)

Time, Min. Th 23 1 Th 22 7 F'r 2 28 Ra228 Pb211 Bi 211 Time, Hours Th 2 31 Th 22 7 Fr22 3 Ra22 3 Pb2l1

0 1.0000 1. 0000 1. 0000 1.0000 1. 0000 1. 0000 6 0.8504 0.9907 0.0000 0.9846 0.0010
1 0.9995 0.9675 0.9810 0.7255 7 0.8276 0.9892 0.9821 0.0003
2 0.9991 0.9361 0.9623 0.5263 8 0.8056 0.9877 0.9796 0.0001
3 0.9986 0.9057 0.9440 0.3819 9 0.7841 0.9861 0.9771 0.0000
4 0.9982 0.8763 0.9261 0.2770 10 0.7632 0.9846 0.9745
5 0.9977 0.9999 0.8479 0.9998 0.9085 0.2010 11 0.7428 0.9831 0.9720

6 0.9973 0.8204 0.8912 0.1458 12 0.7230 0.9815 0.9695
7 0.9968 0.7937 0.8742 0.1058 13 . 0.7038 0.9800 0.9670
8 0.9964 0.7679 0.8576 0.0767 14 0.6850 0.9785 0.9645
9 0.9959 0.7430 0.8413 0.0557 15 0.6668 0'.9770 0.9621

10 0.9955 0.9997 0.7189 0.9996 0.8253 0.0404 16 0.6489 0.9755 0.9596

20 0.9910 0.9995 0.5168 0.9991 0.6811 0.0016 17 0.6317 0.9739 0.9571
30 0.9866 0.9992 0.3715 0.9987 0.5621 0.0001 18 0.6148 0.9724 0.9546
40 0.9822 0.9990 0.2671 0.9983 0.4639 0.0000 19 0.5985 0.9709 0.9522
50 0.9778 0.9987 0.1920 0.9979 0.3829 20 0.5825 0.9694 0.9497

21 0.5669 0.9679 0.9473
Hours 22 0.5518 0.9664 0.9448

1 0.9734 0.9984 0.1380 0.9974 0.3160 23 0.5371 0.9649 0.9424
2 0.9474 0.9969 0.0190 0.9949 0.0998 24 0.5228 0.9634 0.9400
3 0.9221 0.9954 0.0026 0.9923 0.0316
4 0.8975 0.9938 0.0004 0.9897 0.0100
5 0.8736 0.9923 0.0001 0.9872 0.0032

or, for a three-member chain, the ratio of the activity of the third
member to that of the first member is

K. = __A_'_ = T,
A, - A, T, - T.

K - [_Tl] [_T, ]
,- T, - T, T1 - T.

(6)

(6a)

If the half lives of the decay products are very much smaller
than that of the parent, K. is very nearly equal to unity.

The time required for the first decay product to reach 99.9%
of equilibrium is approximately 10 K.T•.

EXAMPLE 5. How long does it take for thorium-234 to reach
99.9% of equilibrium in a sample of uranium-238? How much
thorium-234 is present in a microcurie of uranium-238 30 days
after purification?
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Table XVI. Uranium-Actinium Series (4n + 3)
(Decay in days)

Time, Time,
RainDays Th 21l AC 227 Th'" Ra 2U Days AC2 27 Th 227

0 1.0000 1.0000 1.0000 1. 0000 50 0.9957 O. 1552 0.0453
1 0.5228 0.9999 0.9634 0.9400 51 0.9956 O. 1495 0.0426
2 0.2733 0.9998 0.9282 0.8836 52 0.9955 O. 1440 0.0400
3 0.1429 0.9997 0.8942 0.8306 53 0.9954 O. 1387 0.0376
4 0.0747 0.9997 0.8615 0.7807 54 0.9953 0.1337 0.0354
5 0.0391 0.9996 0.8300 0.7339 55 0.9953 0.1288 0.0332

6 0.0204 0.9995 0.7996 0.6898 56 0.9952 0.1241 0.0312
7 0.0107 0.9994 0.7704 0.6484 57 0.9951 0.1195 0.0294
8 0.0056 0.9993 0.7422 0.6095 58 0.9950 0.1152 0.0276
9 0,0029 0.9992 0.7151 0.5729 59 0.9949 0.1109 0.0260

10 0.0015 0.9991 0.6889 0.5385 60 0.9948 0.1069 0.0244

11 0.0008 0.9991 0.6637 0.5062 61 0.9947 0.1030 0.0229
12 0.0004 0.9990 0.6394 0.4758 62 0.9947 0.0992 0.0216
13 0.0002 0.9989 0.6160 0.4473 63 0.9946 0.0956 0.0203
14 0.0001 0.9988 0.5935 0.4204 64 0.9945 0.0921 0.0190
15 0.0001 0.9987 0.5718 0.3952 65 0.9944 ·0.0887 0.0179

16 0.0000 0.9986 0.5509 0.3715 66 0.9943 0.0855 0.0168
17 0.9985 0.5307 0.3492 67 0.9942 0.0823 0.0158
18 0.9984 0.5113 0.3282 68 0.9941 0.0793 0.0149
19 0.9984 0.4926 0.3085 69 0.9941 0.0764 0.0140
20 0.9983 0.4746 0.2900 70 0.9940 0.0736 0.0131

21 0.9982 0.4572 0.2726 71 0.9939 0.0709 0.0124
22 0.9981 0.4405 0.2563 72 0.9938 0.0683 0.0116
23 0.9980 0.4244 0.2409 73 0.9937 0.0658 0.0109
24 0.9979 0.4089 0.2264 74 0.9936 0.0634 0.0103
25 0.9978 0.3939 0.2128 75 0.9935 0.0611 0.0096

26 09978 0.3795 0.2001 76 0.9935 0.0589 0.0091
27 0.9977 0.3656 o 1881 77 0.9934 0.0567 0.0085
28 0.9976 0.3522 0.1768 78 0.9933 0.0547 0.0080
29 0.9975 0.3394 0.1662 79 0.9,932 0.0527 0.0075
30 0.9974 0.3269 0.1562 80 0.9931 0.0507 0.0071

31 0.9973 0.3150 0.1468 81 0.9930 0.0489 0.0067
32 0.9972 0.3035 0.1380 82 0.9929 0.0471 0.0063
33 0.9972 0.2924 0.1297 83 0.9929 0.0454 0.0059
34 0.9971 0.2817 0.1219 84 0.9928 0.0437 0.0055
35 0.9970 0.2714 0.1146 85 0.9927 0.0421 0.0052

36 0.9969 0.2614 0.1077 86 0.9926 0.0406 0.0049
37 0.9968 0.2519 0.1013 87 0.9925 0.0391 0.0046
38 0.9967 0.2427 0.0952 88 0.9924 0.0377 0.0043
39 0.9966 0.2338 0:0895 89 0.9923 0.0363 0.0041
40 0.9966 0.2252 0.0841 90 0.9923 0.0349 0.0038

41 0.9965 0.2170 0.0791 91 0.9922 0.0337 0.0036
42 0.9964 0.2091 0.0743 92 0.9921 0.0324 0.0034
43 0.9963 0.2014 0.0699 93 0.9920 0.0312 0.0032
44 0.9962 0.1940 00657 94 0.9919 0.0301 0.0030
45 0.9961 0.1869 0.0617 95 0.9918 0.0290 0.0028

46 0.9960 O. 1801 0.0580 96 0.9917 0.0279 0.0026
47 0.9960 O. 1735 0.0545 97 0.9917 0.0269 0.0025
48 0.9959 O. 1672 0.0513 98 0:9916 0.0259 0.0023
49 0.9958 O. 1611 0.0482 99 0.9915 0.0250 0.0022
50 0.9957 O. 1552 0.0453 100 0.9914 0.0241 0.0021

Table XVII. Uranium-Actinium Series (4n + 3)
(Growth of decay products from initially pure parent.w Parent. actinium-227)

(.'I.e"') N'AI ~ e - Alt
NOAl

(Th'27) N'A' = 0.99029 (,-Alt _ ,-A,t)
NOAl •

(Fr"') !!.2a~"':. ~ 0.012 (,-Alt _ ,-A,at)
NOAl

(Ra"") N'A' ~ 1.00369 ,-Alt _ 2.48912 ,-A,t + 0.00002 ,-A,at + 1.48541,~A,1
NOAI

(Rn"') N'A' = N'A'
NOAI NOAI

(Po'I5) N,A'. =.N,A'
IVOAl 'NoAI

(Pb'") Z:~~ ~ 1.00370 ,-Alt - 2.49248 ,-A,I - 0.00002 ,-A,at + 1.48875 ,-A,t + 0.00006 ,-Aot

(Bi'lI) .Z:~: = 1.00370 ,-Alt - 2.49268 ,-A,t - 0.00002 e-A,at + 1.48895 ,-A,t + 0.00007 e- Aot

(TI'07) Z:~: = 1.00370 ,-Alt - 2.49313 ,-A,t - 0.00003, -A,at + 1.48939 e-A,t + 0.00008 ,-Aot

~ = 5.01707 ,-AI' - 10.95034 ,-A" + 0.00002 ,-A2at + 5.94518 e- A" + 0.00007 e-Aot
NOAI

':! ~ 418.089 e- Alt - 912.529 e-A,t + 0.002 e-A'at + 495.432 e-A,t + 0.005 e- Aot
ao

':.::1 = 2.01939 e- Alt - 4.98561 e-A,t - 0.01205 e-A,at + 2.97813 e-A,I + 0.00014 e- Aot

a Valid 1 hour after purification, assuming 100% retention of radon-219 ani its decay produets .
b Assumes 25 key. threshold and 100% counting yield for all countable betas.
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Tahle XVIII. Uranimu-ActiniuDl Series (4n + 3)

(Growth of decay products from initially pure parent. Parent, actinium-227)

Time, Time,
Days Th227 Ra 228 at/NOAI at/ao (lI/NoAl Days Th227 Ra 223 at/NoAl at/ao {J,/NoAI

0 0.0000 0.0000 0.0120 1. 0000 0.0000 50 0.8324 0.6804 3.5657 297.15 1.3720
1 0.0361 0.0018 0.0553 4.6052 0.0154 51 0.8379 0.6905 3.6113 300.94 1.3921
2 0.0710 0.0057 0.1054 8.7808 0.0229 52 0.8432 0.7002 3.6556 304.63 1.4116
3 0.1045 0.0113 0.1615 13.457 0.0341 53 0.8484 0.7096 3.6985 308.21 1.4305
4 0.1368 0.0186 0.2229 18.577 0.0486 54 0.8533 0.7188 3.7403 311. 69 1.4489
5 0.1679 0.0274 0.2890 24.087 0.0660 55 0.8581 0.7278 3.7807 315.06 1.4668

6 0.1979 0.0374 0.3593 29.938 0.0860 56 0.8627 0.7364 3.8201 318.34 1.4842
7 0.2268 0.0487 0.4330 36.084 0.1084 57 0.8671 0.7449 3.8582 321. 51 1. 5010
8 0.2546 0.0609 0.5098 42.485 0.1328 58 0.8713 0.7530 3.8951 324.59 1.5174
9 0.2814 0.0741 0.5892 49.103 0.1591 59 0.8754 0.7610 3.9310 327.58 1.5333

10 0.3072 0.0880 0.6708 55.901 0.1869 60 0:8793 0.7687 3.9657 330.48 1.5487

11 0.3321 0.1027 0.7542 62.849 0.2161 61 0.8831 0.7762 3.9994 333.28 1. 5637
12 0.3561 0.1179 0.8390 69.917 0.2465 62 0.8868 0.7834 4.0320 336.00 1.5782
13 0.3791 0.1336 0.9249 77.077 0.2779 63 0.8903 0.7904 4.0637 338.64 1.5923
14 0.4014 0.1497 1.0117 84.305 0.3102 64 0.8936 0.7972 4.0943 341.19 1. 6059
15 0.4228 0.1662 1.0990 91. 580 0.3431 65 0.8969 0.8038 4.1240 343.66 1. 6191

16 0.4434 0.1829 1.1866 98.880 0.3766 66 0.9000 0.8102 4.1527 346.06 1. 6319
17 0.4633 0.1999 1. 2742 106.19 0.4105 67 0.9030 0.8164 4.1805 348.37 1.6443
18 0.4824 0.2170 1. 3618 113.48 0.4447 68 0.9059 0.8224 4.2074 350.62 1.6563
19 0.5009 0.2342 1. 4491 120.76 0.4791 69 0.9087 0.8282 4.2334 352.79 1.6679
20 0.5186 0.2515 1.5359 127.99 0.5136 70 0.9114 0.8338 4.2586 354.89 1.6792

21 0.5357 0.2688 1.6221 135.17 0.5481 71 0.9140 0.8393 4.2830 356.92 6901
22 0.5522 0.2860 1.7075 142.29 0.5826 72 0.9165 0.8446 4.3066 358.88 7007
23 0.5681 0.3032 1.7921 149.34 0.6170 73 0.9189 0.8497 4.3294 360.78 7109
24 0.5834 0.3203 1.8757 156.31 0.6512 74 0.9212 0.8546 4.3514 362.62 1.7208
25 0.5981 0.3372 1.9583 163.19 0.6851 75 0.9234 0.8594 4.3728 364.40 1. 7304

26 0.6123 0.3540 2.0397 169.97 0.7187 76 0.9255 0.8640 4.3934 366.11 1.7396
27 0.6259 0.3706 ,2.1199 176.66 0.7520 77 0.9276 0.8685 4.4133 367.77 1. 7485
28 0.6391 0.3871 2.1988 183.23 0.7849 78 0.9295 0.8727 4.4326 369.38 1.7572
29 0.6518 0.4033 2.2764 189.70 0.8174 79 0.9314 0.8770 3.4512 370.93 1.7656
30 0.6640 0.4193 2.3526 196.05 0.8494 80 0.9332 0.8810 4.4691 372.43 1.7737

31 0.6757 0.4351 2.4274 202.28 0.8809 81 0.9350 0.8849 4.4865 373.87 1.7815
32 0.6871 0.4506 2.5008 208.40 0.9119 82 0.9367 0.8887 4.5030 375.25 1.7890
33 0.6980 0.4658 2.5727 214.39 0.9424 83 0.9383 0.8923 4.5195 376.62 1.7963
34 0.7085 0.4808 2.6430 220.25 0.9724 84 0.9399 0.8959 4.5351 377.93 1.8034
35 0.7186 0.4955 2.7119 225.99 1.0018 85 0.9414 0.8993 4.5502 379.18 1.8102

36 0.7283 0.5099 2.7793 231. 61 1.0306 86 0.9428 0.9026 4.5648 380.40 1.8168
37 0.7377 0.5240 2.8451 237.10 1.0588 87 0.9442 0.9057 4.5789 381.57 1.8232
38 0.7468 0.5378 2.9095 242.46 1.0865 88 0.9455 0.9088 4.5925 382.71 1.8294
39 0.7555 0.5513 2.9723 247.69 1.1136 89 0.9468 0.9117 4.6056 383.80 1.8352
40 0.7638 0.5846 3.0336 252.80 1.1041 90 0.9480 0.9156 4.6182 384.85 1.8409

41 0.7719 0.5775 3.0933 257.78 1.1660 91 0.9492 0.9174 4.6304 385.87 1.8464
42 0.7797 0.5901 3.1516 262.63 1.1912 92 0.9503 0.9200 4.6422 386.85 1. 8517
43 0.7872 0.6024 3.2084 267.37 1.2158 93 0.9514 0.9226 4.6536 387.80 1.8568
44 0.7944 0.6144 3.2637 271. 98 1.2399 94 0.9525 0.9251 4.6645 388.71 1.8618
45 0.8013 0.6262 3.3176 276.46 1.2634 95 0.9535 0.9275 4.6751 389.59 1. 8666

46 0.8080 0.6376 3.3700 280.83 1.2863 96 0.9544 0.9298 4.6853 390.44 1.8712
47 0.8145 0.6487 3.4210 285.08 1.3086 97 0.9554 0.9320 4.6951 391. 26 1. 8757
48 0.8207 0.6596 3.4706 289.22 1.3303 98 0.9563 0.9341 4.7046 392.05 1.8800
49 0.8266 0.6702 3.5189 293.24 1. 3514 99 0.9571 0.9362 4.7137 392.81 1.8841
50 0.8324 0.6804 3.5657 297.15 1.3720 100 0.9579 0.9382 4.7225 393.54 1. 8881

1 - e-A,t = 0.5780 microcurie

Time for 99.9% equilibrium = (10) (1.0000) (24.1) = 241 days
Because of its extremely long half life, the decay of uranium

238 is negligible. Since K. = 1.0000 and the decay of thorium
234 in 30 days is 0.4220 (Table X), solution of Equation 2 yields

Growth of Decay Products. EX.UIPLE 6. How much polo
nium-210 is present in a sample of lead-210 15 days after puri
fication? The answer is read directly from Table XIII. The
activity of polonium-21O will be 4.29% of the initial activity of
the lead-210.

EXAMPLE 7. Assuming 100% retention of radon-219, how
much will the alpha activity of the actinium-227 chain increase
during the first 36 hours after purification? From Table XXI
the ratio of the alpha activity at 36 hours to the initial alpha
activity is 0.0795/0.0120 = 6.625.

EXAMPLE 8. Assuming 100% radon retention, what is the
beta activity of the radium-226 chain relative to the activity of

Tahle XIX. UraniUIn-ActiniuDl Series (4n + 3)
(Growth of decay products from initially pure parent. a

Parent, thorium-227)

(Th"') N1Al = .-Alt
NOAI

(Ra"') N'A' = 2.51351 (.-Alt _ .-A,t)
NoAl

(Rn219) N,A, = 2.51352 (.-Alt·_ .-A,t)
NoAl

(Po"') N'M = N,A,
NoAl NoAl

(Pb211)~ = 2.51691 .-Alt _ 2.51916 .-A,t + 0.00225 .-A,
NoAl

(Bi211) lY,A, = 2.51712 .-Alt _ 2.51950 .-A,t + 0.00239 .-A,t -
NOA' 0.00001 .-A,t

(Tl'07) ~'~' = 2.51756 .-A,( - 2.52024 .-A,t + 0.00276 .-A,t +
o I 0.00001 .-Aot _ 0.00008 .-A,t

N:~l = 11.05767 .-Alt - 10.06006 .-A,t + 0.00001 .-A,t +
0.00239 .-A,t - 0.00001 .-A,t

i;.o~, = 5.03448 e - Alt - 5.03941 e - A,t + 0.00501 e - A,t +
0.00001 • - Aot - 0.00008 • - A,t

a Valid 1 hour after purification, assuming 100% retention of radon-219
and its decay products.

b Assumes 25-kev. threshold and 100% counting yield for all countable
betas.

K, 4.51 X 109

(
4 51 X 109 _ 24.1)

. • 365

1.0000 (data from Table VIII)
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Table XX. Uranium.-Actinium. Series (4n + 3) Table XXI. Growth of Alpha and Beta Activities from.
Initially Pure Parents during First 120 Hours

(Growth of decay products from initially pure parent. Parent, thorium-227)
Parent

Time, Time, Thorium-228 Radium-226 Actinium-227
Days Ra 223 at/Noh! {h/ NOhl Days Ra 223 at/Noh! Pt/Nohl Hours at/Nohl Pt/Nohl at/Noh! Pt/Nohl at/Nohl Pt/Noh!

0 0.0000 1.0000 0.0000 50 0.2761 1.2600 0.5529 0 1.0000 0.0000 1.0000 0.0000 0.0120 0.0000
1 0.0589 1.1968 0.1133 51 0.2687 1.2245 0.5380 1 1.0234 0.0003 1. 0160 0.0048 0.0136 0.0104
2 0.1121 1.3746 0.2202 52 0.2614 1.1898 0.5233 2 1. 0472 0.0015 1.0363 0.0167 0.0153 0.0118
3 0.1600 1.5326 0.3165 53 0.2542 1.1557 0.5089 3 1.0711 0.0037 1.0580 0.0308 0.0169 0.0121
4 0.2031 1.6724 0.4030 54 0.2471 1.1223 0.4947 4 1.0952 0.0070 1.0798 0.0454 0.0186 0.0122
5 0.2417 1.7952 0.4804 55 0.2401 1.0896 0.4808 5 1.1195 0.0113 1.1021 0.0601 0.0203 0.0123

6 1.1441 0.0165 1.1238 0.0747 0.0221 0.0124

6 0.2760 1.9025 0.5495 56 0.2333 1.0576 0.4672
7 0.3066 1.9955 0.6109 57 0,2266 1.0262 0.4538 7 1.1688 0.0228 1.1454 0.0892 0.0238 0.0125
8 0.3335 2.0754 0.6651 58 0.2201 0.9956 0.4406 8 1.1937 0.0299 1.1668 0.1035 0.0256 0.0126
9 0.3572 2.1432 0.7127 59 0.2136 0.9657 0.4278 9 1. 2187 0.0378 1.1881 0.1178 0.0273 0.0127

10 0.3779 2.1998 0.7543 60 0.2073 0.9365 0.4152 10 1.2438 0.0464 1.2092 0.1320 0.0291 0.0129
11 1.2690 0.0558 1.2302 0.1460 0.0309 0.0130

0.9080 0.4029
12 1.2943 0.0658 1. 2511 0.1600 0.0327 0.0131

11 0.3958 2.2463 0.7903 61 0.2012
12 0.4111 ~.2835 0.8212 62 0.1952 0.8802 0.3909
13 0.4241 2.3121 0.8473 63 0.1893 0.8531 0.3791
14 0.4350 2.3330 0.8691 64 0.1836 0.8266 0.3676 13 1. 3197 0.0764 1.2718 0.1738 0.0345 0.0133
15 0.4438 2.3467 0.8870 a5 0.1780 0.8009 0.3564 14 1. 3451 0.0875 1.2924 0.1876 0.0363 0.0134

15 1.3706 0.0992 1. 3128 0.2012 0.0382 0.0136
16 1.3960 0.1112 1.3330 0.2147 0.0400 0.0138

16 0.4509 2.3540 0.9012 66 0.1725 0.7758 0.3455 17 1.4214 0.1238 1.3530 0.2282 0.0419 0.0139
17 0.4562 2.3555 0.9121 67 0.1672 0.7514 0.3349 18 1.4469 0.1367 1.3729 0.2415 0.0438 0.0141
18 0.4601 2.3517 0.9200 68 0.1620 0.7276 0.3245
19 0.4626 2.3430 0.9251 69 0.1570 0.7045 0.3144
20 0.4639 2.3300 0.9277 70 0.1521 0.6821 0.3045

19 1.4723 0.1499 1.3927 0.2547 0.0456 0.0143
20 1.4977 0.1635 1. 4124 0.2679 0.0475 0.0145

21" 0.4640 2.3132 0.9280 71 0.1473 0.6602 0.2949 21 1.5230 0.1773 1.4319 0.2809 0.0495 0.0147
22 0.4631 2.2928 0.9262 72 0.1426 0.6390 0.2856 22 1.5482 0.1915 1. 4512 0.2938 0.0514 0.0149
23 0.4612 2.2694 0.9226 73 0.1381 0.6183 0.2765 23 1.5734 0.2058 1.4703 0.3067 0.0533 0.0152
24 0.4585 2.2431 0.9173 74 0.1337 0.5983 0.2677 24 1.5986 0.2204 1.4892 0.3194 0.0553 0.0154
25 0.4551 2.2144 0.9105 75 0.1294 0.5788 0.2591

76 0.5599 0.2508
26 1.6486 0.2501 1.5268 0.3446 0.0592 0.0159

26 0.4510 2.1836 0.9023 0.1252 28 1.6982 0.2803 1.5639 0.3694 0.0632 0.0164
27 0.4463 2.1509 0.8929 77 0.1212 0.5416 0.2427 30 1.7474 0.3111 1.6004 0.3938 0.0672 0.0169
28 0.4410 2.1165 0.8825 78 0.1172 0.5238 0.2348 32 1.7961 0.3422 1.6364 0.4179 0.0713 0.0175
29 0.4353 2.0808 0.8711 79 0.1134 0.5065 0.2271 34 1.8443 0.3735 1.6718 0.4416 0.0754 0.0181
30 0.4292 2.0438 0.8588 80 0.1097 0.4897 0.2197 36 1. 8921 0.4050 1.7067 0.4650 0.0795 0.0187

31 0.4227 2.0059 0.8459 81 0.1061 0.4735 0.2125
32 0.4159 1.9671 0.8323 82 0.1026 0.4577 0.2055 38 1.9393 0.4365 1. 7411 0.4880 0.0837 0.0193
33 0.4088 1.9277 0.8181 83 0.0992 0.4425 0.1988 40 1.9859 0.4680 1. 7749 0.5106 0.0880 0.0200
34 0.4015 1.8878 0.8035 84 0.0960 0.4277 0.1922 42 2.0319 0.4995 1.8083 0.5330 0.0923 0.0207
35 0.3940 1.8475 0.7885 85 0.0928 0.4133 0.1858 44 2.0774 0.5308 1. 8411 0.5550 0.0966 0.0214

46 2.1223 0.5619 1.8735 0.5766 0.1010 0.0222
48 2.1666 0.5929 1.9054 0.5979 0.1054 0.0229

36 0.3863 1.8069 0.7732 86 0.0897 0.3994 0.1796
37 0.3785 1.7662 0.7576 87 0.0867 0.3860 0.1736
38 0.3706 1.7255 0.7419 88 0.0838 0.3729 0.1678

52 2.2533 0.6541 1.9677 0.6397 0.1143 0.0246
39 0.3627 1.6848 0.7260 89 0.0810 0.3603 0.1622
40 0.3547 1. 6443 0.7100 90 0.0783 0.3481 0.1567 56 2.3376 0.7141 2.0281 0.6801 0.1234 0.0263

60 2.4195 0.7728 2.0868 0.7194 0.1327 0.0281
64 2.4989 0.8301 2.1437 0.7575 0.1422 0.0300

41 0.3467 1.6039 0.6940 91 0.0756 0.3363 0.1514 68 2.5761 0.8860 2.1990 0.7944 0.1518 0.0320

42 0.3386 1. 5639 0.6779 92 0.0731 0.3248 0.1463 72 2.6508 0.9404 2.2525 0.8304 0.1615 0.0341

43 0.3306 1.5242 0.6619 93 0.0706 0.3137 0.1414
44 0.3226 1.4849 0.6459 94 0.0682 0.3030 0.1366
45 0.3147 1. 4461 0.6301 95 0.0659 0.2926 0.1319 80 2.7936 1.0448 2.3550 0.8989 0.1814 0.0386

88 2.9276 1.1431 2.4514 0.9635 0.2019 0.0434
96 3.0535 1.2356 2.5422 1.0243 0.2229 0.0486

46 0.3068 1.4077 0.6143 96 0.0636 0.2826 0.1274
47 0.2990 1.3699 0.5987 97 0.0615 0.2728 0.1231
48 0.2913 1.3328 0.5832 98 0.0594 0.2634 . 0.1189
49 0.2837 1.2960 0.5679 99 0.0573 0.2543 0.1148 108 3.2278 1.3641 2.6685 1.1088 0.2554 0.0569
50 0.2761 1.2600 0.5529 100 0.0.554 0.2456 0.1109 120 3.3861 1.4809 2.7838 1.1861 0.2890 0.0660
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pure radium-226 6 days, 6 hours after purification? Although
the growth factors are not given for fractional days after the
first 5 days, a linear interpolation will produce an answer which
is correct to better than 0.5%. From Table XII, the beta
growth factors of radium-226, 6 and 7 days after purification,
are 1.3211 and 1.4337, respectively. The average increase be
tween these two times is 0.0047 per hour, so the increase in 6
hours is 0.0282. The beta growth factor for 6 days, 6 hours is
1.3211 + 0.0282 = 1.3493.

EXAMPLE 9. A mixture of thorium-227 and thorium-228 is
purified and a sample is alpha-counted periodically. At 24 and
120 hours the counts are 10,000 and 20,000 counts per minute,
respectively. Assuming 100% retention of the radon isotopes,
calculate the counts due to each thorium isotope at the time of
purification.

This problem is treated in the same manner as in Example 4.
The growth factors are found in Tables V and XX. Let A be
the number of counts at zero time from thorium-227 and B the
number of counts from thorium-228, at zero time.

10,000

20,000

A

B

1.1968 A + 1.5986 B

1.7952 A + 3.3861 B

1597 counts per minute from thorium-227 at zero time

5060 counts per minute from thorium-228 at zero time



Magnesium Determination in Bovine Blood Serum
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a Magnesium ammonium phosphate precipitated for 2 hours.
b l\1agnesium ammonium phosphate precipitated overnight.

In comparing the Titan yellow and the ammonium phosphate
methods, 94 samples were analyzed. In 70 samples (Group 1)
the magnesium ammonium phosphates were left for precipitation
for 2 hours as suggested by Simonsen et at. (12); in 24 samples
(Group 2) the solutions were left overnight. Samples in Group 1
gave an average value of 90.1 ± 14.8%, and the samples in Group
2 gave an average value of 101.6 ± 6.0% as compared to the
Titan yellow values based at 100%. The average values for these
comparisons are shown in Table II. The Titan yellow method was
chosen for routine estimation of serum magnesium for its ease,
rapidity, and reproducibility.

Table III. Ser-irm Magrresfurn Concentrations Using
Calcfrrrrr-F'ree and Calchrm-Contatntng Deproteinized

Filtrate
Calcium-Free

Filtrate, Direct Serum". Direct Serum e,
Calf No. Mg. % Mg. % Mg. %
N 574 2.30 2.11 2.28
N 575 147 1.28 1.43
N 576 2.08 2.06 2.22
N580 1.37 1.20 1.36
N 825 1. 53 1. 38 I. 53
N 2783 0.39 0.37 0.48
N 3158 1.55 0.96 1.20
N 574 I. 75 137 151
N 578 I. 32 I. 27 lAO
X 580 1.41 0.94 1.20
N 582 1.68 I. 52 1.65
N 750 1.08 0.8.5 1.00
N 3159 I. 76 I. 46 I. 62
N 3165 I .70 I .28 I .42

Av. 1.54 1.31 1.47
a Value determined using blank and standard containing no calcium which

was also used for determining values in column l.
b Value determined using blank and standard solutions containing added

calcium similar in amount to that found in serum.

There has been some controversy as to whether calcium inter
fered in the determination of magnesium by the Titan yellow
method (2, 3, 6, 9). Therefore, magnesium content in serum was
determined in two ways: directly in serum and in a calcium-free
filtrate. In 15 samples the average values were 1.54 mg. % for
the calcium-free filtrate and 1.47 mg. % for the direct serum. In
the calculations of these values two standard curves were em
ployed. The calcium-free filtrate values were read against a
standard curve containing no calcium, while the direct serum
values were read against a standard curve containing 100')' of
calcium per 10 ml.

The 0.07 mg. % difference in the two different methods of
estimating the magnesium concentration is negligible for routine
analysis; however, for more accurate results in the direct serum
determination, an appropriate amount of calcium must be added
to the blank and standard solutions. When the transmittance
readings, for the direct serum, were read against the standard
curve containing no calcium, the values averaged 1.31 mg. %
(see Table III).

Hydroxyquinolate,
mg. %
I. 62

1.63B

1. 85'

MgNH,PO"
mg. %

2.02
1.82
I. 82

Titan yellow,
mg. %

Average Magnesrum Serunl Values f'rorn Three
Methods

Method

22
70
24

No. of Detne.

Table II.

Table J. Recovery frorn Known Alllounts of Magneshrm
Added to 1 MI. of Ser-um

Mg in Mg Mg Mg
Serum, Added. Caled .. Found, Recovery,

Calf No. 'Y 'Y 'Y 'Y %
X 569 20.2 10 30.2 297 983
X 569 12.1 10 22.1 19.0 86.0
N 2780 12.9 10 22.9 23 5 102.6
X 569 12.5 10 22.5 22.7' 100.9
N 614 28.9 10 38.9 38.5 990
N 572 14.5 10 24.5 24.4 996
N 173 18.3 10 28.3 29.3 103.5
N 572 15.4 10 25.4 25.7 101.2
N 173 19.4 10 29.4 29.6 100.7
N 3158 16.4 4 20.4 21. I 1029
Mixture 11.6 10 21.6 21. 5 99.5
Mixture 11.2 10 21. 2 21.6 101. 9
Mixture 11.7 10 21.7 22.7 104.6
Mixture 10.6 10 206 21. 5 104.4

Av. 100.3B

Hoffman (7)
X 589 14.8 10 24.8 204 82.3
X 582 2.9 10 12.9 12.7 98.4
X 580 15.0 10 25.0 24.7 98.8

a Standard deviation, 4.2.

A further test of the reproducibility of the two methods was
performed by determining the serum magnesium values in 23
samples by both methods. Basing the Titan yellow values as
100%, the 8-quinolinol values, in eomparison, were 84.9 ± 12.33%,
the range being 24.8 to 140.8% (see Table II). The 15% dis
crepancy in some part can be aecounted for by the loss of mag
nesium hydroxyquinoline in the washing process. The 8-quino
linol method appeared somewhat nonreproducible and unreliable
and the breakage of the special tubes used in the method was so
excessive that this method was discontinued.

AST UD Y was made to compare the three most widely used
methods for the determination of magnesium in serum.

Magnesium values in calf serum were determined following the
procedures outlined by Kunkel et at. (8), Simonsen et at. (12), and
Hoffman (7). The first method (8) employs a dye, Titan yellow,
which forms a colored lake with magnesium hydroxide. The in
tensity of this lake can be measured by a photoelectric colorim
eter. The second method (12) employs precipitation of magnesium
as magnesium ammonium phosphate from the calcium-free fil
trate, and the colorimetric measurement of the phosphorus in
the precipitate. The third method (7) employs the precipita
tion of magnesium with S-quinolinol and the quinoline concen
tration is estimated colorimetrically as ferric quinoline.

Because some modifications have been made and also because
it is the principal method employed in the authors' laboratory,
the first method is briefly discussed here. However, for more de
tails the publications of Heagy (5), Kunkel et at. (8), and Orange
and Rhein (11) should be consulted.

To 4 ml. of a tungstic acid filtrate, add 1 drop of alcoholic
methyl red indicator, sufficient O.lN sodium hydroxide to change
the indicator color from red to yellow, 1 ml. of 0.1 % polyvinyl
alcohol, 1 ml. of 0.05% Titan yellow solution, 2 ml. of 1.5N so
dium hydroxide, and sufficient deionized water to make the total
volume to 10 ml. The resulting colored solution is read against
a blank at 540 mI-'.

To test the accuracy of the methods, recovery experiments
were performed for the Titan yellow and 8-quinolinol methods.
The Titan yellow method gave an average recovery value of
100.3% with a standard deviation of ±4.2 (see Table I), and the
8-quinolinol method gave an average recovery value of 92.2%
(three values, range 82.3 to 98.8%).
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To prove that the excess ammonium and oxalate ions, intro
duced in precipitating calcium, had no effect, 1 ml. of 1% am
monium oxalate [(NH.)2C20•. H20j was added to the 10 ml. of
blank and all known solutions. No significant difference in the
ammonium oxalate added standards and the other standards were
found.

In working with a standard curve containing a definite amount
of calcium, it is likely that an error would be introduced, as all
samples will not contain the same amount of calcium. Probably
this accounts for the 0.07 mg. % difference in the aforementioned
values. This finding, that the amount of calcium found in
bovine serum does interfere with the estimation of magnesium by
the Titan yellow method, is in contrast to that found by Gilliam
(3), Garner (2), and Ludwig and Johnson (9).

Whole blood values of magnesium in cattle were reported by
two investigators to be approximately the same as that of serum
(1, 7), while Green and Macaskill (4) reported that two thirds of
the magnesium was contained in the corpuscles while one third
was located in the plasma. In this experiment a measured amount
of whole blood from young calves was laked by the addition of
water and magnesium was estimated in the manner described by
Kunkel et al. (8). Orange and Rhein (11) stated that iron in the
solution of ashed whole blood cells interfered in the estimation of
magnesium; however, since in this method samples are not
ashed, the small amount of iron is probably removed during de
proteinization with tungstic acid (10). In making the comparison
27 samples were divided into three groups.

1. Those with values of serum magnesium over 2.00 mg. %.
2. Those with values of serum magnesium between 2.00 and

1.00%.
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3. Those with values of serum magnesium under 1.00 mg. %.
No. of Av. Ser-um, Av. Whole

Group Analyses Mg. % Blood Mg, Mg. % Ratio

1 13 2.27 2.27 1: 1
2 9 1. 53 1. 94 1: 1. 3
3 5 0.76 1. 39 1: 1. 8

The tabulated results indicate that the drop in magnesium con
tent of the red corpuscles takes place more slowly than in serum.
This is in agreement with the work done by Tufts and Greenberg
(13). The calves in Group 1, which would be considered normal,
had a ratio of 1: 1 or the same amount of magnesium in their
serum as in whole blood. This is in agreement with the published
work of Kunkel et al. (8) and Eveleth (1).
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Determination of Ring Content of Aromatic Petroleum Fractions
R. NICHOLS HAZELWOOD

Line Material Co. (A McGraw Electric Co. Division), South Milwaukee,Wis.

AROMATIC fractions from petroleum have been -analyzed by
ft density-temperature coefficient and molecular weight (5),
refractive index-temperature coefficient and molecular weight
(3), and numerous other correlations of physical properties and
structure. Recently Martin and Sankin (7) described a method
for determining aromatics in petroleum concentrates using
characterization functions derived from molecular weight, den
sity, and specific dispersion. These authors pointed out that it
should be possible to eliminate the specific dispersion factor and
to substitute refractive index in its place. This is highly desir
able because measurement of refractive dispersion is difficult,
whereas refractive index can be determined with ease.

DERIVATION OF EQUATIONS

Trial attempts to find a group of functions which would give
satisfactory calculation of aromatic content indicated that the re
fractive index did not correlate directly with the aromatic content.
Using the "characteristic factors" of Smittenberg (9), it was
found that the correlation curves of aromatic ring content, RA ,

with l11!J.n were logarithmic in form rather than linear and that
there was an appreciable spread of the values. This spread was
later found to be due to total ring content.

It was found by trial that the factor MtJ.r;, which is derived
from the refractivity intercept, ri, could be correlated with total
ring content, R T , in combination with the factor M !J.d. In these
equations,

M = molecular weight

L>d = d~o - 0.8510

L>n = n1,° - 1.4750

L>r, ( n1," - ~f) - 1.0495

L>d
Sr, = L>n - "2

RT total number of rings

RA = number of aromatic rings

By plotting M tJ.r, versus M L>d for the data given in Table I for
a series of aromatic petroleum concentrates and alkyl aromatics,
a chart is obtained which has isobaric lines for total ring content.
This chart is shown in Figure 1.

Determination of the slope of the RT lines in Figure 1 permits
calculation of relative values of the two factors. The reciprocal of
the slope is incorporated into the expression.:

RT = aM(btJ.r, + !J.d) + C

which is of the form derived by Van Nes and Van Westen (10)
for relating M L>nand M L>d to R T • l/slope = b in this equation.
It was found that b = -0.67. Therefore,

RT = aM(!J.d - 0.67 !J.r;) + C
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By plotting M(c.d -0.67 Mi) versus RT for the same set of
data used in Figure 1, a straight line is obtained. The slope of
this line is set equal to a and the intercept at the point where
1I1(c.d -0.67 Mi) = 0 is set equal to C. This plot is shown in
Figure 2. The expression for calculating RT than becomes:

- 0.1135
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It is expressed as M Lld" where:

Lld
i

= Lld _ Lln
2

RT = a'M(Lldi + b'Lln) + C'

This is again similar to the expression derived by Van Nes and
Van Westen (10).

Plotting M Lldi versus M Lln for the same series of data used in
developing the RT expression permitted calculation of b' in the
expression

(7)

(1)

(10)

Ref.

196]
196
196
208

2.61 1.6163 1.0217
2.37 1. 5862 0.9848
2.57 1. 6249 1. 0314
2.94 1.6404 1.0518

2.27
1.91
2.41
2.81

Table I. Alkyl Arom.atics and Petroleum. Arom.atic
Concentrates Used to Develop Equations

RA RT n2~ d;O

Light Cracked Gas Oil
Whole aromatic
Adsorption fraction I

II
III

Fractions from Webster Crude
400-922° F. 1.68 2.95 1. 5474 0.9689 289
400--500° F. 1.22 1. 58 1.5283 0.9230 167
500--600° F. 1.25 2.09 1 .'5413 0.9506 193
600--700° F. 1.40 2.64 1. 5458 0.9666 244
700--800° F. 1.49 3.81 1. 5511 0.9808 331
800--922° F. 1.91 4.10 1.5539 0.9889 408

Light Lube Oils (650--750° F.)
East Texas 2.04 3.29 1.5642 0.9857 297
Michigan 1. 79 2.62 1.5449 0.9575 304
Webster 1.69 3.08 1.5478 0.9742 299
Mirando 1.58 3.43 1.5568 0.9876 284J

Fractions from .Borneo Crude
IV 1.30 3.05 1.5352 0.9671 281}V 1.38 3.26 1.5492 0.9742 305
VI 1.08 3.56 1.5502 0.9804 350

Alkyl Tetralins
Tetralin 1.00 2.00 1. 5415 0.9694

132\I-Methyl Tetralin 1.00 2.00 1.5353 0.9582 146
I-Ethyl Tetralin 1.00 2.00 1.5318 0.9528 160
I-Butyl Tetralin 1.00 2.00 1. 5218 0.9342 188
f -Amvl Tetralin 1.00 2.00 1. 5178 0.9271 202

Alkyl Naphthalenes
.1-C,-Naphthalene 2.00 2.00 1.5583 0.9500 225

1

L-Cs-Naphthalene 2.00 2.00 1.5472 0.9367 253
r-Cu-Nephtbelene 2.00 2.00 1 ..;;394 0.9280 281
2-C,.Naphthalene 2.00 2.00 1.5460 . 0.9304 253
2-Cll-Naphthalene 2.00 2.00 1.5'382 0.9220 281

RT = 0.060 M(c.d - 0.67 Mi) + 1.10

By substitution of c. n - Ll
2d

for Ll r., this equation becomes:

RT= 0.080 M(c.d - 0.50 Lltl) + 1.10 (1)

0+---+--+---+--+-------+-----1
o \0 20 30 40 50 60

M(6d- 0.676r.i..)

Figure 2. Graphical Solution of RT Equation

RT = aM(Ad - 0.67Ar,) + c

Table II. Deviations from. the Direct Method

From the values of RT and RA other desired values of carbon
distribution and ring content can be calculated as described by
Martin and Sankin (7).

b' was found to be equal to -2.25. Plotting 11I(c.d, -2.25
Lln) versus RA showed that a' = -0.040. The expression was
therefore rewritten to change the signs and C' was then found to
be 0.58. The expression becomes:

R A = 0.040 M(2.25 Lln - Lldi) + 0.58

(2)

Method

Sp, disp.
Sp. diap.
This method
This method

Maximum
Deviation

0.24
0.29
0.26
0.33

Average
Deviation

0.13
0.12
0.11
0.14

RA = 0.040 M(2.75 Ll71 - Lld) + 0.58

Quantity

RA
RT
RA
RT

By substitution of Lld - Ll
2n

for Lldi , this equation becomes:

15 TOTAL RINGS, R.,. 2.0 2.5 3.0 3.5 4.0

o PETROLEUM
FRAOTIONS

6. TETRALINS
o NAPHTHALENES

10

Showing isobaric RT lines for m.aterials in Table I

o

·of
L.
<1
2

5

0+--1---+--t-'--1--...Lf--+-'''''-!f---+---'---+---t---'--+-+-----1
o 15 30 45 60

MAd

Figure 1. Plot of "W"Llr; vs. MLld

Attempts to relate the same characteristic factors to aromatic
ring content failed. Trial of a series of known characteristic
factors was also unsuccessful. It was found, however, that a new
factor could be written which would give the desired results.
For convenience, this factor is called the "density intercept."

TESTING METHOD

Martin and Sankin (7) presented data for a series of aromatic
petroleum fractions used in testing their method. There were
complete data available for 17 of these fractions. RA and RT
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The values of (3R A + R N ) [or (2RA + R T ) ] were calculated for
all 32 examples, using the direct method data, the dispersion
method, and the method derived in this paper. The results, ex
pressed as deviations from the direct method, are shown in Table
III.

It can be seen that the errors of this method are approximately
similar to those of the dispersion method.

were calculated from the data on elemental analysis and hydro
genation ("direct method") (6, 10). The values of RA and RT

were then calculated by the method of Martin and Sankin and
from Equations 1 and 2 derived in this work.

Table II shows the deviation of this method and the specific
dispersion method from the direct method data.

It can be seen that the deviations for these 17 fractions are
approximately equal to those of the specific dispersion method.
These fractions range from highly aromatic light cracked gas oil
fractions to heavy lubricating oils. The molecular weights range
from 167 to 408.

Martin and Sankin (7) also presented elemental analyses for
15 additional aromatic concentrates. From these data, one may
calculate:

ANALYTICAL PROCEDURE

Concentrate the aromatics by any suitable method, such as
silica gel adsorption.

Determine n 2Jf , d:;'o, and molecular weight.
Calculate: Ad = d:;'o - 0.8510; Lln = nbo - 1.4750.

Substitute these values in:

n-d-lvI method has been applied to the whole oil (2). However,
silica gel percolation of these arced oils yields aromatic concen
trates which do not lend themselves to analysis by the n-d-llI
method. Furthermore, studies of oxidation of transformer oil
require fractionation by silica gel adsorption and again the aro
matic portions are such that the n-d-M method gives erratic re
sults.

Some of these aromatics are described in Table IV. The aro
matics in this table were separated either by percolation through
silica gel or by washing the aromatics through a silica gel column
with methanol. It can be seen that the agreement between re
sults obtained by this method and the dispersion method are
good.

This method is not intended for use with concentrates having a
value of RA less than 0.9, or a value of RT less than 1.2. Concen
trates of this nature are better represented by the n-d-M method.

This method may give incorrect results when applied to alkyl
aromatics. It is intended primarily for aromatic concentrates.

(1)

(2)

RT = 0.080 M(Lld - 0.50 An) + 1.10

RA = 0.040 M(2.75 Sn. - Lld) + 0.58

(3RA + R.v) = M o(0.0833 Co - 0.496 Ho)

aromatic ring content
naphthenic ring content
molecular weight
per cent carbon X 10-2

= per cent hydrogen X 10-2

whereRA

R.v
u,
Co
Ho

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

13 of (7).

0.070 M + 0.3 RA + 0.1 R T

CA 4.0 R A + 2

CR 4.0 RT + 2

100 CA
---c;-

CT

% CR = 100 CR
CT

% CN = % CR - % CA

% Cp = 100 - % CR

Equations 3 to 10 are based on Equations 7' to

The following equations may be used to calculate other desired
quantities:APPLICATION OF METHOD

This method is not as precise for the majority of petroleum prod
ucts as the n-d-M method of Van Nes and Van Westen (10).
The n-d-M method was developed for use with distillate fractions
rather than with aromatic concentrates; it gives erratic results
when applied to such concentrates. The method described in
this paper fills a need for a procedure which can be applied to
petroleum aromatics without requiring difficult experimental
measurements.

In the study of arc interruption in transformer oil (8), the

Table III. Deviations of (3RA + R.v) from the Direct
Method

Average
Maximum
Average difference calculated

from theory of errors

a 0.29 = V(2 X 0.13)' + (0.12)'
b 0.26 = V(2 X 0.11)' + (0.14)'

Dispersion
Method

0.24
0.67

0.29a

This
Method

0.20
0.64

0.26 b
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CONCLUSIONS

Equations have been derived
Table IV. Results Obtained on 'I'r-ansfor-rnee Oils by Various Methods to express the ring content

RA RT and carbon distri b u ti Oil of

20 d;O
Disper- This Diaper- This aromatic petroleum concen-

M no S Type n-d-llf sian work n-d-M sian work
trates in terms of readily

Fractions from Oxidized Transformer Oil
measured physical properties.

302 1.5034 0.9068 124 Percolate 0.70 0.89 0.85 2.43 2.11 2.. 11
Only refractive index, density,315 1. 5173 0.9272 134 Percolate 0.96 1.05 1.09 2.67 2.57 2.49

353 1. 5170 0.9217 134 . Percolate 1.11 1.10 1.21 2.57 2.59 2.50 and molecular weight are340 1.5350 0.9459 152 Raflinate (MeOR) 1.48 1.35 1. 53 2.73 2.97 2.87 re-
293 1.5552 0.9822 184 Extract (MeOR) 1.57 1. 65 1. 63 3.13 3.22 3.24 quired. The deviations in
442 1.5334 0.9447 146 Extract (MeOR) 1.73 1.47 1.76 3.20 3.53 3.38

Fractions from Arced Transformer Oil known concentrates are equiv-

308 1.5069 0.9005 130 Percolate 0.96 0.98 1.05 2.02 1.94 1.93 alent to those found in other
300 1.5220 0.9138 142 Percolate 1.34 1.12 1.38 1.79 2.13 2.04 methods for aromatic concen-
275 1. 5247 0.9303 148 Percolate 1.13 1.15 1.25 2.30 2.34 2.30
262 1.5442 0.9525 173 Percolate 1.48 1.41 1. 51 2.27 2.53 2.50 trates requiring more elaborate

Aromatic Concentrates from Transformer Oil experimental data.
267 1.4948 0.8939 110 Silica gel + Celite (naphthenic) 0.54 0.70 0.70 2.14 1.87 1.80 The method is based on
270 1.5303 0.9438 152 Silica gel only 1.12 1.19 1.22 2.57 2.57 2.51

"characteristic factors" of hy-285 1.5252 0.9365 147 Silica gel (arced oil) 1.08 1.16 1.18 2.57 2.52 2.48

drocarbons and involves MAn,
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M Ll.d, and M t::.r;, a~ well as a new "characteristic factor" defined
as the density intercept M lI.d;.
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Argentome!ric Determination of Halides Using the Dead-Stop End Point
M. LOU MASTEN' and iK. G, STONE

KecJzie Chemical Laboratory, Michigan State College, East Lansing, Mich.

TH E dead-stop end point has been repeatedly used where a
reversible couple appears or disappears at the equivalence

point (3, 4, 7, 13). A second type is to be found where the
same substance undergoes both oxidation at the anode and re
duction at the cathode (6, 11). Both of these types use inert
electrodes, usually platinum. As has been discussed (12), the
dead-stop phenomenon is based on electrochemical cell behavior
with the result that the presence of a metal ion in solution should
initiate electrolysis with electrodes made of the same metal.
This paper discusses the use of silver electrodes and silver nitrate
solution as a dead-stop technique. Some of the theoretical as
pects of this system have been discussed by Bradbury (2).

The argentometric analysis of halide mixtures by potentio
metric and amperometric methods has been reviewed (9).
Clippinger and Foulk (5) used the dead-stop end point for the
argentometric determination of halides. Platinum electrodes
were used and nitrite ion was required as a "depolarizer."
Salomon (10) was the first to report a galvanometric titration
using silver electrodes and silver nitrate solution to titrate
chloride. This essentially was the first dead-stop technique, but
the experiment was a demonstration, and the details are not clear.
No work on n;ixtures of halides was reported. Data were given
to show that the current increased from a very small value at the
equivalence point.

EXPERIMENTAL

Apparatus. The electrical circuit described by Wernimont and
Hopkinson (14) is the basic requirement. The Sargent Model
III polarograph or the Fisher Elecdropode may be used. In any
case a galvanometer with a sensitivity of 0.01 !La. per mm. of
scale is desirable. The electrodes were silver wires fused to
copper leads and sealed into glass tubing with De Khotinsky
cement. The seal was protected with Glyptal for water resistance,
particularly in the presence of ammonium hydroxide. The
use of silver foil electrodes did not improve the end point detec
tion (2). A stirring device is necessary, since the solution must be
stirred continuously during the titration.

Reagents. Standard silver nitrate solution was prepared
from reagent grade silver nitrate which had been ground and
dried at 1l0° C. for 2 hours. Potassium bromide used in this
work was analyzed by the A.C.S. revised specification method
(1) and was found to contain chloride equivalent to I mg. of
potassium chloride per gram. Sodium chloride and potassium
iodide were reagent grade and were dried 2 hours at 1l0° C.

General Procedure. Weigh a sample which will require 15 to
50 ml. of O.lM silver nitrate solution into a 250-m!. beaker.
Make the volume to 100 ml. with water, add 5 ml, of 2% dextrin
solution, and add the required acid or other reagent. Start the
stirrer, dip the electrodes into the solution, and apply 10 mv.
between the electrodes. Add silver nitrate solution from a buret
at such a rate that drops are visible. The current first increases,

1 Present address, Diamond Alkali Co.. Painesville, Ohio.

then decreases, and reaches a minimum at the end point followed
by an increase after the end point. In the vicinity of the end
point, time for equilibration must be allowed after the addition
of each drop. Usually 1 to 2 minutes are necessary. With
mixed halides a slower rate of addition is required, and experience
is necessary to find the correct end point which is the first per
manent increase in current. After use the electrodes must be
soaked in concentrated sodium thiosulfate solution and stored
in water. Failure to do this results in a surface film on the silver
which must be removed by scraping with a knife.

RESULTS

The determination of chloride alone was done in the presence
of 5 drops of concentrated nitric acid, or 10 drops of glacial acetic
acid. The latter made the end point somewhat easier to detect.
Since silver chloride is appreciably soluble, the end point was
not sharp in any case (2). Some typical results are listed in
Table I.

The determination of bromide alone was done in the presence of
5 drops of concentrated nitric acid, 10 drops of glacial acetic acid,
or 5 ml. of 1M ammonium carbonate solution as recommended by
Kolthoff (8). The end points were easier to detect than those
with chloride, but experience is necessary. The acetic acid
medium gave the best results as shown by Table II.

The determination of iodide alone was tried in distilled water
only, in the presence of 5 m!. of concentrated ammonium hydrox-

Table J. Titration of Chloride with O.lM Silver Nitrate
HN03 Medium HOAc Medium

NaCl taken, g. NaC! found, g. NaC! taken, g. NaCl found, g.

0.1780 0.1787 0.2367 0.2367
0.2553 0.2548 0.2546 0.2545
O. 2648 0 2643 O. 2337 0 . 2343
o.2295 0 . 2293 O. 2074 O. 207·1
0.2321 0.2317 0.248G 0.2482
0.2330 0.2329'
0.2M2 0.2649
0.1881 0.1878
0.2530 0.2534

Table II. Titration of Bromide with O.lM Silver Nitrate
HOAc Medium HNO, Medium

KBr taken, g. KBr found, g. KBr taken, g. KBr found, g.

0.5G()6 0.5663 0.3408 0.3408
O. 5308 O. 5307 0 3595 0 . 3588
0.4636 0.4634 0.4556 0.4547
0.4399 0.4396 0.3335 0.3326
0.4167 0.4162 (NH.),CO, Medium
0.5707 0.5703 0 2896 0 2883
0.4788 0.4779 0'3351 0'3330
0.4G25 0.4617 0'3218 0'3208
0.3832 0 . 3830 O' 2889 0 . 285G
0.3GG4 0.3669 0:2934 0:2939

0.4744 0.4744
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Table III. Titration of Iodide with O.IM Silver Nitrate
H20 Only (NH,j,CO, Medium

KI taken, g. KI found, g. KI taken, g. KI found, g.

0.6599 0.6571 0.5132 0.5116
0.7714 0.7714 0.5158 0.5149
0.5557 0.5576 0.7043 0.7024
0.4873 0.4870 0.5042 0.5034
0.6113 0.6121 0.4142 0.4123
0.6337 0.6343 0.4906 0.4884
0.6182 0.6184 0.5481 0.5480
0.8061 0.8054 0.4263 0.4249
0.6412 0.6409 0.5355 0.5342

NH,OH Medium 0.3672 0.3661
0.3717 0.3898 HOAc Medium
0.5041 0.5161 0.5020 0.5017
0.4729 0.4797 0.4225 0.4213
0.5230 0.5373 0.5556 0.5552
0.7443 0.7454 0.5191 0.5199
0.5104 0.5241 0.4817 0.4813
0.8133 0.8171
0.5258 0.5356
0.5163 0.5285
0.5948 0.6017

Table IV. Titration of Bromfde with O.IM Silver Nitrate
Acetic Acid Medium, 1.0 Gram Sodium Chloride Present

KBr Taken, G. KBr Found, G.

0.5666 0.5671
0.5308 0.5309
0.4636 0.4642
0.4399 0.4397
0.4167 0.4171
0.5707 0.5710

Table V. Titration of Mixed Halides with O.IM Silver
Nitrate-Acetic Acid Medium

KI, Meq. KBr, Meq. NaCI, Meq. Total, Meq.
Taken Found Taken Found Taken Found Taken Found

1.200 1.209 1.628 1. 642 1.441 1.479 4.269 4.330
0.741 0.743 1.435 1.462 1.788 1.785 3.964 3.990
0.529 0.532 0.580 0.583 3.287 3.295 4.396 4.410
0.798 0.800 1.084 1.110 2.801 2.768 4.683 4.678
0.844 0.842 1.596 1.633 1.673 1.643 4.113 4.118
0.692 0.692 1.326 1.321 3.489 3.479 5.507 5.492
0.920 0.915 1.302 1.307 3.166 3.168 5.394 5.390
0.897 0.900 1.209 1.210 1.404 1.404 3.510 3.504
0.634 0.638 1.176 1.172 2.777 2.792 4.587 4.602
1.213 1.211 2.284 2.275 1.857 1.855 5.354 5.341
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Figure 1. Typical Titration of a Halide Mixture with
Silver Nitrate in Acetic Acid, Medium
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Cathode. AgX + e -+ Ag + X

Anode. Ag - e + XC' -+ AgX

The adsorption of silver halide would limit the eurrent up to
the mid-point of the titration, and the eoneentration of halide ion
would limit the eurrent in the last half. The concentration of
silver ion would limit the current beyond the equivalence point.

CONCLUSION

In a medium containing 10 drops of glacial acetie acid per 100
ml. of water, iodide, bromide, and chloride can be titrated in suc
cession with silver nitrate solution, using silver electrodes with
10 mv. applied, by observing the dead-stop end points. Time for
equilibration is necessary.
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NATURE OF THE END POINT

As was suggested in the introduction, no current was expected
to flow until a sljght excess of silver ion was present. However, a
current did flow which went through a maximum when about one
half of the silver nitrate had been added as shown in Figure 1. It
was also observed that silver halide was adsorbed on the surface
of the silver cathode during the titration and that the surface
cleared in the vicinity of the end point particularly when the
precipitated silver halide coagulated. One reasonable explana
tion for the observed current during the titration is the reduetion
of adsorbed silver halide at the cathode and eleetrolytie dissolu
tion of the silver anode to form silver halide:

ide, 10 drops of glacial acetic acid, and 5 mi. of 1M ammonium
carbonate solution (8) added to the water. Only the results in
ammonium hydroxide medium were poor. The end point was
easily detected, although varied current fluctuations were found
in the vicinity of the end point. The results are listed in Table

,III.
Since the previous results indicated that the acetic acid medium

was the only one in which all three halides gave good results, a
check was made to see if bromide could be determined in the
presence of chloride in this medium. For this purpose 1 gram of
sodium chloride and 10 drops of glacial acetic acid were added to
the medium. In order to minimize coprecipitation the reagent
must be added slowly, and time for equilibration must be allowed
near the end point. The current break is easily detected after
a few trial observations. Some results are shown in Table IV.

Since the determination of bromide in the presence of chloride
was successful, the determination ofiodide, bromide, and chloride
in a mixture of all three was tried. For this determination about
0.4 gram of each halide was taken, and 10 drops of glacial acetic
acid were added to the solution. By experiment it was found
that 10 mi. of 2% dextrin solution gave better results than the 5
m!. previously used. Also by experiment it was found that the
titration must be done almost dropwise to minimize copreoipita
tion and to make the end point detection possible. The end
point breaks were not abrupt, and care was necessary to detect
the minima. Some results are shown in Table V. Ammonium
carbonate, ammonium hydroxide, and mixed media which had
been recommended (8, 9) gave less satisfactory results than
the acetic acid medium. A typical titration plot is shown in
Figure 1.



Polarography of Salicylic Acid
CECIL H. HALE and MARGIE N. HALE

Southwestern Analytical Chemicals, 11 07 West Gibson St., Austin 4, Tex.

T H E polarographic reduction of benzoic acid has been re
ported by von Stackelberg and Stracke (5). They observed

that the reduction occurred in two steps with half-wave poten
tials of -1.94 and - 2.46 volts VB. S.C.E. Elving and Hilton (1)
did not find a reduction wave for benzoic acid using lithium chlo
ride and hydroxide as supporting electrolytes.

It was suspected that the location of the hydroxyl group ad
jacent to the carboxyl group would make salicylic acid more easily
reducible than benzoic. However, according to a paper pub
lished in 1949 (4), salicylic acid was not found to be reducible
in alkaline solutions of tetramethylammonium hydroxide. With
tetramethylammonium iodide as supporting electrolyte, one
reduction was observed at -1.66 to -1.83 volts, depending
upon the concentration of salicylic acid. This reduction was
attributed by the authors to hydrogen ions rather than to salicylic
acid itself.

the tertiary amines and alkyl iodides, and were purified by re
peated recrystallization.

Salicylic acid and related compounds were the best grades
available commercially. Aqueous 0.02M solutions were pre
pared of all the acids, with an equivalent amount of tetrabutyl
ammonium hydroxide added in each case to increase the solubil
ity. A 0.02M solution of methyl salicylate was made in ethylene
glycol monomethyl ether.

PROCEDURE

Portions of the 0.02M solution of the compound being studied
were pipetted into lo-ml. volumetric flasks, the supporting elec
trolyte was added, and the volumes were adjusted to 10 ml. with
distilled water. About 2 ml. of the solution was transferred to
the cell, and after removal of oxygen by scrubbing with inert
gas, polarographic measurements were made at intervals of
0.03 volt, beginning at -1.8 volts. Potentials were calculated
from the voltages by correcting for the potential of the anode VB.

S.C.E. and for the internal resistance of the cell (about 1000
ohms).

RESULTS
40

35

~ 30
ffi
Q.

" 25'"0lr
<.>
~ 20

t·:
~

15lr
lr
:>
<.>

'0

I C.I!!!, Me4NOH

n O.2~ MeBu3NOH

m 0.2!!! Bu.NOH

0.006 ~ SALICYLIC ACID

1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2..7 2.8

VOLTAGE V5. S.C.E.

2.9

Salicylic acid was reduced at the dropping' mercury electrode,
and yielded one well-formed curve, having a half-wave potential of
-2.39 volts VB. S.C.E. The type of curve formed, using three
different quaternary ammonium hydroxides as supporting elec
trolytes, is shown in Figure 1. No maxima were observed.

When n, the number of electrons involved in the reduction of
salicylic acid with methyltributylammonium hydroxide as sup
porting electrolyte, was calculated by substitution in the Ilkovie
equation, a value of 2.(\ was obtained. Data used to make the
calculation were idle, 3.47 !La. per millimole per liter; the capil
lary constants, m 2/ 3 = 1.1 and t'/6 = 0.98 at -2.6 volts; and
the diffusion coefficient of salicylic acid, calculated (3) to be 7.32
X 10-6•

Figure 1. Polarography of Salicylic Acid
EFFECTS OF VARIABLES

Figure 2. Polarography of Other Benzoic Acids
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No effect was observed on either the half-wave potential or
wave height for the reduction of 0.004M salicylate in O.IM
methyltributylammonium hydroxide, adjusted to various values
of pH from 6.8 to 12.7 by the addition of acetic acid.

Over the range of concentration of salicylate investigated,
O.OOIM to 0.012M, the half-wave potential remained constant.
When diffusion currents were plotted against the corresponding

E. H. Sargent Model III polarograph.
The polarographic H-cell was constructed with a 1.0l1t[ tetra

butylammonium chloride anode separated from the sample by an
agar plug, 1.0,}! with tetrabutylammonium chloride (2).

Beckman Model M pH meter.
Quaternary ammonium hydroxides, for use as supporting

electrolytes, were prepared from the corresponding iodides by
reaction with silver oxide. The iodides were synthesized from

APPARATUS AND REAGENTS

Effect of electrolyte

This work. was undertaken to determine if, under proper con
ditions, salicylic acid could be reduced at the dropping mercury
electrode, and if the reduction wave would be suitable for ana
lytical purposes. Preliminary experiments indicated that one
reduction occurred at -2.39 volts VB. S.C.E. in neutral and alka
line salicylate solutions, with certain quaternary ammonium
compounds as supporting electrolytes. Only one reduction
was observed for benzoic acid and that was a poorly defined
wave at about -2.7 volts. Other hydroxybenzoic acids were
not found to be reducible below - 2.8 volts. No attempt was
made to devise a specific analytical method, but studies were
made of some of the variables, which would be expected to affect
the polarographic reduction of salicylic acid, in order to facili
tate the establishment of such a procedure.

1078
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concentrations, a straight line was formed, the slope of which
was 3.47 p.a. per millimole per liter.

Figure 1 shows the reduction of salicylic acid with three dif
ferent quaternary ammonium hydroxides as supporting electro
lytes. The reduction potential of tetramethylammonium hy
droxide is too low to allow a distinguishable curve for salicylic
acid, which explains the failure of Korshunov et al. (.n to observe
a reduction for the acid. The diffusion current is somewhat
greater with methyltributyl- than with tetrabutylammonium
hydroxide. This unexplained difference in wave heights with
the two supporting electrolytes was also observed in the reduc
tion of methyl salicylate, but not in the reduction of sodium ions.
Although satisfactory polarograms were obtained at 0.05 to
O.lil1 concentrations of supporting electrolyte, they were better
at 0.2M.

The half-wave potential remained constant over the tempera
tures range studied, 7° to 35° C., while the diffusion current in
creased about 2% per degree.

Presence in the solution of oxygen or sodium ions, both more
easily reduced than salicylic acid, was found to have no effect
on the net diffusion current of salicylic acid.

REDUCTION OF COMPOUNDS RELATED TO SALICYLIC ACID

Attempts were made to reduce benzoic acid and the two iso
mers of salicylic acid using tetrabutylammonium hydroxide as
supporting electrolyte, because it is reduced at the highest poten
tial of any known ion, and, therefore, allowed the widest span
of study possible. The results, as shown in Figure 2, reveal
no reduction of m- or p-hydroxybenzoic acid. Benzoic acid gives
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only a poorly defined wave at about - 2.7 volts, the height of
which is roughly half that of the curve for an equal concentration
of salicylic acid. The two-step reduction of benzoic acid as re
ported by von Stackelberg and Stracke (5) was not observed
in this investigation. It may be that one of the reduction curves
found in this earlier work was caused by the reduction of hydrogen
ions, because the authors also reported that acetic acid, which is
generally recognized as polarographically nonreducible, was re
duced at -1.99 volts.

Related compounds, 0- and p-aminobenzoic acid, were not
found to be reducible. The methyl ester of salicylic acid is more
easily reduced than the acid itself, having a half-wave potential
of about -2.15 volts in a 30% ethylene glycol monomethyl
ether and 70% water solution which is 0.2M with tetrabutyl
ammonium hydroxide. The diffusion current for the reduction
of methyl salicylate is about 50% greater than that obtained
with the same concentration of salicylic acid under the same
conditions.
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Quantitative Determination of Nitric Oxide and Nitrous Oxide by
Infrared Absorption
E. L. SAIER and A. POZEFSKYI

Gulf Research ami Development Co., Pittsburgh, Pat

CH E MI CAL methods for the analysis of nitric oxide and
nitrous oxide are time-consuming (6-8). Mass spectro

metric methods have been applied to this problem, so that by
various schemes one can analyze gas mixtures containing any or
all of the following compounds: carbon monoxide, carbon dioxide,
water, nitrogen, nitrous oxide, nitrogen dioxide, and either nitric
oxide or oxygen (2-4). This note concerns ·an infrared method
for the analysis of mixtures of nitric oxide and nitrous oxide in
samples which may also contain carbon monoxide, nitrogen, and
hydrogen. If oxygen is present, only nitrous oxide can be deter
mined, since nitric oxide cannot exist in the presence of oxygen.

EXPERIMENTAL

A Perkin-Elmer Model 12A spectrometer equipped with rock
salt optics was used to obtain all analytical data. The Perkin
Elmer Model 21 spectrophotometer was employed to obtain all
qualitative spectra. The gas cell used had a path length of
approximately 9.5 em. All samples were passed through an
Ascarite scrubbing train before admission to the gas handling
system; this removed any adventitious carbon dioxide and
nitrogen dioxide. The absorbance of the evacuated sample cell
was used to correct all absorbance data.

MATERIALS

The nitrous oxide was obtained from the Matheson Co. Its
spectrum showed no definitely spurious absorption bands when
compared to published data (5). However, nitric oxide is a
weak absorber, and it is possible to miss its presence as an

1 Present address, General Electric Co., Waterford, N. Y.

impurity in small quantities. This was checked by obtaining
the spectrum of a sample of nitrous oxide at approximately 40
em. pressure, then adding oxygen to the cell containing this
nitrous oxide until a total pressure of approximately 84 em. was
attained. The resultant spectrum had no new bands. If nitric
oxide were present, the addition of oxygen would result in new
bands owing to the strong absorber nitrogen dioxide formed in
the cell. It was assumed that nonabsorbing gases such as nitro
gen were not present (mass spectrometer results indicate that the
nitrogen content may have been approximately 1%).

The nitric oxide also was from the Matheson Co. and was
found to contain nitrous oxide and nitrogen dioxide as impurities.
The latter gas was eliminated by scrubbing with Ascarite. The
Ascarite-scrubbed nitric oxide still contained nitrous oxide as an
impurity. The nitrous oxide content was determined by spectral
analysis using the nitrous oxide calibration curve and was found
to be 4.4 mole %. A correction for this amount of impurity was
applied to all calibration curves and synthetic samples. Dry
tank nitrogen was used as the diluent in setting up the working
curves. The analytical points used in the analysis are indicated
in Figure 1, which is a spectrum of the Ascarite-scrubbed nitric
oxide containing the nitrogen dioxide impurity.

CALIBRATION AND METHOD

Both nitric oxide and nitrous oxide are light gases and subject
to strong pressure broadening effects and do not obey Beer's law;
consequently, working curves were constructed using procedures
previously described (1). The points on the calibration curve for
nitric oxide were obtained by blending known amounts of nitric
oxide (Ascarite-scrubbed) with enough nitrogen to attain a cell
pressure of approximately 80 em. of mercury. The same pro
cedure was followed with nitrous oxide (Ascarite-scrubbed). In
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setting up the nitric oxide calibration curve the partial pressures
were corrected to take care of 4.4% nitrous oxide, which was the
impurity. An evacuated cell correction was applied to all the
data and in Figures 2 and 3 the calibration curves are reproduced.

The frequency of the analytical point used for nitric oxide is at
the transmission minimum at approximately 1908 em. -1 of the R
branch of the 1876 cm. -1 fundamental. For nitrous oxide the
transmittance minimum at approximately 1275 cm. -1 of the P
branch of the 1285 em. -1 fundamental absorption band is used
as the analytical point.

ANALYTICAL CHEMISTRY

Table I. Analyses of Synthetic Nitric Oxide-Nitrous Oxide
Gas Mixtures

%
Partial Pressures Composition

Synthetic NO N,O NO + N,O NO N,O

Theoret. 16.5 6.3 22.8 72.4 27.6
Obsd, 16.8 6.2 23.0 73.0 27.0
Diff. 0.3 0.1 0.2 0.6 0.6

2 Theoret. 20.7 5.4 26.1 79.3 20.7
Obsd. 21.0 5.7. 26.7 78.7 21.3
Diff. 0.3 0.3 0.6 0.6 0.6

3 Theoret. 2.6 20.1 22.7 11.4 88.6
Obsd. 2.5 19.6 22.1 11.3 88.7
Diff. 0.1 0.5 0.6 0.1 0.1

4 Theoret. 4.2 5.4 9.6 43.6 56.4
Obsd, 4.5 5.5 10.0 45.0 55.0
Diff. 0.3 0.1 0.4 ·1.4 1.4

5 Theoret. 16.9 3.3 20.2 83.3 16.7
Obsd, 16.4 3.6 20.0 82.0 18.0
Dill. 0.5 0.3 0.2 1.3 1.3

6 Theoret. 16.2 3.3 19.5 82.9 17.1
Obsd. 16.1 3.7 19.8 81.3 18.7
Diff. 0.1 0.4 0.3 1.6 1.6

7· Theoret. 1.8 3.8 5.6 8.6 18.6
Obsd. 2.0 3.7 5.7 9.9 18.3
Diff. 0.2 0.1 0.1 1.3 0.3

Av. error 0.3 0.3 0.4 1.0 0.9

On the basis of total pressure (80 em.) the estimated error (95% confidence)
for NO is ±O.8% and the estimated error (95% confidence) for N,O is
±1.0%.

• Synthetic 7 also contained 13.1% CO and 59.7% Ns.
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Figure 1. Infrared Spectrum of Tank Nitric Oxide
Containing Nitrous Oxide as an Impurity

All samples are pressurized with nitrogen to approximately 80
em. of mercury cell pressure and then analyzed. As can be seen
from Figures 2 and 3, the absorptivities of nitric oxide and nitrous
oxide are very different, and hence one must generally analyze at
a high partial pressure of sample to get nitric oxide data, then cut
pressure in order to obtain nitrous oxide data.
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Absorption at 1908 Cm.-1

Total cell pressure is approxiJnately 80 COl. of lIlercury
in a 9.S-clIl. cell

are recalculated to a common total sample pressure, and the per
cent composition of each.component is thereby determined. In
Table I are given the results of a set of synthetic samples pre
pared to assess the accuracy of this method.
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The absorbance of nitrous oxide at the nitric oxide point was
checked and found to be zero. There should be no nitric oxide
absorption at the nitrous oxide point. Because carbon monoxide
might be present in some samples, its absorbance was evaluated
at the nitric oxide point and also found to be zero.

PROCEDURE AND CALCULATIONS

It is advisable to study samples at high initial partial pressures
and to reduce the sample partial pressures as necessary. This
reduction is accomplished in each case by diluting with nitrogen,
keeping a cell pressure of 80 em. of mercury. When an acceptable
absorbance is obtained for one of the gases, the appropriate cali
bration curve is used to get the partial pressure of that com
ponent. This is repeated for the second gas at an appropriate
sample partial pressure. The partial pressures of the components

(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)
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Rapid Determination of Nitrates and Nitrites
J. L. NELSON , L. T. KURTZ, and R. H. BRAY

Dep artmen t of A gronomy, Universit y of I//inois, Urbana, 1//.

Tab le I. Hecove ry of Ad ded Ni t r a te in So ils and P lants
Ex t ract Ad ded , P.P. M . Found , P.P . ~ 1. R ecover ed , %
HoiI I 0 16 . 2

10 2fi .6 94 .0
20 :l7 . :j 105 . 5

RECOMMENDED PROC EDUR E

Procur e a representa tiv e sa mp le of the mater ial to be tested,
and obtain a colorless ext rac t of it . An extra ct ion with O.I N hy
drochlor ic aci d is recommended for soils or gro und plant mate rial.
Strongly colored pla nt-materia l ex tracts may be decolor ized by a

R ESULT S

T his method is easily sensit ive to 0.0.5 p.p .m, of nitrogen as
nit ra te in solution, an d the standard curve is conven iently plot ted
betwee n 0.2 an d 1.0 p .p .m. in ste ps of 0.2 . More concentrated
solut ions should be dilut ed to th is range. Duplicates can be re
prod uced in t his range within ±5% .

Vary ing qua nt ities of standard nit ra te solut ion were added to
soil a nd plant material ext rac ts which were t hen ana lyzed by the
recommen ded procedure. T he results are given in T able 1.

Effect of Temp erature. '"0 effect over the ra nge of normal
labora tory te mperatures was found . Excessiv ely high or low
te mpe ra tures a rc not recommended (6 ).

Effect of Light. T he powder should be kept in a bla ck bo ttle
unti l read y for use. D ur ing the color development, ordinary ar
tificia l la boratory light iug appears to have no effect , but direct
sun light should be av oid ed .

Stab ilit y of th e P owder R ea gen t. One ma jor advantage of the
powder reagent is its great compara t ive stability . If kept in a
hlaekenerl, a ir-tight bottle, t he dry, pro perly compounded powd er
is good for at leas t 2 to 3 yea rs.

Tim e of Contact of P owder Reagent with Solution. T he zinc
must be separated from the solution after color developm en t because
t he redu cing ac t ion of the zinc will cause t he color to fade. E qual
color development was fou nd for sha king periods ra nging from 20
to 90 seconds; therefore, a constant I-minute sha king ti me (be
fore bcgi nuing of ccntrifugntion ) is recommended . F ilter pap er
may be used instead of t he centrifuge to rem ove the powder.
However, filter pap er partially adsorbs t he dye, decreasing
great ly the sensit ivity and accura cy of the test.

Effect of Amount of P owder R eagent Add ed. T he powder
should be in excess, but too much excess is also ha rm ful. Con 
sta nt color deve lopment was obtain ed when th e a mount of pow
der used was between 0.1 and 0.8 gram ; th erefo re, carefu l meas
urement of the powder in a O.4-gra m scoop is recom mended .

Interfering Ions. Severa l ions inte rfere with t he reaction. An
excellent table an d a discussion of these interferen ces a re giv en
by Ri der and Mellon (8 ). Iron is complexed by the cit ric aci d and
copp er docs not interf ere appreciab ly up to 101'. This woul d cover
the ra nge usua lly en countered in soil an d plant mater ial ext rac ts.
It has been found that a luminum docs not interfere up to a t least
iiOO t imes the concent ra tion of t he nitrate.

0 14 .8
10 24 .1 93 .0
20 34 .8 100 .0

0 3 . "
6 9 .:j 98 .3

0 2 .0
2 3 .8 90 .0
4 5 . 7 92 .5

Soil 2

Oat

Alfalfa

H EA c EYI'S

Standard Nitrate Solution . Dissolv e 0.607 gra m of sodium
nitrate in I liter of wate r for a stock solut ion of 100 p.p. m. of
ni t rogen .

Acet ic Acid Solution. Dilut e 20 m!. of gla cial acetic acid to
100 m\.

Po wder Mixture [As prep ared by Bray (1)1. One-h undred
grams of ba rium sulfa te (dried at . 110° C.), 10 grams of manganese
( II ) sulfa te mo no hydrate, 2 grams of finely powdered zinc, 75
grams of powdered cit ric ac id, 4 grams of sulfanilic ac id, and 2
grams of l-naph thylamine,

Grind a ny coa rse ma terial s to a fine powder. ~Iix th e man
gan ese(II ) sulfate, powdered zinc, sulfa nilic ac id, a nd l -naph th yl
amine sepa ra tely with portio ns of barium sulfate. T hen mix
thorough ly a ll ingredients inclu ding th e ba rium sulfate and citric
acid . Usc ext reme care to have roo m, table to p, and equipment
free of nitrate and nit rite . Store th e powder in a blac ke ned bottle ,
since light a ffects the l- nuphth vlamine. The reagen t is stable
for man y mon ths in a bot.tle pa int ed on the outside with blac k
pain t .

If th e determi nat ion of nitri te in the presen ce of nit rate is de
sired , omit the powdered zin« and man gan ese( II ) sulfa te .

T he cit ric a cid , besides cont ribu ting to the ac idity of the solu
t io n, com plexes iron which interferes when pr esen t in large quan
t it ies. The barium sulfa te ac ts as a ca rrier, zinc and man gan ese
( II) sulfa te red uce the nit rate, an d the sulfa nilic ac id a nd 1
na ph th ylamine are used direr-t.ly in forming th e dye. For bes t.
a na lyt ica l resu lts th e powder sho uld be ma de up seve ra l days be
fore it is to be used .

EX I ' EII L"~::'oITA L

TH E purpose of this paper is to present a rapid and sensitive
method for th e quantit at ive determinat ion of either nit ri te

nitrogen or nit rogen in a mixt ure of nitra te and nitrite ions, as is
of ten desired in plant and soil a na lysis.

T he procedure u t ilizes a rea ction which was or iginally suggested
by Griess (3 ) for the est imation of nit rous acid and was subs e
quently modified a nd improved by Ilosvay (5 ), Holbourn (.0.
Morpe th (7), Rider and Mellon (8 ), and ot hers. T he reaction,
st ill widely used for thr- deter minat ion of nitr ites in water s a nd
man y other dive rse materials, cons ist s of diazotiza t ion of sul
funilic ac id by the nit rite ion an d subse quent coupling with 1
na ph thylamine to form a red dye. If t he nitr ate ion is to be do
terrnincd, it is first reduced to nit ri te by pow dered zinc a nd ma n
gan esp( l l ) sulfa te, as proposed by Bray (1 ). Bruv also comb ined
t ho reage nt s into a siugl« d ry powder to sim plify the procedure
a nd to increase greatly t.hr- st nbi litv of t he reagent. This powder
reagen t has been usr-d extrnsivr-Iy as a qua litat ive test for nit ra te
in pla nt t issue .

Effect of Order of Addition of Reagents . Several wor kers have
ad vised that the sulfanilic acid be ad ded several minu tes before
the l -na phthy la rnine, ostensibly because any unreacte d nitrite
still present is partially dest royed by rea ct ion with t he amino
group whe n t he coupling agent is added. However, since a pro
por t ionate amount of nitrite is destroyed in the standard as well
as in the unknown, simultan eou s addition results only in a slight
loss of sensit ivity.

Effect of pH. As shown by Rider and Mellon (8), the reacti on
is fairly sensiti ve to pH cha nges . T he pH curve give n by t hose
worker s was fou nd to hold general ly for t he conditions of this
deter minat ion-that is, ma xim um color dev elopment is obtained
between the approximate pH val ues of 1.7 a nd 3.0. Since the
dye is more stable a nd the ove r-a ll reaction (wi th simultaneous
a ddit ion of reagents ) is faster at t he lower pH values, a pH level
of a bout 2.0 is recommended. For this purpose a 20 % acetic ac id
solutio n gives approximately the cor rec t pH a nd is a med ium
fro m which the powder is eas ily centrifuged.
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met hod su ch as th .r [. des cribed by Frear (.2). So lution- whi ch arc
strongly a cid or ar-:a1ine should 1)(' neutra lized, and a ny interfering
ion, pres ent sho uld be removed 01' com p lexed .

T o I ml. of t he tes t so lution in a 12-ml. centrifuge t ub e, add !I
ml. of the a cetic a cid so lut ion. Wi th a sm a ll meas uring st-oop
add 0.:) to 0 .5 gram of the powder reagen t , sto ppe r, shake fo r 50
to GO seconds, and centrifuge u ntil the sup ernatant liquid is clea r
(a bout 4 or 5 minites a t 4000 r.p.m. ). D ecant the white film
on top and po ur the clear red solution in to a n a bsorpt io n (·pII.
T ra nsmit taucy ma y b e read conven ien tly in a IiIte r photometer
with a gre en filt er o r in a sp ectrophotometer at 520 mu.

Conv ert t rnnsm i t tnncy readings t o amount:' o f nitrogen wit h :l

- t und urd cu rve esta blishe d with k nown so lut io ns . The standard
«urv e should cover t he range from 0.2 to J.O p.p.m . in sol ut ion in
the ah -orpt ion eC'1I, 0 1' 2 t o 10 p.p.m . in t he sample so luti on.

P H ECAUTIO:"S

,\ 11 glasswun-, table tops, et c. , must be kept sc ru pulously clea n .
Reagen ts should be n itrite- a nd nit ra te-f ree . X -ray grade ba ri um
sulfate is sat isfnclorv if t.horou uh lv dried . R ubber st oppers us ed

ANA LYT I C A L CHEMIST R Y

to close t he tubes during shaking must be wa sh ed carefu lly. As
reported by Wa ring rou ([/ ), solut ion s a nd rea ge nt s unduly expose d
t o laborat or y a il' may pir-k u p s ma ll a mou nts of ni trite . Di sti lled
wat e r mu- t he (·h,,(·k ,·d frequ r-nt lv for r-ontaminat ion .
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Device for Measuring Changes of Optical
Transmittance with Temperature
A RTHUR FURST, Depor tment of Phdrmdco /og y dnd There peuties, Stenlord Universit y Schoo l of Medicine,
Se n Fran cis co, ( dli f., and

JUSTIN J. SHA PIRO , A mericdn Instrume nt (0., Silver Sp ring, Md.

T i lE rvlnt ive pu rit y o f :t co mpou nd is iuvuri uhl v :tss(w iat(· d
wit h a physi('al co ns t. uu . .\ nu-lt ing poi n t 0 1' melt ing ra llg" is

«usto ma ri ly used for so lid - and t h is value i:, most of'n -n dr-tr-r
m ine-d hy t he pa pi llary t u l«- t er-lm iq ue. Tl u- mel t ing' po in t oh
t uincd hy t his mr-thod is not t hc-rm od v namic.rlly dr-fiu.-d, for it i
ur-it ln-r t he liquid- so lid e quilib riu m tc mpr-rut u ro u nd e-r «on- tu nt
.rt mospheric pressure nor t h,' trip le point. H owev er, it is r-x
t 1'< ~llll' ly conve nie nt. a nd uu ivt -rsa llv employed . H['p rodll<'ih l" 1'< '
su lt s a n ' ol u uinc d a ud no d ifli.-u lt ir-s are encou ntered if t he sam
ph- t o he tcsu -d is r"': L1i\'( 'I~ ' pure , of defini te composit ion, a nd
.u-t un.lly mi-lts lx-low 2:lO° ( '.

F rc q ur-n t lv :':lIu p ll's :11'<' " n" ou llt l' rcd whosn melt ing point ca ll
no t I,,· rle l ['r mi n" d rcprodur -ihl v b v th e r-a p illury tube method .
The-«: so lid s p"n ill' (·Iass ili(·d ill o:u· 0 1' more of t he follow ing ('al<'
g:(Jrh ';'; : hyd ratt·s; hi.!-.dl nu-l: ii ur- -i.t" , abo ve 250 0 C.; com pound 
whir -h d,·p o lll po,,~ \,,·1'0 1'< ' or " t t lu-ir melt ing po int ; amorphous
wnxr-s, asphu h s, 0 1' plast ir-s : "nrl \'(' I-(I' t :tllle oils or fat;; . III ea l'h
of these ca le go ri,'s s p(,"ial ll' ('h n i'l ul's must he used . I n t " ,.t ing
th ' ·.-e l'h"m i('als , op('rators m" ., · g(·t res ults t ha t di tTer a s m uch 'IS
:'''\'pm l d C'gr ees fro m (':I<'hol h' ·I·. :\[ or ton (8 ) Ii:,ts t he facto rs tha t
a fT[·( ·t mt'l t ing; point ,·,d lll's. Inl'iu ded a mong th,·sc aI'<' rate o [

lH'a ti ng, th ieknC'-s of t ill' (·apilla l"." \I'a ll, size of the su m pIt-, a lld
s t ,,;]t co rn" ·t io!,,. [[ (':Ipi lla l'\' tube l" ehniq u,' i" em ploy, ·rI [o r
t h('s,' spee ial samples, d iff"I'< 'lI t manipulativl' !<'ch niq u" s an'
I)(·['essa r.,' . Fo r "o mpou nd s \\'hi, ·h decompose or nlPlt abo\'l' 2 ;)() 0

C. th e ca p illary t uh" mus t I ... " it h" r suhmerged wlll' n tht, {" Ill
p" ra t u l'< ' of the 1." t h is just :1 fl'\I' d l'grl" 's h"Jo\\' t he melting \ ·, tl l1(' ,

o r :1 S an a lt el'lk tin ', t il(' l'a pilla ry mus t Lll' Ill'a t" d a t a rat e of !0 0
to 20 ° C , pl'r lllilllIl I'. ('onsta nt ly , rat ht' r tha n ;;Iowing t o t Il<' us u
a ll:, prt'seribcd 1° t o 2 ° C . p('r minut e near t hl' me lting po int. A
ba ll :tIld r ing tes t (I ) is oft"n "Illplo~'ed to test as pha lts. F a t,.
p resp nt ~pecial probl "ms : a n a llo t !'Opie form may rl's ult a[t "r t hl'
:,a m ple is mel k ,d a nd d l":l \l'n u p in t o th ,· ('api lla r.,· tu bp (:i) ; h"n('( '
t lw filled t ube f.lust 1)(' lef t in t he iCl'box 0\'( '1' n igh t.

\ -a ria t io lls to a void t IH' pa pilla ry t uhl' nll' t hod " 'Pre "mpl oyed
hy Denn is a nd ShPi ton (2 ), " 'ho int rodu ('cd t h" eop ppr ba r, a nd
by J ohns (4), wh o us"d an a luminu m block upon wh ieh t he
sample, pla ce,[ b" t " 'cpn tw o ,,':deh gla~s,'s , \l'a s hea ted .

: \ j t(' m pt s ha 'fl' !)('cn ma dp t o avoid Ih e hu ma n " qu a t ion by

mak ing this determiunt ion au toma ti c. Perhaps th e firs t of th. ""
wa s made hy Dubose (8 ) .m d a later on e by Wick a nd Barehf<- Id
(If) . At t his t ime t ru e a u toma t ic equipment was not a vai labl r-.
Kardos (6 ) used a Kofler (7') a pparat us and measured t he rm-lt ing
po int h~' attaehing :I recorder t o a ph otoelectric ce ll a nd noting
rhr- ('ha nge in r-urren t in m illia m pe re-s. :\1orc rece ntly Xliilk-r :I lid
Z"ll<'h,' l:,ky (.'J) m.«h - a fu llv a ut omat ic in strument based uoon
I lu- sudde n il I<'!'t,:,;;" of n-Ikx-ted ligh t from the su rface of t he
nu -ltr-d sa m ple to a photo-lecr ri c cel l. T his ins t ru me nt has lx-r-n
a id" to atta in a p recisi on of ±O.:) o C.

Tl u- nu -lt omr-tt-r ( 10 ) lu-n - desc rib ed red uces t o fixed an d repro
<!w·ih l.. vul ur-s t hr- vn riahh-s r-o n tribu t ing t o t he m .-lt iug po int

Figu,'c I. :\1c\tnll1cter
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O?l1CAL TRANS/oliSSION
INDICATOR /l.NO RELj,T

Figure 2. Schematic Diagram of Meltometer

The meltometer is self-contained, consisting of a microfurnace
attached to a cabinet (Figures 1 and 2).

Microfumace. The microfurnace, which can be tilted, houses
the stabilized light source, the melting point block, filters, shut
ter, and phototube (Figure 3). The cover can be removed readily
for the purpose Of placing the sample (sandwiched between two
thin microscope cover slips) into the gold-plated brass block.
The heater coil is embedded within the block, and a Chromel
Constantan thermocouple is located on the inner surface of the
block adjacent to and in thermal symmetry with the sample.
An aperture in the block permits a beam from the light source to
pass through the sample and to the phototube, The small volume
of the melting point block, 0.166 cubic inch, permits rapid ap
proach to equilibrium temperature at heater currents selected by
the heater control knob, A rate of rise of temperature of 0.5 0 C.
per minute at any temperature within the range' of the instrument
is reached within 15 minutes from the time the heater is turned on.

Cabinet. The cabinet encloses the meters, power supply, and
amplifier (Figure 4). The optical transmittance of the sample is
indicated on the meter relay and the temperature of the sample
is indicated on the locking-type pyrometer. The automatic ac
tion of the meltometer is initiated by a pair of relay contacts in
the optical transmittance indicating meter relay. The position of
the contacts may be manually adjusted by means of knurled
knobs projecting through the meter relay window. One is an
upper limit and the other a lower limit optical transmittance con
tact. 'When the pointer of the meter relay touches either contact,
three actions occur at once: (1) The pyrometer indicator is locked
by electrostatic action at the temperature indicated at that in
stant and remains at that indication until released manually;
thus, no overshoot is noted; (2) the heater is disconnected from
the power supply and cools rapidly, readying the melting point
block for another determination; and (3) an indicator lamp sig
nals the operator that the determination is completed.

OPERATION OF INSTRUMENT

light through a heated sample to signal that a change of phase
has occurred in the sample. This intelligence may be recorded
with sample temperature to permit continuous study of the
phase change with temperature or it may be used to lock the
pyrometer indicator to permit a fixed value of temperature to
be indicated for a particular change in optical transmittance.
In the latter operation the instrument is completely automatic.

DESCRIPTION OF INSTRUMENT

The meter relay is adjusted at the start to indicate zero trans
mittance ( -50) and 100% transmittance (+50) by means of the
zero adjust knob and the adjustable light shutter, respectively.
The sample is introduced between two clean cover glasses by
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errors. These variables are sample size
and rate of rise of temperature. The
meltometer is fully automatic, portable,
and extremely versatile. It can be used
to measure melting points, decomposition
points, softening points, melting ranges,
and arbitrary melting points as repre
sented by amorphous waxes, asphalts,
and plastics. Since samples can be run
over again, it is possible to determine
mixed melting points and allotropic
forms. Studies of eutectic mixtures can
be made, as well as molecular weight
determinations.

With the recorder the following in
vestigations are possible: optical trans
mittance against time and temperatures,
sublimation rate with temperatures,
temperature-spectral absorption, and
temperature-birefringence.

The meltometer utilizes the increase
or decrease in the transmittance of un
filtered, polarized, or monochromatic
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Table I.

Compound

Naphthalene
Naphthalene
Benzoic acid
Benzoic acid
p-Nitrobenzoic acid
p-Nitrobenzoic acid
Succinic acid

ANALYTICAL CHEMISTRY

Comparison of MeltOlneter Values with Known Melting Points
% Change in Known Meltometer

Ambient Rate of Temp. Transmittance of Melting Pt., Melting Pt.
% Trans. Rise, 0 C./Min. Amb. Trans. 0 C. 0 C.

15 2 100 80.22 81
7 3 220 80.22 80
7 5 110 122.12 123

10 5 110 122.12 123
1 110 242.4 241
2 220 242.4 242
2 175 189-190 189

means of a dentist's amalgam carrier, which was found most
suitable for transferring fixed small amounts of powdered ma
terials, and placed in the block. The cover is closed and the
optical transmittance of the sample is now indicated on the
meter relay. This value is noted so that in repeated determina
tions the sample size (transmittance) may be duplicated. The
sensitivity is now adjusted by opening (or closing) the adjustable
shutter until the meter relay indicates zero center. The manual
setting of the meter relay contacts may now easily be deter
mined.

If the behavior of the sample is known, the heater control may
be set for a suitable rate of rise and the meter relay contact may be
set to close at a specific per cent change in transmittance from
ambient transmittance. Unknowns may be run at a high rate of
rise with contacts placed out of range of scale to determine a
suitable rate of rise and a suitable setting for the change-in
transmittance contacts. One electrometer tube is used to amplify
the phototube current.

A melting range may be found by first setting the meter relay
contact at about +20. This permits the instrument to shut off
at the first indication of change in light transmittance. The tem-

perature reading obtained will correspond to the lower value of the
range. Without disturbing the sample, the meter relay contact
can now be set at +50 and the heater turned on again. The
second temperature reading obtained will be the upper value of
the range.

The reproducibility and accuracy of the instrument were de
termined by testing samples of known and unknown melting
points.

Crystalline Compounds. Table I gives a comparison of hand
book values and meltometer values over a range of 1600 C. The
time-temperature-optical transmittance behavior of naphthalene,
a sharp-melting compound, is shown in Figure 5. Each value of
Table II was obtained by a different operator who had no in
structions other than those supplied with the instrument.

Nonmelting Crystalline Solids. As the sample decomposed,
the percentage transmittance decreased and the indicating needle
approached 0% transmittance (-50). Meltometer values for
di-methionine were darkening at 276 0 and decomposing at 287 0 C.
(literature values are 278 0 and 283 0 C., respectively).

Amorphous Solids. Asphalt softening point value could be ob-

Table II. AutOlnatic Melting Point Determinations
Rate of % Change in Known

Ambient Temp. Rise, Transmittance of Melting Pt., Meltometer
Compound % Trans. o C./Min. Amb. Trans. o C. Melting Pt., 0 C.

Acetanilide 17 3.5 220 114 114.5
18 5 220 114.5 114.5
25 7 220 115
28 5 220 114.5

{J-Aminocaproic acid 13 4 220 206 207
19 8 220 207

Upjohn 1 8 0.5 220 198· 198
8 0.5 230 199
8 0.5 190 197
8 0.5 220 199
8 0.5 220 197
8 0.5 220 197
9 0.5 220 199

10 0.5 220 198
12 0.5 230 195
12 0.5 230 196
12 0.5 230 197
12 0.5 230 199
13 0.5 210 197
23 0.5 220 200
25 0.5 230 200

Up iohn II 8 0.5 220 190.5· 186
9 0.5 220 187

10 0.5 220 188
11 0.5 220 189
12 0.5 220 189
12 0.5 220 188
17 0.5 220 190
19 0.5 220 194

Up iohn III 9 0.5 220 195.50 194
13 0.5 220 196
16 0.5 220 196
25 0.5 220 201
29 0.5 220 202

Upiohn V 8 0.5 230 1950 194
13 0.5 220 196

Upjohn VI 7 0.5 220 17.5.50 173
9 0.5 220 173

11 0.5 220 173
12 0.5 220 174
14 0.5 220 175
19 0.5 220 175

a Capillary method, Upjohn Co., Kalamazoo, Mich.
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Melting and 8olidificat:ion points are clearly shown

.02S'Dio.
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FIXEDTHERMOCOUPLE
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. I
I ~"
~40iQ.

Figure 7. Diagram of Melting Point Block

were taken as the temperature of the block was raised and lowered
between ambient temperature and 290° C. at a rate of change of
2° C. per minute. The maximum temperature differential was
1° at 290° C. with no perceptible differential below 206° C.

The reproducibility and accuracy of the instrument were found
to be ± 1% of scale. The original meltometer had a range of
300 0 C., but it was soon apparent that other ranges and greater
accuracies were required for some applications. Accordingly, the
Illinois Testing Laboratories supplied for further tests pyrometer
ranges as follows: 0-100°, 0-150°, 0-300°, 0-500°, 105-210°,
and 205-310° C. Accuracies of 0.05° C. with ranges of 15° C.
may be obtained by the use of recorders, as supplied by the Brown
Instrument Co., division of Minneapolis Honeywell Regulator
Co.
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tained by placing the sample between cover slips just above the
aperture. The head was tilted and at the softening point the
sample viscosity suddenly decreased, filled the space, and thus
shut off the light beam. Values were reproducible to ±1 ° C. No
comparisons with ball and ring values were available.

The softening point of fats could also be determined within
1° C. with the apparatus, but no consistent results could be ob
tained by the capillary method, as the' majority of fats would
supercool and would not set to a crystalline solid, once melted.

Plastics likewise could not be compared, but Figure 6 illustrates
the behavior of a resin which discolored near its melting point.
The curve dearly shows the phenomenon which might pass un
observed with ordinary methods.
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Figure 6. Optical Transrnittance-Temperature
Time Record of Resin Decomposing near the Melting

Temperature

Softening point is clearly shown

The periphery of samples melted first, indicating a negative
temperature gradient from the heater coil to the central aperture.
To determine the symmetry of this gradient, thermocouples were
placed on opposite sides of the aperture (test positions A and B in
Figure 7) at the distance which gave closest agreement between
known melting points and melting points measured with the in
strument. The thermocouples were made of No. 30 copper and
constantan wires and were connected to a Leeds and Northrup
Type K2 potentiometer through a selector switch. Readings

The authors wish to express their appreciation to C. P. Saylor,
E. J. Prosen, and L. Barbrow of the National Bureau of Stand
ards, W. J. Svirbely of the University of Maryland, and K. J.
Mysels of the University of Southern California for their many
helpful suggestions.
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Rapid Estimation of Ethylenes with Mercuric Acetate
By Nonaqueous Titration

MIHIR NATH DAS'

Inc/ian Association for the Cultivation of Science, Calcutta 32, lndi«

(a - b) X N .
1000 X M = amount of unsaturated compound III

grams, where a is the acid titer milliliters for blank (mercuric
acetate solution); b, the acid titer for the sample; N, the nor
mality of the acid; and M, the molecular weight of the ethylenic
compound.

Hydrochloric acid, O.IN solution in propylene glycol-chloro
form (I to 1), prepared by adding 8 to 9 m!. of concentrated
hydrochloric acid in 1 liter of the mixed solvent. The acid is
standardized as follows. About 0.2 gram of mercuric oxide
(analytical reagent) is accurately weighed out and dissolved in
5 m!. of glacial acetic acid by gentle heating and then evaporated
almost to dryness. The residue is taken up with 25 m!. of
propylene glycol-chloroform and titrated with hydrochloric acid,
using thymol blue as indicator (1 m!. of O.IN hydrochloric acid =
0.01083 gram of mercuric oxide).

Mixed solvent, prepared by mixing propylene glycol and
chloroform in equal volumes. The solvents should be neutral
to thymol blue.

Thymol blue, 0.2% solution in ethyl alcohol.

PROCEDURE

About 2 millimoles of the unsaturated compound are treated
with 20. to 25 ml. of the mercuric acetate solution in a glass
stoppered bottle or conical flask and allowed to stand at room
temperature (about 30° C.) for 10 to 30 minutes. The reaction
mixture is then diluted with about 25 m!. of propylene glycol
chloroform (1 to 1) and the sample is titrated with glycolic
hydrochloric acid, using thymol blue as indicator. At the end
point, the indicator shows a sharp color change from yellow to
pink.

To test the accuracy of the present method, the samples of the
unsaturated compounds were simultaneously estimated by the
alkalimetric method of Luce and Marquardt (5); the analytical
data are represented in Table I.

DISCUSSION

The method seems to be particularly useful for analysis of
some unsaturated esters like vinyl acetate and allyl acetate, for
which the methods of Marquardt and Luce (4, 5) and of Martin
(6) are not suitable, since under the conditions used by them,
the esters may undergo hydrolysis and lead to erroneous results.
With vinyl acetate and vinyl benzoate Martin (6) obtained about
twice the theoretical value. This arises from the fact that
his method measures not only the acetic acid liberated in the
course of the mercury addition reaction, but also an equivalent
amount of acid liberated as a result of the hydrolysis of the vinyl
esters. The alkalimetric method of Marquardt and Luce gives
low and erratic results with vinyl acetate and allyl acetate for
the same reason. Methyl acrylate and methyl methacrylate

% Found by
Present Method

99.2,99.6
96.6,96.9
98.2,98.2
97.4,96.8
96.9,97.5.97.0

% Found by
Marquardt

Luce ·Method

99.4,99.7
96.7,96.3
97.7
88.1,76.3
33.2,28.4

Time of
Reaction,
Minutes

5-10
10-15

30
30
30

CALCULATION

Table I. Analytical Data

Compound

Styrene
Cyclohexene
Allyl alcohol
Allyl acetate
Vinyl acetate

REAGENTS

Mercuric acetate, approximately 0.25N solution in methano!.
About 20 grams of mercuric acetate are dissolved in 500 ml. of
methanol with the addition of 1 m!. of glacial acetic acid, and
filtered. The solution is standardized by titration in propylene
glycol-chloroform (1 to 1) solvent medium with O.IN glycolic
hydrochloric acid, using thymol blue as indicator.

OCH,
Hg( + >C=C< -.. >C---C < (2)

O.CO.CH, IC Io H, Hg.O.CO.CH,

(1)

1 Present address, Department of Chemistry, The University of Rochester,
Rochester, N. Y.

ME R CUR I C salts, especially mercuric acetate, are taken up
by unsaturated organic compounds. The reaction is fast

in methanol (8), but very slow in water, the speed progressively
decreasing with higher alcohols. The reaction is markedly cata
lyzed by nitrate ion, by peroxides, and also by boron trifluoride
(1). In methanol, the reaction proceeds as follows:

/OCH,
Hg(CH,.CO.O)t + CH,OH ;;=:: Hg"",- + CH,CO.OH

O.CO.CH,

Hence, the difference between the milliequivalents of mercuric
acetate taken and the milliequivalents of acid used in titration
directly gives the amount of unsaturation in millimoles.

The direct formation of mercury addition products as above
has been utilized by Marquardt and Luce (4, 5) and also by
Martin (6) for determination of a number of unsaturated com
pounds containing terminal double bonds. Marquardt and Luce
have described two separate procedures for estimation of styrene
and several styrene derivatives. Martin has used a somewhat
different procedure and determined styrene and some of its deriva
tives as well as several other monomers. Hornstein (3) has uti
lized Martin's method for determination of rotenone.

The present paper describes a modification of the above pro
cedures, which offers a simpler and quicker method for determina
tion of some ethylene compounds. The sample is allowed to
react with a known excess of mercuric acetate and then the un
reacted acetate is directly estimated by nonaqueous titration.

The author has found (2) that mercuric acetate can be very
accurately estimated by Palit's method (7) of glycolic titration
using propylene glycol-chloroform (I to I) as the titration me
dium and thymol blue as indicator. A standard solution of hydro
chloric acid in the same solvent medium as above is used for
titration, and the end point (yellow to pink) is extremely sharp.
Mercuric chloride may be precipitated out in the course of the
titration, but it does not interfere with the detection of the correct
end point. Perchloric acid cannot be used for titration of mer
curic acetate, and hydrochloric acid must be used.

When titrating with hydrochloric acid, not only does the excess
unreacted mercuric acetate react with the acid, but the mercury
addition product also takes up one equivalent of acid as follows:

>C---C<
I I + HCI-..
OCH3 Hg.O.CO.CH,

>C---C< + CH3.CO.OH (3)
I I
OCH, HgCI
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cannot be estimated with mercuric acetate by any of these
methods, as they do not quantitatively react with mercuric
acetate under the conditions employed.

Mercury addition products are, in general, unstable toward
halogen acids. In some cases, they are so very susceptible to
acidity that titration with hydrochloric acid is not possible.
This has been observed with a-methylstyrene, cinnamic acid,
and diisobutylene, where the addition products undergo quick
decomposition in the course of titration with hydrochloric acid.
In other cases that have been studied, the decomposition is very
slow, and at the end point, the acid color of the indicator persists
for several minutes, so that no difficulty is involved in detecting
the correct end point.
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Determination of Cyclohexane-Type Naphthenes by
analytical Dehydrogenation
A. T. POLISHUK, C. K. DONNELL, and J. C. S. WOOD

Research and Development Department, Sun Oil Ce., Norwood, Pe.

Figure I. Glass Dehydrogenation Apparatus

THE increase in the use of catalytic reforming processes to
. improve motor gasoline and to produce benzene, toluene, and

xylenes has stimulated interest in analytical procedures for deter
mining naphthenes (cycloparaffins) in the gasoline boiling range,
since naphthenes are converted to aromatics in their forming proc
ess. Most naphthenes in this range are cyclopentane or eyclo
hexane derivatives.

A method for determining cyclohexane-type naphthenes in
petroleum naphthas has been described by Rampton (4). This
method consists of dearomatizing the petroleum fraction; selec
tively dehydrogenating the reactable cyclohexanes in the satu
rates over a platinum catalyst to the corresponding aromatics
(gem-substituted cyclohexanes, such as 1,I-dimethylcyclohexane,
are not dehydrogenated); determining the aromatics produced;
and calculating the amount of reactable cyclohexanes present.
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The successful application of this method and some modifications
of the apparatus and procedure are reported here .

APPARATUS MODIFICATIONS

The modified apparatus, employed to obtain the data herein
reported, is shown in Figure 1. The sample reservoir is gradu
ated to aid in measuring the feed rate, and is water-jacketed to
prevent the vapor pressure of low boiling samples from interfering
with the feed rate. The reactor tube is inserted into a solid block
of aluminum alloy, which is heated by electrical windings. This
block is insulated and uniform temperature is maintained by a
pyrometer controller actuated from a thermocouple in the alloy
block. Several reactor tubes can be installed in the same block,
thus increasing the efficiency of operation. The feed inlet tube
has been redesigned to assure a continuous flow of sample to the
preheater, which is a short section of 4-mm. borosilicate glass
beads incorporated within the reactor tube. These changes pro
vide a more constant vapor flow through the catalyst bed than is
provided with dropwise feed. No hydrogen is passed through
the unit during operation, as additional hydrogen may tend to
reverse the reaction and limit the rate of throughput. The modi
fications permit higher feed rates and result in essentially com
plete dehydrogenation in one pass.

CATALYST TREATMENT

The catalyst was prepared in accordance with the detailed
instructions given by Rampton (4). In this work Darco Corp.
activated carbon, 10- to 20-mesh, was used as the catalyst support.
When a new catalyst is flushed with hydrogen, the flow must be
continued until no more hydrochloric acid is given off as evi
denced by a test for chlorides in the exit gases. This step is
essential if a highly active catalyst is to be obtained. It has
been found in another laboratory (3) that considerable time is
saved by hydrogenating the catalyst at 425 0 C., then reverting to
325 0 C. for operation. These workers have also been successful
in regenerating at this higher temperature some catalysts which
had been contaminated by sulfur compounds. The activated
catalyst must be maintained in a hydrogen atmosphere, especially
at elevated temperatures.

PROCEDURE CHANGES

Samples may be dearomatized either by large scale acid absorp
tion similar to the ASTM method (1) or by adsorption on silica
gel. The authors have found it convenient -to dearomatize by
acid absorption. If this method is used, the raffinates must be
percolated through a small amount of silica gel-e.g., 1 part of
gel for 2 to 5 parts of sample-to remove any sulfur contaminants
before dehydrogenation. Using samples prepared in this manner
and maintaining the catalyst in a hydrogen atmosphere, it has
been possible to maintain two tubes of active catalyst for 18
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months. During this time 50 volumes of hydrocarbons per
volume of catalyst have been charged, with no decrease in catalyst
activity. Catalyst activity is checked daily, by dehydrogenating
pure cyclohexane which is relatively difficult to dehydrogenate.
A 97% or higher conversion to benzene is an acceptable activity
test.

RATE STUDIES

Rate studies were made to determine the effect of these ap
paratus modifications and procedure changes on the conversion of
cyclohexanes to aromatics. Figure 2 shows that forfeed rates up to
20 ml, per hour (equivalent to 1 volume of sample to 3 volumes of
catalyst per hour), the amount of dehydrogenation is unaffected
by rate and is essentially quantitative. Above 20 ml, per hour
the conversion tends to decline; however, it is still at least 97%
up to 40 rnl. per hour.

In addition to reducing operation time, the increased feed rate
reduced the amount of ring opening in the methylcyclopentane
molecule. While the opening of cyclopentane rings does not
affect the analysis of cyclohexanes, which is the primary object of
this procedure, it is undesirable if the saturates remainmg after
dehydrogenation are to be analyzed further.

Infrared analysis of the saturated hydrocarbons remaining
after dehydrogenation of a pure hydrocarbon blend containing
35% cyclohexane, 15% methvlcyclopentans, and three paraffins
proved that methylcyclopentane was lost by ring opening to form
methylpentanes. Data in the following table show that at a rate
of 20 ml, per hour the loss of methylcyclopentane was reduced to
about 5% in the case investigated.

The data obtained from runs with naphtha fractions in the six
to eight-carbon range were compared with infrared analyses.
Table II compares cyclohexanes by dehydrogenation of the whole
sample to the sum of the individual cyclohexanes by infrared
analysis of a series of distillate fractions. The agreement be
tween cyclohexanes determined by these two independent meth
ods was generally better than 1%. This comparison could not be
extended beyond the eight-carbon range because infrared meth
ods have not been extended beyond this range.

Table II. Comparison of Cyclohexanes by Dehydrogena
tion and Infrared Methods in Straight-Run Naphtha

Fractions

Boiling Range. Carbon No., Cyclohexanes, Vol. %
-o. Range Dehydrogenation Infrared» Difference

60-80 C,-C, 28 27.7 +0.3
'37 367 +0.3
19.5 20.5 -1.0
35.5 36.0 -0.5

60-92 C6-C, 24 24.4 -0.4
60-10.5 C6-C, 40.5 40.1 +0.4

39 39.9 -0.9
80-90 C,-C7 8 8.9 -0.9

12 5 10.6 +1.9
9 8.2 +0.8

90-105 C7-C, 54 .5 .54.4 -0.1
53 5 53.6 -0.1
55 054.8 +0.2
54 . .5 52.9 +1.6

105-130 C7-C, 32 33.1 -1.1

Average difference 0.7

a Summation of analyses of a series of distillate fractions.

By operating at 20 ml. per hour, a yield of dehydrogenated
material sufficient for analysis is obtained in 1 hour.
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6
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Figure 2. Effect of Rate on Dehydrogenation On
Cyclohexanes

Runs made on known blends of six- and seven-carbon hydro
carbons which consisted of the major components present in nar
row boiling gasoline fractions showed deviations from the known
values of about 1%. Table I shows the composition of ten blends
and the deviation of the experimental results from the known
values. Where dehydrogenation analyses were carried out in
duplicate, the reproducibility was about 0..5%.

DISCUSSION OF RESULTS

The experimental values for cyclohexanes by dehydrogenation,
given in Tables I and II, were calculated from the aromatic con
tent of the dehydrogenation product back to an original sample
basis using the formula given by Rampton (4). The aromatic
contents of the products were determined by ASTM method (1)
although any method yielding aromatic contents with an ac
curacy of ±1% is satisfactory.

The accuracy achieved in the range studied indicates that
dehydrogenation of cyclohexane rings is practically the only reac
tion occurring, and there is no appreciable amount of interfering
reactions such as cracking or isomerization-for example, iso
merization of alkylcyclopentanes to form cyclohexanes would
have produced high values for oyclohexanes. To establish the
amount of cracking, several samples of the exit gases were
analyzed by the mass spectrometer. These gases contained
about 98% hydrogen, produced by dehydrogenation of cyclo
hexanes, and less than 2% hydrocarbons, showing that very little
cracking occurs.

This method has already proved to be a valuable analytical tool
for the determination of cyclohexane type naphthenes in the six
to eight-carbon range. By using fractional distillation and

-0.3

+2.4

+0.6, +0 6

+0.7, +0.8

-1.3

+0.2, +0.8

+2.2, +2.8

+0.8

+1.0

49.2

43.0

32.5

42.9

62.7

81.8

63 8

38.2

1.5.8

Cyclohexane
Met.hylcyclo

hexane
Met.hylcyclo

hexane
Methvlcvolo

hexane
Met.hylcyelo

hexane
Et.hylcyclo

hexane

Cyclohexane

Cyclohexane

Cyclohexane

Cyclohexane

Naphthenes Theoretical %
Cyclopentanes Cyclohexane~ Cvclohexanes Deviat.ionsw

lvIethylcyclo
pentane

Methylcvclo
pentane

Methylcyclo
pentane

Metbylcvclo
penta.ne

Met.hylcyclo
pentane

4 dimethvlcyclo
pentanes

4 dimet.hylcyclo
pentanes

4

2

3

3

3

3

21 9 +1.0, +1.

Average deviation 1 . 1

a Experimental value minus theoretical value.

Par
affins

Table I. Dehydrogenation for Determining
Cyclohexanes in Hydrocarbon Blends

Blend Composition, Number,
and Type of Compounds
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propel' choice of cut points, cyclohexane, methyl cycloh exnn c, and
to ta l C, cyclohexanes (exclud ing L l -d imethylcyc lohcxa ne) haw
been determi ned in pe t ro leum fract ions.

In add it ion to its usc in .th e lower molecu la r weigh t rang e, t he
dl'hydrogenation method may be extended to the C. range and
higher . Decahydronaphtha leno, a di cy clic, has been quantita
tivelv deh ydrogenated in the presen ce of n-decan e. There a re,
ho wev er, t wo complica t ions to be cons ide red when th e meth od is
a pplied to the high er ran ge: The possib le number of gem-substi
t u ted cyr-lohexnne isomers inc reases ra pid ly, so that the read abl e
cyc lohe xuncs sho uld not be confused with total eyclohexanes. and
th ere is at presen t no indep en den t met hod for checking th e ue-
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cu ra cy of resul t s. The few res ults ob tained so fa r hav e appeared
to be logi cal , but further investiga tion is need ed .
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High Temperature Refractometry with an Abbe-Type Instrument
E. P. BLACK, W. T. HARVEY, and S. W. FERRIS

Sun Oil Co., Marcus Hook, P«.

A LT H Ol ' G H refrac t ive index measurements have been used
.t\.. for many years for the characte riza t ion of petroleu m waxes,
th ere has been little uniformi ty in testing te mperatures . ~ran~"

wax te chnologists ha ve used 176 0 F. (80 0 C.) since 1929, follow ing
t he sugges t ion of Ferri s, Co wles , and Henderson (3 ), who rep orted
refraet ive indices at th a t t.ernpe ru ture in connec t ion with their
wo rk on t he composit ion of pa ra ffin wax . Until recently 176 0 F "
was gen erally a cce ptab le, sinc e it fulfilled a primary requi sit e of
ma intaining any a va ila ble pet ro leum wax in the molten sta te.

Lately , however, man y petroleum wax es a re be ing produced
t hat melt in t he neig hborhood of 200 0 F . and, conse quently,
176 0 F. is no longer a de quate for gen eral wa x refra ctom et ry .

The te mpera ture 212 0 F . is sug gested herewith as a suitable
te mpe ra tu re for refract ive index measurements, since it exceeds
the me lt ing po in t of a ny cur ren t petroleum wax product a nd it is
cnnven ien t ly attainable by the usc of low pressure steam as a
hea ting medium, The adap ta tion and use of an Abbe-t ype re
fra ctometer for 212 0 F . refractome try is descr ibed below.

AI'I'A HATUS

R efrac tom eter. The instru me nt sho wn in F igur es I and 2 was
manufactured hy the Valentine T echnica l I nstrument Corp. a nd is
dr-signated as th e Improved Precision model. In orde r that te rn
j x-ra tures of th e order of 212 0 F . cou ld be reg istered, a Saybolt
v isr-ositv thr-rmometer wi th a range 204 0 to 2180 F ., gradua ted
in 0.2 0 F . di visions, was install ed in t he jacket well. A specia l
ho using to protect th is th er mo met er fro m breakage was made
by weld ing a bras s pipe exte nsion to the gua rd or igina lly suppl ied

. '", . ~\~3>'
.../
I

Figure 1. R efra cto m e t e r Setu p

with th e refr actomet er . T he the rmome te r was cheeked aga inst
on e ca lib ra te d by the Xat ional Burea u of Stand a rds , and was
found to agree, after eme rge nt ste m correc tio n, within 0.10 at
2 12 0 F.

Tem perature-Control System. The water jacket of the re
fracto me te r was connected to a source of low pressure st ea m a nd
colinked with a I-li ter wa ter ta nk in suc h a way t hat eit he r wa ter
from the tank or steam cou ld be admit te d to th e jacket. T he
water tank was equipped with a 500-watt im mersion hea te r.
\Ya ter from the jacket out let was recir culated, hut th e steam
exhaus t was vented to the drain.

F igu re 2 . Refr a cto m eter Setup

In prep ari ng the instrument fo r use, t he tank water was
heated fro m roo m tempera tu re to 200 0 F . whi le being circ ulated
through t he jacket to raise the prism temperature gradually,
th us avoid ing t he damage by thermal shock that is lik ely to
result from too rapid hea ting. " "hen the tem perature ha d
reached 200 0 F . or above, over a peri od of at least 30 minutes,
the wat er was shut off a nd steam at abo ut I-pound gage pressure
was tu rned on . After 5 minut es of steam flow with the tempera
t ur e rem aining consta nt (±O.l° F .), t he instrumen t was co n
sidered to be at te m perature equi lib rium and ready fo r ind ex
determ inations ,

The jack et temperature in th is apparatus held well within
± O.lo F. for an hour or more. Al th ough occasiona l drift of
0.1 0

0 1' 0.2 0 was observe d, it was too slow to be significa nt during
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any on e index determination . In any case , however, it is advis
ab le to record the jacket temperature with ea ch determinati on.

Insulation of R efractom eter . I nit ial potentiometric tempera
ture measurements made on the uniusulatcd refractometer in
dicat ed a te mpera t ur e differential of 6° to 8° F . bet ween t he
str-am-hentcd jacket and th e sample . In or der to m ini mize
local cooli ng and t o prov ide satisfac to ry tempera ture con trol,
the pri sm mount ings were insul a ted as descr ibed below.

Slabs of cork 0.25 inch thick were cut to fit the sides of the prism
mo untings , exte nding 0.25 inch beyond th e perimeters. Slabs
for t he top, bott om , front, and back were cut to t he widt h of ti ll'
mo u nt ings. Thus, when t he piec es were in pla ce, t he overlap of
t he side insul a ti on Iur nishcd a surface for cement ing the abutting
slabs cove ring th c other areas. It was, of co urse, necessary to
make suita ble openings for t ill' ligh t path, for th e heating medium
connections, for the therrnorncter well, a nd for th e spindle. The
cove ring for the entire left or sp indle side of both prism mounti ngs
was a sing le slab, pieced together a ro und the sp indle, and fixed
rigid ly to the to p pr ism moun tin g ins ulation . The covering of
t he front, bottom, and righ t side of the lower mounting was
fas te ned to , a nd m oved wit h, th e moun ting when it was op ened
or closed. The cork sla bs were join ed wit h Arm strong's No . 2U!l
water pr oof come nt., Al th ough this ceme nt is slow drving, it is
res ista nt to water. The cork covering was coated with a th in
layer of ashostos cem ent, which was in t urn pai nted with a t hin
slu rry of 1: I alundum powder and .[0 0 Be . so dium silicat e solu
tio n. T his coa t, when dry, served to fo rm a stren gt hening
crust over the structure. A fina l coa t of white pai nt was applied
to th e finished insu la tion .

1.333~
1.332

1.3 3 1

l 330

a dva ntageous to readjust t he alignme nt of the p risms with re
spect to the refract ive ind ex sca le in orde r to read correct values
d irectly. T he adj us tment was made by refere nce to a glass test
piece: nf? = 1.5000 . According to information furn ished by
the manufacturer, t he refractometer wa s subject to a deviation of
-0.7 X 10- ; in index read ing for every deg ree (centigrade) rise in
te mpera ture . Therefore, if the instrumen t is to read correct ly at
212 ° F., it should register a va lue of 1.500;i3 for the test pi ece at
77° F ., wh ich happened to be the tempera ture of th e instrument
when it was adj usted in t hese experime nts .

The adjustment was a ccomp lished by t he followin g pr ocedure:

The refrn ctom r-tcr was pla ced in reverse to th e normal position.
The bo dy of t he inst ru men t was ti lt ed slightly towa rd the opera
tor, a nd th e low er pri sm mo unting was opened to a n angle of
about 110 ° wit h the upper mo un ting. T he test piece wa s fixed
to the ex pose d far-e of the upper pr ism with a drop of monobrorno
na phthal ene, t he po lished sid e aga inst th e pri sm and t he polis hed
end downward. A square of white pap er was placed against the
exposed face of t he lower pri sm mounting to divert ligh t from t he
source, placed a bove, into the lower end of the test pie ce. A
shar p field div ision appeare d in the te lescope . T he field division
was set a t th e center of th e cros s hairs.

The sca le a rm wa s loosened by turning the set screw tha t grip s
the arm to t he spindle. T he arm was the n shifte d with reference
to the spi nd le unt il t he hair line obs erved t hro ugh the micro scope
coincide d wit h the reading 1..500,5;). The arm was set in this
posit ion by t ightening the set-sc rew.

The nccurucy of the se tt ing was tes ted by pro ceed ing as in II

normal refra ctiv e ind ex determ ina tion - t ha t is, a ser ies of read 
ings was tak en , unt il at least four were recorded tha t ag reed
wit hin 0.0002 . Sin ce the av eraged rea dings fell somewha t mor e
tha n 0.0002 below t he desir ed rea ding of 1.5005 3, a fine a djust
ment was made by setting t he hairline of the micros cope a t
1..:;0053 on th e sca le, a nd shift ing th e cross hairs in th e telescope
to bri ng their center to the field divi sion. The cross hai rs were
shifted by turn ing th e Allen se t-sc rew on th e side of the telescope
barrel.

1.328
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An alternat ive a nd mor e direct method of adj us tme nt ca n be
used where suitable ind ex standards are avail abl e wit h kn own re
frnctive index at 212 ° F . (T he Sun Oil Co. has supplied n-Hex
adeeane a nd cis-Decalin a s standards for coo pera tive tests, but
arrangem ents are in progress to t ra nsfer this service to one of th e
nationa lly known research inst itu tions. )

The refrac tome te r, placed in normal posit ion , is rai sed to
working temperature, and th e standa rd substance is placed in th e
spa ce as in no rma l testing . T he field division is placed at the
cross hair in tersection as ac cura te ly as possibl e and t he sec to r
sca le is a dj uste d as described above. T he co rrect se tt ing for th e
sec tor seale can be ca leulnte d as follows :

Scale read ing = nO,l' + c (212 - t)

where
t =' obs er ved ja cket temperature, ° F .
c = te m pera t ure coefficient of refractive ind ex

The value 0.00025 is applicable to pure n-hexadeeane or C1S

Decalin if (212 - t ) is not over 15° F .

200ISO16014012 010 080
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F igure 3. Dala f rom Tests with 'Water

Light Sour ce. A sodium ar c la mp was used as the ligh t source ,
:15 it permitted the remo val of the compe nsa t ing pr isms, and
t hus allowed more room for insula t ion and for positi on ing th e
prisms. Furthermore, it afforde d a n adva ntage in sta ndardiza
ti on, since most pu blished valu es a re given for the D line of so
dium.

ADJUSTMENT OF TilE IU:FR ACTO:\IETER

It is st andard pract ice to const ruc t refrnctometers to read ac
cu rately a t 68° F., ar.d it follows tha t readings made at any other
temperature a re subj ect to a t emperature correc t ion. When,
however, a n instru men t is to be used routinely for det erminations
of index at a temperature differing conside rnbly from 68° F. , it is

J ACK ET A:-;U SA M P L E TE:\II'ERATUR E S

Tests with Water. The sa mple temperature was determined
under test condit ions by rela t ing the refra ct ive index of water,
as observed in t he modified instrument , to t he corresponding
te mperature deri ved from published data.

The data of Til ton and Taylor (6) a re considered to be of the
highest ord er of dependabilit y but a re limi ted to the range 59° to
I·ta ° F . On the ot he r hand, t he data presented in the Ch em ica l
Rubber Pu blishi ng Co . Handbook (,.0 cove r t he range from .57° to
212 ° F ., a lt hough the sou rce is not giv en . The two sets of data,
po rti ons of whi ch a re plotted in Figure 3, a re, how ever, in fa il'
agree ment wit h each other in t he rnnge covered by both. The '
maxi mu m disagr eem en t at any point is 0.0001. This is within
th e limit of accuracy of ord ina ry laboratory work, a lt ho ug h it
may be a significa nt dev ia t ion for precision work. The ag ree
ment is su ch, however , that the use of th e han dbook data at.
212 ° F . as a standard appeared justified .
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Test data were obtained with a 30% heart cut from redistilled
water. In each of three tests, index readings were started as
soon as the prisms were closed on the sample, and were continued
without pause, with an alternating up and down approach to the
cross hairs, as long as enough water remained to give a readable
field division. Average readings after temperature equilibrium
was established, were, respectively, for the three tests: 1.31769,
1.31767, and 1.31765. The average of these, 1.31767, was ac
cepted as the determined value of nl:>. The jacket temperature
was 213.8° F.

The sample temperature was computed from the above data by
the equation:

t = 212 + nh - nlr
c

where
c = temperature coefficient of index

= -0.000164;0 F. This was calculated from stated values
for ni?8.4° and ni120

Substituting the value determined in the instrument for nl:>.
the calculation is:

t = 212 + 1.31767 - 1.31783 = 213 0° F
-0.000164 ..

Since the jacket temperature was 213.8° when the data were
taken, a gradient of -0.8° F. is demonstrated between the jacket
and the sample.

The sample temperature can also be determined graphically by
extrapolation of the nD - t curve, Figure 3, to intercept the coor
dinate nD = 1.31767. The lines meet at 212.9° F. as double
circled in Figure 4, which is a detail of Figure 3, including only the
area near 212° F. By this method the temperature gradient is
shown to be -0.9° F.

Correction of the jacket temperature by -0.8° or -0.9° to
derive a true sample temperature is suggested by these data, but
such a refinement is regarded as unwarranted in view of the un
certainty of the accuracy of the reference data.
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from a number of index observations on the Eykman instrument
over a range of temperatures:

For n-hexadecane (75° to 216° F.)

n =~ F. 1.45044 - 0.0002317t(0 F.)

For cis-Decalin (156° to 288° F.) .

n~ F. = 1.49697 - 0.0002364t - 0.000000028t2

Values for ni12calculated by these equations are, respectively,
1.4013 and 1.4456.
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REFRACTIVE INDEX AT 21zoF

Figure 5. Refractive Indices in Study of Peteoleurn Waxes

Refractive indices of the standards were determined with the
Abbe instrument by each of four operators. Results for each
sample agreed within 0.0002. The averaged results are given
below, and compared with the Eykman values.

Refractive Index, 212 0 F.
n- Hexadecane Ci8-Decalin

1.3174L--l..._-'--l_.........--JL-......._.L-......

Eykman refractometer
AbM refractometer
Deviation

1.4013
1. 4014

+0.0001

1.4456
1.4454

-0.0002

TEMPERATURE, OF

Figure 4. Detail of Figure 3

Tests with Pure Hydrocarbons. The accuracy of results
obtained with this modified Abbe refractometer was established
by testing samples of n-hexadecane and cis-Decalin representing
the approximate extremes in refractive index encountered in
petroleum waxes. The indices of these samples were determined
by use of an Eykman refractometer giving results estimated to
have accuracy better than 0.0002. Refractive indices at 212° F.
were calculated by the following equations which were derived

208 210 212 214
The deviations are of opposite sign, indicating that average

results are accurate.
On the basis of the results obtained with water and with

hydrocarbons, it was concluded that the temperature of the
insulated jacket may be accepted as the sample temperature.

PROCEDURE FOR ROUTINE TESTING

One or 2 drops of liquid sample (or an equivalent amount of
solid wax) is placed in the sample space between the prisms.
Temperature equilibrium is established in about 2 minutes.
Several individual index readings are then taken in the customary
manner, and at least four of these, agreeing within 0.0002, are
averaged to give a value for nh.
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The refractive index, nf,12, is calculated from the equation:

nf,'2 = n'o + e(1 - 212)

where
I = jacket temperature in 0 F. (corrected for emergent stem)
e = temperature coefficient of index for the sample
For hydrocarbon waxes, the value of c is 0.000214 per 0 F.
Corrections to 212 0 F. can be determined more conveniently

by use of a table listing the calculated corrections, including
emergent stem and temperature coefficient, for all thermometer
readings from 210 0 to 214 0 F. at intervals of 0.1 o.

rich in straight-chain compounds, while many of the others are
essentially free of normal paraffins, and presumably of highly
branched or cyclic structure.
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DlSCUSSIO"l

This modified refractometer has been used routinely for over
2 years with no difficulties other than occasional damage to the
prism insulation or deterioration of rubber tube connections.
Originally it was thought that the prisms would loosen or become
clouded under high temperature conditions, making index read

.jngs.difficult, but neither condition has yet been encountered.
Figure 5 illustrates one method of employing refractive indices

in the study of petroleum waxes. Values for normal paraffin
hydrocarbons fall on or slightly below the diagonal line. This
line was established from literature data (1, 2, 5) calculated to
212 0 F. The points are for substantially oil-free petroleum
waxes, and the position of each, with respect to the line, gives an
approximate idea of the composition. Those close to the line are
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Spectrophotometric Determination of Vicinal Glycols
Application to the Determination of Ribofuranosides
JONATHAN S. DIXON and DAVID LIPKIN

Department of Chemistry, Washington University, St. Louis, Mo.
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Table I. Spectropbotornerrtc Defer-rnfrratfori of
Periodate ConsulTIption by Ribofuranosides

Wave Moles (X 107 )

Length, Moles (X 107) of Periodate
m"a of Riboside Added Consumed Ratio"

227 3. 63 4. 94 3.69

Compound

Adenosine
Adenosine-5'

phosphoric
acid 227 O. 97 1 . 98 1 .02

Guanosine 224 3.06 4.94 3.08
Cytidine 227 4.10 4.94 3.84
Uridine 230 4.10 4.94 4.09

a Wave length at which disappearance of periodate was followed.
b Moles of riboside to moles of periodate consumed.

EXPERIMENTAL

Materials. A O.lM stock solution of sodium metaperiodate
(G. Frederick Smith Chemical Co., Columbus, Ohio) was pre
pared and standardized by the usual procedure (3). A portion of
this solution was diluted' to a concentration of 1O-4M.

The ribofuranosides, with the exception of the adenosine,
were commercial samples (Schwarz Laboratories, Inc., Mount

metric procedure, formic acid is oxidized to carbon dioxide and
water by metaperiodate. This appears to be a photochemical re
action which occurs in the light beam of the spectrophotometer.

The spectrophotometric determination of vicinal glycol groups
was carried out on a variety of compounds. The data obtained
with several ribofuranosides are summarized in Table I. The
strong purine or pyrimidine absorption of the compounds listed in
the table does not interfere with the determination. In addition,
the absorption spectra of the ribosides apparently are sufficiently
like those of the corresponding dialdehydes produced in the oxida
tion so that results of reasonable accuracy are obtained.

A STANDARD method for the determination of vicinal
glycol groups in organic compounds is the oxidation of a

weighed sample by a known amount of periodate followed by a
volumetric determination of the excess periodate (3). The work
reported in this paper demonstrates that the consumption of
periodate by vicinal glycol groups may be followed spectrophoto
metrically by using the absorption band of metaperiodate which
has a maximum at about 223 m/, (2). The advantages of this
spectrophotometric determination of periodate consumption over
the usual technique are twofold. First, the rate of the oxidation
reaction may be followed readily and the completion of the re
action is ascertained easily. Second, the determination 0{ vicinal
glycol groups may be carried out on about 10-8 to 10-6 mole of
sample. It is feasible, therefore, to apply the method to the
quantitative determination of such groups in materials which
have been separated by paper chromatography. Recently, a
method for carrying out such determinations colorimetrically
was described by Adelberg (1). This colorimetric method in
volves considerable treatment of the sample prior to development
of the final color and appears to be less accurate than the pro
cedure described here.

In applying this procedure to the quantitative determination of
vicinal glycol groups, several factors must be considered. One of
these factors is the absorption of light by the products of the re
action and the reactants. The products formed in this reaction
are iodate ion and compounds which may contain carbonyl or
carboxyl groups. Fortunately, iodate ion has an extinction co
efficient which is at most one tenth that of metaperiodate in the
region 220 to 240 m!' and introduces no large error in the deter
mination. Unconjugated carbonyl and carboxyl groups also do
not interfere, but difficulties may be encountered in oxidations
where products with conjugated carbonyl or carboxyl groups are
formed. In contrasting this procedure to the standard volu-
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Vern on, N. Y. ). The ad enosin e was a sa mp le of mat eri al
ca refully purified in thi s laboru torv. An a queo us solution of
known concentr a t ion was pr epared from eac h one of the ribosides,

Distill ed water whi ch contains no appreciable amount of
periodat e oxidi zabl e impurities wa s used for p reparing a ll solu
tions.

Procedu r e. A Beck ma n Mod el D C spectrophotomete r was
used fo r measuring a bsorbnncies.

Four quartz ab sorption cells with a 1.00-em. light path a l'e
fillpd wit h wat er and a bso rba nce readings ta ken using one of
th e cells ( X o. I ) as a blank . Any ubsorba nee differen ces for t lu
ee lls found in t his way a re la ter applied as co rrect ions, Theil'
cells 2 , 3, and -I a re empt ied , dried , an d filled in the following
ma nn er : E qua l a nd kn own volumes of solut ion conta ining t hr
oxid izable sample a re a dde d to cells 2 a nd -I a nd the sa me volume
of wa ter is pu t in cell 3. Simila rlv , equal a nd known volum es
of 10 - ' .If peri oda te solut ion-ca . 20 to 100% in exc ess-e-nrr
a dd ed to cells 3 and -I, whil e a n eq ual volume of wa ter is ad ded
to (·e11 2. Th e solut ions in the cells are mixed and the ir absorb
un r- ir-s ar e measured at 5- to lO-minute in terva ls agains t cell 1 as
a hh .nk. T he abso rba nce of cell ,1 subtract ed from the sum of
ti ll' absorb unc-ies of ce lls 2 and 3 represe n ts the decrease in a b
so rb a nce du e to r-ousu mp t.ion of periodute by the sample. When
th is a bsorb um-e di fference becomes constant in 60 to 90 minut es,
till ' rea ct ion is considered complet e. This differen ce divided
b.\· th e ubsorba nco of cell 3 at zero t ime is equa l to the fra ct ion of
the known a mount of added peri odnt e th at is cons umed in oxi
d izing th e vicina l glyco l groups.

T he a bso rb unce of cell 3 is followed in order to correct for t he
slow cha ngo in absorption wh ich takes place in IO- 'Jf so lut ions
of motu pcrio da te. This cha nge p resumnbly is du e to changes
in tempera ture, p lI , etc . (2 ).

The rib onu eleosides are oxid ized at II rapid ra te at concent ra
t ions of IO- '.If. Wi th substances whi ch a rc oxidized a t incon-
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venient ly slow ra tes (hours 01" days for complete oxidation ) in
such con centrnt ions-e-i.c., et hy lene gly col and e -m ethylgluco 
side- it is desirable to alte r the a bove procedure . I n such cases
the react ion may be ca rried ou t a t conce nt ra t ions about t wenty
fold higher in absorpt ion ce lls wit h a 0:5-mm. path length . An
ult ernat ive pr ocedur e, whi ch also has pr oved useful, is t o ca rry
out t hr- oxida t ion in mu ch more concont ra ted solut ion, remove
a liquot - at desired interva ls, and d ilute to a conve nient vo lume
for t lu- uhso rbunce readings,

In a ppl.\·ing this spect ro pho to metric method to compounds
whi ch hnv. lx-en eluted from a paper chroma to gra m, it is neces
sa rv to apply a correct ion for th e period a te-oxidizable sub stances
whi ch an' e lu ted from t he paper a long with the desir ed materi al.
T his «o rrcr -t ion ca n lx- made readily by e lu t ing a blank piece of
pa pe-r of known a re a a nd det ermining spec t ro photomet.rica lly the
a mount of peri odat e consumed by th e elua te . A cor rect ion then
ma v h,' appl ied to the a mount of per iodut e consumed by t he sa m
ple ba sed on th e area of paper from wh ich th e sa mple was elute d .
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Determination of Adsorbed Moisture on Uranium and Uranium Oxide
JA MES O . HIBBITS and DONALD ZUCKER

Y·12 Plant, Carbide ana Carbon Chemicals Co., Oak Riage, Tenn.

ALT HO u G H this meth od was inte nded to determine only t he
on IeI' of magnitude of th e per cent of moisture adso rbed

0 11 uranium a nd ur anium oxide (U ,O. ) du ring tr eatment pri or to
wl'ighing, it wa s evalua ted more pr ecisely because of it s gen eral
a ppliea bility to other similar problem s.

Probab lv the most important advantage of t he K arl Fischer
reag ent. is ' it s abi lit y t o det ermine rapid ly and ncc u ra telv very
small qu an tities of water. However , when the sample to be
a nn lvzed is insoluble in alcohol 01" t he Karl Fischer reagent , or
will react with the reag en t , as is thc case -with a number of inor
ga nic sa lt s a nd oxides (5 ), a direct titration with Kar l Fischel'
reagent woul d seem to be unsati sfactory . Recen tly (7) , the
Karl Fis cher t it ra t ion has been employed for the det erminat ion
of moisture in gas es by passing a measured amount of gas through
a known amount of reag ent.

A modification of this t echnique wa s uti lized to ov ercome
the inher ent d isadvantages of d ire cf ti tration of insoluble
u ran ium and ur ani um oxide. T he sa mple was placed in a qu a rt z
t ub e and heat ed, a nd the evolved moistu re swept into a sp ecia lly
d esign ed tit ration cell wh ere it rc nc tr-d with th e reagent. T he
dr-ad -stop end-point technique of Foulk and Baw den (l , 3) was
u sed for dct er-ting the en" poin t. of th e t it ra t ion.

H EAGENTS

Absolu te met.hunol. ::\0 a ttempt was mad e to desicca t e 0 1'

fu rther puri fy t he methanol.
Karl F ischer reagent , prepared in t he usual manner with 26!J

ml. of pyridin e, 84 .7 grams of iodi ne, 667 ml. of absolut e methyl
u lcohol, a nd 64 grams of liq uid su lfur dioxide.

Standard water solution, p repared by t he dilu t ion of a kno wn
a mount of wat er with absolute met ha no l.

Sod ium ta rtra te d ihydra te, reagent. grade.
Barium chloride dihydrate, reagen t grad e.
Magn('sium perchlora te, a nhv d rous .

A PPA H ATUS

As only small a mou nts of water were to be determined , t he
apparatus described has been used successf ully to keep conta m
ina ti on from atmospher ic moi st ur e to a min imu m prior to and
dur ing t he tit rat ion.

The ini ti al pr essure of t he ta nk nitrogen , used as a sweep gas,
was cont rolled by II low ra nge (0 to JO pounds per sq uar e inch )
p ressu re regul ator. T hree drying to wers of a nhydrous mag
nesium per ch lorat e were used for pr eliminary drying of the
sweep gas ; remaining t rac es of moistur e were removed by a dry
ice-acetone t ra p . St opcocks on either side of t he cold trap per
mi t.t cd fine cont rol of t he gas flow ra t e.

T he essen t ia l part of t he hea ti ng t ube was composed of 25-mm.
qu artz t ubi ng, 65 em . in length. A standa rd taper 29/ 42 ma le
jo int was sea led to one end of th e t ub e to serve as a sa mple port .
An 8-m m. diameter side arm, 5 em. fro m t he sa mple port , a llowed
int rod uct ion of t he sweep gas in to t he hea t ing tube. A l fi-cm.
secti on of 8-mm. t ubing was sea led to the exha ust end of t he hea t 
ing t ub e. Alt hough t he dimension s of t he quartz t ub e are not
criti ca l, t he ground-glass joints must be loca t ed at suffi cien t d is
t an ces from the furna ee to pr ev en t vola til ization of t he joint lubri
ca nt wh en t he t ube is heat ed .

The qu art z t ube was heated b v a 12-ineh tube furnace, whose
t emperatu re was cont rolled bv a va riab le aut ot ra nsforme r.
T empera tures be low ~OO o C. wer e read from a t he rmometer
p lur-ed in the tube : high er t emperatures were indicat ed by a
t he rrnor-ouple placed outside t he t ube in the hea ted zon e ,

The posi tion in th e t ube of platinum boat s ( ~ X 3/, X 3/ . inches),
wh ich were used as sample con tainers, was adjus ted with a st eel
ro d wh ich had a small hook at one end for removing t he sample
boats.
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Table I. S la n d a rd i>:a t io n of Ka r l F iseb cr Heagent
\'"a tc r . Vol. K.r., Rean on t St rt-nnt h.

lII ~ . xu. ~I~. J l:O/~1 1. K.F.

The titration cell was a combinat ion of earl ier desig ns used h v
R oman a nd H irst ( I) and Zerba u a nd Sattler (8 ) a nd consisted
of tw o par t s joined hy a standard taper joint. The buret en
t rances (standard taper female join ts ), gaR inlet , and gas ou tlet
were seal ed t o the top par t of t he cell, which was held perma
nently in positi on. The gas outlet was prot ected by a d ryi ng
tube containing mag nesium perchlora t e. P la t inu m elect ro des ,
sea led t hrough sta ndard tape r male joints, were inser ted into
two femal e jo ints projecting from t he sid e of the bot-tom part of
t he ce ll, faci litating t he re moval of the electrodes for clean ing .
The gas inlet t ub e extended nea rly to the bottom of t he t it.rut .ion
ve:<sel to ens ure complete absorpt ion of mo ist u re bv t he solu
t ion and simu ltu noous ly provide st irring. A similar tit rat ion
vessel, used for sta nda rd iza tion of K a rl Fischer reag en t. agai ns t
a sta nda rd water- meth anol solut ion, contained a side a r m, with
a ground-glass stopper, for p ipet.ting t he standard water solution
in to t he cell.

K ar l Fi scher reagen t and methan ol were containe d in 2-litp l"
reservoirs, connec ted hy gro u nd-gla ss joint s to 50-m l. automat it'
burets. This assem bly wa s protected fro m at mosp heri c mo isture
by magnesium perchlorate d ryi ng t uhes. Standard tape r male
jo ints were sea led onto t he buret t ips to a llow an u.irt.ight sea l to
t he top of the t itration cell. T his asse mbly is shown in Figu re I .

All connec t.ions in the appa ra tus between t he cold t ra p a nt!
1it ruti on cell wen , bull-a nd- socket. joint s.

T he elect ricul circuit used for t he dead-st op ti tmtion was simi
la r t o t hat shown hy Mitc he ll a nd Smi th (4).

Hfl . "i
H9 . t
!i9 . 7"

\l'ater-;\lethanol Stan.lard

30 .02
ao ] i
30 .07

3 32
3 30
3 32

d ihydrate, was immedi at ely ins erted in to t he quartz tube. The
gas How was readjust ed to it s or igina l ra t e, an d the tem perature
of the furnace adju sted t o 140 0 C. T he mo isture evolved from
t he sa mple was swept in to t he t it ration cell, where it was ab
sorbed in a slight deficiency of reag ent (as ca lcula te d from the
t heoret ica l a mo unt of wa t er presen t ); the ti t rn t.ion was t hen com
pleted with the reagen t . T o ens ure complete removal of water
fro m the apparat us , the anal ysis was not te rminated un t il t he
eq uilibrium was maintained for 30 minutes of gas flow. T he
sa mple was rem ov ed from the apparatus, cooled in a des icca to r,
a nd weigh ed . The moi st ure Joss on hea ting was t hen ca lcu lated
from t he change in weight . T he sodium tart rate used in t hese
determina t ion s contained the theoret ical a mount of water
( L,).(j(j% ) as determined hy dry ing 10 constant. weigh t at 150 0 C.

Hesu lt s of tw o standardizations of th e reagen t with sod iu m
tartrate dihydrate a re given in T able 1. They were obtained
th e day before standardization with the wa ter-methano l st a nd
ard. T he agreement is good eno ug h to indicate that standard
ization of the reagen t with t he dihyd ra te is feas ib le. Only tw o
va lues for reagent strength, obtained using th e evolution pr o
cedure , were compa red with standard ization aga inst. the water
metha nol solution becau se of t he ti me required for each de
termin a tio n. All subse que nt stu ndurd izu t ions were carried
out in th is manner to prove th e ind ica t ed feas ibility of the
met hod , y ield ing results di fTeri ng only by the expected decrease
of n' ag;ent strength with t ime.

Blanks. I n orde r to dem onstra te t he ability of t he syste m to
remain moisture-free under opera ting conditions for exte nde d
periods of time, ni t rogen was a llowed to bubble through an equili
hrutcd solu t ion of me tha no l an d K arl Fi scher reagent. X o
ch.u ige in t he en d poin t occurred durin g 5-huur periods at furnace
te mperature s be tween 2.')0 and 000° C.

f:X I'f:H I~IE:'I'TA L "HOC Etl U H E A!\;tI H E~U LTS

Alt h ough , in prelimina ry t itrations of reagen t ver su s methanol,
the for wa rd a nd h ack t it rut ions gave ident.ir-a l result s, t he for 
war d titration was used in a ll eases to est.abli sh the end point .
As it was rea lized t ha t so me ovc r t it ra t ion might, occ ur , the ratio
of reag en t to met ha no l \'"'\ S determined pe riodir-a llv , and was
known a t a ll t imes to wit hin ±0.7 % . A more ac cura te knowl
edge of the ratio was III11W' '' 'ssar y, beca use the a mount of meth 
anol used to back -titrat e wa s never more than O.I ml.

Standardization of Karl Fischer Reagent with Standard Water
Methanol Solution. Procedures simila r to tho se described by
Mi tchel l and Smi th (2) were employed in t he prep a ration and
use of a wa ter-m ethanol standard to standa rd ize th e Karl Fi scher
reag en t . Valu es ob ta ined by standa rdiza t ion of th e reagen t in
this man ner a re listed in T able 1.

Stan dardi za ti on of K arl F ischer reagent by di rect ad d it ion
of sodiu :n tar t ra te dihydra te to the cell is not recommended
when usin g a cell similar to t he one used here. As t he onlv stir
ring act ion present res ults h om the sweep gas, th is t it ra tion is
so lengthy th a t , after a few un su ccessful attem pts, it was given
up as irr.p rncti cal .

Standardization of Karl Fischer R eag en t with Sodium Tartrate
Dihydrate . Neu ss, O'Brien, and Fred ian i (6) tested a number
of crys ta lline hydra tes for US ? as wate r sta nda rds a nd found tha t
sod ium ta rt ra te d ihyd ra te proved outstand ing. The procedure
fo r the standard iza tion was as follows :

Approximately 10 ml. of I r e stock meth anol solut ion was added
t o the cell a nd nit rogen a llowed t o bubble t hrough at about. 15
t o 30 m l. per minute. This solut ion was t it ra te d to t he end point
with E a rl Fischer reagen t , and a llowed t o st a nd for a bout an hou r
wit h nit rogen flowing to checc th e apparatus for mo isture. T he gas
flow W !'IS in creased t o about GO to 70 ml . per minute, am! a pla ti 
num boa t, containing approxima t ely 0..5gram of sodium tartrate

:!4 . !1,:}
:.?EL5;j

Figure 1. Titration Asserrrhly

3 33
3 .:12

Sodi u m Tartra t e nih ydrat(~

\Y a tf ' r E \"ol q 'd " ,
~ I ~ .

83 .0
S.J . !I
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H ECO:\I M E NDATIO N S

a F u rna ce te m per atur e of 840 0 C.
b 3.78 m g. water per 1111. Karl F ischer rea gent.

method . By proper adjustment of te mperature, separa te de
termina ti ons of adsorbed and combin ed water might be possibl e.
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H,O.
%

0.01
0.01
0.01
0.02
0.01
0.02
0.04
0.04
0.13
0.08
0.08
0.09
0.01
0.01

O xide

H,O from
U.O"

%
0.02
0.04
0.02

Reagent. Strength,
1\lg. 1£'0 / 1\11. K.F.

3.70
3.69
3.09
3.90
3.78
3.78
3 .72
3.72
3 . 72
3.72
3 . 71
3.71
3.72
3 . 72

Detcrmination of PCI' Ccn t of H ,O o n U r a n i u m
M ctal and U r a n iu m Oxide

Temp. Vol. of
of Det n., Reagent,

• C. 1\11.
11.5 0 .05
·1.';0 0.03
425 0.03
860 0.11
8HO 0.0.5
800 0. 12
81;0 0.23
81;0 0.2.5
860 0.84
81;0 0.48
8nO 0.40
81m 0 . .5 1
8nO 0.00
8nO 0.04

Sour ce

U metal
Ume ta l
U metal
UO,(NO,j,
UO,(NO,j,
UO,SO.
UO,SO,
UO,SO,
UO,SO.
UO,F,
UO,F,

I V. D cterlnination of Watcr on Ur-a n i u m
S p iked w ith Barium C h lor ide Dl hydrn t e ''

BaCI,·21£,0 Vol. 1£,O C ulcd . H,O
Added, K. F. b, Detd ., from Spike.

1\lg. xn. % %
8.6 0.49 0 .Oi 8 0 .0.56
8.7 0..50 0.093 0.0.57
6.9 0.39 0.002 0.044

Sample
U met al
U metal
U met al
U,O,
U,O,
U,O.
U,O,
U,O,
U.O.
U,O.
U,O,
U,O.
U,O,
U,O,

U,O"
G.

2.3718
2. 270:!
2.3541

Table III.

Tablc

Alth ough the meth od ga ve sa ti sfact ory results, expe rience
indicates that certain modifications would increase t he speed
and acc ur acy of the a nalysis.

A. If a back-flush ing system similar to t hat in t he familiar
Dumas nit rogen p rocedure were incorporat ed in the apparatus,
t he blank arising from moisture int rodu ced when t he sa mple is
inserted might be eliminated .

B. The addit ion of a stopcock on t he bot to m of the ti tration cell
would permit the cell to be drained, a void ing t he open ing of t he
syst em to the atmosphere between t itrations.

C. Minimizing t he length of glass tubing between the furnace
and t it ration cell, or winding this t ubing with in sulat ing materi al ,
hea ting tape, or N ichrom e wir e, would resu lt in a more rapid
t ra nsfer of moi sture.

D . Routine standardiza ti on of the reagen t wit h a water-m eth
a nol stand ard would be m uch more rapid than st andardization by
the evo lut ion procedure with sodiu m t ar trate di hydrate ; t he
latter could be used periodi ca lly to check t he efficiency of the ap
para tus.

E. T est s con ducted in t his labo ra tory since comp letion of this
program indicate that the moi st ure content of argon, as supplied
com mercia lly, is sufficiently low possib ly to pr eclude the necessity
for drying to wers and cold t ra p.

m SCUS SION

Moisture could be introduced into the sys tem when the heating
tube was opened to allow introd uction of the sample. The
amount of this contamination was det ermined by ins erting empty
boats in t o th e tube and following the general proced ur e described
for standardiza t ion . The amount of reag ent necessary to titrate
the moisture introduced into the sys te m under th e condit ions
of temperature an d humidi ty in this labora t ory was invaria bly
eq uivalent to o.a mg. of water. All va lues pr esented have been
correc ted for this blank, where applicable.

Effect of Nitrogen Flow Rate. Ka rl Fi scher reagent was
standardized aga inst sodium tartrate dihydrate a t differ ent ni
trogen flow rates to determine the effect on water recover y. Re
su lts a rc given in T able II. At the slowest flow ra te , a large
a mount of wa ter init ia lly conde nsed on t he cooler por tions of th e
qu artz tube and on the connect ing t ube, bu t was subsequently
carried into t he titration cell by the dry nitr ogen wit h no appare nt
loss in recovery. At the most ra pid flow rate, the t end en cy of
th e solut ion in the cell t o froth was pronounced , and discouraged
attempts to use a more rapid gas flow. A flow rate of 15 to ao
ml. per min ute was selected as optimum.

D et erm in ation of Adsorb ed Moist ure on Uranium M etal
and Uranium Oxide. A proced ure similar to t hat used for rea
gent st anda rd iza t ion with sodi um tartrate was used to analyze
uranium metal a nd u raniu m oxide for adsorb ed moisture. For
each determination, a n acc urately weighed sa mple of approxi
mat ely 2 grams was used . The strengt h of t he reag en t (mill i
grams of water per millilit er of reagent ) was det ermined t he day
pr ev ious to each a na lys is. Immediat ely before analysis, t he
uranium met al wa s clea ned with dilute ni t ric ac id , washed with
wa ter a nd acetone, and dri ed with a st ream of air filt ered t hrough
glass wool. T he oxides were obtained by ign ition of pure sa mples,
of the so urc e indica ted in Tahle III , for 3 hours a t 850 0 C.; they
were t he n sto red in a desiccat or containing anhydrous magne
sium pe rchlorate un t il a na lyzed. The results of these ana lyses
are shown in T able III. Because of t he sma ll vo lumes of reagent
used and t he comparative ly la rge bla nk, t hese results pr obably do
not have an abso lute accuracy bc t ter than 0.01 %.

T o ascer tain the exte nt of water recov ery, several sa mples of
ur an ium oxide , obtained by ign ition of the met al, were mix ed
with sma ll amounts ' of barium chloride dihydrate and a na lyze d
for moisture. The results a re given in T able I V. An alysis of
th e barium salt by drying to constant weight at 150 0 C. y ielded
a water content of 14.7%. Because t he spike recov ery is very
good there is no reason for believing that the sma ll amo unts of
wa ter evo lved fro m these sa mples were not being recovered .

T a ble II . Effect of Nitrogen F low Ha te on Wa t c r R e co ve r y

Flow Rate Time for Analysis, Mg. 1£,O
Detn. 1\11./ 1\1in.· Hours per MI. K.F. b

1 4 7 3.3·1
~ 12 .5 3.36
3 40 4 3.33

a Diam ete r of ~as inl et was a pproxi mately 1 m m.
b Only one of th ese d etermination s was made per day , in t he order 2, 1, 3.

T he amount of moistur e adsorbed on uraniu m metal and uranium
oxide was usu ally in t he order' rof 0.02 % . Oxides obtained
fr om ignition of ur any l sulfate ga ve a hig her resu lt , about 0.1% .
These resul ts would have been more acc urate had a weaker
reag en t , havin g a capacity of about 1 mg. water per ml., bee n
used . However, the authors were primarily in terested in the
ord er of magn itude of adsorbed moi st ure. Furthermore, t he
reagent st rength used permitted better evalua t ion of this method
of standard iza t ion and analysis.

T he met hod sho uld be useful for det ermining sorb ed or com
bined moisture evolved fro m many mater ials which are insolub le
un der normal t itration condit ions, or which will react with t he
reagent. Sa mples wh ich decompose to form water , or whi ch
y ield rea ct ive volatile decomposi tion pr oducts wh en hea ted ,
could no t be ana lyzed for adsorbed or comb ined moist ur e by this
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Fig llre 1. FlJ ~ion Pr{~ pa rali()n

of 1, 2, il-Tri ll i t"'Hl a phlhale n e

1,2,5- 1,3 ,8-

Stru ctural Formu las for Trinitrona ph thal en es Descr ib ed

F 1:\ L III" ,d IL·, of form II aI''' oi) !" i lll ,d O il n-r-rv- tulli z«1i OIl from
nu -t hv l or r-rhvl ;d,·ohol. I lowr-vr-r, O il -ont lnur«! surrmu 01

1111 ' "olll iioll a t r OOIlI I " llI jll'r" III!" ' ,:I -olu t inu ]>h:l"" t r.ur - to rrnat ion

(H' l' lIr~ ;111 11 :-:111:111. l 'q llatlt Il lC lll l H"li ll i , ' (·r.\":-: t :d :-: o f f'orm I a n' oh 
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F ig ll re 2. O rthogra ph ic P rojec t ion of T~'p i 

c a l C r)'s t a l of 1,2,il-Trinitronaphthalene

b

-eE:\ Va2>-<C~8~

c
'Y!sO

(all-- ~ ~

010 110

1
~--

t

~\
'-== '----

-- 0,.

11 0

o ro

Form nnd H uh it . 1':'1u:l1!1 f'n uu r-thv! alr-ohol showing p ris m 
: 110 1, clinopinn co id ;0 10 1. .u id «linod onu, (a l i I .

Iu t crfuciul .-\ Ilg:II" ( P ol.ir) . 110.\ 110 npp rox imat olv :28 °.
Bel a Angl o. !I;')O.

O PTICAL PROPERTI E .~

R efra r-tiv c I nd ir-r« (;,S!I:l .-\ . : :2'-)0 C'.). " 1.4S;- ± 0 .00:2:
.3 = 1.80, ± 0.0 I : -; = I. S0!l ± u.ur .

Opt ic Axiul Angl..:, (;'S!J:l .\ . ; 2;, ° C . L :2\ ' ( _ 110 ° : :2/-: =
18 °.

Optic Axia l Pl a ne. 00 I.
Acu te Bisectrix. a = «.
Extinction . {3 .\ (' = .') 0 ill ohtu-«- 8.

F l ' SIOX DATA. 1,2 ,5-Trillil ro naphthal " nC' melt, with nc it lu -r
decompos it ion nor suhlimnt io n a t 112 -11 :l o C. I t «rvst a llize
spontaneous ly on cooling from a large nu m ber of ra ndoml v
oriente d nu clei 10 giv e Iuirlv large sing le crys t nls of for m II
(F igure I ). .-\11 optic ax i" in tr-rferen ce figure showin g '2E =
( - ) 65 ° wi t h lit t le or no di sp er sion is eas ily ob tn ined . I t has
not been possibl e to obta in fo rm I from form II b v see d ing :1

fu sion prep a ration at . an y t em perature above roo m t em perature.
F ai rly well-formed cryst a ls arc produc ed in t he ZOIl P of mi xin g
d uring a t hy mo l m ixed fusion ; a profi le angle of 115 ° is fai d .,·
eom mo n , ..
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1,2,5- TRINITRONAPIITHALENE II

1,2,5-Trinitronaphthalene(II) is the form normally obtained
on recrystallization from either solution or fusion. These crystals
show an optic axial angle, 2E, of (-) 65° with little or no dis
persion.

1,3,8-TRINITRONAPHTHALENE

Excellent crystals of 1,3,8--trinitronaphthalene are obtained
from nitromethane, chloroform, ethyl alcohol, and acetic acid.
It is insoluble in water.

CRYSTAL MORPHOLOGY
Crystal System. Monoclinic.
Form and Habit. Stubby prisms from nitromethane showing

the prism {110}, basal pinacoid .{001}, and usually the ortho-
pinacoid {100}: _

Interfacial Angles (Polar). 110 A 110 = 128°.
Beta Angle. 125°

OPTICAL PROPERTIES
Refractive indices (5893 A.; 25° C.). c< = 1.602 ± 0.002;

(3 = 1.747 ± 0.005; 'Y = 1.84 ± 0.01.
Optic Axial Angles (5893 A.; 25° C.). 2V = (-) 88°.
Dispersion. r > v.

Optic Axial Plane. 010.
Acute Bisectrix. c< A c = 30° in acute (3.

-FUSION DATA. 1,3,8"trinitronaphthalene sublimes below the
melting point to give a few small equant monoclinic crystals
lying usually on the clinopinacoid {01O}. The melting point is
218-219° with little, if any, decomposition. Crystallization
occurs with little supercooling and although rapid at first, the
rate of crystallization is essentially zero at room temperature.
The patterns of shrinkage cracks and gas bubbles are character
istic (Figure 3). Conoscopic observations may show an optic
axis at the edge of the field. A thymol mixed fusion shows a
variable acute profile angle; all refractive indices are greater
than that of the thymol melt.
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Sealed-Tube Combustion for Determination of Carbon,
Hydrogen, and litrogen

A.,.
a

! T"'F
abc

Figure 1. Quartz Tube

A. 'Capillary with sample
B. Capillary after addition of copper and application of

constrictions
C. Capillary sealed off
a. Sample c. Metallic copper
b. Constriction d. Point where capillary is sealed off
Tubes used in first exp.eriments had a total length. when
sealed off. of 120 m m , and an inner diameter of 3 mm.

A. Measuring tube
B. Ground joint lubricated

with silicone grease and
tightly fixed with strong
springs

C. Side tube for capillary with
sample

D. Glass fork for holding and
breaking capillary

E. Stopcock of measuring tube
F. Stopcock of comparison

tube
G. Leveling bulb
H. Point where tubes A and L

widen
K. Rubber stopper cemented

into ground joint with
Kronigs glass cement.
Inner bore lubricated
with silicone grease

L. Comparison tube
ft'I. Expansion room for com

.bustion .gaees
N, Glass collar for catching

mercury drops
Hg. Mercury
In the apparatus used for the first
analyses the volume of the upper
measuring capillary was 0.2 ml.
and the total volume of the
graduated part was 25 ml. The
"Volume of room M was about
15.0 ml.

E

H

L A

Figure 2. Apparatus
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an accuracy somewhat less good than that of the Pregl methods
on the 5-mg. scale. It is, however, expected that this will be
changed after a thorough investigation of the method.
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ORGANIC compounds can be burned in a sealed quartz tube in
pure oxygen together with a bit of metallic copper as shown

in Figure 1; water, carbon dioxide, and nitrogen from the sample
are the only gaseous compounds formed. Any nitrogen oxide
copper oxide compounds formed (2) are decomposed as the excess
of oxygen diffuses into the copper. The capillaries are filled as
described for the filling of Carius tubes (1).

The gases can be used for isotopic analysis in a mass spectrom
eter or counter or they can be determined in the apparatus
shown in Figure 2: After the apparatus has been completely
evacuated and leveling bulb G lowered so that the mercury level
is situated below C, the sample tube, placed in tube C as shown,
is broken by turning glass fork D. G is raised until the mercury
level is situated in the graduated tube, A, and gas volume and
mercury pressure (10 to 30 mm.) are read. G is raised, stopcock
F is opened, and the gas volume is read at atmospheric pressure.
Potassium hydroxide is drawn in through E and the gas volume
is read again. The third reading gives the nitrogen, the second
carbon dioxide plus nitrogen, and the first water plus carbon di
oxide plus nitrogen.

A few analyses carried out with 0.1- to 0.2-mg. samples gave
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Figure 1. Circuit Dtagrarn of Modified
AIIlperoIlletric Titration Apparatus

Modified Amperometric Titration Apparatus Which Eliminates
Agar Bridge. W. J. Seagers and H. A. Frediani, Chemical
Control Division, Merck & Co., Ino., Rahway, N. J.

Table I. Parts List
0-100 p.a. microemmeter. Welsh" Scientific Co., Model 451
Single-pole single-throw toggle switches
Three-position two-circuit rotary switch
1.5-volt 4FH Burgess dry cells
500-ohm wire-wound potentiometer
300-ohm wire-wound potentiometer
IOo-ohm wire-wound potentiometer
I500-ohm O.5-watt carbon resistor
5000-ohm wire wound potentiometer
0-3 volts d.o. voltmeter, Welsh Scientific Co., Model 451

M.
S" s,.
S,.
B" B,.
R,.
R,.
R3.
R,.
R,.
V.

addition of two stirring paddles immediately above the electrode
itself. At 400 to 700 r.p.m., the stirring is sufficiently efficient
so that current readings may be made within a few seconds after
each addition of reagent yet meter needle fluctuations are negli
gible. The glass cell, designed for easy draining and rinsing, is
60 mm. in diameter and 120 mm. long (dimensions are not criti
cal) with a 2-mm. bore stopcock at the bottom. The rotating
electrode is driven by a suitable adjustable speed motor shown as
B.

In order to select the potential applied to the electrodes, the
conventional method (2) is used with the exception that the rotat
ing platinum cathode and the sheet platinum anode are used in
place of the dropping mercury electrode and saturated calomel
electrode when recording the polarogram.

For continuous routine use on a single type of titration-i.e.,
chloride with silver nitrate-the cost of the apparatus may be
decreased by eliminating the voltmeter and substituting a 5000
ohm adjustable power resistor for potentiometer R3• The poten
tial applied to the electrodes is adjusted by moving the contact
of the power resistor until a voltmeter inserted across the elec
trodes indicates the proper potential (for chloride with silver
nitrate under the usual conditions, 4, this potential is 1.1 volts).
The batteries may be eliminated and the instrument made line
operated by the use of a suitable rectifying system if desired.

This routine instrument has given excellent results for the de
termination of chloride in such varied products as corn distiller's
dried grains, saline suspensions of cortisone, and procaine peni
cillin. The instrument built according to the circuit diagram
has proved to be an excellent tool for research and versatile
enough for performing many varied amperometric titrations.
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A METHOD for eliminating the agar bridge in the conventional
amperometric titration apparatus (3) without the use of a

mercury pool has been deveioped in this laboratory. The ref
erence electrode in the modified apparatus is a platinum elec
trode of large area whose potential relative to that of the rotating
platinum electrode is maintained by an external potential source.

The present apparatus has -two advantages over previously
described setups. The platinum anode eliminates the difficulties
usually enountered in the use of an agar bridge as the means of
electrical' contact between the anode and cathode compartments.
This makes maintenance simple. The potential source is such
that changes from one set of titration conditions to another re
quire only a simple adjustment. This makes the instrument ver
satile and eminently suitable for investigational use.

APPARATUS

The circuit diagram is shown
in Figure 1. All parts are avail
able from radio supply houses
(Table I). The tolerances of
all parts are not critical, so
that reasonable substitutions can
be made.

A
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The zero-shunt circuit (1)
powered by battery B 1 is neces
sary for the utilization of the full
sensitivity of the microammeter,
since a relatively large initial cur
rent may flow through the circuit
unlike most applications of the
conventional apparatus. The
potentiometers, R1 and Rz, are
adjusted so that the micro
ammeter may be shunted and its
range extended to 0 to 200 and 0
to 300 pa. in addition to the 0- to
l00-"a. range.

A diagram of the cell used is
shown in Figure 2. The anode,
A, is a O.05-mm. platinum sheet
15 X 50 mm. curved to fit the
inside of the cell. The rotating
platinum electrode, C, is of con
ventional construction using No.
18 platinum wire but with the

Figure 2. DiagraIll of
Cell and Electrodes

A. Sheet platinu.... anode
B. CoDe of 8'tirring Itlotor
C. Rotating platinuDl

electn>de

Inexpensive Conductivity-Determining Equipment. Robert M.
Creamer and D. Harry Chambers, U. S. Bureau of Mines,
College Park, Md.

D U RI N G experiments with nonaqueous electrolytes it became
necessary to measure the-conductivity of many solutions.

Experiments conducted with several signal sources and detecting
devices, when used in conventional: bridge circuits, indicated
that a vacuum-tube oscillator source and a sensitive alternating
current vacuum-tube voltmeter gave excellent results. These
instruments have been recommended before for conductivity
determinations but their cost has been high. Recently instru
ments in an unassembled form have been made available at a
very reasonable cost (Heath Co., Benton Harbor, Mich.,
Electronic Instrument Co., Brooklyn 11, N. Y., and others).
These instruments provide good precision, ease of operation, and
excellent flexibility in determining conductivities.

The vacuum-tube voltmeter has the following advantages:
insensitivity to room noise, wide frequency sensitivity, sensitivity

1098
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few cha nges for conductivity work. Most of t hese devices can
not be directly connected to a low-resistance slide-wire. M uch
bet ter operation will be achieved if a small, ad justable "line-to
voice coil" rad io transform er is used to match the signal source
and bridge. The transformer should be adjusted for maximum
bridge voltage. If a low-resistan ce slide-wire is used and the
signal generator has mu ch less th an O.02-watt output, it may be
necessary to add a power-output stage as described by Sulzer
[E lectronics, 25, 95 (J anua ry 1952)] and shown in Figu re 2. This
may replace the exist ing output circuit if 25 ma. at 200 to 300
volts and 6.3 volts at 0.45 ampere ar e available.

Inst ruments of the type describ ed hav e been found useful in
labora to ry work [Phillips, J . P., J . Chern. Educ., 30, 70 (1953)] .
Assemb ly is facilitated by the comprehensive directi ons that
accomp any t he inst ruments and by t he fact that bot h are rela
tiv ely simple. The accuracy possible with their use depends on
the accuracy of other bridge compon ents. These two inst ru
men ts , however, are useful wit h apparatus capable of very precise
det erminations. Thus, accuracy is easily obtaina ble at reaso n
ab le cost .

Use of Surface Active Agents in Breaking Emulsions Formed in
Vegetable Extractions. C. L. Dunn and R. H . Earle, Jr.,
Hercules Experiment Station, Hercules Powder Co., Wilming
ton, D el.

TO
VACUUM Tuel

VOLTMETE R

O.lmld
400 Y

adjustable to the demands of the bridge, high in ternal resistan ce
which permits high resist an ces to be measu red, relatively simple
const ruct ion, and precise null indication at relatively high mini
mum signa l at bri dge balance. The voltm eter mu st be reason
ably sensit ive to achieve good precision. With a meter that has
a full scale sensit ivity of 0.01 volt , it has been found possible to
compare resistan ces from about 100 to greater than 106 ohms
with a precision within 0.1% with a Leeds & Northrup 7651
poten tiometer a t 1000 cycles. Wh en resistances of 5 X 104

ohms or grea ter ar e compared a Wagn er ground should be used to
reduce null read ing and in crease precision. A kit-type va cuum
tube voltmet er has given excellent service without any chang es
in circuitry.

TO...,..

POWER TlU NSf ORWER
IIERfTp.»4, OREClUf\lIlUNT

J. =J. ..~ t06 CHrIS AU.1ES!ST0RS 1-- IO% LWI.£SS II..,U(ED

Figure 1

The less sens it ive multipurpose vacuum-tube voltmeters can
be used if a conventional am plifier such as is shown in Figure 1 is
a lso em ployed. This will allow the sensit ivity of th e voltm eter
to be in creased by a factor of 100. This amplifier requires a
meter of 10' ohms or higher intern al resistance as an indi cator.

Becau se the va cuum-tube vol tm eter respond s to 60-cycle as
well as 1000-cycle voltages, relatively high precision can be ob
tained if th e br idge is energized by one half of a small , center
tapp ed , 2.5-volt , radio filament transformer. A series of con
du ctance determinations made at this frequ ency checked those
made at 1000 cycles to with in th e limi ts of precision of th e deter
mination , if an alternating cur rent va cuum- t ube voltmeter was
used.

•• 5OY....
HI

10"" <1

"""
.. _ 10' , ". 'r1LOH-.-s-~.:.-._--......:=:t----;46C' . OUTPUT

1.3 V H[Anlit NOT SHOWN " 1=
F igu re 2

If a high er or vari able bridge energizing frequ ency is requ ired ,
an audio-frequency signal generator can be used to energize th e
bridge. These genera tors usually hav e low harmonic content
in th eir outputs; t hus the bridge is easier to ba lan ce because of
lower residual null voltage. T hey a re also rapidly variable over
a wide frequency ra nge, if this is required. T hese inst ruments
are available unassembled at reasonable cost, and usually require

I N DETER~I1NING insecticide residu es in various foodstuffs, the
material to be analyzed is freq uently extrac ted in a finely div ided

state with a suita ble solvent. An effect ive device for this opera
t ion is a War ing Blendor or similar apparatus. Many materials
when so t rea ted form very stable emulsions, and solven t extract
recoveries are poor. Large quantities of salts, such as sodium
sulfa te, are sometimes effect ive in breaking th ese emulsions, but
frequently the emulsions ar e resistant to such treatment. It
has been found in this laboratory that surfactants can be used
in some cases to break the emulsion. Preliminary information is
given here for the use of other workers faced wit h similar pro b
lems.

The use of surfactants in breaking oil-water emulsions was
repor ted by Lawrence and Killner [J . Inst. Petroleum, 34,
821-56 (l 948) J. In light of their findings the following surfac 
tan ts were evaluated for demulsification properties :

Anionic. Allied Chemical's Nacconol N .R. S.F ., Monsan to 's
Santomerse 3, Ninol Labora tories' Toximul 300, an d Atlan tic
Refining's Ultrawet K.

Cationic. Armo ur's Armac HT, Arq uad 14, an d Arquad 2H T.
No nionic. Hercules' Syn thetics C-71.
T he chemical compo sitions of the surfactants used ar e not

readi ly available. In general, th e anionic detergen ts are alkyl
aryl sulfona tes ; the cat ionics are quaternary ammonium salts;
and th e nonionic is an alkaryl-alkylene oxide adduct .

In most eases separat ion was obtained to a greater or lesser
degree. Ultrawet K with sodium sulfate was most satisfa cto ry
under the condit ions tri ed. T ypical data are given in T able I.

Further investigation might hav e revealed a more efficient
demul sification system, bu t needs were met by this system.
Separation was obtained in 5 to IO minutes with a 40 to 75%
recovery of extraction solvent . Longer standing did not mate
rially increase th e recovery. Centrifugal separa t ion of untreated
emulsions gave low and variable recoveries in addition to being
time-consum ing and laborious.

Extraction an d Dernulsification Te chnique. T he emulsion
breaking technique was applied to th ree differe nt foods which
form ed stable emulsions dur ing ext rac t ion: potatoes, canned
field peas, and peeled oranges.

T he samples were pul ped in an appropriate solvent using a
stainless stee l stirrer fit ted wit h sharp vanes and driven by a
1/30-h p. E clipse Model ARL air st irrer . With th e st irrer on ,
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Table I.

Sample ,
Ma teria l Grams

Canned
field peas 500

P ee led
or a ng es 1 ;')0 0

Potu toes 10 00

i
I ell .

SCA L E

nnh vrlrous sodium sulfat e wa:i :ulded an d t horoughlv disn ersed .
The stirrer was rem oved a nd the Ult.rawet solut ion gen tly blend ed
in with a spatula. ( Vigorous stirring resulted in forma tio n of
a n unbreakable ornulsion.) Aft er sta nding for severa l min ut es.
the emuls ion broke. The clear su perna ta nt was de can ted . washed
with distill ed wa ter, a nd dri ed over a nhv d rous sodium su lfate.
T he a mount of Ultrawe t needed to break ' th e emulsion app ea red
to be som ewhat crit icul a nd had to be determined expori rnen tn llv
for onch material,

Fi~lIre 1. Section Drawing o f 0 ,7 -:\1 1. Pre ci sion
Syringe

T o scale e x c e p t f or shortening as i ndica ted

Preparation of Ult ra we t Solution. As to tal chlorine de ter
minati on was to he used as a measu re of insecti cide content of thc
ext ra ct" it was desirable to use a chloride-free soluti on of Ultra
wet K . The most sa tis far-torv method of pre pa ring this material
was hv passage through an ion «xr-hn ngo column r-on tn ining IRA
400 (Hohm and Haas). T'sim; a colu mn 4 em . in diumotor and
4.5 em. lon g, tw o passes (the column regenpra lPd lx-t. weou pas s,,,)
wr -ro sufficient to purifv 1 liter of UltrawctK solu t ion conta ining
25 % solids. After t lu- " ' ( 'O IHI pas s, the colu mn could be use-d
withou t rege nerat ion for preliminurv chloride rem ova l from an
un tn -nt r- l ha tch of solut ion .

Precision Metal and Glass Syringe with Te flon Gaskets. C.
V. R obin son , New E ngland Cent er Hospit al , Boston , :'- la ss.

rrllISsyringe was develop ed for use wit h a s por-ia l vacuum i',"S-
. tern for th e assay of rad ioact ivo water [Ro binson. C. Y.,

Rcr. Sci. Lnsir.. 22,3.53 (1951) 1. In th e proce dure it is n r-r-es sarv
to deliver 0.2 m\. of wa ter int o a partial vacuu m d rop h.," dr op
with good control. I t is also des irahle to deliv er as nonrlv ai'
possible t he ent ire a mount and to be able to clean and drv th e
sy ringe ren.dilv. 'I'll!' ordinar y t vpe of syri ngo rotains 60 to
70 mg . of wate r in th e huh of the need le and is difficul t to cont rol
unlo s- it is heavily greased ; in thi s ease it is difficul t to clea n
and dor-on t umiu a te. The sv ringe describ ed here has a smoo th .
eon t rollablo ac t .ion of adj us ta ble rosi stuncr-, del ivers nenrlv the
en t ire sa mple except for wha t is in til!' bor e of th e needl e, requires
no grease. and may be read ilv ta ken a pa rt , clea ned, and dried.

The svringe consists of three principal parts: t he barrel, I ,
the combined needle and plug , 2, and the plunger, :3 (se c Figures
1 an d 2). In the sy ringe shown, the barrel i s a piece of pre
cision-bore borosilica te glass tubing (m anufactured hy F i-cher
& Porter Co., Hatboro, Pa .) of 0.1875 inch bor e a nd 2 inches
long, The useful ca pacity is 0.7 m\. a nd t he motion is 0.221
inch per 0.1 ml, The need le-and-p lug a ssembly consists of par t
2A mad e by silver-soldering together the sta inless stee l tuhe of
a 3-ineh :\0. 22 need le and the brass plug proper, the brass flange,
2B , the bra ss nut, 2C, and the T eflon (tetmfluorethy len e resin
man ufactured by Du Pont ) gasket, 2D. This asse mhly is in
ser ted int o the ba rrel and screwed together tightl y enough so
that the expansion of the gasket holds the plug firml y in place.
R easonab le car e must be exercised, as overt ightening will break
the glass. T he plunger, 3A., sim ilar ly has a sleeve, 3B, nu t,
3C, an d T eflon gasket, 3D, and is t ightened to giv e th e desired
a moun t of resistance. T he p lug or plunger is tightened bv apply
ing small wrenches to the nu l; a nd to the flat surfacos whi ch have
been filed at t he end of th e thread ed portion (see Figure 1).

T eflon is suitabl e as th e gasket material because it is readily
deformed, is hydrophobic an d chemically inert, and has a greasy
quality, so th a t it slides smoothly over glass.

Several test s were mad e 1,,) compare the properties of this typ e
of syri ng e with th e standard l -rnl . tuberculin sy ringe. The pre -

F igure 2 . P r e cision Syringe

Over-a ll l e n g th 17.5 e rrr,

cision svri nge was found to deliver all but 16 mg . of water, 1-!
mg . of which were in th e bor e of th e needl e. T he t ub erculin
syri nge with th e same size of needle, 3-inch No , 22, was found
to ha ve a \lO-mg. residue at th e end of delivery , 13 mg . of which
were in the sy ringe, 62 mg. in the hub of the needle, and 15 mg.
in th e bore of th e needle.

A plunger -stop was provided for one of th e precision syringes
to test th e reproducib ilit y of delivery. A series of six deliveries
ga ve an a verage of 0.4071 ± 0.00023 gram, with a sta nda rd devia
tion of 0.5i mg. for a single delivery .

T eflon needle caps are provided for thes e syringes, so that
samples may be stored in them (see F igure 2). Evaporation
ra tes at room temperature were measured on a pa ir of capped pre
cision svringcs and on a pai r of tuberc ulin syringes whose tips
were waxe d shut. E ach sy ringe contained abo ut 0.4 m!. of
water. T he av erage rate of evapo ra t ion for t he tuberculin syr
inges was found to be 2 mg. per day . 'When the precision syringes
were ad ju st ed for modera te plunger resistance, t he average rate
was found to be 0.6 mg. per day and , when adj us ted for high re
sista nce , less th an 0.1 mg . per week .

A number of syringes of th is typ e ha ve been in use in thi s lab 
ora to rv over the past vea r, not only for use wit h th e tritium
assa v sys tem hut also for direct ly sa mpling cereb rospina l fluid
from ca.thet ers connec ted into th e sub arachnoid space and for
storing th ese sa mples prior to assay. The syringes mav be auto
cia vod with no other ill effect than loosen ing of th e gasket s,
which can be correcte d by subsequent tig htening under sterile
condit ions . Refrigeration seems to offer no difficulty even when
ice crvs ta ls a re formed . Sta inless stee l cons t ruction and hand
t igh t r-ni ng could be incorpomt ed in to the design without major
difficultv, Although only three sizes have been bu ilt to da te
O.i-m!.. 1.0-m1.. and 5-ml. capacity- it should be pract ical to
extend th e range of sizes to sma ller and larger sy ringes.

The plunger and barrel parts of th e O.i-m\. syringe provide a
nicelv cont rollable pipet.ter which requires no grease and is suffi
cicnt.lv air-tight even when adjusted for modera te resistance.

For pistons of 3-mm. diameter or less it is preferable, becau se
of the simpler construction, to make the plunger a solid metal rod
and usc a loose-fit ti ng metal barrel wit h a T eflon pack ing and
a packing nut to make the seal. A stainless steel piston 2.3 mm.
in diameter made in this way [Chap man-An dr esen , C., and
Robinson, C. V., Campi. rend. irau, Lab. Carlsberg, Ser. chim. ,
28, 343 (1953)J has prov ed to be satisfac tory for fairly
ra pid del ivery of several microliters of water, adj ustable to
±0.01 ILl. I n this type of const ruct ion a mu ch smoother action
is obtained if the plunger is polished lengthwise than if it is
polished around .
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* ONE-PAN BALANCE

* RA PID WEIGHING

* CONSTANT SENSITIVITY

* A MERICAN MADE

* CAPACITY 200 GRAMS

* SENSITIVITY 1/10 MG

ACCURATE-Weighi ng is by the subs ti tu tio n me thod.
T o weigh an objec t in the pan, buil t-in vve ig hts
on the same bea m as the sample pan are mech an
ically re move d fr om th e beam by turning di als
on the front pan el. T he p ro jec ted scale has th e
same values whether one gram or 200 g ra ms is
being weighed . Weig hts are cons tructed of a
h igh chrome -ni cke l alloy and are well wi thin
Class S tol era nces.

f AST-All weigh ts from 200 gram s to 100 mg are
ope rated by di als on th e front pa nel. The total
of the weights employed is read d irectly fro m
the cou nt ers on th e panel. Values from 100 mg
to 1/ 10 mg are read on the projecte d scal e a t
th e right of the counte rs.

An ad justable air da mping system stops th e
sw ing of th e be am in th e shortest practi ca l ti me
w ithout creepi ng .

EASE OF OPERATION-The optica l system provides
hi g h magnificati on and sharp de finit ion of th e
projected sca le. It is easy to read 1/10 mg on
the ve rn ier and poss ible to estima te 1/ 20 mg.

The zero ad justme nt is op tical and controlled
by a knob on th e case.

. A sin gle leve r cont ro ls the beam arrest, pa n
ar rest and ligh t.

SARGE T

SUPERIOR CONSTRUCTION-The beam which has
a unifo rm cross sectio n is cons tructed of a
speciall y ro lled homogenous aluminum all oy
treated to obtai n Stress relief. The st irrup has
a gimbal w ith four sapphire jewels and four
high ly pol ished , hardened steel p ivots. The
sa pp h ire k n ife edges w h ich do not ab sorb mois
ture a re tapered and pressed into similarly
tape red recesses in the be am.

Effect s of changes in tempera ture, a tmos
pheric p ressure, humid ity and sta ti c a re min i
mized. The tr an sfo rmer and light source are
ou tside the case with a he at filter between the
ligh t and the balan ce.

5-2560 BALANCE-Analytica l, One Pan, Constant
Sensitivity, Ai nsworth "R ig h t-A-We ig h" .

Eq uippe d with adjustable a ir damper and
w ith p ro jec tion reading device. to acce lera te
the de termina tio n of weights in the ran ge of
0.1 to 100 mg . Capa city - 200 g ra ms. Sens i
ti vi ty - 1/10 mg at fu ll load . Overall dimen
sio ns - 22 inches x 11 inches x 20 inches high.
Hange rs-8 Y1 inches high, 4 y" inches wide at
bows. N e t we igh t - 38 lb. Sh ip ping weight
- 60 lb.

Comple te wi th weights and tra nsf ormer fo r
ope ra tio n from 115 vo lt 50 to 60 cycle A.C.
ci rcu its $895.00

~"""'!'-'-l"!IIJPJIl",'-'!r SCIENTIFIC LASaRA TORY INSTRUMENTS • APPARA TUS • SUPPLIES • CHEMICALS
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS
MICHI GAN DIVI S ION. 1959 E A S T JE F F E RSO N ST R E E T. DET ROIT 7. MIC HI G A N

SO UTH W EST ERN DI VISION. 59 1 5 PEE LE R S TR EE T . DA L LAS 9 . T E XA S

For fu rther informatio n, cir cl e number 19 A on Readu s' Servic e Card, page 41 A
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We have greatly

increased our produc

t io n over the las t

f ete m o n t hs . No w we

ca n sh ip from st ock

man y i te ms that

quality -conscious m en

li ke you waited

m o nth s to ge t . Ask

yo u r l a b o r a t o ry

supply d ealer,

Spec ify
FREAS Fi rst

. .. to La st!

FREAS OVENS are built to serve 20 years or more,

even in corrosive atmospheres. They are finer than ever.

Baked enamel or stainless steel exterior. Welded steel

construction, thick glass wool insulation, stainless steel

interior . Unconditional 5-year guarantee on ribbon ele

ment welded heater bank and dual safety hydraulic

thermostat. R ange to 2600 C.

If your dealer doesn't have in stock the Freas Model

of your choice, he can get these models promptly-601,

605, 625, 831, 120, 124, 40 and 50.

p recision Scientific Company
3725 West Cortla n d Stree t Chicago 47

20A
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Pros and Cons of Paper Chromatography
Weighed at NIH Symposium

ASTM Mass Spectrometer Session
Draws Record Attendance

NEW ORLEANS.-Attendance figures
here at t he Jung Hote l clearl y indi cate
t he ASTM E-14 Commit tee M eet ing on
Mass Spect rome t ry has reached the
sta tus of " mecca" for national experts
in the field . F rom listenin g to 48 pap ers
in 4 days (May 24 to 28) one ga the red
th e impression that th ere is a definit e
trend by manufactu rers to pro duce
smaller, porta ble units a t lower cost wit h
perform ance cha rac te ris t ics compara
ble to larger la boratory insta lla tions.
Smaller spect rome te rs are now being de
signed speci fically for monitoring and
control of process gases, with rugged
cons t ructio n capable of cont inuous
se rv ice .

Although th e pri nciple of a pplying
«ombined elect rical and magnet ic fields
for improved ion bea m focusing was re
port ed almost 20 years ago, Consoli
dated Engineering has now introdu ced
a sma ll comme rcia l instrument to ex
ploit recent adva nces in techn iqu es.
The cycloida l an alyzer, as descri bed by
C. F . R obinson and L. G . Hall , is free of
aberration d ue to cross-ta lk, ha s sub
stant ially higher d ispersion't ha n a secto r
type instrumen t , and will ma ke a clean
sepa ration bet ween t wo peak s when
t here is no valley presen t betw een them .

T o eva lua te adequa te ly the nonm ag
netic radio-freq uency pr incip le of mass
select ion, resea rch work ers at Phill ips
Petroleum ha ve cons t ruc ted a 5-stage
tube and ha ve stud ied th e ope ra t ing
va riab les. T . C. Wh erry and F . W .
K arasek sa id the RF principle a ppea rs
a ttractive because it promises to give a
ma ss spectromete r of simple cons t rue
t ion and rugged nature. Da ta ind icate
th e tu be is ca pa ble of sufficient resolu
tio n to handle many hyd rocar bon ana ly
ses encoun tered in a petroleum refinery.
Suitable accuracy was a lso obtained du r
in/!; the analysis of a gas mixture con
ta ining 64.8% hyd rogen, 3.0% helium ,
!l.0% met hane, 20.1% nitrogen , and 3.7
a rgon .

Beckman I nstruments now has a ma ss
spec t rometer (R F linear decelerator )
whi ch features resoluti on to 100 and a
dynamic ra nge of 2000 to I , reported
\V . Do nner. Stressing ma ss spec tra and
stability data , D onn er sa id the crac king
pattern stabi lity for both n-buta ne and
propane was wit hin 1%; that sens it ivity
stability is in the range of 2% . This
performa nce is obtained without a te m
pera ture cont rolled source. E limination
of any magnet gives a compa ct spec
trom eter tube especially suited for proc-
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ess applicat ions where size is an impor
tant conside ra t ion.

At Esso Lab oratories in Ba ton R ouge,
1(. P . Lann eau , L . H. Lan e, and R. J .
Vick have been eval ua t ing t he new ion
resonan ce spec t romete r manu factu red
by Genera l E lect ric. From a per form-

WASHINGT ON.-Inst rument makers,
des igners, and users gathered here a t the
National I nst it utes of H ea lt h M ay 24
to 26 for th e Four th Annual Resea rch
Eq uip ment Exhibit . In addi t ion to t he
exhibit , there were foul' symposia on in
st rumenta tio n techniqu es and th e latest
developments in instrument resea rch .

M ost heavily attended symposium
was on electrophoresis and chromatog
raphy . Sy mposium cha irman, Henry
G. Kunkel, opened the session, with a
discussion of t he advantages and disad 
vantages each techn iqu e offered , H e
pointed out th at for th e present he fa
vored relian ce on boundary electrophore 
sis for definit ive conclusions in most

Dean Burk (se ated) a nd
George L. Hobby, both
of Na tiona l Cance r In
stitute , look over ne w
electrostatic electron
microscope produced by
Farrand Optical Co.

Kent M. W ight, Nationa l
Cancer Institute , a nd
lawrence R. Crisp, NIH,
discuss compact polaro
graph made by Patwin
Instruments . Precali
brated electrodes are
used for faster analyses
of routine samples

ance point of view, Lanneau sa id-it has
excellent sensitivity and resolution up
to mass 100 for applica t ion to gaseous
compo unds. It can be used to repro
duce ma ss spect ra on a cat hode ray os
cillograph, and is well suited for analy
sis of regenerator vent gas es in the refin
ery (C02, CO, O2 , N 2) . The instrument
has unusually high resolution in the low
mass range, should offer interesting pos
sibi lities in the field of a tomi c energy.
Spec t ra show complete resolu tio n be
tw een mass peak s for helium and D 2

(m = 0.04 atom ic mass uni t) .

cases. H e sa id he bel ieved th e method
was t he most precise for mobility stud
ies.

E lectrop horesis, however , has certain
limitati ons which paper chroma tog
raphy can overcome . For instance,
Herbert A. Sober told th a t recent work
by him self and associates indi cates that
large pro te in molecules can be separa ted
by a cellulose ion excha nger developed
by them. I n add it ion, they find th e
method ofte n a ids them to have a higher
resolving power th an in electrophores is.

Analysts tryin g to specialize with
either one of th e techni qu es acco rd ing t o
William R Carroll, K IH, should rea lize
th a t the two techniques are "compiemen-
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PROBE
in toy o ,u r

pH problems

on-Ihe-spol

with the Analytical pocket
pH meter and

revolutionary probe un it

$125.00

s·
til..a
::s..

I r.w Analytical Me asureme nts , Inc . II Will 585 Ma in Stre et, Chatha m, N. J . I
I Pleas e send full info rmat ion to : I
I Nam e I

Company _

I Md Nn I
I City Stat e __ IL. _
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Robert J. Koegel (left),
Na tiona l Cancer In
st itute , e xplains fea
ture s of rota ry Kjel
dahl digestion appara
tus (America n Instru
me nt Co .) he helped
d e sign, to Elizabeth G .
Fra me , NIH, and Leon
ard H. Bolz , Natio nal
Bureau of Standa rds.
Seve ral change s in the
inst rume nt were inco r
pora te d at the sug g e s
t ion of the Co mmittee
on Microchemica l Ap
paratus of the ACS
Division of Ana lytical
Chemist ry

turv an d should not he divorced from one
another. Rat her, they should be used
to cross ref ere nce each ot her, with each
contrib ut ing its obvious adv.m tages to
t he final conclusion .

In t he svmposiu ru on methodology
an d instrumentat ion in microanalvsis,
Also ph H . Corw in , Johns Ho pkins , di s
cussed t he des ign and construction of a
new microhulnnr-o. He hopes that it
will elim ina te many of the previous
sources of erro r wh ich have occ urred .
It is housed in a do ub le sh eath of alurni
nu m, is free from relative humid ity and
te mperature cha nges, and has inco rpo
rated a spec ia l device which ma kes it free
from vibration. Bal an ce uses spec ially
fabrica ted materials and is designed and
constructed by techniques developed by
hi m over a period of 20 years. H e has
taken especial pa ins in const ructing t he
ba lan ce to incorporate st ra in-relief de 
vices.

An electronic device which can obtain
data on the configuration of ind ividua l
molecu les was described by Haold
Wangsness, ?'a\'al Ordnance Labora
tory, White Oak. Xld. W an gsness sa ys
he uses t he t echnique of nuclear mag
netic resonance to meas ure quadrup le
mo ments of molecules . Comments by
othe rs after the paper had bee n de liv
ered said the apparatus was abo ut " one
step removed from visualization of the
actua l molecule,"

So me of the instruments on display at
the exhibit included a record ing spec 
trophotometer by Beckman Instru
ments. It auto ma t ica lly recor ds t he
ligh t absorptio n spectra of a sa m ple and
ena b les t he opera tor to ma ke a closer de 
t ermination of t he chemical compositio n
of the sam ple. Fa rrand Optica l sho wed
an im p rov ed electron microscope wh ich
permits magnifi ca t ion to 200 ,OOO-plu s
d iamet ers, gives high resolution, and
cos ts $ 12,500 to bui ld.

Gl ycerol Determination

The Tri iform :\ Iet hods Com mittee of
the American Oil Chemists' Societv
has recommende d that:

TIIP ,tC'" t in method for glycero l, Ea 4-:38,
an d the dich roma te met hod for glycerol,
1-:a 5-:38, he removed from AOe S offi..ial
met ho ck

T IIP "Odium periodate met hod for glvc
erol. Ea 6- .~ I , be ret ained as t he only .\OC8
ofli ..ia l Ill " ! hod for glycerol , wi th minor
..J l:l ng;e~ ,

The recom men dations were approved
by t he soc iety a t it s A pr il 1954 meet ing ,

l OO,OOOth Scientific
Instrument

Commemora ti ng t he prod uction of
the 100,000th instrumen t-a recor d ing
spectrophotomete r-by Beckman in
st ruments, I n c., South Pasad ena. Calif..
Arnold O. Beckma n . p res ide n t , p re
sented a gold na mepla te to H . F ra ncis
Fa ull, manager of t he Ca liforn ia He
sea rc h Corp.'s La Habra Labora torv ,
where the instrument will be used in
resea rch on pe troleum hydroca rbons ,

Exhibit of Physical Society

T he exhibi t ion of the Physical Soc iety
opened April 8 a t the Imperi a l Co llege
of Seience a nd T echnology , Lon don ,
Engla nd. Am on g th e sc ien tific instru
ments an d appara t us was the " fly ing
spot " mi cro scop e wh ich uses t elevision
to magn ify to an extent t ha t rivals t he
electron mi croscope. T he pitch in d i
cator develop ed by K elvin H ughes gives
th e pi lot a n exact reading of t he nose
eleva tio n of hi s a ircraft during take -off.
Ph otographic re presen t a t ions of the
electron density in a cryst a l were shown
by t he C rys t a llograph ic D epa rt ment of
t he Cavend ish Laboratory , Ca m bridge.

A micro hardness t ester for ru bber

A NA L Y TIC ALe HEM 1ST R Y
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Of course, this is an unusual use for filte r paper. But E&D Filter Papers are

u nusual. So is the company-the ollly manufacturer in America exclusively

devoted to the making of filte r papers fo r science and industry.

NOW, E&D PRESENTS LAB-PAK 200! This new, attractive box hol ds 200

filter circles . Easy to store, to keep on ha nd, designed to keep your circles

fresh and clean. Available in grades 612, 613, 615, 619, 620-s izes from

7 .5 to 25.5 em. Your E&D supplier has them in stock. Write for free samples

of America's finest filter papers- and na me of your nearest E&D supplier.

THE EATON-DIKEMAN
FILTERTOWN, MOUNT HOLLY SPRINGS, PA.

co.
This advert isement is imprinte d on E&O grade " 615. It is .0 10" thick ; 20 lb.; white : ereped; rapidity 225 : wet strength 4.5. Used mainly lor l unnels. But also





_ _ ___ Kodak reports to laboratories on:
a new idea in photographic emulsion making . . . an instru~ent tha.t makes
microprint reading a pleasure . . . the state of our mencqlyeeride business . . .
a tip for x-ray diffractionists

This is one of a series of reports on the many products

and services with which the Eastman Kodak Company and

its divisions are .•• serving laboratories everywhere

Prices quo ted are subject to
change without not ice.

mo nly used for x-ray diffraction
wo rk. The higher the atomic num
ber. the shorter the wavelength of
the K-ra diation. It takes more pho
tograph ic silve r to sto p-and there
fore resp ond to-sh ort-wavelength
ph ot ons th an those of longer wa ve
length . Th us it comes a bout tha t
fo r chro mium K-r ad iation , as ex
ample, the re is considerably less
difference between the speeds o f our
slowes t a nd fastest x-ray films than
there is for the K-radiat io n from
molybdenum.

Kodak Indu strial X-ray Film , Typ e
K is our fastest for x-ray d iffrac tio n.
Lik e most x-ra y film s, it has em ul
sion on both sides . There is a lso
Kodak Single -Coated X-ray Film. It
has a littl e more th a n ha lf the speed
of Typ e K for ch romium K-r ad ia
t io n but less than a quarter of Type
K speed for mo lybd enum K-radi a
tion . (T he profusi on of K's he re is
pu rely co inciden ta l; we ca n clea r up
the co nf usion, if any, by sending
vou our free cha rt " Koda k Films fo r
X-r ay Diffraction ." ) There may be
inst an ces where an x-ray diffract ion
ist needs thi s higher speed fo r the
shorter-wavelength radiation bu t is
inconvenienced by the parallax as
soc ia ted wi th the presence of two im
ages on o p pos ite sides of the base.

T hough we po ubt this com bina 
t ion of circums ta nces co mes up fre
quen tly, we can per fo rm a sl igh t but
pe rhaps useful service by showing a
cou ple of easy ways to rem ove one
of the images. Economicall y th is has
adva ntages over the tr ick y a nd ex
pen sive business of lau nching a spe
cial , ex tra -silver-rich, s ing le-coated
film. Resea rchers wi th modest budg
ets wh o regard film as the least ex
pen sive a nd most versati le x-ray
recepto r for diffractio n patterns will
agree, we hope.

Write Eastman Kodak COmpI/II)',
X-raj' Division, Rochester 4, N. Yt.for 1/

reprint on removing the seco nd image.
for a copy of the x -ray diffraction fi lm
selectio n cha rt , or fo r the address of lire
nearest Kodak X-raj' Dealer. It is Ire
who call sell you 25 f eel of 35mm Kodak
Industrial X-ray Film, Type K for
$2.61 or 100 shee ts of 4" x 5" Kodak
Single-Coated X-ray Film fo r $7.43 .

Texture in food
This is the newest form of Myverol
Distilled M ouoglycerides.

Monoglyce ride s a re fats having
one fatty ac id chai n per glyce rine
molecule ins tead o f the usu al th ree .

Advice on diffraction
The atomic number of chromium
is 24, of copper 29, of mol ybdenum
42. K-emission from targets of one
or another o f these elements is com-

The mo noglyce ride b usi ness has
been exce llent lately. Now we find
th at in the form of these bea ds
barelv vis ib le ind ivid ua lly to the
naked eye, o ur rnonoglyce rides have
caught the fan cy of certain segments
of the ice crea m tra de .

We d idn ' t invent monoglyce rides . :
(Nature d id , probably about th e
sa me time she invented fa ts in gen
er al. ) Wh at we do is use our unique
molecula r st ills to co ncen tra te and
purify mon ogl ycer ides from the re
act io n mixtures in which they are
formed. The reason the y're selling
so we ll seems to be the fact that in
im parting various desirable textura l
ch a racterist ics to foods like bak ed
goods, margarine, shortening, des
se rt toppings, and co nfec t ione ry, a
litt le distill ed mo noglycer ide goes a
lot fa r ther th a n the undis ti lled reac
tion mi xtures which would other 
wise ha ve to suffice.

There lire 11lIlI1erOll5 physical and
chemical variations of Myverol Distilled
Monoglycerides that lI'e call furnish for
free trial ill response 10 inquiries directed
to Distillation Products Industries, Roch
ester 3, N. Y. (Division of Eastman
Kodak Company).

Com pany, Ind ustr ial Phot og raphic
D ivision, Rocheste r 4, N. Y., will
be directed to the nearest dealer
who can demonstrate why th is
reader is worth 5300 .

Royal Pan
On ce in a while the orderly flow of
p rog ress in photographic technol
ogy makes a gus h, and then you
have something as important as a
bas ic adva nce in emulsion ma king.
I ts fa ir lv ra re.

What' has happened is that at
long last we have fo und some
stretc h in the chains that loc k graini
ness a nd light sens it ivity in mutual
bo ndage. We can make an emulsion
tha t gives less graininess without
yieldi ng sens it ivity, or we can have
sens itivity without paying in gra in i
nes s. T he 'la tte r seemed the better
choice fo r the first commercial ap 
plication , wh ich we call Kodak
Royal Pan Film.

Its gra in ines s is perhaps even a
lit t le less th an that o f the high ly
sa t isfacto ry Kodak S uper Panchro
Press Film, Typ e B (fastest Kodak
film h itherto offered the press pho
tograp he r, a co nnoisseur o f emul
sion speed), but a t the pract ical
gamma of 0.7 it has twice the speed .
Expos ure Ind ex is 200 for day light,
160 fo r tungsten . Its characteristic
curve co mbines the best features of
Koda k Sttper- X'X Pan chromatic
Sh eet Film an d Kodak Super Pan 
chro-Press Film , Typ e B. There is
more exposure lat itude, mo re de 
velo pment la t itude, more detail in
the dark areas, more det ail in the
light a reas, less nee d for dod ging
in printing .

Ir vour work ; bus iness , or hobby has
been 'cry ing out for fas ter shee t film , all
1'011 need do noll' is send someone 0 111 to
',he nearest Kodak dealer fo r some
Kodak Royal Pan Film. There might
be se veral press photogra phers at the
counter ahead of him .

Miu oprint reader
00W o n sale is the Kodagraplt Mi
croprint Reader, a sleek and unob
tr us ive instrument intended to create
enth us ias m fo r the microprint idea
a mong those wh o ha ve had doubts
about the comfort o f reading micro
pr in t day in a nd day out. This o ne
ta kes a ny s ize of rnicroprint card
from 81/2" x 14" down a nd thus in
vo lves no commitment to any one
s ize . A nyo ne in terested enough to
d ro p a pos t card to Ea stman Kodak

For further information, circle numbers 25 A-I, 25 A-2, 25 A-3, 25 A-4 on Reade rs' Service Card, page 41 A
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(Nash and Thompson) , will test the
hardness of a specimen of rubb er 3/ 16

inch in diameter, a nucleonic weight
gage (Electro nic In strument s) uses
radioisotopes to control the weight of
tobacco used in cigarette-makin g ma
chines, and the unit developed by Mul
lard Ltd. , for use with a resistance
furnace temperature cont roller, will
automati cally contro l the temperature
of the furnace from 10 to 10000 C. over
short or long periods.

The small ana log computer built of
standardized component units exhibited
by Elliot Brothers (London), Ltd., has
an accuracy of 0.1% as against 1% for
most existing small analog computers.
A direct-reading spect rometer for de
termin ing the composition of an alloy
was shown by Hilger and Watts.

A numb er of exhibits were especially
concerned with th e development of
British nuclear indust ry. T he .Atomic
Energy Authority showed a small scale
working model of an electromagnetic
pump which may be used for pumping
liquid metals such as mercurv or sodium
through the breeder reactor being built
at Dounreay , in order to draw off the
heat. Equipment used for surveying
for radioactive materials from aircraft
was shown by Edison Swan Elect ric Co.

A range of scintillation phosphors for
use in scintillation' counters was shown
by Isotope Developments , Ltd., and a
number of radiation counters of different
shapes and sizes have been designed for
both indust rial and personnel use.

Southw est Regional Meeting

T he Dallas-Fort Worth Section of
th e A~IERICAX CHE~llCAL SOCIETY will
be host to members during the Tenth
Southwest Regional Meeting, to be
held in Fort Worth December 2 to 4.
T he region embraces Texas, Louisiana,
Arkansas, Oklahoma, and New Mexico,

ANALYST'S CALENDAR

American Ch emical So ciety. I 26th Na
t ional M eeti ng , N ew York , N . Y .,
September 12 to 17.

Seventh Annua l Analytical Symposi um.
M inn eapol is , Minn., J une 18 a nd 19.

Sixth Annual Oak Ridge Summer Sym
pos iu m on Mo de rn Anal ytical Ch em
istry. Oak R idg e, T enn ., Au gus t 23
t o 27.

S ixteenth Midwest Region al M ee tin g,
Ameri ca n Chemical Society, Omaha,
N eb. , November 4 to 6, 1954.

Papers are invited for present ati on
in th e fields of analytical chemis try ,
biochemistry, chemical education, in
dustria l and agricultural chemistry,
organic chemistry, petroleum chemistry,
and physical and inorganic chemist ry.
Informat ion on t itle, auth or's name, and
subject matter must be received not
lat er than September 1. T wo copies
of a 200·word abstract must be re
ceived not later than October 1. Gen
eral correspondence regarding the tech
nical program should be sent to Harold
Jeskey, Southern Methodist Univer
sity, Dallas, Tex. Chairman of the
section on analyt ical chemistry is C. T .
Kenner, Southern Methodist Univer
sity, Dalla s, Tex.

Microchemistry and Micro
chemical Instrumentation

A. symposium on Microchemistry and
Microchemical Techniqu es will be held
September 17, 1954, in connect ion with
the Instrument Society of America
First International Instrument Exposi
t ion, at Convent ion Hall in Philadelphia.
Th e purpose of th e symposium is to
show that microchemistry has now come
of age and supplies a useful and much
needed tech nique. Historical develop-

CARL
Z E I SS AB B E REFRACTOMETER

Made in West Germa ny

The farnous ABBE R EFRACTOM ETER is avail able incorporating
the foll owing features:

• Hange of measurements: nn 1 .3 to nn 1 .71 and 0% to 95%. For liquids and solids
by transmitted and reflected light.

• Co mpensator for dispersion measurements.

• M ea suring surface of index prism always at ho rizont al position.

• Observation telescope mounted stat ionary at an inclined posi
t ion to ca rry out measurements at a relaxed posture.

• Li ne of total reflect ion and sc ales are observed simultaneously
in telescope.

• Index prism in hea t ing mount can be easily interch anged .

• Specia l index p rism in heating mou nt availa ble for m easurements
up t o nD 1 .85. (On special ord er only)

• For highest-accuracy -measurements an Ultra-Thermostat with
constancy of temperature ±0. 005° is availab le.

Free detailed literature sent u pon request

CARL ZEISS~ INC.~ 485 Fifth Ave ., New York 17, N. Y.

Guaranteed unin terrupted repair service

for further information, circle number 26 A on Readers' Service Card, page 41A
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ment and newest progress in various
ph ases will be presen ted with emphasis
on instrumentation. The symposium
should serve as a review of pa st and
presen t acco mp lishments as well as an
idea of what may be expected in the
future.

Op enin g of Sym posium a nd I ntroduct ory
R ema rks . H . K. A I,DEn , C hair man , Arthur
H . T homa s Co. , Philad elph ia , P a .

Microchemical T echniqu es. A. A. BEXE
J>ETTI-PICIIl ,En, H onorary C hairman , Qu een s
Colleg e. F lu shing , N . Y.

Quanti ta t ive Organic M icroa nal ysis. AI.
Sn :n,nM.\ nK, H offm a nn -La R oche Inc., N ut 
ley . N . J .

Phys icoc h em ica l M ethods in M icroanaly
sis . J OHN l\hTCHELL, J R. , Ex periment Sta
tion , E . 1. d u P ont de Ne m ours & Co. ,
W ilm ing t on , D el.

Mi croanalysis in the P etroleum Industry.
H .\RRY L EVIN, T exas Oil Co . , Beacon, N . Y .

Chemical Microscopy (F u sion Methods) .
\VALTER C . lvrCCno NE, Ar mo ur R esearch
Foundation, Chicago, Il l.

D iscu ssion a nd showing of m ov ing pi cture s
dep icting micr och em ical t echniques.

The committee for th e symposium
consists of Ar th ur H . Hale represent ing
the Affiliated Analytical Group, D ela
ware Section , A~mRICAN CHEMICALSOCI
ETY; J os. Alicino, representing t he
M et ropolitan Mi crochemical Societv
New York; Wm. C. Ellenboge n repr~~
sent ing t he Analytical and M icrocherni
cal Gro up, Philad elphi a Sect ion, A~IERI
CAN CHEMICALSOCIICTY; Ric hard Zah ner
represent ing th e South J ersey Sect ion,
A~mHlcAN CHE~IICAL SOCIBTY; Herbert
K. Alber, Cha irman.

Members of th e sponsoring groups or
sect ions may obta in free preregistration
t ickets from th eir representati ves on the
committee.

EMPLOYING

The *Ultramax *Teflon
VALVE ...

KONTES SEPARATORY FUNNELS
Provide Practical Benefits to All

Segments of the Chemical Industry

R egardless of the specialized chemical field in wh ich
you are engaged, th e ULTRAMAX TEFLON

VALVE, embodying in princ iple a sha rp departu re fro m
conventional stopcocks, will pro vide you with a host of
exceptiona l valu es.

No lubricant s, for instance, are required in th ese Separa
tory Funnels. Th is means th at yo u can now handle any
materi al hereto fore sensit ive to th is substance. Acids.
alk alies and other reagent s w ill not cause them to stick.
Wit hout lub ricants to dissolve, there is also freedom from
tr oublesome leakage.

The smaller sizes of funnels (30 to 125 ml) are especially
adaptable for centrifuging to speed up separat ions, and the
valve is so designed th at it is completel y locked in during
this pro cess. The K-4525 series, cy lindrica l type, 30 ml .,
is ideal for vita min analysis.

It will pay you well to investigate KONTES' SEPARATORY
FUNNELS today .

For further informat ion, circle number 27 A on Readers' Service Card, page 41 A

*Ultromox-R eg. T.M. of Fischer & Porter Co .-*Teflon-Reg. T.M. of E.I. DuPont Co.

K-4535

K-4545

TYPES NOW AVAILABLE

KONTES GLASS COMPANY
VINELAND, NEW JERSEY

K-4525

Write for Literature on Complete Series of Separarory Funnels. Ask also for
Comp lete Catalog on Konees' High QuaJity Standard aad Specially-Designed Labora
tory Glassware.

Summer Courses at
University of Padua

T he University of Padu a will hold
summer courses at Bressanone (Dolo
mites zone), Italy, includin g a series of
lectures at the Cen te r of P ola rography .

.Iu ly 26 to 30 . Prod ucti on and Use of
Radioa ctive Isot opes .

Aug u st 2 to 6. T heoretica l and P racti cal
P ola rography .

Augu st 9 a nd 10. C hromatograp hy .
A unu st I I . E lectrophoresis.
A ugu st 12 . Spectro photometry .
A ugust 13 . E lectronics.

Informa t ion is available from t he
Unive rsity of Padua , Via L. Loredan,
Padua , Italy .

Ze itschrift fur Physikalische
Chemie

The May 1954 issue of th e Zeitschrift
[ii r Physik aliscM Chemic, N eue Folge
(Volume 1, No s. 1/ 2) contains papers by
Ab el, Ban dow, B lock, Bonh oeffer , Gon
SCI', Hauffe, Kuhlweit , R ahmel, Schulz,
Schwab, St rehlow, and Suhrrnann, It
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is published by Akadem ische '-erl:l l!:~

gesellschaft m. b. H ., Holbcinst rnsse
25- 27, Frank furt-am-Main, Germany.

N EW BOOKS

Chem istry of th e Lanthanons. R, C.
Vickery. vii + 280 pages. Aeu
riemic Press, I nc., 125 Ea st 23rd St. ,
New York, N. Y.. 1\).5;3 . ,5fi .OO ,
R eviewed hv C IlARLEi; Y, B ,\:\" K " ,

Iown State College, Ames, 1 0 \1':1.

T he ma teri d presented was ta ken pri
marily from t he literature prior to 19.52 .
although several references a re includ ed
t o work pub lished during 19.52.

After four short chapters ent it led
" H istorical Development ." " M odes of
Occurrence." "St ruct ure, Spectroscopy
and Param agnetism ," and "I sotopic
Const it ut ion. Radioactivitv and Ya
lency ," t he author discus~es at great
lengt h (8 chapte rs, 132 pages) t he sub
ject of sepa ra t ional techniqu es. The
older separa t ional techniques are dis
cussed in great detail, while only 4 or ;)
pages are devoted to each of th e newer
techniques of ion exchange and solvent
ext racti on methods.

Cha pter 13 gives a ra t her complet e
disc ussion of th e properti es of the ligh ter

lanthanons, which includes a discussion
of t he oxides. hydroxides, car bona tes,
oxulates, halides, nitr ates, sulfates, sul
fides, phosph ates, cyanides, perc hlora tes
and complex compounds. Chapter 14
is devot ed to a br ief discussion (5 pages)
of th e properties of the heavy Ian
t han ons,

Anal vti .-a l meth ods for th e rare
earths which arc bas ed on oxidat ion
redu ction, average atomic weight , neu
tralization , magnetic susceptibility, ab 
sorption spectroscopy, emission spec
troscopy. luminescence, fluorescence,
flam e phot omet ry . polarography, ion
excha nge, an d rnrlionct iv itv are dis
cussed in Cha pter \;"j ,

Uses and applicat ions of the Ian
tha nons are br ieflv discussed in Chapte r
16 and yttrium is discussed in the ap 
pendix.

The book is well written, but has
severa l typographical errors.

Chrom atogra phic Methods of Inorganic
Analysis. F. u.Pollard and J . F. lV.
illcOmie. viii + 192 pages. 26 figures.
Academic Press, Inc., 12.5 Ea st 23rd
St., Xew York 10, X . Y. , 1953. 85.50.
Revi ewed h~' L OCI S B. ROCKLAXD,
Fruit an d ' -eg;etnble Chem ist ry Lab
orat ory, Western Uti lization Research

Branch, U. S. Department of Agricul
t ure, Pasadena , Ca Lif.

Ostensibly a coverage of genera l ch ro
matograph ic methods for inorganic an al
ysis, the book is concern ed larg ely wit h
the paper chromatography of inorganic
ions . The emphas is on paper chroma
tography is not necessarily objection
able, beca use of t he great utili ty of t hese
techniques for both qua litat ive a nd
qua ntitative inorganic a nalysis. The
authors have presented an excellent
summary of procedures for th e estima
tion of inorganic ions based on their own
work as well as cont ribut ions from ot her
groups in the field. T he text is well or
ganized and written in a man ner th at
should be acce ptable to st ude nts as well
as research work ers.

A brief but adequate history of th e
development of chro matography is pre 
sented, alt hough the rev iewer was dis
appointed not to find reference to t he
paper by H. W. H ermance [Bell Labs.
Record, 16, 370 (1938) J describing th e
use of paper as a medium for m icro
analysis of inorganic ions. As several
ot her very recent books on paper
chromatography have developed COli 

siderable space t o literature revie ws, it
is creditable that the aut hors ha w
minimized extraneous material and hun ..

GLASS ABSORPTION CELLS

MANUFACTURING CO.
177 EAST 87TH STREET
NEW YORK ..... N . Y .

Complete Electrophoresis Apparatus
SCIENTIFIC APPARA TUS

Kle tt-Summerson Photoelectri c Colorimeters 

Colorimeters - Nephelometers - Fluorimeters

Bio-Calorimete rs - Comparators - G lass Stand-

ards - Glass Ce lls - Klett Reagen ts
KLETT

OF FINE
MADE

BY

QUALITY

KLETT

28 A

For further information, circle number 28 A on Readers ' Service Card, page 41 A
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For Your New
Laboratory Equipment
Budget Preparation

Effective for the period from June 1 to September 30, 1954,
we are pleased to quote the following firm prices:

Spinco Model E Analytical Ultracentrifuge, complete
with optical, vacuum and refrigeration systems in one
case, including all equipment f o r routine operation and
one each Analytical and Preparative rotor of choice
For export, with extra parts and packing, add $800.

$16,000.

Spinco Model L Preparative Ultracentrifuge, complete
with vacuum and refrigeration systems, including all
equipment for routine operation, except rotors

#40 Preparative Rotor with tubes and caps
#30 II II II

#21 II 11 11

For export, with extra parts and packing, add approx. $400.

Spinco Model H Electrophores is - Diffusion Instrument,
with Schlieren, Rayleigh Irrte r fe r e nc e and Gouy Inter
ference optical systems and mechanical scanning. Facil
ities for running three samples at one time. Motor driven
sampler. Complete equipment for routine operation, with
exception of glass cell parts and electrodes

Three sets Glass parts, cells and electrodes
For export, with extra parts and packing add $800 ..

4 ,500.
370.
440.
720.

13,000.
1, 290.

All prices fob Belmont, California; terms 30 days net.
Delivery within 120 days after receipt of order.
Prices include installation and maintenance service for one year.

For further information, circle numbers 29A·l , 29 A·2 on Readers ' Service Card, page 41 A
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Handbuch d er A nalyt isc hen Che mi e .
lV, Freseniue and G. J ander.
Springer-Verlag, Berlin , Gottingen,
Heidelberg, Germany, 1953, Band
vs« xiii + 370 pages. D:\I 72.
Band VII I boy, xiii + lIS pages.
D:\I 24. Reviewed bv H.-I.XS STOIr
TEX, General Aniline &"Film Corp.

Volume Va[3 is a continuation of
Part Three of the "Ha ndbuch der
Analytischen Chemie" dealin g with
quantitative determinations and meth 
ods of separat ion. It t reats the ele
ments of th e fifth main group, and th is
section is specifically concerned with th e
element phosphorus.

In keeping with th e encyclopedic
nat ure of t his work , t he t reatmen t of the
subject mat ter is extremely comprehen
sive. Th e exhaust ive series of analyti-

prepared th e first pra ct ical book con
cerned with inorganic analysis by pap er
chromatography techniques. Extensive
tabl es of chromatographic solvents and
R, valu es as well as detailed descr ipt ions
of procedu res are presented. ' Yorkers
in other fields of endeavor may find in
terest in the discussion of cellulose pow
der chromatogra phic columns .

An unu sual feature of t he book is the
presentation of two schemes for qualita
tive inorga nic analysis using filter paper
chromatography procedures exclusively.
These schemes of analysis should find
interest among teachers of chemist ry as
well as workers dealing with problems of
separat ion and ident ification of short
half-life radioisotopes. Detailed de
script ions are also presente d for t he
qua nt itat ive est imat ion of molybdenum,
boron, gold, and uranium as individual
ions, and copper, iron, aluminum, t i
tanium, vanadium, uran ium, bismuth,
ant imony , and cadmium in various
types of mixt ures , Other br ief sect ions
are concerned with chromatography on
media other than cellulose and a review
of t he recent work on electromigrat ion
an d elect rochromatog rap hy of inorganic
ions.

One of the few short comings of t his
volume is the omission of data on the
sensitivities of the procedur es employed
for the detection of an ions and cat ions.
T he reve rsal of t he let t ers identi fying
t he chromatograms on the colored front
ispiece may confuse the casual reader.
One ot her minor oversight was the mis
labeling of F igure 5b as an illustration of
th e test tube chroma tography pr ocedure
referred to in th e text .

While this book may ultim ately prove
to be an int erim report on the develop
ment of chromatographic procedures for
t he separation and est imat ion of inor
ganic ions, it comes as an excellent int ro
duct ion to a rapidly growing field of in
t erest.
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Make Them In a
PARR
PELLET
PRESS

Addr e ss; _

Need Special Pellets?
a.e.a. aB. a.s.

I" 3"6. I"a.
4' "6 z:

FIVE EASY STEPS convert powdered samples into
convenient ta blet or pe llet form using the Parr
Ser ies 281 I Pellet Press. On ly stainless parts contact
the sampl e. Moderate hand pressure develops
compressive force of approx. 2000 psi. Pellets are
eas ily ejected into a stainless receiver. Interchange
able punch and die sets offered in three sizes.

Obtainable from any Parr Deale r, or write direct
for deta ils.

PARR INSTRUMENT CO.. MOLINE. ILLINOIS
EST. 1899 • MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT

For further Information, circle number 30 A·2 on Readers' Service Card, page 41 A

For further information, circle number 30 A-1 on Readers' Service Card, page 41 A
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For complete " LA BRITECTURE" deta ils request our new ISO-page Cata log 48 . ~. :~&L-~~.
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I . .' . ... G entleme n: Plea se se nd a copy of yo ur new ISO-page Cat a log 48 to: :
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SPECTROHOTOMETRIC CURVE~

For further information, circle number 31 A on Readers' Service Card, page 41 A

Be sure to see the new AO Rapid Scanning
S pectrophotom eter dem onstrated at YOllr earliest
convenience, For illustrated literature
write D ept. F48.

\

". American O ptical
I iJhJ INSIRUMENT OIVISIO~
I '\.Y l"ffAlI 15 . N[ w ,ou. -
I < ,

per second

Imagine it! H ere is a way of following rap id color changes

and tra nsient phenomena. Here is a way of monitoring

flowing processes. H ere is a useful tool for rapid comparisons

of transpar ent or opaque materials; gaseous, liquid or solid.

T he AO SPECTROPHOTOMETER traces 60 separate

cur ves per second on the face of a cathode ray tube fusing

them into a "mo ving picture" of color changes over the entire

visible spectrum from 400 to 700 millimicron wavelength.

A roomy sample chambe r accommodat es transparent

samples up to 100mm thick . A reflection atta chment will

p roduce data from opaque surfaces as small as 1 inch squa re.

Pe rmanent records can be mad e with any of the standard

5" oscilloscope cameras.

...60
ca l methods for the determina t ion of
phosphorus a re all-encompassing. T he
chem ica l gravimetric and volumetric
procedures a re accompani ed by a ll th e
a pp licable ins trumental tec hniques.
These inc lude macro, semimicro, and
micro quantitative determinations. T he
analyses include a ll t he phosphoric,
phos phorus, and hypo- acids in addition
to a ll the ph osp hates, phosphine, and
ele men tal ph osphorus.

T he value of th is ser ies as a reference
work is enhanced by the orde rly and
logical method of presenta tion. A dis
cussion of th e ete rnally imp or tant prob
lem of sam pling precedes the descript ion
of the analyses . T he la t ter are intro
d uced by a sta tement of the specific
chemica l reacti on employed followed by
t he pr epa ra t ion of reagents, the an 
alytiea l procedure, and observations
covering sens itivity precision , interfer
ences , a nd limita tions. Each bas ic
meth od is acco mpa nied by a ll t he perti
nent literature references. This volume
may be considered a cata log of the
litera ture relating to phosphorus as well
as a cata log of ana lytical methods.

The " Ha nd buch del' Annlytischen
Chemic" should attain that stat ure for
analytical chem ists which Beilstein
occupies for the organ ic chemists.

The eleme nts of the eighth subgroup
are treated in Band HI b'Y in t he sa me
mann er as ph osph orus. T his volume
is equally divided between the individ ual
determinations of plati num, pa lladium,
irid ium, rhod ium , osm ium, and ru the
nium an d the sepa ra t ions of eac h of these
meta ls from a ll, or any combi nation of,
the others. 2\I01"e emphasis is placed
on the physicochemica l and instru
menta l methods of analysis.

A sect ion is devot ed to prob lems,
und er the heading "Specia l Cases."

Determination of Dysprosium in
Holmium by Rad io-Acti vation Analy
sis. G. Phillips and F. W . Cornish,
Che mis try D ivision, Atomi c En ergy
Research Es ta blishment, London ,
E ngland, 1953.

The dysprosium conte nt of specpure
holmium oxide has been de te rmined by
radio-activation ana lysis without chem 
ica l separation. T he composite decay
curve for the sa mple after neu t ron irra
d ia t ion has been resolved by ca lculation
from the experimenta l points. D ilution
of t he sam ple by grind ing with sucrose
in the solid state has been sho wn to lead
t o an inhomogeneous mix com pared with
a qu eous di lu t ion. T wo ser ies of expe ri
me nts huve been ca rr ied out using
aq ueous di lutio ns ; liqu id counting gave
11.71 ± O. O!)% dysprosium in H020 3•

while solid counting ga ve 11.GO± 0. 16%
dysprosium in H020 3• T he erro r limi ts
refer to standa rd devia tion of the mea n.
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At long last it' s ready. When you see
it, yo u' ll know why the new Fisher
Chemical Index took so much time in
p rep aratio n.

The new catalog co n tains valuable
information on chemicals and reagents
which you can 't find anywhere else.
When we say it' s complete, we mean

complete.
Fact-filled , cross-referenced , the

Fisher Chemical Index lists all of the
information you need on 7244 chem
icals and r eagents available at Fisher.
There is nothing quite like it. And it's
yours for the asking.

.;ts,//
The Most Complete Listing of

Laboratory Chemicals Anywhere

If you haven't received one, write to 717 Forbes St.,
Pittsburgh 19, Pa., for your copy of this all-inclusive
chemicals Blue Book ••• THE FISHER CHEMICAL
INDEX 115-C.

"The linest reagent is the least costly laboratory ingredient"

FISHERe SCIENTIFIC
Boston ·

Buffalo

Chicago

Cleveland
Detroit

New York

Philadelphia

Pittsburgh
St. Louis

Washington

Montreal

Toronto

America's Largest Manufacturer-Distributor of Laboratory Appliances and Reagent Chemicals

For further information, circle number 32 A on Readers' Service Card, page 41 A
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Infra re d spectra of single fibers and
crysta ls can be run with aid. of hood
on infrared microscope being adjusted
by Vincent J. Coates

Infrared microscope for fiber and crys
tal stud ies , and beneath it, a 10
meter gas cell for making analyses of
trace components. Martha Lester is the
operator
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Over-all view of Perk in-Elmer laboratory. Tables in foreground are used
a s work surfaces for sample preparation, changing prisms, checking spectra

LABORATORY OF THE MONTH

• Laboratory setup enables prospective user to
evalua te use of infrared inst rume ntatio n

I N T HIS E RA of new instruments and methods, instrument manu fuctu rers
are finding that th e customer must be shown th e value of expensive

equipment before he buys. Before a company or resear ch labo ratory is
willing to invest a sizable sum of money in new inst ruments, it wants to
be convinced that the instrument will prove a real asset to its analyt ical
or quality cont rol laboratory,

About two years ago, Perkin-Elmer Corp, set up a comp lete infrared
labora tory to demonstrate to prospective customers how infrared in
strumentation could be used to solve their particular problems. Since
vir tu ally every prospect for an inf ra red spect rometer is found to ha ve
some specific problem in mind for th e inst rument, it is th e primary pur
pose of th e laboratory to invest igate th e applicat ion of infrar ed analysis
to prospect ive custo mer probl ems, Occasionally th ere are request s for
flame photometer or electrophoret ic analyses. Considerable tim e is also
spent in deve loping new infrar ed analyt ical techniques and inst ruments,
investigat ing improvements in exist ing instruments or accessories, and
preparin g data for papers delivered at techn ical meeting" by Perkin
E lmer staff members,

At latest count, th e labora to ry submit ted over 600 problem a nalysis
reports last year. These run th e gam ut of practically all ind ustries con
cern ed with organics-food and drugs, through plasti cs, paints, explosives,
and petroleum . About 60% of th e analyses are cond ucteel on solids , 35%
on liquid s, and 5% on gases. Over 25% of the requests are for quan titative
analyses.

(Continued on page 35 A)
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CS&E
INCUBATORS

LAB·ROOMS
40° F. 10 140° F.

DUPLEX HEATERS

PETROLEUM
TESTING APPARATUS

EXTRACTION
APPARATUS

For further information, circle number 34A on Readers ' Service Card, page 41 A

ALUMALOY CLAMPS

"FORCE·AIRE"
SECTIONAL INDUSTRIAL OVENS

METAL FURNITURE 950°F.
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LABORATORY OF THE MONTH

Harry Hausdorff (left), director of the
laboratory, explains the intricacies of
a specific analysis to visiting chem ist

~

... Recent advance in infrared solids analysis
is the potassium bromide press. Helene
Sternglanz pours a mixture of sample and
potassium brom ide into the die, which is
subsequently evacuated and pressed to
form an infrared-transparent pellet

Equipment includes a small oven for drying
specimens, a balance, and an exhaust hood.
In the foreground"is a glass-topped table for
viewing and match ing spectra

~

Pure compounds, solvents, and samples
are stored in the cabinet to the left.
Crystal prisms for different regions of the
infrared spectrum are in the center cabi
net . To the right is a file of reference
spectra including over 5000 spectra run

". off in the laboratory and 2000 API spectra
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TIME, SEPTEMBER 28, 1953

T he Coleman Photo-Nephelomete r measures ligh t
reflected from suspended particles. Used with Colem an
Cer tified Nephelos Standards it constitutes an accurate
mean s for measuring and describing " haze" in terms of
simple numb ers, easily understandable and readily
reproducible.

Coleman's
Ounce of

Prevention
ProtectsClarity

of
Schenley Whiskies
Schenley was the first distiller to use
the Coleman Photo-Nephelometer for
routine testing of whiskey samples
from the bottling line. In a recent ad
in Time , Schenley said:

~~it makes certain that the
whiskey will look and taste
the same months later as it
does at that momerrt.T "

Clo udiness or other undesirablecumu
lative factors in products can often be
forec ast by haze measurements during
production . To detect very faint haze
as it forms , an ultra-sensitive instru
ment is needed. The Coleman Photo
Nephelometer can measure haze at
levels far below the ability of the
human eye to detect it.

Any subst ance which can be isolated as a finely divided
precipitate can be measured quantitatively with a
Nephelometer. When so used , the instrument is very
rapid. It eliminates from the usual gravimetric method
the five most tedious steps: filtering, washing , drying"
cooling and weighing.

Write for folder-"Nephelometry : A Short Cut to Precision Chemical Analysis ."
Dept. A. , Coleman Instruments, Inc., Maywood, Ill.

COLEMAN NEPHELOMETERS

36A

"The picture and quotation are reproduced with the permission of Schenley Distillers, Inc.
For fur ther informati on, circle number 36 A on Readers' Service Card, page 41 A
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INSTRUMENTATION

M ichigan Symposium on Instrumentation for Industrial Hygiene
included technical papers, reviews, exhibits, demonstrations

Nor very long ago, the word " instru-
mentation" was more than likely

to suggest the New York P hilha rmonic
or the Boston Symphony Orchestra
even to scient ists and technologists.
S ince instrumentat ion has becom e rec
ognized as a distinct branch of bo th
science and te chnology , it ha s even
acquired specia l em phasis in a va riety
of fields. So wide a nd extensive is
this b ran ch of kn owledge that one not
iufreq uently encounters inst ru ment sy m
posia devoted to a specia l field of scient-e.

l n s t.r u m e rcta t.io n fo r
[ndu s t riul Hy giene

We pa rt icipa ted rece ntly in a Sy m
posium on I nstrumenta t ion for I n
d ustrial H ygiene at the Schoo l of Pub
lic H ea lth of th e Univer sity of Michigan ,
un der the spo nso rship of th e Univer
sity' s Institute of Indust rial Health
and School of P ublic H ealth a nd some
nin e coope ra ting agencies in t he field
of pub lic heal th , industrial hea lt h, and
instrumentatio n. This sy mposium had
four distinct ob jectives: (1) to bring
together instrument ma kers a nd users
of in struments in the field of. industrial
hy giene: (2) to make kn own wha t is
needed a nd what is available : (3) to
exhibit home-assembled devices a nd
to exch ange information and ideas on
equ ipme nt and (4) to gather mater ial
for an Encyclopedia for Instrumen ta
t ion for I nd ust ria l Hygiene.

All sessions and exhibits were held
in the sta tely and impressive hall s a nd
cha mbe rs of t he H ora ce Rackham
B uild ing from May 24 to 27.

A series of general sessions was de
vo ted to comprehe nsive review ad
dresses. In addition , t here were tech
nica l sess ions and papers devoted to
spec ific types of ins t rumenta t ion. The
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emphas is th roughout was on instru
mentation rather than a compila t ion of
data obtained with instruments.

Nearly 100 instrument manufacturers
were represented in well chosen ex
hibits. I n add it ion, nearly 100 home
assembled instrumen ts were exhib ite d
by some 25 ind ividuals, com panies, uni 
versities, or research agencies. T hese
represented instrumental developments
for special problems, and, in most
cases, were devi ces for which no appro
priate ins t rument is commercia lly ava il
able. In our opinion, t he value of
such exhibits and demonstrations is be
coming appreciated mo re 'and more by
the scient ific public. It has been an
old and well established practice at
nat iona l meetings of the American Medi
cal Association and a simila r, t hough
more extensive, exhibit at the Dyson
Perrins Laboratory in Oxford was one
of th e ou tsta nding fea tures of the 1952
International Congress of Ana lytical
Chemist ry .

T he prep aration of the encyclopedia
is now und er way . This will include
not only all th e papers presented at
t he sy mposi um, but descriptions and
illust rations of a ll instruments which
were exhibited . It is likely that some
of th e papers will a lso appea r in various
scient ific journals.

T he subjects discussed at the sym
posium were, almost without exce ption,
of direct interest to the a na lytica l chem
ist. I n many -respects , it may be sa id
that industrial hygi ene is largely con
cerne d wit h the a nalysis of toxic or
hazardous mate ria ls. There are cer
ta in features which are mo re particula rly
significant to the industria l hygienist .
Automatic recording, t he initiation of
a la rms , or actua l control of environ
men ta l cond it ions such as venti la t ion

by Ralph H.

Miiller

is more important th an it would be for
the a verage analyst. Some problem s,
such as pr oper illu minat ion or noise
levels, are obviously of more interest
to the physicist .

T opics Discus sed

For the present, it may be helpful to
list the topics which were discussed ,
because it ma y require something of th e
order of a year before the papers are
published or collected ultimately in
the en cyclopedia. The re view add resses
were as follows :

Concepts and Purposes of th e Sympo
sium. William G. Frederick.

Sampling and Analyzing Air for Con
ta minants in Work P laces. Leslie Silver
man.

Labora tory T ype Instrument of Specific
Application to I ndust rial Hygiene.
Hervey B. E lkin s.

I nst ruments for M easu ring Air Velocity
and Metering Air. Kno wlto n J . Caplan.

Ins trument s for Xlea suring Sound and
Vibration. Cha rles R. Williams.

I nst ruments Specifica lly Designed for
Atm ospheric' Pollution Evalua tion .
George- D. Clay ton.

Home-Assembled I nstruments . Warre n
A. Cook.

I nstruments for Measuring Ionizing
R adiations. Karl Z. Mo rgan.

In struments for Xleasuring Ultraviolet.
Visible, and I nfra red Energy. Hugh
Archer .

T he te chnical papers included :

In struments for Sampling and Analyzing
Organic Vapors in Air. E . M. Adam s.

Developm ents in th e Sampling of Air
Born e Dust . T heodore F. Hatch.

T he Calibra tion of Gas, Vapo r. and
Du st Inst rumen ts. Their Accurucv an d
Sensitivity. E. W. Gilliland. .

E lectrometri c Instrumen ts. Philip J .
RIving.
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Popular Build-Up Laboratory Models

Burrell Industro Gas Analyzers

A rtto rnation

It was amply evident from this meet
ing that the sub jec t requires the com
bined talents of the physician, the in
dustrial engineer, the an alytical chem
ist , t he tox icologist, and the instrument
designer. While all but the lat ter are
requ ired to define the problem, it is
largely th e responsibility of the instru
ment designer to provide equipment
which will ma intain a safe, healthy,
and efficient environment for the work er
in industry.

Wh en equi pm ent can be designed
which record s the concentration of a
given haz ardous substance, and which
also has the means for controlling or
correct ing the condit ions that give rise
to the haz ard, we have the beginning
of complete ly automat ic correction.
It is obvio us that one cannot attain
complete security unless the system
also includes period ic self-calibrat ion
and " fail-sa fe" features.

In strumentation for Particle Sizing.
Melvin W. Fir st .

Absorption and Em ission Spectroscopy.
E . J . Rosenbaum .

Meteorological Measurements in Air
Pollut ion Studi es. E. Wendell Hewson.

Filter Collecting Media. Leslie A.
Chambers.

Applicat ion of Electroni cs to Home
M ade Instruments. An Elem entary
Treatment. Ralph H. Muller.

Th e Construction of Automatic Con
tinuous and Intermittent Sampling De
vices. William L . Wilson.

Th e Calibration of Airflow Measuring
Inst rument s. George M . Hama.

Devices for Stack Sampling and the
~leasurement of Air Velocities in Stacks.
Richard B. Engdahl.

Vibra tion Measuring In struments and
Th eir Applicat ion to Noise Control. H . C.
Hardy.

Intermittent Sound Measurement. A
Challenge. H. H. Scott.

Alpha Hazard Monitoring Instruments.
Du ncan A. Holaday.

Calibra tion of Instruments for Measur 
ing Ionizing Radiation. Harold O. Wyc
koff.

Infrared M easurem ent, W. G. Haz ard .
Ult raviolet Measurement. Rudolph

Nagy .
Th e Measurement of Light. W. Glenn

Praccju s,

PRICE

425.00

- 1
I

APPARATUS

"For Sc ient is ts Everywhere "

ITEM

Gas A na lyzer, Delux e Madel J

(Comple'e, excep t (o r solutions)

ANALYSIS

BURRELL

CAT. NO .

38- 772

IN D UST RO ' MODEL B (p icrured.)
For carbon dioxide, o xyge n and carbon
monoxid e. No gl ass Stopco c ks; n o
needl e ya h es .

CO MPACT AND PORTABLE

FO R " O N-THE-J OB" USE

DELUXE MOD EL J (pic tured) Complete and versatile. Simple or
comple x mixtures can be analyzed with speed and acc uracy. For
operation on 1 15 Volt , AC or DC.

IN D UST RO ' MODEL C H as ad de d
facil it ies (o r mo re complex mi xtures
such as three compo nen ts plus two co rn
busr ibles.

For use with 1 15 Vo le. AC o r DC.

ALSO AVAILABLE-A selection of g as
analyzers fo r ge ner al and sp ecifi c pur
poses. As k for Man ual (o r G as An alysts
- 7th ed iti on. and Gas An alysi s Ca talo g
No. 8 1.

GAS

For further information, circle number 38 A on Reade rs' Service Card, page 41 A

BURRELL CORPORATION
Ma'lIIfacturers and Distributors of

SCI EN TIFIC A PPARATUS and LABORATORY CHEMICALS

2223 Fifth Avenue, Pittsburgh 19, Pennsylvania

CA T. NO . ITEM

40-703 Ga s A na lyzer, Ind uslr a Madel B
(Comple te, with carrying case an d set of solu tions)

40-707 Ga s Analyzer, Indusl ra Mod e l C
(Complete with carrying case a nd sel o( solu tions)

Prices lisled ar e F.O.B. Pill sburg h, Po.

PRICE

117.50

180.00

T oday , one hea rs a great deal about
automatio n. App arently, this is in
tend ed to apply to the state of affairs in
which instrumentation is carried to
it s logical conclusion . Condit ions are
not merely measured by ins truments,
bu t th e out put of the lat ter is used to
cont rol a pro cess. It is a complete
closed-loop servo-system in which de
finitive instructions are supplied to
th e machine, by manual dia l settings,
or by punched card, or by tape-recorded
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instructions, From th e analyt ical
standpoint, if chemical analysis of the
product is proceedin g continuously,
and at high speed, and if th ese results
are used to cont rol all process varia
bles, we hav e complete automa tion.

As we ha ve rema rked frequ ently ,
t here is no need or place for statistical
q uality cont rol in such cases. Sta
tistical considera tions ap peal pr incipally
to th e legal, business, or administra 
t ive mind . Obvio usly, our present
practice s of gra b or sample analysis
requ ire statist ical treatment, but until
instrum ental inspection of th e complete
output is a t ta ined, we shall hav e to be
ad dic ted to these pra ctices.

In a recent discussion on sampling,
our good friend Beverly Clarke made
th e humorous and shrewd observa t ion
t ha t 100% sampling is t he ideal. Per
haps his audience was a bit too willing
to accept th e belief that one must settle
for a much smaller sample. I n t hese
da ys, when more and more measur e
ments of high precision are being made
in microsecond interv als, th e possibility
of analyzing the entire output becomes
increasi ngly likely. One rapidly ap
proaches that feeling ofsecurity expressed
by Mark Tw ain 's "Christ ian faith and
four aces. " Alth ough stat ist ical con
sidera t ions are becoming increasingly
popular, there arc some very funda
mental and ser ious doub ts being ra ised
against th eir indiscriminate use. Ein
stei n has become increasingly worried
about probabil ity conside ra t ions and
has expressed the uncomfortab le feeling
in t he hunch that "God docs not roll
dice."

Interpretation

There is no denying th e fact t hat int er
pret ati on becomes increasingly difficult
as informa tio n becomes more meager.
T here was a tim e when the manufacture
of carbon granules for use in telephone
t ransm itters was so poorly und erstood
t ha t very th orough and profound sta
tistical st udies were involved in order to
maintain reasonab le production. T hose
studies were jus t ifiably famo us, but
th ey became less and less imp ortant
as extensive resear ch into the nature of
th e carbonizat ion process was made.
A crude ana logy to what we are discuss
ing is afforded by the field of high-speed
computing. An analog compu te r pos
sesses wha te ver prec ision we build into
its components . A digital computer,
which docs noth ing but counting, has
absolute precision.

VOL U M E 26, N O. 6, J U N E 1 95 4

The Varian Model V-4300 High Resolution n-rn-r (nuclear magnetic reso
nance) Spectrometer has stirred the imagination of chemists everywhere.
With this new instrument, signals from HI, p 9, p3I, 811, CI3and several
other nuclei can be detected, revealing the occurrence of identical nuclei in
different chemical environments.
High Resolution n-rn-r techniques permit rapid and completely non-destruc
tive study of small liquid samples, including melted solids and liquefied
gases.
Outstanding applications include :

• Identification of functional groups
• Assignment of structural formu las
- Analysis of multi-component mixtures

N.M.R AT WORK
lH\S \S b 3 of a series} ETONE

INum er F ACETYL AC
H' SPECTRUM 0 tol

ltolTERPRETATlO 1then.m.r method
h usefulness 0 . P I<s

OATA 1his system iIIu st'"tr:s~e~t oftautomeric equilib rmla~ster: p•
cacu cocs. d and measu I qual areas.\ . cH n z in stu Y . approximate Ye 01 the enol

SSat~t\iqUid 1 and 2. enclo~\ng he Oli and eli protons rotons
" olume : .03 ec resent respe3ctlVe:~~s~nts the signal ~romtthemet~~pmethyl
• 30 mc t m: peal< rep I< 4 auses 10 .f lequency: ' or . t m while pea , f e proporllOns
f ield: 7050 gauSS in the l<et~ot~rm~\ecUlar species . 1~e ::t:tbY comparing

S
weep Rate: grouPSIn s can be eacu be ob·

20
milligausS/s~c . t enol and I<eto 10rm ) fUlther detailS can

efelence . ~reas 18~% enol in thIS ~:e Vol. 21.2092 119~3) .
zeIM~in~~ic field at Plotons tained lrom: l . ehe:~l:;I~'E 10 REfERENCE

in liqUId watel. M~GNE1\C RESON~NC~~~I~~_HI } / Hr
NUClE~R \P~RTS pER Mill! . :l

uttl

-"

FOR THE COMPLETE STORY . . .

OnVarian's Model V-4300High Resolution n-m- r Spectrometer, write
to the Special Products Divisionfor :

• Technical Information Bulletins
• Data Sheets
• n-m-r Table

_

T H E MARK OF LEADER SHIP

I VARIAN associates
PALO ALTO 4 , CALIFORNIA

For further Inform ation, circle number 39A on Readers ' Service Card, page 41 A
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VACUUM DISTILLATION PUMP
designed for speedy distillations

continuous, uninterrupted service

Guaranteed Va cu u m .02 rnrn
Free Air Capacity 33.4 Liters Per Min.

CO:\,YEN IK\T O I L ItESEHYOm
Not rieccssury to t .ak e p u m p
aparl to quick ly a nd co n ver r
ie n t lv clean a n d c h a n ge oil

LAHGE OIL VOL UME
Prote c ts rll c ehanisnl Frorn ( :0 1"
rnsion a nd C lo g g i n g

EFFIC IENT CO i\ T I"C ED 01'
E HATION ove r l on~ pc riod s

"0. IWIII Pa tent 1'\0. ;?:U 71l1 lJ

T his pum p is expressly design ed for vacuu m distillation
iu t he o rga nic lab orator y. l ts lar ge ca pacit y of 33.·1 lit ers of
fre e a ir per minute mater iall y increases the spee d of dis
t illa tions a n d the simplici ty of it s con struction in su res. long
life a nd con t in uo us operat ion . On e of th e features of t his
pu mp t hat will a ppeal to th e che mist is t he provision for
cleaning and cha nging the o il without ta king th e PUIllP
a pa r t.

T he la rge vo lu me of oil whi ch is pr ov ided in this pump
dilutes the vapo rs which are a pr oduct of th e d istillat ion a nd
prot ects th e mechanism of the pump from corros ion a nd
clogging. T his pump has been found to be particul ar ly
efficien t in d istillation s requiring exce pt iona lly long co n
tin uous operat ion. The movement itse lf is the sa me mo ve
me nt that has been used in a lmos t e ver v la rge universit y in
t he co untr- y and has pro ven highl y efficien t. Ov er forty of
t hes e pumps a re in ope ration a t the Unive rs it y of Ill inois
a lone. T he addit ion of the large oil reservoi r and t he greater
vo lume of free a ir ca pacity has increased t he va lue a nd
utility of the p ump for vacuum dist illa tion purposes. One
of th ese p umps has been utilized in production req uirin g
da ily o peration for a per iod of five yea rs . co n tin uing to pro
vide a ra pid va cuum of less t han .02 rnm . on t he la rge capac
il y vac uum sys tem a nd has never required d ism a ntl ing. or
the repl acement of a ny par ts .

UO I. I' U.\ I P ON LY . :'\ot mounted o n lm-,e . COIll
plet c wi th I,rrom 'cd pulley for specia l "V" I H~ 11. sup
p ly of oil an d directions for use h ut without bel t.

Ea c h, SS5.0(J

I,UHF . P U;\lP, .\Io to/·-Dr ivc n . .\I ou n tcd on cas t iron
base with 1/, 1-1.1'. motor. V belt , hel t tightenin g
devi ce. co nueo tiru- cord a nd switch. For 110 vo lt s
D .C . ' Each, $163 .00

140411 . P U.\IP , .\Iolor-D,·ivcn. Sa me as No. HO IF but
for 110 volts A.C . 60 c vcles, Each , $120,00

14041. P U:\IP, .\Iolor-Drivcn. Sa me as No. 1404 F b ut
for 220 vo lts A.C . 60 cycles . Each, 8120 .00
Correct tu bing for co nne ct ions No . S51SB, f. in ch
bore, h in ch wal l.

H 04G. For Pump eq uippe d wit h BE LT-G UA RD , specify
UO m G . Add it iona l co st of Belt Guard. $15 .00

, ~ytSlO. OF W~ ;:-~ : ~. WELCH .A~UFACTU.R1.Q ~:; COtlPA.V " (

' . . ESTA IL ISH Er> ' l IIO~-.;..--_

1515 .S~~:""'CKS~~. , DEPoT: '~ CtUCAGo' ,,10.'"1~I~p'S. .U.S.4

For further inform ation, circle number 40 A on Rea ders' Service Card, page 41 A
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Reade rs' Information Servic e
These handy ca rds will bring information of value to chemists, engineers,
a nd other technologists in laboratory, pilot plant, and production.

Circl e De s ire d Uems. Numbers on the ad joining tear-out cards are keyed to items in the NEW
PRO DUCTS section on the immediately following pages. For further information on any new prod uct
or s er v ice o r fo r a copy of literature listed in NEW PRODUCTS, circle the corresponding number and
ma il ca rd . For information about any of the products listed in th e ADVERTISED PRODUCTS INDEX be
low, the reader should refer to the advertising pages a nd write directly to the company concerned.
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Gas Analyzers . .

Gl ass ware . . . .

Gla ss ware W a shers

Hydrogen Analyze r

Kje ld ahl Dis t ill in g Ap paratus .

Laborator y E qu ipm en t .

Labor ator y Furn it ure .

M icrobu rets . . . .

Microprin t Rea d er .

Mortars a nd P e stles.

N e ph e lomet ers . . .
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P ell e t Pres s

pH M et e rs.
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Use thi s ha ndy ret ur n card
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w ill bring informatio n of
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in t he field .

ACS editor s screen all manufac
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and in dus trial literature, pub lis h
ing o nly w hat is really new and
co ntaining valua ble sci en tific or
technical data.

You can tru st the judg ment of ACS
editors not to clutt er Readers' In
formatio n Service with items of
doub tful value simply to provt:
"reade r ship. "

Every ch emist, every chemical engi
neer should make certain he keeps
up to date by:
(1) Sub scribing and reading
those ACS publicati o ns w hic h
sene his p articul ar fiel d .
(2) Examining carefu lly the ad
vertising page s in ACS publica 
tions, fo r they contain scientific
and technical data second o nly in
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form ation quickly.
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Includes six units wh ich hold a total of 66 dishes per wash-load .
Thre e uni ts accommodate 12 dishes each , up to and including
100xlO size . The other th ree units hold 10 dish es each, up to and
including 100x15 size.

Cal. No. 11245AB Petri Dish Rack Se t, includin g:
3 each I.1245A 12 dishes, 100x1 0
3 each 11245B 10 dish es , 1OOx15

Price

PETRI DISH RACK SET

$27.00 per

CULTURE TUBE RACK SET

Cal. No. 11245CD Culture Tube Rack Se t, including:
2 each 11245C max imum 18 mm. dia meter tub es
2 each 112450 max imum 22 mm . diamet er tubes

Consists of lour triangularly shaped units which fit toge the r as
illu st rat ed . The total capacity of the lou r units is approxima tely
300 tub es per wash-loa d . Two un its hold tubes up to an d includi ng
22 mm. diameter; the other two units up to and incl uding 18 mm.
dia meter.

. $50.00 per setPrice

Holds 24 narrow-mouthed bottles, either Boston -roun d or French
square type . Q uart or pint -sized bottles, or bot h, may be accom
modated in a single wash-load.

Cal. No. 11245E Bottle Rack

BOTTLE RACK

. $17.50 each

Bulletin LSR for complete descriptive
e Labwasher and new specialized rac

The C.R.C. Labwasher washes and dries laboratory glassware automatically, sa fely and
economically, in all types of laboratori es, With its sta ndard racks the Labweeher accommo
dates over 90 % of all laboratory glass ware. The Labwasher saves val uable man-hours
wasted on hand-washing , and up to 50% on annual glassware breakage. Two models are
va ilable- the Cabin e t Model , as illustra ted , and the Un der-Counter Model.

ONLY THE C.R.C. Labwasher HAS COMPLETE.LY AUTOMATIC

WASHING - RINSING - DRYING - AT A REASONABLE PRICE

\ ~ J

Price

For further information, circle number 43 A on Readers' Service Card, page 41 A
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NEW PRODUCTS FOR ANALYSTS
8tJtli/tmenl, #jt/Jataltls, JnsMtlmenls, !feat/enls, jlaletials

Infra red Analyzer

Automatic analysis of up to 10 com
ponents in a sample in IOmi nutes is possi
ble with The Perkin-Elmer Co rp .Is
Multi-Component Analyzer. The in
st rument presents it s analyt ica l results
on an elect ric typewriter. a counte r, or a
punched card device and in a form suit 
abl e for automatic comput ing. It is
applicable wherever a larg e number of
routine analyses are conducted on more
than one component of a mixture. In
st ru ment time is shortened to nea rlv
50% that required by usual manua l
sp ect rometer analyses, according to
Perkin-Elmer , an d cha nces for human
error are reduced.

The instrument consist>: of a standa rd
single-beam infrared spect romete r a t
tached to a programming control unit
which sequences through 10 predeter
mined analytical wave lengths and 10
correspond ing slit widths selected for
the components to be analyzed . The
sample cell is automatically shifted
into and out of the infrared beam to give
qu antitative read ings. For each of th e
10 wave lengths, th e signal is allowed to
reac h equil ibrium and th e transmi t
t ance value measured with the cell out
of the optical path and then with th e
sam ple moved into the beam.

Photomet ric acc uracy in th e 15 to
35% transmission range is ±0.002 ab 
sorbaney unit; in th e 35 to 60% range,
±0.001 absorbancy unit , Quantitative
analyses are reported to have been
made with an average error of less than
0.1% absolute and a relative error of
less than 0.2% of the amount of ma
terial present.

For calibration purposes, wave length

44 A

indexing am! zero set t ing check points
muy be selected by means of push
but to ns at th e end of the automatic
cvcle, 1

X-Ray Di ffraction Scal es

T ran spa rent scales for th e ra pid
read ing of powder camera films are
offered by N. 1'. Nies for three camera
diameters and a selection of radiations.
Five or six scales of slight ly different
length ar e furnished for each radiation
to provide for film shrinkage variation
up to 1%.

Sca les now a vuilnble for came ra diam
eters of .57 .;~ 01' 143.2 mm , are d valu es
for Co, Cr, Cu, and Fe radiations :
for camera diam eter of 114.6 mm. , d
values for Co, Cr, Cu, Fe , and Mo radia
tion s and ,;in2 theta. 2

Organic Che mi cals

Xow a vailable from Bios Laboratories
are the following chemicals :

Asiminonuphthalene
{:l-Benazaldoxime
Benzopinacol
Camphylamino
Ca rdol
Digox in
3,5-Diiodosalicylic acid
Methiono l
Pyridine-a-aldehyd e
l -Tvrosylglveylgly cine 3

Aldehyde Reagent

Azobenzenephenylhydrazinesulfon ic
acid is now av ailable from T echniservice.
The reagent is useful in the detection of
ald ehydes in acetals, in t he differen tia
tion of aliphatic an d aromatic alde
hyd es, and in th e preparation of deriva
tives of aldehydes and ketones. 4

Immersion Hea ter

Fisher Scienti fic Co. 's Glo-Quartz
heater is a wand of fused quartz ,
less th an 1/ 2inch in diameter, encasing a
400-watt heating coil. Becau se of the
resistan ce of quartz to t hermal shock, a
red-hot heater can be placed directly
in a reaction flask without cra cking or
breaking. And it will not burn out
when not under liquid . Fisher reports
that the heater is an excellent sour ce of
infrared radiation.

The unit can be used to build gas
heating chambers, in small high-tem
perature baths, in table-top vaporizers

01' steam generators, in gas or liquid
pipelines, or in microfurnaces. It re
portedly will bring 250 ml. of water to
boiling in 3 minutes. In a corrosive
syste m, Glo-Quartz plus a th ermo
regula tor and relay pro vides automat ic
control where other imm ersion heaters
cannot be used . 5

Die for Infrared A na ly sis

A die tha t is said to make infrared
analysis of solids as easy as that of

liquids is being
marketed by
The Perkin-
Elmer Corp.
With lise of t he
die both quan
titative and
q ua l itativ e
analyses have
been made of
amino acid s,
c om p le x or
ganic solids ,

and va rious commercial products.
A small quantity of sample and pure

potassium bromide a re squeezed t o
gether under high pr essure in the evac
uated die to form clear disks of the bro
mid e-sample mixture. T hese disks are
t ransparent to th e ent ire infrared spec
trum. They are 13 mm . in diamete r.

The die features a split cone construc
tion so that the disks can be removed
wit hout fracturing 01' chipping. In ad
dition to th e d ie, a laborat ory press of
20,000 pounds ca pacity and a sma ll
vac uum pump are req uire d to fab ri
cate th e disks. 6

Pola rizin g M icroscopes

A new series of pola rizing microscopes
for chemical analysis has been an 
nounced by Bausch & Lomb Optica l
Co. T he instruments feature the ba ll
bearing , low-po sition, fine-focusing
stand previously available only with
B&L Dynoptic laboratory instrume nts.
The precentered nosepie ce has repeat
automat ic set t ings. Standard equip
ment is t hree achromatic objectives
4 X.lO X , and21 X.

The microscopes have a precentered,
revolving stage wit h 1 0 gra duations and
vernier readings to 6 minutes of arc.
The P olar oid analyzer is of the flip-in
type. Eyepieces are 5X and 7.5 X

For further infonnation, see coupon on
page 41 A
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Hu ygenian , with crossha irs and focusing
eve lenses. Instruments can be fur 
I;ished with an integral substage illumi
nator instead of the standard mirror. 7

Densitometer

A semiautomatic densitometer, Mod el
DSA-102, for paper chromatogra phy
and electrophoresis, has been designed
by Matthew Laboratories to permit
quantitative evaluat ion of any size of
pap er st rip or sheet without cutt ing.
Curves are plotted directly on a screw
driven table, eliminating th e need fur
writing down values.

Interchangeable slit and circular
a pertures for high resolution scanning
are provided. The signal from the red
or blue sensiti ve phototube is read by
means of a sta ble d.c. amplifier. Ad
justm ents are provided to balance out
dark cur rents and background light and
give full scale meter readin gs. 8

Drop Counter

A new drop counter, manufactured
by Microchemical Specialties Co., has
a photoelectri c cell connected to a timer
for accura tely counting from one to 400
dr ops at each set ting. Drops fall di
rectly from glass tip into collecting tube
with out tou ching any part of th e coun
ter assembly. Th e tim er automatica lly
indexes the collector to the next position
afte r the set number of drops has been
delivered into a tube.

The unit eliminates the need lor at
tendance during fraction collection, ac
cording to the manufacturer. Ion ex
change or chromatographic columns
may be used by employing a stopcock
to control the flow rate. 9

Pipet Control

Micropet, a pipet cont rol that elimi
nates mouth pipetting and accidental
imb ibing of toxic or infectiou s liquids,
is being sold by National Instrument
Co. It is fabri cated of anodized alumi
num and other corrosion resistant ma
terials.

To use the control, a pipet is slipped
into it and liquid is drawn into th e pipet
by collapsing and releasing a rubber
bulb. Liquid is dispensed by depressing
a release plun ger. A delayed action

For further information, see coupon on
page 41 A
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NEW PRODUCTS

mechanism in the plunge r perm it s t he
discharge to be controlled from a rap id
to a barely percept ible flow. 10

Microscope Viewer

T he Micro-Viewscope, distributed by
William J. Hacker & Co., Inc., combines
in one unit a 75 X and500 X microscope
with enclosed illumin ation and projec
t ion elements th a t rende r an image on
an 8-inch ground glass screen. Th e
inst rument has a mechanica l stage that
offers control for centering or for

OF

scanning details of a slide and is
equipped for pho tomic rography.

Micro-Viewscope is claimed to give
relief from evestrain and facilita tes dis
cussion by :~ nu mber of observers who
are st udy ing material t ogeth er on t he
ground glass. 11

Organic Chemicals

Eleven organic chemica ls have been
added to the list of mate ria ls offered
by Dist illation Products Industri es.
Among these is squa lene, dist illed by

RESEARCH

Dl'I from the liver oil of th e basking
shark as a colorless liqu id with a boiling
point of 330 0 C. at atmospher ic pres
sure and believed to be 90 to 95% pure .

Other new orga nic chemicals are :

1,2-Bis(2-methoxye t hoxy)ethane
n-Butvlamine hvdrochlorid e
5-Chl~ro-3-nitr;-o-phenylenediamine
(p-Chlorophenyl)acetonit rile
N,N '-Dimet hylcar banil ide
2-H ydr oxymethyl-2 -meth yl-l ,:3- pro-

panediol
Ph enyl selenide
4-Pico line
n-Propyl nitrate
Tri-n-propylamine 12

Oxygen Analyzer

A direct-reading dissolved oxygen
ana lyzer claimed to operate as simply
as a conventiona l pH meter has been
deve loped by Dorber Co. Th e ampere
metric type inst rument employs a ro
tating platinum elect rode with a stable
elect ronic system which automa tically
translates diffusion cur rent int o units
of dissolved oxygen concent ration. It
dete rmines dissolved oxygen from 0 to
10 p.p .m. with in 5% accuracy for most
aq ueous solut ions. Operation is on
115-volt a.c . current , and is not affected
by power line fluctu ations.

T he instrument is not subject to in
terference by dissolved iron, calcium,
magnesium, sulfides, nitrites, or organic
matte r, according to the manufac
turer . Samples can be colored or tur
bW. 13

PLASTICS AND SYNTHETICS DIV.
For furt her informati on, circ le number 46 A on Readers ' Service Card, page 41 A

W he re rigid labora tory specifications for
control must be met, T ygon R· 3603 flexib le
pl astic laboratory tu bing is specified by
research laborato ries the world over.

T ygon R -3603 is chemi cally ine r t, com 
p lete ly non-toxic an d no n-oxid izing. Glass
clear, T ygon R- 3603 offers complete solu
tion visib ility. It s mirror-smooth w alls offer
m in im um restr iction to flow. T ygon R-3 603
while extremely tough an d durab le is flex
ible as a str ing . It is easily connect ed and is
ada p table for bran ching lines wi th T ygon
"Y" fitti ngs. T ygon R-360 3 is normally
availa ble in sizes ranging from .120" I .D.
-2" I.D.

19 5- D

46 A

Sp edfy th e genuin e . • . the
qualit y tubing th at is branded
- Tygon R-3603. A vailable at
your laboratory supply house.

PRODUCT OF

u
Photometric Scanner

A sca nner for measuring t he amount
and distributio n of materials on paper
strips from elect rophoresis and paper
chromatog raphy work is being sold by
Research Specialt ies Co. The Model
2001 dev ice is for use in Beckman
?vIodel DU spectro photomete rs.

T he scanner is designed so that the
pap er strip can be moved past the slit
window of the spect rophoto mete r for
read ings at intervals corresponding to
the desired slit widths. By plotting
optical density against distance for
success ive readings, a graph is obta ined

For further information, see coupon on
page 41 A
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Street .

City Zone State .

Type 90S·P
Synchronous Motor

Dial Drive
shown attached to Type 1304·B Beat·FrequencY Oscillator

With this unique dr ive, any desired port ion of the oscill ator
f requency range is autom atically swept in repetitive cycles. ln 
stall ing takes but a min ute. The unit operates fro m 1I5·volt,
60·cycle power. When done, a f lip of a switch disengages the drive
from the oscilla tor shaf t .

Oscill ators equipped wit h t his drive can be used with recording
equipment to record conveniently and auto mat ically the frequency
response of the network under study.

When used wit h logarit hmic frequ ency dial of Type 1304 ·B

Beat · Frequency Oscill ator . . •
Type 90B-Pl Orive - take s 50 sec to cover one-frequ ency

decade, or 15 sec/ octave

Type 90B·P2 Drive - 6-2/3 sec per frequency decade,
or 2 sec/ octave

Prices Available on Requesf

Name .
5 89

Company .

General Radio CD., 275 Mass . Ave., Cambridge 39, Mass.

Pl ease send copy of June 1954 G-R EXPERIMENTER
desc ribing the T yp e 1304- B Beat-Frequency Oscilla tor.

.--------------------------------_.
Read The JUNE issue of the " Experimenter"

for a Complete Description of the
new Type 1304-B Beat·Frequency Oscillator

v
GENERAL RADIO Company
275 Massachusetts Avenue, Cambridge 39, Massachusetts, U. S. A.

90 Wll'tr 5 ' N(W YO l K . 920 S Maell1~_ Aw CHICAGO' 1000 N . & ward S I l OS ANGUli,.

The n ewl y a nnounced T ype 1304 -B Beat-Frequency Oscill a tor is a
better t han ever ge nera l-purpose la bor a t or y signal-sou rce. It succeeds t he
Type 1304- A, keeping pace with improvemen ts in t ech niques .

The 1304-B extends the freq uen cy ra nge to 40 kc ... has a m eter as
well as a ca librat ed attenua tor in the outpu t stag e . .. has mi nimum harmonic
di stortion . .. and incorporates improvements in cir cu it r y and compon ents
which m ake for u nusu al stability a nd co nstancy of output vo ltage ov er
t he freq uency range. M any op era t ing con veniences are in corpora t ed in
this in st rum en t to facil ita t e spe cia lized a udio-fre que n cy measuremen ts .

An Even More Versatile Research and Development Tool
than its Already Extremely Popular Predecessor

Unusual Stabili ty . • . fr equency drif t is less than 7 cycles in the fi rst hour f rom a cold
start; essentially comp lete wi thin two hours

True Logarithm ic Frequency Scale . .. precisely calibrated fro m 20 to 20 ,000 cycles ...
accuracy is within "= (1 %+ 0.5 cycle) . . . 20 kc added by ran ge switch accurate
within "=0.5% . .. logarithmic scale permits work wi th recorders to plot fre
quency characteristics di rectly

-50 to + 50 Cycle Increment Dial .. . a great convenience . . . permits successive fre
quency settings within "=1 cycle of preceding setting

Output Voltage • . . f ull scale, open-circuit voltagesof 50 mv, 500 mv, 5 and 50 volts

Constant Output Voltage Over Range ••• output varies less than "=0.25 db f rom 20 to
20,000 cycles, when working in to matched load ; less than "=1 db to 40 kc

Minimum Harmonic Distort ion . •• less than 0.25 % distortion f rom 100 to 10,000
cycles, 0.5 % at 50 cycles, and no more than 1 % above 10 kc

For further informat ion, circle number 47 A on Readers' Service Card, page 41 A
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For further i nformati on, ci rc le number 48 A on Readers' Service Card, page 41 A

i n laboratory glassware

atom. For instance, iron -55, iron-59,
copper-54, and zinc-63 can be inco r
porated into the molecule. 18

API Hydrocarbon Samples

Now available as American Petroleum
In stitute St andard samples of 5 ml, in
borosilicate glass ampoules are: 2,2
dimethyl-3-ethylpentan e, 4-methyl
trans-Z-hexene . l -methvlcvclohexene.. .. 19

MANUFACTURERS'
LITERATURE

Recording Spectrometer. Folder of 4
pages describes and gives specifica
tions of recording spect romet er with
range from 2100 t o 7000 A. Leeds &
Northrup Co . 20

Raman Spectrometer. Four-page data
sheet describes recording Raman spec
trogra phi c equipment for rapid analysis
in indust ria l laboratories. Minneapolis
H oneywell Regulator Co. (Data Sheet
1O.16-Sa). 21

Infrared Spectrophotometer. Six-
page bro chure describes features and
list s specificat ions of double-beam
instrument for fast , efficient infrared
ana lys is. The Perkin-Elmer Corp.
(M odeI2J) . 22

Electrical Instruments. Catalog tabu
lates data and prices for mi croarn
met ers, milliammeters, ammete rs, volt
met ers, and other instruments and
accesso ries . Burlington Instrument Co.
(Cat. iV-J) . 23

Furnaces. Ca ta log of 33 pag es describes
and gives specificat ions of furnaces,
ovens, and cont rol instruments for heat
t reating and genera l laboratory work.
K. H . Huppert Co. 24

Raman Spectrography Equipment.
British-made spect rogra phs for use in
ph otographic work or as direct reading
instruments with Raman spect ra , as
well as accesso ries, described in 20-page
booklet. Hilg er & Watts, Ltd. (Cat.
CH33-V2) . 2S

Viscometers. Booklet of 21 pages
briefly discusses rheology and describ es
use of viscometer that operates by
mea suring force required to rotate a
spindle in a fluid . Brookfield Engineer
ing Laboratories, Inc. (Solution» to
Sticky Problems) . 26

Adsorbents for Chromatography.
Pamphlet of 8 pages discusses properties
and application of acid, nonalkaline, and
basic aluminum oxides with consta nt
properties for use as ad sorbents in

For further infonnation, se e coupon on
page 41 A

A pure aluminum nitrate reagent for
use as the salting out agent in the
fluorometric determination of uranium
is available from Fisher Scientific Co.

Ura nium content of the chemica l is
reported as a pproxima te ly 0.0000001%.

. 17

Aluminum Nitrate

Radioactive Versene

Ca rbon-l -l ta gged et hylenediamine
tetraaceti c acid , or Versene , is now being
synthesized by Ab bott Laboratories for
research use. Becau se of it s physical
and biological stability , the material is
expected to be of valu e as a tool for th e
study of food, enzym es, metabolism ,
reaction rates, metallic ac tivation and
deactivation , and for other purposes.

The comp ound may be doubl y labeled
with most metalli c ions in addition to
th e carbon-14 on th e methylene carbon

impervious to oils, greases, and water
an d is resistant to soap, acids, alkalies,
and other chemicals.

The labels are self-adh esive and easily
remo ved . They are reported to with
stand temperatures of over 200 0 F . for
2 hour s, or may be frozen without
damage. They are available in three
sizes in shee t form. 16

COR NING GLASS WORKS. CORNING, N. Y.

~~~Ue t7&.tJ

Multiple Stirrer

In these days of fast-moving
chemical developments, special laboratory
appara tus is often requ ired in a hurry.

To handle your requests, Corn ing has expanded
its facilities and staff of lamp worker s. Now-no matter
how heavy the demand is for standard PYREX labor atory
ware, Corning can give you prompt service on specials.

You are assured the same top quality of workmanship
and serviceability in special appara tus that you get
with standard products.

So make Corning your headquarters for all your special
requirements and be sure of gettin g what you want
at reasonable cost. Call your laborator y dealer
or write direct to Corning, N. Y.

representing the quantitative and con
figurational aspects of th e pat tern.

The indicator dial of th e apparatus
is marked for 1- or 2-m m. paper move
men ts. An ad apte r is ava ilable per
mitt ing th e scanner to be used in a
Beckman Model B spect rophotomete r.

14

Laboratory Labe ls

A label that is claimed t o with st and
the rigors of laboratory use has been
developed by Avery Adhesive Label
Corp. The Kum-Kleen label is made
from a plastic imp regnated stock t hat is

SOMETHING
SPECIAL

Multiple stirre rs with t hree or six
spindles and constant temperature baths
are being mark et ed by La bline, In c.
Originally dev eloped for AST ?I D 665
turbine oil ru sting tests, the units can
be used for other multiple applications
where solut ions must be stirred at
constant speed and temperature.

The bath is cont ro lled with a hy 
draulic thermostat. An inducti~n
motor dri ves the spind les by means of
an endless neoprene-covered nylon belt.
T all form beakers of 400-cc. cap ac ity
are used . 1S
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YOURS FREE
So you may tr y the finest . . .

S&S FILTER PAPER SAMPLER

To acquaint more chemists with the advan
tages of S&S Analytical Filter Papers, we
invite you to mail the coupon for a free
sampler made up of man y grades.

S&S Filter Pap ers are known for their con
sistent accuracy, physical uniformity, an d
a wide range of types from which to choose.

Ifyou demand only the finest working tool s,
send for your S&S Filter Paper Sampler.
Make your own tests. Compare.

Carl Schleicher & Schuell Co.
Dept.A-64,Keene, New Hampshire

Please send y our free S &S
o Filter Paper Sampler

o Filtration Chart 0 Membrane Filter Folder

Name' _

Company _

Address; _

City, --AJState _

H ere is a 4-page fold er giving
det ail ed information a nd
inst ructions regarding the use
of membrane filte rs, inclu di ng
technique for sterilization,
filt ration, and cultivation.

T he folder describes the new
S&S " Bac-T -F lex"* flexib le
mem brane filt er, with the
larger-sized green grid de signed
for easier and more accurate
count ing of bacteria colonies.
Send for your free copy.

For the Bacteriologist and Chemist . . .

Here is complete data on the relative reten
t ion values of S&S Analytical Fil ter Papers
and other brands, in convenient form for
read y laboratory reference.
This easy-to-read, desk-size chart shows at
a glance which filter paper grade to use for
a given analysis.

You 'll wan t one of these valuable, t ime
saving S&S Filtration Charts. To get yours,
just fill out the coupon below,and mail.

For retention values at a glance . . .

S&S FILTRATION CHART

• " Ba c-T vF'lex" is a trademark

For further informat ion, cir cle numbers 49 A-1, 49 A·2, 49 A-3 on Readers' Service Card, page 41 A
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Laboratory Furniture. Layout kit COIJ

t a ins 2S-page catalog of sect ional
furn it ure, ca rdboard mod els of furnitu re.
and scaled layout sheets for plan ning

Fraction Co lle cto rs. Eight-page
booklet describes automatic fra ction
coiled ors for column chro mutogrup hv
and discusses met hod of using them.
Shan don S c ~i cnt ifie Co. 29

Electrolyti c Desalting Apparatus.
Description of apparatus for remo val of
inorganic salts from solut ions in paper
chromatography applications presented
in 2-page bulletin . A. S. Aloe Co. 31

Electrophores is Apparatus . Four
page bulletin discusses use of English
made ap paratus for cont inuous elec
t rop horet ic separation of complex mix
tu res on filt er paper. Shandon Scien
t ific Co. 28

For furthe r informati on, see coupon on
page 41 A

ethanolami ne, and t riethanolamine and
conta ins a bib liography listing 381 refer 
ences. J efferson Chemical Co. , Inc. 38

Testing Equipment. Catalog of 52
pages CO\'er5 equipment for test ing
usphult , tar, petroleum produ cts,
cement, conc rete, aggrega tes, and soils.
Humbold t :\Ifg. Co. (Cat. 15). 39

Glassware. Catalog of 52 pages
describes and gives prices of sta ndard
and specia l scient ific glass ap parat us
offered by Delmar Scien tific Lab ora 
torie s. 40

Testing Instruments . A GO-page cat
alog of testing instruments and ot her
apparatus for the paint and ot her in
dustries. Ga rdner Laboratory, Inc.
(1954 Cat.). 41

lnstrument Repairs . A l fi-page cata
log describes repair service for balances,
microscop es, colorimeters, spectrom
ete rs, an d other scient ific inst ruments.
A. J. Grin er Co. 42

Ovens. Informat ion on line of labora
tory ovens, sterilizers, incuba tors, and
related equipment presented in 36-page
catalog. P recision Scient ific Co. (Cal .
881). 43

lab oratory furniture arrangement.
Lahline, In c. (Cat . F-153) . 32

Thermocouples . T echnical data and
prices for th erm ocoupl es, packing
glands, and prot ection tu bes given in
enta log of 1G pages. Conax Corp .
(Cat. lii80) . 33

Thermocouples . Pyromet er accessory
cuta log conta ins select ion information
on thermocouples, prot ect ion tu bes, and
accessories. \Yest Instru ment Corp. 34

Combustion Tubes. Six-page folder
describ es and lists dime nsions of ini
perv ious, vit rified ref'ractorv t ubes for
indu strial Inborn torv use. .Coors Por
cela in Co. 35

Organ ic Che m ica ls . Fo lder lists prices
in U. S. dollars for organic resea rch
chemicals a vnilabl e from Briti sh COIll

pany. Orga nic R esearch Chemica ls.
Ltc!' 36

Ph otog ra p hic Materia ls . Ca talog
describes ph ot ographic materia ls and
light filter s for luboratorv use. East 
ma n Ko da k Co. . 37

Ethanolam ines . Bulletin of 40 pages
present " informati on on properties, speci
ficat ions, methods of analysis, uses, and
ha ndling for monoeth:molamine. cli-

Alupha rm
27

chromatograp hic ana lysis.
Chemica ls.

Molecu la r Distillation Appara tus .
Six-page folder presents fea tures. per
form ance information . and speeifiea
t ion data for t wo portable high vac uu m
distilling units marketed by Bronwi ll
Scientifi c, I nc'. (.1[odel., C and J». 30

COLORMASTER
DIFFERENTIAL
COLORIMETER *

COLOR MEASUREMENTS
made in less than 30 seconds!

The Colorrnaster Differenti al Colorimeter* is the latest
development in color measuring equipment . A complete
set of color measurement s can be made in less than 30
seconds by non-technical personnel. Equ ipment is
direct reading on a low backlash dial, and is mechanically
rugged, and stable. Dial linearity is with in approx,
0.2% from 100% to 10% reflection or transmission and
can be extended below 10% with approx, 0.02% linearity.

• Three color filters enable % tr ansmission or reflection
to be read directly on front Panel Dial to within an
estimate d 0.01%.

• Simple calculation converts dial readings to I.C.I.
X, Y, & Z functions.

• Operates from 115 Volt 60 cycle line.
* Similar to instrument d escrib ed at t he M arch. 1952 meet

ing of the Opt ical Society of America by L. G . Glasser and
D . J . Troy of E . 1. du P on t d e N em ours & Co .

Write For Complete InFormation

MANUFACTURERS ENGINEERING & EQUIPMENT CORP.
10 MILL ROAD, HATBORO, PA.

PRICE

WRITE FOR
BULLETIN 1505N

with low water cu t-off

• ASME code hea vy welded
steel boiler is UL. approved

• Automati c pr essure regulato r
de livers up to 30 lbs. Wo rk
ing pressur~1 00 Ibs. per
sq uare inch .

• Subm erged heating elem ents
provide excell ent heat trans
fer. Rock wool Insulation
keep, heat inside the bo iler,

• Develops full steam pressure
within 20 minutes-starting
with a cold bo iler,

• For use with any labo ratory
ap paratus for wh ich ste a m is
required

81 Reade St., New York 7, Ne w York

LABORATORY SUPPLIES, Inc.

autolDatic
stean.

generator
(2)

Av a il a b le in 4 s izes a ccording
to capacity. S m a ll s ize has
2 ga l. w a ter ca p ., 7 Y2 x 16"
boiler. Weighs 140 Ib s .

PALO
'.'",orly '.I.'-yon.....c.

Circle number 50 A·I on Readers' Service Card. page 41 A Circle number 50A·2 on Readers ' Service Card, page 41 A
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A dvanced design d oes a w ay with point bearin gs 01

s im ila r p art s ea s ily d amag ed.

Bulle tin V DF evaileb le on requ est.

The inher
ent speed
and accuracy of
these balances make
th em highly suitable for
use in filling opera tion
involv ing ampoules, cap-
sules or powders and
for weighing mater ials
subjec t to atmos
ph er ic deter iora
t ion. The sensi
t iv ity, minim ized
oscillat ion of the read 
ing hand together wit h
the eliminat ion of par
allax errors and th e absence of ax le friction per
mi ts excep tiona lly good reproducib ility.

VDF PRECISION
TORQUE BALANCE

SPEED, ACCURACY
and EASY READING
for SERIES WEIGHING

Acce ssor ies a re ava ilable for special purposes, i.e . measur ing sur

face te nsion, determining specific gravities, blood ana lyses .

M ODEL C $198.00
Cat. No . 12203
0-500 mg., max. load 2000 mg. (with attachment weights ;
Value of 1 scale division at 0-500 mg. is 1 mg. (Othe,
Models available up to a capacity of 22 grams with scaledi
vision values ranging from 0.002 mg. to 0.02 gr. )

LABORATORY SUPPLIES

Bulletin 524
upon request

• ENGINEERING
• RESEARCH
• DEVELOPMENT
• DESIGN and

MANUFACTURE
Of

PRECISION
OPTICS

ElECTRONICS
and

SCIENTIFIC
INSTRUMENTS

Tough, ha rd alumina corn-
• position insures a bsence of

contamination.

Entirely new shape can be
• firmly gripped and held firm

with comfort.

• W ill not slide or ma r pol 
ished desk tops.

COORS PORCELAIN COMPANY
COLDEN . COLORADO

AND

for Thermocouples, Thermopiles
and Similar Type Defedors.

7'Uf t4i4 ", ode.... "",.t;u
c:..~ (al,p,a~.'f . ..

Circle number 51 A-l on Readers' Service Card, page 41A

HIGH GAIN AMPLIFIER

Operates on frequencies between 2
and 20 cycle signals. Peaked for any
f r eq u e n cy response des ired. The
Power Supply is regulated and free
from noise.

Bulletin, No. 810 upon request.

REGULATED POWER SUPPLY

Circle number 51 A-2 on Readers' Service Card, page 41 A Circle number 51 A-3 on Readers' Service Card , page 41 A
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-
UCP ELECTRODES ARE PACKAGED IN LABELED
POLYSTYRENE CONTAINERS TO ASSURE YOU-

• Freedom from • Protection
contamination against

breakage• Easy identifica-
tion - your • Convenience
design and lot in storing-
number rectangular box

All Preformed Electrodes, W he ther Stock

Or Custom-Prepared, Are Packaged In

These Containers . We Are Ready To

Give Prompt Delivery On All Items.

Send For Catalog 4-S.

UNITED CARBON PRODUCTS CO., INC.
BAY CITY, M ICHIGAN

For further informat ion, circle number 52A-1 on Readers ' Service Card, page 41 A

EBERBACH LABORATORY SHAKERS
The uti lity box carrier on th e variable speed power unit
shown here is a most versatile labora tory shak er. Various
size and shape conta iners (even a :i-gallon bottle as illus
tra ted) are held securely by t he rubber-covered sliding bar
clamps. Speeds between 100 and 300 oscillat ions per min
ute. Int erchangeable carriers for flasks are available.
Durably buil t an d attractively fmished, Eberbach labora
tory shakers are qua lity mac hines. Our Bulletin 100-D
illustrates an d describes the entire line of shakers in detail.
Write for a copy today.

an n"V~CORPO RATI O N
An n ABB OB.mICH. "'_ ,...

For further information, circle number 52 A-2 on Readers' Service Card, page ~1 A
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NOW! 100 % SULFUR RECOVERY IN IRON AND STEEL!

for -IRON

-STEEL

- 01 L

Use LECO Hand.Operated or Automatic -->
Sulfur Determinator for ASTM Method E30 ·46

LECO IH.l0S Induction Furnoce w ith ET·20 --::---:----~
Automatic Sulfur Determinator and Purifying Train

-COAL

-COKE

-ORES

- CATALYSTS

-RUBBER

Factorin g an d drift of th e titre solution are
elimina ted whe n you use the LECD IR-lOS
Inducti on Furnace with LECD sulfur cr u
cible and covers." It will pay you to follow
the example of Amer ica 's leading indust rial
testing laboratories, today using more LECD
Su lfur Deterrninat ors fo r iro n and s teel

"Pctent s Pend ing

ana ly se s t ha n all other mak es co mbined!
See the new LECD Automa tic Sulfu r Titra
tor.* Frees th e operator during an alysis,
eliminates human erro r in determining th e
end point. With a LECD you have a fast,
positive, lab or-savin g analysis technique.
Write today f or free descriptive literature.

and many

other ma terials
Take advantage of fECO free field engineering LAB 0 RAT 0 RYE QUI PM E NT COR P.
service, available in many sections of the country. Zo ne 1, St. Joseph, Michigan

For further information, circle number 53A·l on Readers ' Service Card, page 41 A

is a highly selective adsorbent . ••
FOR CHROMATOGRAPHY

A hard, porous, white granular synthetic adsorbent, produced
in a variety of mesh classifications, Florisil is being successfully
us ed in the most difficult separations of organic
compounds.

Originally recognized for chromatographic ad
sorption, Florisil is finding a var iety of uses in
r esearch and manufacture.

This high purity adsorbent is available in quantity
as desired, in containers from one to fifty pounds.

Your inquiry will be accorded strict confidence
and prompt response.

• • • • •
We also have available Fuller's earth and bauxite-based
adsorbents for all types of adsorption filtration includ
ing economical decolorization, dehydration and purifi
cation.

'=jf}~

{~~

rll ~llir ?-- -

FLORIDIN COMPANY
Adsorbents
Desiccants
Diluents

P. O. BOX 291
TALLAHASSEE,

FLORIDA

For further information, circle number 53A-2 on Readers ' Service Card, page 41 A
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Lite rature on req uest

ANALYTICAL
CHEMISTRY

RESEARCH & INDUSTRIAL
INSTRUMENT CO.

Advertising Office:

330 West 42nd Street

New York 36, N. Y.

6229 N. 18th sr; Arlington 5, Va .

INFRA-RED

YOUR ANNOUNCEMENT of

Equipment or Chemicals for

Sale and/ or Wanted, and

Professional Services, can

carry YOUR MESSAGE to
the readers of the leading

workmagazine for instrurnen- i
tation, control and analysis .

Variable CELLS for liquids

New and improved design

II

'Jtow. rleuUtadte

"QUICKFIT"
Interchangeable

Ground Glass Joints
and

High Vacuum Stopcocks

Write for Bulletin
and Price List

It pays to standardize
with

" Q UICKFIT"

ROCHESTER SCIENTIFIC CO.
P. O. Box 163

Rochester 1, N. Y.

o-p-FLUOROPHENOL
p-NITROFLUOROBENZENE

DIHYDROXYACETONE
CUSTOM CHEMICAL LABORATORIES
2054 N. Cicero Ave., Chicago 39, II'.

QUANTITATIVE MINERAL

ANALYSES INCLUDING

SODIUM AND FLUORINE

251 W . Erie Street, Chicago 10, Ill .

Wd,. '0' WISCONSIN ALUMNI
sc~:~~ '. RESEARCH FOUNOATION
P.O . BOX 205 9 ·C • MA DISON 1. W IS.

FLEISHER CHEMICAL CO.
Box 616 Washington 4 , D. C.

• Pro ximate analyses • Vita min
and am ino a cid assa ys • Scree ning

of compounds for insec ticidal. fung i
cida l, and bacter icidal properties

PROJECT RESEARCH AND CONSULTATIO N

"For better laboratory control n

MET HYL-PUR P L E
th e spectacular green-gray-purple

tit ra tion indicator (pH range 5.4- 4.8)
ACCURATE SENSITIVE DEPENDABLE

Cited in the literature for the most
accurate and rapid determination of
borates, hydrazine, mixed phosphates,
nitroge n (Kjeldahl), alkalinities, etc .

Stocked by most laboratory supply Firms

Write for B-page de scriptive folder

Standardized
ALUMINA
"Woelm"

For Chromatography

Acid, Non- olkaline, Basic
Highest activity, g ra d e I

Packings:
100 g, 500 g , 1000 g , 5000 g

We invite your inquiries

ALUPHARM CHEMiCALS
Sole Distributors in USA

Sales Office: 54 C Str eet
ELMONT, L. I., N.Y.

CLARK
MICROANALYTICAL LABORATORY

Routine analyses in one week
CH N S Halogen, Fluorine , Active Hydrogen,
Alkoxyl, Alkimide, Acetyl, Terminal Methyl, etc.
Identifications and minor research problems by
specialists in ·o rganic microchemical analysi s.

H OWard S. Cl ar k, Direc to r
P. O. Box 17 Urbana, III.

Carb oh ydrates (u niformly labeled) • Amino
Aci d s (s pec ia lly and uniformly labeled )
Fatly aci ds (Cr to Crs) • Ring Labeled Aro
mat ics • Or gan ic Intermediates • In or gani c
Com pound s • Man y other misc . compounds.

W rite for complete C l 4 Li st

GRE NCO, INC .
Palos Heights, Illinois

MICROCHEMICAL SPECIALTIES CO.
1834 UNIVERSITY AVE• • BERKELEY 3. CALIF.

Dept. A. C . Towson , Baltimore 4, Md .

Catalog will be sent on request .

Jlade ercl usirel u by

LAMOTTE C HEMICAL
PRODUCTS COMPANY

THE N EW SERI ES OF

LaMotte
WATER SOLUBLE
pH INDICATORS

(S ulp h o n- p h t ha lein ) p H (l . ~ --! I . li

in Spa rkin g Crysta lli n e Form

Ne w, h igh ly pu r ified p ro d uc ts , form
in g in s t ant solutio n wit h dist illed
wa t er . N o a lk a li t o be added -no
m ixing in mor t a r-s- no filt e ri ng- no
wai t ing . Simp ly add the p roper q uan
t ity of t he n ew L a M o t t e I n d ica to r to
d i~ t i lled wa t er in d ilu t ion flask a nd a
b rilliant soluti on of maxim um se ns i
t iv ity, s tu bi lit y , a nd t in ct o ri a l po wer
resu lts .

M odel 3001 Stir rer, air dr iven, e xp losio n p roo f,
1 '6 HP zero to 6000 RPM, complete w ith rubb er
t~bin9 ~onnecto r , silencer, coll ect chuck, SU ~Dort
rod ; 12 / shaft and tw o inch prope ller o f stai nless
"ee l. Prtce $45 .00

COMPLETELY

AUTOMATIC TITRATION
with your present pH meter

WRITE INTERNATIONAL INSTRUMENT CO.
___ CANYON, CALIFORNIA

Interchangeable Precision made
plugs • Many types available

Write for details
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BACK ISSUE PRICES

AMERICAN CHEMICAL SOCIETY JOURNALS
Effective January 1, 1953

Single cop ies or comp lete volumes of nearly all the ACS journals listed below may be purchased at these
prices.

Current Year Back Years
Non- Non- Foreign Canadian

Journal Member Member Member Member Postage Postage
AGRICULTURAL AND FOOD CHEMISTRY $0.40 $0.50 $0.15 $0.05
ANALYTICAL CHEMiSTRy... . .. . . . .. .. . . .40 .50 $0.60 $0.75 .15 .05
Analytical Edition (I&EC)

Volumes 1-4.. .. .. .. . . .. .. . . . ... . ... . . 1.60 2.00 .15 .05
Volumes 5-8 ..... ... . . . . . .. . . .. . . . . . . . 1 .00 1.25 .15 .05
Volumes 9, et seq .. . . .. . . . .. .. . . . .. .. . . .60 .75 .15 .0 5

CHEMICAL ABSTRACTS, Volumes 11-44
Numbers 1-22 . . . . .. . . . . . . . . . .. . . . . . .. 1 .00 1.25 .15 .05
Number s 23 and 24 . . . . . . . . . . . . . . .. . . .. 2.40 3.00 * .4 5 .15

CHEMICAL ABSTRACTS, Vo l. 45, et seq.
Numbers 1-22 .... . . . . . .. . . .. . . .. ... . . 1.00 ** 2.00 1.60 ** 2.00 .15 .05
Number 23 (Author Inde x) . . . . ... . . . . . . 6 .00 ** 12 .00 9.60 ** 12.00 Free free
Number 24 (Subject, Patent , Formula In-

de xes, complete) . .. ... . .. . . . . . . . .. . . 12.00 ** 24.00 19.20 ** 24.00 Free free
CHEM ICAL AND ENGINEERING NEWS .. .15 .1 5 .15 .15 .05 free
INDUSTRIAL AND ENGINEER ING CHEM-

ISTRY . . .. . . .. .. .. . . . .. . .. . .. . .. . . . .60 .75 .80 1.00 .15 .05
Industrial Edition (I&EC) .. . . .. ..... . . . . . . . . . .80 1.00 .15 .05
JOURNAL OF THE AMERICAN CHEM I-

CAL SOCIETY, Vols. 32-73 . . ... . .. . . . . . 1. 00 1.25 .15 .05
JOURNAL OF THE AMERICAN CHEMI -

CAL SOCIETY, Vol. 74, et seq . . . . . .. . .. . . .50 .75 .80 1.00 .15 .0 5
JOURNAL OF PHYSICAL CHEMISTRY . . . 1.00 1.25 1.20 1.50 .1 5 .05

RATES FO R VOL UMES OF BACK NUMBERS

Non - Foreign Canadian
Journal Member Member Postage Postage

ANALYTICAL CHEMISTRY (Formerly Analytical Edition). $6.00 $7 .50 $0.75 $0.25
CHEMICAL ABSTRACTS

Volumes 11-44 . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 20 .00 25 .00 2.40 .80
Vo lumes 45 , et seq . .. . . . .. . .. . . . . .. . .. . . ... . .. . . .. . 50.80 ** 63.50 2.40 .80

CHEMICAL AND ENGINEERING NEWS (Volumes 1-24) 2.80 3.50 2.25 .75
CHEMICAL AND ENG INEERING NEWS (Vol. 25, et seq.) 5.60 7.00 2.2 5 .7 5
INDUSTRIAL AND ENGINEERING CHEMISTRY. .. . . . . 8.80 11.00 2.25 .75
JOURNAL OF THE AMERICAN CH EM ICA L SOCIETY

(Vol. 32 , et seq.) . . .. . . . . . . . . . . . . . ... .. .. . . . .. .. . .... 12.00 15.00 1.50 .50
JOURNAL OF PHYSICAL CHEMISTRY (Vol. 56 , et seq.). 10.00 12 .50 1.20 .40

(Prior Volumes-Order from Walter Johnson, 125 East 23rd Street , Ne w York 10, N. Y.)
* Each part, when divided.

** The member discount for Volumes 45 , et seq. applies on ly if purchase is For personal use and not for resale•

•
AMERICAN CHEMICAL SOCIETY

Back Issue Department

1155 Sixteenth St., N.W.

VO L U M E 2 6, N O. 6, J U N E 1 954

• Washington 6, D. C.
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INDEX TO ADVERTISERS

.. . . . . . ... . .. . . . .. . 2 nd Co ver ;

RE INHOLD PUBLISH ING CORPORAnON
Adr;er tis ing A[a nagemen t for the American Ch emical Society Publicat ions,

M crald Lne, Advertisin g Sales Manager, ACS Publications
33 0 W . 4 2 nd se., New York 3 6 , N. Y.

SALES REPRESENTATIVES
James ] . Su ll ivan,

Advertising Sales MalUlg er
New York 36-BRya nt 9- 44 30; Jam es J . Sullivan
Cleve land 14- NB C Bldz., 8 15 Sup erio r Ave ., N. E. , PR osp ect 1-55 83; Rodney D . Long,

Clevela nd Ma nager. Reinhold Publishing Co rp .
Ch icago 2- 11 1 'V. Wash ingt on St ., RAn dolph 6- 8497; G. E . Cochran, Vic e-President, Rein

hold Publish in g Corp.; District Man agr-r-c-Earl Sch erago ; Dist ri ct M anager, South ern States
( Ala., G a ., F la. , Kv., Miss. , T enn. ) H . Seo tt L eon ard

San Francisco .5-,\ lcVonald -T hompson , (;25 Ma rke t St ., YUk on 6-0647; Roy M . McDonald
Los Ange les 5- Mc Donald -T hom psoll , 372 7 W est Sixth St ., Dunkirk 7-5391; E . T. T hompson
Seattle 4 - Mc Donald -T ho mpson, Na tio na l Bldg. , 1008 W estern Ave., ELliott 3767; Harry

Abney
H ou stOli 6-MeDonald-Thompson, 32 17 Montrose Blvd ., LYn chbuxg 67 1I; F ra nk N. Vickrey
D en ver 2-McD onald-Thom pson , Colora d o National Bank Bldg., Keys to ne 4669 ; Robert

H. H eiders bach

Ana lyt ical p ro b le ms once t ho ug ht impos
sibl e of so lut io n ha ve bee n so lved easi ly
a nd qu ick ly by ra dioa nalytica l me an s .. .
and many tedious ro uti ne c hemical a na lyses
ha ve bee n si m pl ifi e d a nd stre a m line d
th rough the use of ra d ioi so t o p es.

Ty p ic a l o f the ap p licatio ns that ha ve
b e e n made in recent yea rs are the fo llowing :

Determination of t he Gamma Isomer
C ont ent of Benzene H exa chloride by CI-3 6
Isotope Dilution Me thod , C rai g , Tay lo r and
Bro wn; A na l. C hem., 25 , 166 1, (1953).

Penicillin A ssay by Isotope Dilutio n
Methods , Cra ig a nd H a rr is ; C . & E. Ne ws,
Sept. 2B, 1953, p . 3962.

Estimat ion o f Naphthalene in C old Tar
Prod ucts b y Isotopic Dilut ion A nalysis ,
W. S. McDonald and H . S. Tu rne r; C he m
istry and Indu st ry, 195 2, 100 1.

In t he f ew years that ra d io isoto pe s ha ve
been a va ilable Trace rlab ha s a ssist e d ma ny
laboratorie s and p la nts in sur veyin g po ssib le
appl ica ti o ns to d e t ermine exa ctly ho w
iso topes c ou ld he lp t he m. Th ro ugh o ur
spe c ializatio n in the fiel d of ra d io a ctiv ity,
Tra c er/ ab' s tech nical staff has a massed a
w ea lth of practical know le dge an d stands
r ea d y to assi st yo u wit h ad vice and infor ma 
t ion , so t hat you may mo re eas ily a d o p t
t hes e rela tively new techniq ues. We a lso
conduct in tensive t ra ining cou rse s both in
Boston a nd Richmc nd , C a lifor nia, which
ha ve proved t o be extreme ly valua b le t o
m en f ro m ind ustria l laborato rie s w ho d esire
to o bta in specialize d trai ning in isotope
u ti liza ti o n.

Catalog DA , wit h 112 -p e ges o f nucl ear
in struments , chemica ls and lab oratory ac
c es sories , ava ilable on req uest ,

130 HIGH ST, BOSTON
2030 WRIGHT AYE.. RICHMOND, CAL.

CIrcle No. 56A on Readers' Service Card, page 41 A

Ace Glass, Inc .
Ainsworth & Sons, I nc., \Vm .
Am erican Op t ica l Co .
Analytica l C hem is t ry .
An aly t ical M easu rements, Inc. .

Baker C hemica l C o., J . T . . . .
Bausch & Lom b Opt ieal Co. .
B eckman Instrumen ts, I nc.
Bl ue-M Electric Co . .
Burrell Corp .

Ce ntral Scientific Co .
C he mi ca l Rubber Co .
Cole ma n Instr uments , In c . .
COOTS Po rc el a in Co.. .. .
Co rning Gl ass Work s . .

Eastma n Kod a k Co . . .
Eato n- D ikeman Co..
E berbach Corp.. .

Farrand O pti cal Co. I nc..
F isher Scien ti fic Co..
F ish-Schurman C or p. .
F lor idin Co .

Ge ne ra l E lectri c Co. . X -H a y D ep t. .
Ge ne ral R adio Compa ny.
G rei ner Co. , E mil. .

H a rs ha w Sc ientific , DiL of the H a rsh a w C he m ical Co. . .

Intern ational Equipment C o. .

K imble G lass Di v-. O wens- I llinois Glass C o . .
Klett Mfg. Co .
K on tes G las s Co.. . .

Lablin e, In c .
Lab or a to ry Const r uct io n C o .
Labo ratory E q uip m en t C o r p . .
L in dberg E ng ineer ing Cu.

Manufactur ers E ng ineeri ng & Equ ipment C or p . .
l\ Ie t al a b Equipmen t C or p. . ...
M erck & Co . In c.. .

N ew York Lab ora to ry Supply C o . I nc. .

P a lo La b o ra t ory Supplies , I nc . .
P a r r Instrum en t C o .
P erkin-Elmer Corp .
Photovo lt Corp .
P recisio n Scie n tifi c' Co ..

R ein hold P ublishing Co rp .

Sargen t & Co.. E. If .
Sch leich er & Schuell Co.. Carl. .
Sp ecialized Inst r u men ts C or p .. . . . . .

T hom as C o., Arth ur II . .
T racer-lab , I n c. .

Unit- ed Carbo n P rod uct", Co.. I nc ..
U. S. Stoneware Co.

Varian Associates ..

Welch Scien ti fic Co. , W. M ..
Wilkens-And erson Co. .

Zeiss , Inc., C a r l .

DIRECTORY
Laboratory Supply Cen ter .

Alupha rm Chem icals
C la r k Microanaly t.ical Laborato ry
C us t om C he mical La borator ies
Fl ei sher Che mica l Co .
G re nco Co .
Int erna ti on a l Ins t ru m en t Co.
La Mot.te C he mica l P rod ucts Co.
Mi cro chem ica l Specialt ies Co.
Nuclea r I ns t ru m en t & C he m ical C orp .
Research & Industri al Instrumen t C o.
Roches te r Sc ie n t ific C o.
Wi sconsin Alu mni R ese a rch F oundation
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•

Photometers

•

p~

qlau e.a
e~

•No. 900- 3

••Klett.
Keep things rolling
in your laboratory

Sa ve steps, time , b re a ka g e and labor costs with LABCONCO specialized
la bora to ry carts. Proctor and Gamble, Dow Chem ical, University of
Ca lifo rnia, Armou r a nd Company, and many other laboratories ore
using them to cut cos ts and lig hte n laboratory work. Pan-type carts,
wire basket glassware carts, portable tabl e s, 2-3 -4 -decker ca rts ,
Kje ld a hl ca rts-18 diff erent mod els in all. See your laboratory
supply deal e r or wr ite the manufacturer today for free folio D-54.

LABORATORY CONSTRUCTION COMPANY
1115 Holmes Stree t Kansas City, Missouri

Circle number 57 A·' on Readers' Service Card , page 41 A

NEW
Lippich Type Polarimeter

(Schmid t & Heensch)

A precisio n instrumen t fo r measuring th e rotatio n o f the
plane of pol ari zation o f a ll optica ll y active substances.
Big advantage is its g la ss ci r cl e ins tea d o f a metal ci r
cl e. T h e sca le o n g lass, instead o f o n metal , in con
junction w ith a micrometer plate , permits direct read
ing wi th out ve rnier , resulting in g reate r sp eed and pre
ci sion o f re ading. G lass circle is ri g id ly connected with
th e analyzer an d ca rries two sca les , an a ng ular sca le in
degrees are, and a sca le in international sugar degrees.
Sod ium vapor la mp is an integral part of the instrument
and is a lways in al ignm e n t a n d re ad y for use .

.\f odel A with r eceiving tr ough fo r tu b es up to a le ngth o f 220 mm.

.\l 04 e/ B wi th receivin g troux h fo r lub es u p 10 a length of 4 0 0 mrn,

No. 2070

Designed for the rapid and accurate determina
tion of thiamin, riboflavin. and other substances
which fluoresce in solution. The sensitivity
and stability are such that it has been found
particularly useful in determining very small
amounts of these substances.

•

i===KlETT SCIENTIfIC PRODUCTS==9
ELECTRO PH O RESI S AP PARATUS • BIO-COLORIMETERS

G LA SS ABSORPTION CELLS. COLORIMETER NEPHELOM

ETERS • GLASS STA NDA RDS . KLETT REAGENTS

Bullet in SU- 344 on request •

Circle numbers 57 A-3, 57 A-4 on Readers ' Service Card, page 41 A

57 A

Klett Manufacturing Co.

179 EAST 87T H ST R E E T, NEW YO R K, N. Y.

FISH.SCHURMAN CORPORATION
72 Portman Road New Rochelle, N. Y.

Circle number 57 A-2 on Readers' Service Card, page 41 A
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Big step in making washdays easier

Progress is our most important product

General Electric XRD- 3D provides a direct measure
ment of the diffra cted intensities of crystall ine ma
ter ials. Var iations of the basic unit permit the re
cord ing of the results on film and also the direct
measurement of fluorescent x-ray spectra.

GENERAL(I ELECTRIC

Quality of modern detergents
is accurately controlled with
G ..E x..ray diffraction units

T H E girl 's hands in the above photograph are load ing
a sample holder in the laboratory of a detergent man

ufactur er. Every day carload sh ipments of the se washda y
products must be checked to insure housewives of un 
varying qualit y.

This is an exacting job because the modern detergent
is a mix ture of perhaps half dozen sodium pol yphos ph ates.
These vary conside rably in their properti es, even though
chemically similar. By providing a fast, exact, low-cost
analysis of their crystalline structu res, x-ray diffraction
overcomes a formidable laboratory problem.

Many other ind ustries now look to x-ray diffraction for
both research and production con trol. On such widely
d iverse produ cts as antibioti cs and ceramics, paper and
tit anium, plastic and petroleum - th is flexibl e, yet highly
accurate, non -destructive technique is used.

If crystal structure, atomic configuration or molecular
orientation are factors in the materi als you process, get all
the facts on x-ray diff raction. See your G-E x-ray repr e-
sentative, or wr ite X -Ray Department, General Electric
Company, Milwaukee 1, Wisconsin, Room UUM.

For further information, circle num ber 58 A on Readers: Service Card, page 41 A
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...Kimble Funnels save you time
Kimble "58" Chemical Funnels
Faster filtration because:
Pa pers fit quickly an d easily by simply
folding in halves and th en quarters .
On ly a nar row band at th e top of th e
paper is scaled tigh tly to the bowl,
leaving a large sur face area of filter
pa pe r throu gh which liquid can
"bleed ." Th ere is a funn el for each of
th e sizes of commonly used filter paper.

Funnels ca n be used with suction in
conjunct ion with filter cone s wi th out
danger of pap er tcari ng at h igh sp eed s.
Insid e stem diam et er is as la rge as it

can be and still hold an un broken
co lumn of liquid .

Kimble Squibb Separatary Funnels
Faster separation because:
T hey have 1.5% gre ate r than nom inal
ca pacity wh ich gives more sha king
room for Faster , more thorough mixi ng.
T igh t fitting stoppers and stopcocks
prevent leaki ng during sh aking. Lar ger
neck openings mak e th em eas ier to fill
and clean . T aper of lower par t of body
has small insid e d iamet er just above
stopcock th a t permits acc ur ate cut-o ff
of liq uid column . . . stem drain s com-

p let cly ma king quantitat ive sepa ra t ions
easy and comp lete .

All Kimble fu nn els ar e fu llv .umca k-d
to effect ively increas e the I~l echan ical
strength.

Giv e your lahoratory increased e lli
cien cy through faster filtration and se p
ara tion. Speci fy Kimble funnels when
you order from your laboratory supply
dealer. H e'll he glad to give you latest
information about prices, sizes and
typ es. Or write Kimble Glass Compan y,
subsid ia ry of Owens-Illinois, T oledo I ,
Ohio.

KIMBLE L ABORATORY GLASSWARE

AN Q) PROD UCT

OWE~ s -ILL INOI S
GE l'\E HA L OFF ICES · TO LE DO I , O HIO

For further information. circle " 3·1, 3·2 Cover" on Readers' Service Card. page 41 A



ENDS - LOSSES

Bausch & Lomb

America's m ost w idely used
all-purpose refractometer

Always dependable for faster, easier read
ings-accurate to -I-- .0001-of any liquid
or solid in the 1.30 to 1.71 i~x range.
Job-proved record of longer life, less inter
rupted service than a ny other Abbe-type
instrument.

Here's why! Streamlined housing pro
tects scale and internal 1'.lrts from 111:~,

dirt, fumes, liquids. Special prism cement
--cannot be har med by food acids or
organic compounds. No time lost for prisn :
surface reconditioning-spare :-IislJ' set
<optional) , readily interchangeableb)'user,

Alw a y s on the [o ' fha t ' s why
it's far and e -r America's

Number One ch o ice .

Free demonstration! Try it yourself, in
your own laboratory. See how mU(.H time
and effort you save in getting dependably
accurate readings ... year in, year OU i: .

Absolutely no obligation.

W RIT E for Catalog D·202 and a derno •
strarion, Bausch 8;, Lomb Optical Co., 609 = 

St . Paul St., Rochester 2, N. Y .

BAUSCH & . LOMB
SINCE 9 18S3

..56-"
REF RACTO M ET ER

For furt her informat ion. circle " 4th Cover" on Readers ' Service Card, pace 41 A
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