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INDUSTRIAL

We welcome your suggestions and we're
planning to follow them. Presently, you

will begin to see the new 'Baker Analyzed'

Reagent label, similar to specimen below.

Of course, the transition will have to be

gradual. It will take a long time before all

'Baker Analyzed' Reagents reach you with

the new label-for Baker distributors will

continue to receive laboratory chemicajs

labeled both ways until this transition can
be completed.

This new label is ano ther contribution to

the needs of the laboratory chemist by the

makers of Baker Reagents, already firsr in

dependability, first in known quality and

first in availabili ty. J . T . Baker Chemical

Co., E.w cutive Offices and Plan t: Ph illips.
burg, New Jersey.

5150

PH lLLI PS BURG. N.J.CHEMICAL CO ..

FIN E

A ssay (KOCH) bonate -iK;Cii;i -==_
Pota ssium ar • _
Chloride (CI) -ods -las N) _
Nitrogen Compoun _
Pho sphat e (PO.) == _
Sulfate . (SO,) dr;;;X,i'- Precipitate _
AmmonIum Hy ( Ag) • _
Heavy Metals as _Iron (Fe) _
Sodium ( Na) _

ANAL YSIS OF LOT NO.

1 LB.(453.6g.)

'~'Potassium Hydroxi~~",,,
PELLETS

""D( I ~ u.s.....

Baker Chemicals
REAGENT

~Baker
~

II J .T. BAKER

a Reagent Survey
told us about you

In a recent widespread survey, you chemises

told us a good deal about your likes and
dislikes.

You liked 'Baker Analyzed ' C. P. Chemicals

and you ranked them as the No. I line of

Laboratory Chemicals in dependability, in

known quality, and in availability. That
was fine praise, and We liked it.

Then, Some of you told us some things you
didn't like:

You asked us not to call our chemicals
'CO P.'-but to use the term 'Reagent.'

You felt that 'Baker Analyzed' Labeling

could be improved. You wanted the actual

analysis on the label , but yo w: ~ted it in

type th at could be more easily 'read. You

also wanted the chemical name to appear
in bolder displ ay.

What

WARNING!
Causes Severe Burns

to Skin and Eyes
, , es and clothing.. id contactwith skin, ey ,Avol . II .

Do not take interna y. les or face shield.
When handling, we~r gog~d PotassiumHydrox­
While making sOlullonsi aolution to avoid violent
Ide slowly to surface 0 s .

spattering. . mediately flush skin with
In case of contact. rm h with vinegar; for ey~s,
plenty of water andta:ter for at least 15 mm­
flush Width ePt'e~~d~a,wattention.utes an g

POISON
FI d with water, thenAntidote - EXTERNAL:. oOes wash with satu-

wash with vineger. '! In e~TERNAL: Don?t use
rated boric.acid SOIUtl·~~·,~rge amount of dllut.ed
emetics. Give water;~nge juice. Follow WI~~
vinegar, le!1'On, or gs beaten with water. CAmilk or white 0 eg

A PHYSICIAN. !!!!!!~~!!~:!!!I;~;
.""- '''''''''-~.
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This acceptance is most heart

warming. To those thousands

of our customers who made this

sales record possible we wish to

express our thanks.

So that we can maintain the

kind of service you require, we

urge you, wherever possible, to

send us D.Oo's with your orders.
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UNUSUAL APPLICATIONS OF SPECTROGRAPHIC ANALYSIS . . •

• The complex casting in the circle above is the "business end"
of a hand grenade. This vital part, known as a bouchon, is zinc
die- cast in large quantities to meet the needs of our figh ting
forces . It's just one of hundreds of zinc d ie casting applications
now handled routinely by the die casting industry, because of
special research by The New Jersey Zinc Company.

Use of the spectrograph made it possible to analyze zinc for
purity with great speed and accuracy and greatly aided New
Jersey Zinc in the pioneering development of the zinc alloys­
based on high purity zinc-now used exclusively by the die cast­
ing industry. As a result, zinc die castings are now accepted by all
branches of industry and the armed services. They provide die
casting users with the greatest number of desirable mechanical
properties and casting characteristics at the lowest cost . The New
Jersey Zinc Company uses NATIONAL CARBON electrodes in
their spectrograph.

Why it pays to use NATIONAL spectroscopic
electrodes. NATIONAL CARBON'S spectroscopic electrodes
are the purest obtain able. Each shipment is accompanied by a
"Sta tement of Pur ity" which tells your ana lyst what trace ele­
ments are present in the electrodes. As a result, he can assess his
plates, or film , very quickly and accura tely without being con­
fus ed by unexpec ted spectral lines.

OTHER ADVANTAGES OF
SPECTROGRAPHIC ANALYSIS

• Sensitive to 1/10,000,000 of a
gram for some elements

• Saves time in analysis

• Detects unsuspected metals

• Accurate testing is possible with
very small sample

• Provides a permanent record

• Differentiates between two ele­
ments chemically very similar

• Analysis can be made in some
cases without destroying sample

The term "Natiollar'
is oJ registered /rtUle·mark oj

NATIONAL CARBON COMPANY
Division of Un ion Carbide and

Carbon Corporation

30 East ·i2 nd Srreer.New York 17,N. Y.

District Sales Offices:

Atlanta, Chicago, D a llas, Ka nsas City ,
New York . Pi tts burgh, Sa n Fra ncisco
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How does your REFRACTORY
LABORATORY

WARE
compare with this?

MADE OF FUSED ALUMINA, conta ining at lea st 85 % alumino (up
to 99% in special mixtures), this highly refractory Norton Alundum*
laboratory ware is not attacked by any organic solvent.

For complete daln,
including prices, on
Xorton Alun du m

laboratory ware, contact your labora­
tory supply house, or write dir....t for
Bulletin 79:1. Norton Company, 547
New Bond Street, Worcester 6, Mass.

You r labora tory development , experimental or
ana ly tical work is important enough to ju stif y the
best material s mon ey ca n hu y , Tha t' s why you owe i t
to yo urself an d yo ur work to compare Norton Al un ­
dum wa re with wha te ver yo u arc now usin g.

Compare the Properties
Chemical Stability - Norton Alu nd um ware is
not a tt ac ked hy any organ ic solven t. On ly hydro­
fluoric aci d , conccn Ira ted ph osp hor ic ar-id or r-onccn ­
tra ted a lka lies ca n affect it.
Melting Point - sligh tly below th a t of it s fused
a lumina ba se - 2050° C.
Porosity - most Alu ndum wa re runs between
35% and :iO% wit h pra ct icully no close d pores.

A Broad Line
Nor ton Alundu m lahora tory wa re includes gene ral

pu rp ose crucib les, ignit ion ca psules, incinerat ing
d ishes, mel ting crucibles, filt er crucibles , til tel' cones ,
filt er d ishes, filt er di sc s, extraction th imble's, a nd
comb ustion boats. .. all in many s izes and shapes .
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THE MOST SKILLED AND EXPERIENCED
GLASS BLOWERS WORK FOR MARTIN

The finest glass blowers in the industry are
MARTIN-MEN . .. who add outstanding
MARTIN QUALITY Scientific Glassware
to each New Lindberg 2-Station " H -F "
Combustion Unit. MARTIN is proud to
produce the scientific glassware for this
highly efficient laboratory combustion heat­
ing unit.

THE HIGHEST QUALITY SCIENTIFIC
GLASSWARE IS MADE BY MARTIN

Phone or write for prompt and courteous
consultation and quotation. Catalog No.
48 is available on request.

Whether your laboratory glassware require­
ments call for "custorn-bilt" or standard
taper ware, MARTIN will produce the
high quality glassware and apparatus spe­
cialties you need in our modern equipped
plant.

THE SIGN Of

QUALITY IN

SCIENTIFIC

GLASSWARE

lOOK FOR

THIS

TRADE MAR k

BEFORE BUYING

Guy Squeo ,f a b r ica ting outer jacket for Lindberg pipet.

Erich Siegel completing top portion of Lindberg buret.

v

H. S. MARTIN & COMPANY, EVANSTON, ILLINOIS
1916-20 Greenleaf Street, EVANSTON, ILL.-TEL. GR 5-0707 • CHICAGO TEL.-AM 2-1325
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·""",-·-GINEERING

rg 2-Sfafion H-F
o"mbustion Unit ...

1b~'lJItJ"'1E
QieHEK

DETERMINATIONS
COMPANION TO THE WIDELY ACCEPTED

LINDBERG SINGLE STATION UNIT

The N ew LINDBERG 2·ST AT ION " H ·F" Combust ion
Unit is the most flexibl e apparatus of it s kind. So versa­
tile that only one operator can make either volumetric or
gravimetric carbon and direct com bustion sul phur de­
terminations intermittently wit h equally exce llen t results.

LINDBERG 2·stat ion d esign permi t s " Doub le-Quick"
carbon and su lphur d etermin at ions ... no st opping to
disconnect . rearra nge and connect apparatus.

YOU CAN MAKE "DOUBLE-QUICK" CARBON AND SULPHUR
DETERMINATIONS WITH "DOUBLE-QUICK" IGNITION OF IRON-STEEL SAMPLES

Only 57 second warm-up . . . not 2 or 3 hours as wit h
conventional pr e-heat resistance element furnaces . . .
over 3000 0 F . t em peratur es supplied al ternately to both
stations by stable radio frequency generator by thor­
oughly stable elect roni c circuit .

LINDBERG 2-STATION METHOD
EXTREMELY EFFICIENT

Ignition temperatures reached almost instantly . . . high
freq uency curr ent surges around t ransp aren t combustion
t ube. di rect to iron and steel samples . .. t em peratu res
not limited by heating elements. Complet e combustion
of cast irons. steel, stainless steel and heat resist ing alloys
and melting of ti tanium, zirconium (with ingot iron
ad ded) and nickel in a flow of oxygen is easily reached .

THE LABORATORY PROVEN
LINDBERG VOLUMETRIC CARBON DETERMINATpR

Approved and accl aimed by leading labora tories for its
speed, ac curacy and distinctive appearance . . . wa ter
jacketed buret graduated for accuracy to within on e
point or better and illuminated by fluorescent light for
easy readings.

E fficient design of absorption pipet permits complete
absorption in one or two passes . .. sidearm design of
leveling bottle provid es ea sier m eniscus ' readings. Quick
zero readings ea sily obtained by adjustable leveling bot ­
tle support and gas temperature is obtained from centi­
grade thermometer in buret jacket. Sulph ur trap pro­
vided in intake line .. . P y rex glassware is used throughout
. . . st an d is att ract ive ly finished in sparkling-gray enamel.

See Your LINDBERG LABORATORY Dealer Today-Ask for Bulletin 911

tlNlJ8Ellfi LAB 0 RAT 0 R Y D I V I 5 ION
LINDBERG ENGINEERING CO., 2450 WEST HUBBARD STREET, CHICAGO, ILLINOIS
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or metallurgical
needs this

Every chemical
laboratory

X..RAY DIFFRACTION APPARATUS

M ORE than half a century of x-ray development:
including the pioneering of commercial x-ray

diffraction apparatus, is reflected in the highly versa­
tile XRD-3. In fact, here's a scientific tool aesigned
to satisfy your diffraction needs from conventional
film-recording to direct measurement technic.

Chemists, physicists, metallurgists, mineralogists
- all acclaim it for its unsurpassed versatility in
hundreds of practical applications in their fields
and in the process industries.

If knowing the submicroscopic structures of ma­
terials you work with are important to you:'" if you
want to maintain the desired quality of materials

throughout your manufacturing process - you'll
find the XRD -3 X-Ray Diffraction Unit yeur an­
swer. Write today for booklet "Analytical Applica­
tions of X-Ray Diffraction Using Direct Measure­
ment Technics." General Electric X-Ray Corpora.
tion, Dept..UU-6, 'Milwaukee 14, W isconsin.

GENERAL. ELECTRIC
X-RAY CORPORATION

NEW attachment
makes x.ray puorescence

analysis easy • • • fast
deVelopment openJ

'l'his GE X•.Rd:ifields for x.ray.bleven.W, makes posSI. ~
diffractIon •• • ent x.ray emls~lon

analysis of f1uorescical elements ''.'
spectra for.che'\s Ask for details.

alloYS and mmera ' .
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the

Best for

Laboratory

Stirring

HIGH-TORQUE STIRRER

ll A

Write today

for descriptive

circular 1199

For dependable stirring of mixes that tend to change in
consistency while being stirred, use the Cenco High-Torque
Stirrer. Its special design gives maximum power trans­
mission at constant speeds under varying load conditions.
Normal speed range"is from 100 to 1300 rpm, and from
25 to 325 rpm with the gear attachment. The improved
chuck assures "hold fast" clamping and perfect aligning
of the stirring rod. The fully-enclosed variable-speed
mechanism avoids contamination of the mix. Stainless
steel parts resist corrosion. Sturdy mounting rod per­
mits easy clamping and positioning of the stirrer. Made
for 115 or 230 volts AC or DC.
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Vacuum Lea k Detecto r "

Electron Diffradion 'Unit

helps

Inactiv e lime, broken dow n
from use (Magnified 8,000 xl

many problems in chemistry, metallurgy ,
physics, and biology.

Consider the possibilities o f the RCA Elec ­
tron Microscope in your own research and
production program . This powerful inst r u­
ment can produce shar p images at direct mag­
nification fr om 50 0 to 23,0 00 di ameters­
with photographic cnla -gerne nts to 100,0 0 0
diameters. Resolving power is 20 to 100 times
gr ea ter than the best light microscope. Depth
of field is 7 5 to 150 times greater than the
best light microscope.

For more information ab out the RCA Elec­
tron Microscope, simply write Dept. R-98,
R CA Engineering Products, Camden, New
Jersey. No obligation, o f course.

In Ca na da : RC A VICTOR Com pan y li mite d, Monl real

SCIENTIFIC INSTRUMENTS

RADIO CORPORATION 0", AMERICA
ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J.

with processing problems
TAKE THE TROUBLE with lime, for example
-an important ingredient used in one of
DOW's pro cessing o perati o ns.

All signs pointed to the possibility that the
activity of lime dropped off with use. Yet
careful chemical tests failed to show that any
sig ni ficanc chan ge took place.

Then the RCA Elec tron Microscope gave
the answer!

Elect ron micrographs of lime-magnified
more than 24 ,000 times-clearly revealed that
lim e particles d id break down extensive ly into
finely divided, gelatinonsmasses. Andu/hen th eac­
tion was completed, all chemical activity ceased!

Just one example of how the RCA Electro n
Microscope is helping DOW re search solve

How the RCA

DOW CHEMICAL

Fresh lime (Magnified 7,000 x)

Edwin B. Bradfard of DOW
placing a speci men in the RCA
Electron Micr oscope. T he Dow :
Chemical Compa ny uses three
of these po werful instrument s. ;;..;;."'--'"".... :;:;;:.;::.."',
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reasons why

you should specify B&A reagents!

~WIDE SELECTION •••r...Y'B&A has over 1,000 laboratory
chemica ls for you to choose
from,

/i7~ HIGHEST PURITY•••
always meet or exceed A.C.S.
specifications.

@ READILY AVAILABLE.;.
from B&A's own well-stocked
distributing sta tions situated.in
key centers everywhere. 1

B&A SAVES YOU lime, mon ey, effort in your laboratory chemical buying.
When you specify B&A, you can choo se from more than 1,000 purity
products of Reagent, A.C.S., c.P., U.S.P., N.F. , and Technical gra des.

THE BAKER & ADAMSON LABEL is your assuran ce of the highest purity.
Reagent chemicals that bear the B&A " Shield of Quality" always meet or
exceed A .C.S. specifications . . . the exacting purity standards set by the
chemical profession itself! .

YOU GET prompt and efficient service. Extensive stocks of " B&A Qual ity"
pr odu cts ar e supplied through B&A's own chain of distributing sta tions
located from coast to coast.

Contact the B&A office nearest you and tell them your needs. Y~ur B&A
salesman will work with you in having our local stocks built to meet your
requirements.

BAKER & ADAMSONK~~
GENERAL CHEMICAL DIVISION

ALLIED CHEMICAL & DYE CORPORATION
_ _ _ _ _ _ 40 R E C TOR 5 T R E E T. NEW YO R K 6. N . Y. _ ~ _

OfficeJ: Albany · At lant a • Baltimore - • Birmin gham " • Boston • Bridgeport- • Buffalo ·
Charlotre? • Chica go" • Cleveland - • Denver · • Derr oir> • Greenville (Miss.) • Houston­
J ackson ville • Kalamazoo • Los Angeles" • M inn eapolis • N ew York " • Phi lade lphia"
Pittsbur gh." • Providence - • St. Lou is." • San Fra ncisco." • Seartle • Yakima (Wash. )

In Wis consin : Ge neral Chem ical Company, Inc., Milw aukee, Wi s.
In Canada: The Nichols Chemical Company, Lim ited • Monrreal v • T or om o" • Vancouver*

S E T T ING T H E PACE I N CHEM I CA L P U R I TY SINC ; 1 3 82
.. Complete stocks arc carri ed here.
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Size 1 Model SBV Size 2 Model V

Two New Centrifuge Models

THE New International Size I Model SBV and Size 2 Model V Centrifuges embody the many
time-proven features found in their predecessors - the Size I Type SB and Size 2 machines
- and in addition incorp orate important engineering improvements. A transformer-type

speed controller replaces the resistance rheostat heretofore used and the Centrifuges are now
shipped to you mounted on a permanently attached sub-base equipped with casters.

Speed Controller
Stepless, uniform speed control throughout

the entire range is achieved and troublesome
heating of - and heat radiation from - the
controller is eliminated. Controller and two­
hour automatic timer are mounted in an at­
tractive enclosing cabinet conveniently lo­
cated on the side of the Centrifuge steel guard.

Sub-Base Mounting
No assembly of any kind is necessary. No

separate portable stand to bother with.
Simply uncrate the completely assembled
unit, wheel it to the electric outlet and plug

it in. Specially designed vibration damp­
eners, incorporated in the sub-base, provide
maximum absorption of horizontal and vertical
vibration and prevent their transmission to the
floor of the laboratory.

Accessories
All interchangeable heads, shields, cups,

and attachments listed for the discontinued
SB and Size 2 machines fit the new models.
Thus the Model SBV and Model 2V offer the
same versatility and adaptability to your re­
quirements. Send today for descriptive Bulle­
tins V-I and V-2 containing complete details.

INTERNATIONAL EQUIPMENT COMPANY
1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS.
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For New

CfJNVENIENCE
in Laboratory Apparatus

more ease, range, speed-

----------------------
5pedblf *precision

'1:G ~S-~

PRECISION-Interchemical Rotational Viscometer
is the only practical instrument for thixotropic studies
of such a wide range of substances (viscosities from
1 to 2500 poises, yield values to 180,000 dynes / cm2 ) .

Cha ngeable exact speeds for full-curve measuring,
temperature control to 0.1°C. Bulletin 1-945

lSA

PRECISION-Dow Dual Recordomatic Titrometer
(A.S.T.M. 0-664 ; 0-939; 0-8 11) saves time of tech­
nical personnel, avoids human e rrors, han dles organic
and opaque fluids, makes chart record. Accurate, fully
automatic. " Pa id for itself in 3 months"; "Cuts costs
to sca rce ly VJrd". Bulletin 1-640A

Other pre-tested products in the broad

Precision line-"utilities" to highly specialized

instruments-can make your work easier,

surer, more economical. Think which of your

equipment needs replacement, where your

facilities should be extended •••

()~~~ Z:>eate-e HfJWI
. .. or write us for deta ils on above or

your in di vi d ua l problem . . . today .

----------------------
precision Scientific Companq

3737 W. CORTlAND STREET-CHICAGO 47

*FINEST Research and Production Control Apparatus

NEW YORK· PHILADElPHIA· ST. LOUI S· HOUSTON· SAN FRANCISCO
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TH EN DEPEND ON HARSHAW SCIENTIFIC TO SUPPLY IT

All 6Harshaw Scientific Offices maintain warehouse stocks

of laboratory instruments, apparatus, and chemicals-in fact,

thousands of different items ... good, recognized items.
I

We'll ship your material from our branch nearest you ..•

and there is one within fast shipping distance of you.
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thermocouples

For accurate temperature m'easurement, use meters

calibrated for Chromel-Alumel
Whereveraccurate temperature measure­
ment is important to the finished quality

. of work ... in laboratory analysis or on
heat treat operations ... you'll find that
'nearly always the pyrometers in use are

calibrated for Hoskins CHROMEL-ALUMEL
thermocouple alloys.

An d for good reasons, too. Because
CHROMEL-ALUMEL thermocouple wire
carries a positive accuracy guarantee . . .
± 50 F. at temperatures up to 6600 F., and
± %'% from 6600 F. and over. It's highly re­
sponsive to temperature fluctuations ... so
resistant to oxidation that you need not pack
the protection tube ... and it maintains its

fine accuracy over longer periods of time
than any other base metal thermocouple
material. So if you're responsible for accurate
temperature measurement, better check your
pyrqmeters to make sure they're properly
calibrated, then specify couples by name ...
CHROMEL-ALUMEL thermocouples. Avail­
able through your instrument manufacturer
or pyrometer service company.

PS-And while you're at it ... complete
your chain of accuracy with CHROMEL­
ALUMEL "extension" leads. For, by using
wires of identical compositions for both
couples and leads, you eliminate all possibil­
ity of "cold-end" errors.

Complete technical information is contained in our Catalog 59-R . . • usant a copy?

West Coo,, Repre,entoti",u in 5eoft/8, Son franc;,co, LOI Angeles
In Canada : Walleer Metal Products, lid. , Wollceryille. Ontario

HOSKINS MANUFACTURING COMPANY
• DETROIT 8 , MICHIGAN

CLEVELAND • CHICAGO

4445 LAWTON AVE.

NEW YORK •

~

ckel-chromium resistance alloy that first made electrical heating practical
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Averag e No. 18per Pound

Price pe r Le.. thon 100 Ib s,-$.88 pe r lb .
Pound 100 10 500 lbs. $ .74 per lb.

No.N-2131 " Borundum" Tubula r Grinding Med ia Cylin­
drical in shap e, approximately u/Wit in diam by u/W'"
long. Weigh 75·80% more, and up to 50 % ho·rder than
conventional media . Afford g reat er eeeteet ore~ for
faster, better quality g rinding . Reduced "wear·o"" a s­
sures correspondingly le ss conta mination of the millcharg e

Aver . No. pe r Pound 8 I • .2 I 2.5

GRINDING MEDIA

Price per Pound . 20 I .20 I .2 0

~al ', No.N- 2 1.3.2 Flint pebbl es. Spe cia lly suited for grind..
!ng I?bs requlflng less speed and mod erate quality. Ex.
ce edlng ly ha rd, uniform in siz.e and free from holes .

Siz.e t ltx l Yl"' l t Yl"' xl ~ "'l l % lt x 2'"

·Qutstanding Features

Avollob 1e with EXP1:~~ Proof Motor. Prices on Request.

• No cla mping in frames or fastening required , Merely
place conto iner on the rollers. '

~ Speciol pntented des ign of the ro lle rs outo rnoticcl lv
cent ers thejor or conta iner-prev ents cre epage, mini­
mizes breu knq e.

15" diam. Roller spee , , ,

tlo. of Ove rall M otor
PriceCol . H.P.

tlo. Jan Oime Mions AC DC
l W H $480.50
'A" 15 " 12Yo" V, $453.50

N1931 2 ~~~" 15" 12~: ~
551 .50 628.50

N1932 3 673.50 706.50

NI933 • 96" 15" 12 7
•

IFY VOlTAGE .

MULTI-UNIT
JAR MILLS

4 ' r nits Handle standard
Available in ,3, or I~ u f;om 2%" diam. to

'II ' a rs or round containers
ml , d 216 RPM

./:c_.

Mad . of white chem ical porcetaln. Lid se ­
cur.ly tightened by a no vel locking crOll-bar
con.rolled by an ex tra la rge non"llip hand
wh eel . GOlke. ma'erlol i l of rubber but
chemically rei litant 'ygon galke'l or cork
can be supplied.

GENERAL UTILITY
LAB MILL

';I h 110 volt 60 cycle open-
Powered by a '4 ,P"d' t ble'through 3 posi­

t r Rollers a IUS atype mo 0 , d ' II tors or round con-
tions; handles s~ond.o r , ml \ 2" diam. (Roller

. f 2 Y2 dlam. to " ,
tomers 0 1 "j Overoll dimensions: 16 ong ~
length 12 Vz ; 6" hi h Roller speed approx, ­
14 " WIid

1
e
7 5

xR P M ~~t 'weight 75 lbs.
matey . . ,

CAT. NO. N1930 . .. . $172.50

ROALAX MILL JARS

.The~e~~W '''R~lIer-Type' ; niills ~re ~diusta ~le throug J '
" 3 positio ns-enabling units-to hend le standord ja r' mills

or round c? nto!nel's of2 Y2 ~' diom/toI5 '~ did'Ill;.(roughl
from'V2 :rpin't~ io"6. gal: capacityl;~"Roller,tYf)e': ' Ja

iIIsare}sturpily b~i l t with ,we.ldedsteer'frames, The
rolle rs ,ire .ma de ' ofa specia L rubber fo rmulation
molded. 'on ci o/s " diern. 'steel core ; they are '12Y2"

' 16ng a rid a ve rage approxima iely ' 2" in d ia m. On e
roller is convex, one , conccve, a nd they ':revolvein
heavy :duty ball bearings. The entir·e . construction is
'a esigned .to prov ide long, troub le-free life, lowpower
costs and minimum ~ekeep e~pense, ,: .

~, ., :'J!' .•,.?-w••~4. "~.,r ., ." ,

N1937 N1938
Sin Cap ac ity Chemical White

Stoneware Porcelain
00 I q t, $17.50
0 ..6 gol. $16.50 20.50
1 1.17 g ol. 32.50 40.00
2 2.7 gol. 50 .50 62.50
4 ... ga l. 63 .00 76 .50
6 6 .8 gol . 74.00 100 .00

- SCHAAR & COMPANY 754 W. LEXINGTON ST.
• CHICAGO 7, ILLINOIS
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Now ready to help you.
The NEW easy-to-read,
easy-to-find, easy-to­
order-from 896-page
NYLAB Catalog 7 of
Scientific Instruments
and Apparatus.

NEW SIMPLIFIED PAGE STYLE

19A

FEATURES OF THE NEW NYLAS CATALOG 7

~.s:=-

~
;.:=-

---.. EACH PAGE INDEXED. The
upper outside corner of each
page carries the individual
page listing directly above
the page number to assist in
identifying the proper sec­
tion of the catalog.

__........ CLEAR FACTUAL ILLUS­
TRATIONS. Over 3,500
large illustrations arranged
alongside the descriptive
material, with each illustra­
tion bearing the catalog
number and description .

AN INDIVIDUAL NUMBER
FOR EACH STYLE AND
SIZE. For fast, easy order­
ing, each size and style of
an item carries its own BOLD
FACE catalog number. Your
assurance of receiving the
item you desire by merely
writing one number instead
of the customary lengthy
description.

76 Varick Street

• Alphabetic listings with each item and size of item
. carrying its own catalog number in bold fate type.

• Fully illustrated with 3,547 individual illustrations.

• Large page size, 8 x 10% inches, printed on a heavy
stock, bound in durable Fabrikoid and embossed in
green and gold.

• One column page style facilitates easy lotation 01
illustration and descriptive mutter,

• Extensive 48-page, tross-reference index section printed
on a different colored stock for instant reference.

• Up-to-the-minute listing of the latest developments,
improved designs and specifications of scientific instru­
ments and apparatus.
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Beckman pioneers another instrumentation advancement

with
SINGLE BEAM BECKMAN

direct infrared
Trans"!ittan.cy spectrophotometers

recording .
J

THREE UNEXCELLED INSTRUMENTS FOR ANY REQUIREMENT

NEW SINGLE BEAM SYSTEM IS SIMPLE, ACCURATE, RELIABLE IMPORTANT ADVANTAGES
of the

Beckman Transmittancy Recorder

~ GREATER CONVENIENCE: The single-beam
pr inciple e lim ina te s tro ublesome, t ime -wast­
ing cell- and beam- matching prob lems .

• GREATER VERSATILITY: Greater versa t ility
and simplicity a nd lower costs are assured,
sinc e speci a l ce lls and attachm ents need not
be dupl icated for use in a reference be am .

• GREATER ACCURACY : The sing le- bea m
pr inc iple eli min a tes problems of making a
bea m a tt enuatar achromat ic, linear and free
of vignett ing e ffec ts .

• MINIMUM STRAY LIGHT: Only t hese singl e
beam instr um e nt s use a fil te r-type beam
chopper , reducin g st ray light effects to a
minimum (less than 2% at 15 micron s with
th e IR-2 ) .

• MINIMUM SCANNING TIME: Opt imum re ­
cord ing e ffici e ncy is a ch ieved because each
spectral s lit w id th is traver sed in a time
proportional to the response period of the
recording system . Any other scanning rote
loses eith er resolut ion, t ime or accura cy.

• MAXIMUM RESOLIJTION : Slit width control
has th e a dvantage t hat th e instrument is
always working at ma ximum resoluti on for
the chose n amplification and sca nni ng speed.

.. FLEXIBILITY OF CONTROL : Ope ra t in g
sp eed , resolution and chart sco les can be
eosily var ied over w ide rang es. A single can..
t rol ad just s scanning t ime per spectra l slit
w idth from 1 second to 128 seconds by fac­
tors of 2 . The wavelength motor speed is
e lectron ically contro lled w ith no gea r shift -
ing nee ded to change sca nning sp eed.

* A s in all Beckman in- In ad dit ion to recording linearly in wove-
struments , r OUT man e)' length, a unique ele ctr onic system ena bles
bu ys more l'alu e th an~ record ings to be ma de linea rly in a the r func ­
in an)' si milar product . ~ t ions such as frequency or log w avel ength.

Factary Se rvice Branches: NEW YORK · CHICAGO·LOS ANGELES

Beckman Instruments, ItIC. , South Pasad ena 15, Calif.

Beckm an Single Beam Direc t Tra nsmi ttancy Recordi ng is ava ilable ei the r (I)

as an ac cessor y unit fo r direct installa tion on any Beckman IR -2 Spectr ophotometer, or

( 2) with th e IR-2 as a complete instrument, or (3) in the new unsurpa ssed Beckman

IR-~ Spectr op hot omet er - the most versatile, most accura te, most comp lete - a nd by all

sta nda rds, the fill est spec tro pho to meter mone y ca n bu y. " For

further info rmatio n on these instruments write . . .

The Beckm an Sin gle Beam Direct Tran smitt a ncy Recorder emp loys the memor y
standardi zati on principle, u sing reliable electro nic circui ts instead of complicated
mechanical -opt ical arrangem ent s. It success fully combines the highest acc uracy with the

utmost in reliability and convenience. A standa rdizing run is made on the empty or
solvent-filled absorptio n cell. D ur ing thi s run the signa l from the photoreceiver is auto­

mattcally mai ntai ned consta nt, and the resultin g slit wid th vs, wavelen gth fun ctio n is

" memorized" o n a wire recorder. The sample is then placed in the same cell, and in­
form at ion played back from the wire reco rder aut om atic ally cont ro ls th e wavelen gth a nd
slit dr ive motor s to reproduce precisely the co ndit ions which produced the consta nt
100% reference level. An y abso rp tio n result ing from th e sample is acc ura tely and auto­

mat ically recorded directly in tr an smittancy. On repe at ru ns, the sa me refer ence wire
is used, eli minating repetition of standardizing measurements.

Single bea m tr an smittan cy recording retains the excelle nt resolution, low str ay

light , hi gh sta bility and drift freedom, and the wavelength accuracy of the well-known

Beckman Spe ct rophot ometers. Other advantages a re summarized at the r ight.

.-', .

I I .. . I .
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the a,.alust~seolumn

1N JANUARY we ou tlined t he
- sco pe and gen eral methods of
geochemical prospecting. A paper
by Ray E. Gilbert given at the
1950 M et al Mining Conven tion
presen t s some details fr om an ac ­
t ual survey :

Since Ju ne 1949, the New Park Min­
ing Co. has been conducting experi­
ments in geochemical prospecting for
ore on its propert y in the southeastern
part of the Park City distri ct, Utah .
Ore in th e area studied is found prin­
cipally in veins localized along fault s
and fractures cutt ing Paleozoic sedi­
ments and quartz diorite intrusives.
The veins of quartz , with varying quan­
tities of sulfides of lead, zinc, and some
copper, are concealed under residual
soil, 5 to 30 feet thick.

Sampling is done on a prearranged
geometri cal pattern. The humus layer
is scraped away, and 10 to 20 grams of
the first soil encountered, usually at a
depth of 3 to 6 inches, with twigs and
pebbles removed,are takenas the sample.
Samples are taken at this depth because
of the convenience, but, more important
because in general it has been found that
the shallow sample conta ins more metal
and tends to emphasize the mineralized
areas more than samples taken at
greater depths. Th is meta l enrich­
ment of topsoil is explained as being
caused by the act ion of plants in bring­
ing up mineral matter from the subsoil.

While variations of 75 to 150 p.p.m,
on resampling are common, these vari­
ations are not great enough to conceal
anomalies indicative of mineralizati on
where values of above 600 p.p .m. of
total metal are obtained compared to
200 to 400 p.p.m, in barren areas.

The analytical field method involves
taking a 0.5-gram sample and fusing over
a gasoline stove with a bisulfate flux
until a bright orange melt results . The
melt is dissolved in water, and acetat e
buffer and dithizone test solut ion are
added. This reagent gives a pink
color with heavy metals, and the con­
cent rat ion is measured in a simple
photometer previously sta ndardized.
If the total metal is greater than 300
p.p.m., sodium th iosulfate is added to
the dithizone layer, and the resulting
mixed color is again measured in the
photometer and recorded as zinc.

"Total metal" values are used in
preference to zinc because they tend to
emphasize mineralizati on more than
the zinc values alone, and because they
are more apt to give a clue to the st ruc­
tural pattern in areas of weak mineral­
ization. Whenever the "total metal "
content is high, a zinc determinat ion,

made as a check on the "total metal"
determination , makes it possible to
contour the zinc pattern also, in areas
of consistently high values .

All data are plotted on 28- by 36-ineh
sheets of tracing cloth, on a scale of )
inch equals 100 feet . A base map is
made, showing the locat ion and ident i­
fication numbers of all survey stat ions
and sample points, and separate over­
lays are made of the following: one of
mining claims and property boundaries,
one of any underground workings and
geology, one of topography and surface
geology, one of "total metal" values,
and one of zinc values.

The results of this study show that II

vein 2 to 5 feet wide has a heavy metal
halo in the overlying soil 50 to 100'feet
wide but with the values above 600
p.p .m, in a belt less than 50 feet across.
The background topsoil showed 'less
than 400 p.p.m , The study also showed
that mineralization 20 feet in depth can
be detected by topsoil analysis.

A three-man crew was found to be
the most convenient unit to handle all
the field, laboratory, and office work
involved in soil sampling. Although
men with less training could be used on
most of this work, college graduates
with more or less educat ion in geology,
engineering, and chemistry are pre­
ferred. It is desirable that each man
be capable of doing both field and
laboratory work to provide maximum
flexibility of the crew, and to give each
an occasional change from his usual
routine.

A trained crew is doing well to collect
and analyze an average of 45 samples
per day , or 15 samples per man-shift.
This figure may be higher in recon­
naissance sampling or in brush-free
areas, and will be somewhat lower in
areas of thick brush and steep slopes.

Sampling on a 20D-foot checkerboard
for reconnaissance work would require
roughly one sample per acre. Based
on the 45 samples per day average,
preliminary sampling could be con­
ducted at the rate of 15 acres per man­
shift. Sampling in more detai l along
profile lines 100 feet apart, with samples
taken every 50 feet on the lines, slows
the rate down to less than 2 acres per
man-shift .

THy E ar~ excellen~ sessions planned
for 'analytical chemists at the World
Chemical Conclave. So keep the date­
September 3 to 15-0pen for these events
which will be held in Washington , D. C.,
and in New York City.

A ssociate Editor

AVAILABLE
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1st REVIEW #R-4 $0.50
2nd REVIEW #R-14 $0.75
3rd REVIEW #R-20 $0.50
4th REVIEW #R-30 $0.75
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1st REVIEW #R-13 $0.50
2nd REVIEW #R-19 $0.50
3rd REVIEW #R-28 $0.50
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3rd REVIEW #R-I0 $0.50
4th REVIEW #R-15 $0.50
5th REVIEW #R-22 $0.50
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ORDER FROM:
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American Chemical Society
1155-16th Street, N.W.
Washington 6, D.C.
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A.H .T. CO. SPECIFICATION

JET TYPE WATER CIRCULATOR
WITH AUTOMATIC WATER LEVEL REGULATOR

9937.
Fig. 2 . s ho wi ng
Large size in posi ­

ti on in R. beak er .

9937.
Fig. I , sh owing Small size in p osi t ion
in Wat.er Ba th of Stormer Visco ­

sim eter .

WATER CIRCULATORS, JET TYP E, with
au tomatic water level regulator , A.H.T. Co.
Specification. Fo r effective cooling of con ten ts
of beak ers, sma ll jars, etc ., par tly submerged in
a small, open-to p ba th when attached to a suit­
able head of tap wa ter; also excellent for main­
te na nce of eonstant temperature in small baths
when used in conjunct ion with suita ble liquid
circula ting pump and a supply of hea ted wa ter
or other non-viscous bath liquid. The small size
fits th e water bath of the Stormer Viscosimeter
and the heating trough of th e Bau sch & Lomb
Dipping Refractomete r. Both sizes will fun ction
with act ivating pressu res as low as 2 Ills. per
square ineh.

Con sisting essentially of a narrow, modified
"U" mad e of nickel pla ted brass with d iverg ing
connect ing tubes and a sma ll opening close to
the bottom to emit a fine stream which, ill use,
crea tes positiv e agi tation of the circula ting liqu id
in .the bath. The outlet side has an opening
which determines the liquid level, and contains
an ejecto r-ty pe aspira ting nozzle which crea tes

powerful jet pump action, an d prevents overflow of open-top baths.
The Small size has connec ting tub es Yr6-inch diam eter , and spr ing clip for a t.tachmeut to vessels with wall t hicku e-«

up to % 2-inch . The Large size has conn ecting tubes :l1'6-inch diameter, adjus ta ble clip for a t tachment to top of jars, etr .,
a lso a post, l - jneh high, above th e conn ecting tubes, with hori zontal hole and thumbscrew for a t tachment t o )i-inch rods
on exte rnal supports. Triangular Spira l Spring Support 9364 is a useful accessor v for assembling lin inexpen sive
" beaker cooler" in th e labora tory . .

8.25

Lar ge
8
6
4

7.15

S mall
3

2}1
1%

Water Cir cu lators, J et Type, with a utomatic wa te r level regula tor, A.H .T . Co. Spec ificatio n, us abo ve d es nrlbed . co mp le te with di rections
for use.
Size .

¥~~~~8i::rd~~t~~c::le:~i·~1 ·~~: ·i ~l ~h~~ : . : .: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :
Liquid level d epth . m inim u m , inches .
Each. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . .

9937 .

n

3259.9364 .

TRIANGULAR SUPPORT, Spiral Spr ing
Type. As suggested by Ri chard D . Fine,
Atlas Powder Company, Wilmington, Del.
Of Stainless steel, for convenient suspension
of test tub es, beakers, ete ., up to 5 inches
diam eter, in open-top vessels when clipp ed
to top of suita ble containers such as jars,
beakers, small baths, casseroles, crystallizing
dishes, funnels, et c. Can be a t tached to tops
of cylind rical con tainers from 3Yz to 7Yz inches
diameter, with wall thickness up to ;l{6-ineh.
Consisting of three sp ira l sp rings 2 inches
long X )i-inch diameter, with loop ends,
a tta ched to three Stainless steel spr ing
dips, Yz-inch wide X I inch long, to form a 9364.
triangle, and three fork ed Spring Inser ts for F ig. 2, showing use of
attachment between coils of the sp ira l springs F orke d Insert for use in

.Fig. 1, s ho wing beaker in ser ted su pp ort ing tes t tub es . Thermomet er
10 a Ja r . to permit adj ustment of spring tension an d H older .

inser t ion of obj ect s of smaller diameter. Useful
for making simple "beaker coolers," temp erature condit ioning ba ths, and for cooling or henting of precip itau-s and solu tion­
when used with 993; Water Circulator.

9364 . T riangular Su pport, Spi ral S pr in g T ype , of Stainless st eel, as above d escr ib ed , complete with t hree sp ri ng in sert.. . . . . .. . . . . . . . . . . 3. 78
325 9. Thermometer Holder , of Stainless steel, with sp ri ng clip , for a t t ac h me nt t o rim of glass beakers . j ar s, etc. Immersion d epth of t he r­

mometer ca n be adj usted as re qui red, and the H old er can b e a ttache d to v essels 4JAl in ch es or mo re dee p provide d thick n ess of s id e
wall s does not exceed ~..i-in ch . T ak es thermom et ers, t ubes. etc., up to 7 mm di a meter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .88
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Academic Trends in Analytical Chemistry
])OUG~JAS G. Nicholson of 1,'.le .F!sher Scient!fic
. CO. IS a very much traveled individual, spendmg
a considerable portion of each year interviewing teach­
ing staffs in our schools of chemistry and chemical
engineering. He is the next, best thing to a Gallup
Poll when one wishes to find out the latest trends in
teaching, particularly in the field of analytical
chemistry. We are indebted 1,0 Nicholson for his
paper "Trends in Academic Analytica! Chemistry"
given before the 1951 Pittsburgh Conference on Analyti­
cal Chemistry and Applied Spectroscopy. In his paper
he lists ten important trends that we would like to
summarize briefly for our readers.

"Growth of Semimicro : Techniques. Semimicropro­
cedures in elementary qualitative analysis are being em­
ployed in from 90 to 95% of the schools contacted and
several other institutions plan to institute such programs

.in the fall of 1951. The use of "semi" procedures is spread­
ing into general chemistry laboratories as well as into
many elementary organic courses. Approximately 30 to
40% of the schools visited by Nicholson in the past 12
months now use semi procedures in their elementary gen­
eral chemical laboratories, and from 10 to 20% use the
semi approach in elementary. organic courses.

Analytical Procedures Not Using Hydrogen Sulfide or
Sulfides as Such. Nicholson reports a definite reduction
or complete elimination of the use of hydrogen sulfide
in qualitative analytical schemes. The use of aqueous
solutions of organic compounds which hydrolyze to pro­
duce a sulfide ion in contact with the metal ion solution has
eliminated the long-familiar hydrogen sulfide Kipp gener­
ator. Any procedure that helps to eliminate the use of
hydrogen sulfide in qualitative analysis is welcome to
teacher and student alike and indicates basic progress
in the science of analytical separations.

Streamlined Kjeldahl Techniques. Analytical chemists
welcome a method of Kjeldahl nitrogen determination
whichdispenses with the distillation procedure. Nicholson
reports as No.4 in his list of trends Kjeldahl digestion
aspiration trains devised for laboratories not adequately
equipped with ventilation or fume hoods. Both modi­
fications are particularly welcomed by teachers of analyti­
cal chemistry in schools where large numbers of students
must utilize limited laboratory facilities.

Applied Electronics Instruction for Chemists. Current
analytical instrumentation work involves wide application
of physical methods in chemical analyses. It is reassur­
ing to hear that emphasis is being placed in our colleges
and universities on the use of electronics in instrumenta­
tion. It is important that the student learn the fundamen­
tals of instrumentation rather than the mere operation of
equipment, To do this he should be steeped in the theory
of electronics and should be provided with the opportunity

to repair an instrument, to modify it, or even to devise a
new circuit to accommodate specific immediate needs.

Enumeration of the remaining special trends reported
by Nicholson will emphasize their growing importance
in the minds of analytical chemists.

Paper chromatography is used as an analytical chemi­
cal tool not only in undergraduate courses but in our
organic and biological research laboratories.

Similarly, the use of ion exchange resins in analytical
chemical procedures is widely recognized not only in
the training of analytical chemists, but as a very im­
portant day-by-day tool in quantitative separations in
research and in industrial laboratories.

The extent of the interest and possibilities of tracer
techniques in chemical research is reflected in the large
number of manuscripts which have appeared and are
appearing in scientific and technical journals. The use'
of these "tagged" atoms in research will lead us into
heretofore entirely unexplored fields and add greatly to
our scientific knowledge in widely diversified fields.

One observation of Nicholson frankly does not meet
with our approval. He reports that in many instances
qualitative analysis is being eliminated from chemical
engineering curricula. \Ve appreciate the time element
that probably is responsible Iorsuch deletion, but we
feel that our chemical engineers of the future will lose a
great deal of solid basic training as the result of the
elimination of courses in qualitative analysis.

Finally, we are very happy to note an increase in the
popularity in the courses of analytical instrumentation,
as reported by Nicholson. Instrumentation is not a
passing fad. There are sound basic reasons why it
should continue to develop and serve the needs of the
chemical analyst. It is well for us to remember, how­
ever, that the instrument must always be the servant,
not the master. Accordingly, our academic institutions
must be primarily concerned with the development of
scientists rather than technicians-men and women
who are thoroughly familiar with the fundamentals
involved, who are capable of fundamental research,
not mere knob-twisters following printed instructions,
for instrumentation is based in one way or another upon
very definite advances in fundamental knowledge.
When we fail to place proper emphasis on fundamental
research in instrumentation in our academic institu,
tions, then we can expect to lose the present pace that
has characterized its growth in the past decade.
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Analysis by Electrol1ligration plus Chromatography
HAROLD H. STRAIN AND JAMES C. SULLIVAN

Argonne National Laboratory; Chicago, Ill.

This investigation was undertaken to provide widely
applicable analytical methods for continuous opera­
tion and of potential industrial importance. To this
end, electromigration was combined with various
chromatographic techniques. With flow of electrical
current at right angles to the flow of solvent in a
special cell, mixtures of various ions were separated
completely and continuously. With this method

one ion could be substituted continuously for an­
other, and in the presence of complexing agents that
affect the adsorbability and the ionic mobility of
various solutes, many different kinds of substances
could be isolated and detected. Modifications pro­
vide sensitive and rapid discontinuous procedures
for the separation of mixtures of ionic substances,
as in qualitative analysis.

ELE CTR OMI GR AT IO N (2,4, 10, 12) and chromatography
(3, 15, 17, 19, 20, 24) have long been employed for the

resolution of mixtures of solutes. In 1939, Strain utilized electro­
migration, without flow of solvent, for the separation of dyes in
a column of moist porous adsorbent (21). Under the name of
electrochromatography, this method has been widely applied to
the resolution of mixtures in columns and in strips or stacks of
filter paper (3,8, 9, 13-16, 23, 25). It has proved effective with
charged particles in dispersed systems as well as with the inorganic
ions (6, 8, 23, 25).

+

WL
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Orange V

plates. Cells designed for continuous operation were constructed
of paper with a paraffined central compartment as indicated by
Figure 2. Cells designed for discontinuous operation were con­
structed without this compartment, compartment D,D extending
continuously from side to side.

In both types of cells, the adsorptive material was commercial
filter paper (0.1 inch or 2.5 mm. thick). Two papers (Filpaco,
No. 046, The Filter Paper Co., Chicago, III.; and Grade 320,
Eaton-Dikeman, Mt. Holly Springs, Pa.) gave reproducible re­
sults and exhibited exceptionally high filtration rates. Both pa­
pers occasionally contained iron and copper in small spots (prob­
ably in the form of oxides).

For preparation of the cells, the sides of the paper and the cen­
tral compartment were brushed with a saturated solution of par­
affin in carbon tetrachloride or in petroleum ether (boiling range
65° to 110° C.), and the saturated areas were allowed to dry.
With paper designed for the continuous procedure, the dried, cen­
tral paraffined area was cut with a sharp razor blade, and a narrow
strip of untreated filter paper (Eaton-Dikeman, Grade 625, thick­
ness 0.030 inch) was inserted as indicated by the figure. The in­
serted paper served as a wick for the continuous addition of ft,

narrow zone or stream of the mixture to be resolved. For this
purpose, the common analytical papers also proved useful.

Figure 2. Electrographic Cell for Continuous
Operation

E
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o
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A. Filter paper
B. Regions of paper impregnated with paraffin
C. Outline of glass plates
D. Compartments for addition of wash liquid
E. Compartment for addition of solute mixture
F. Paper wick through paraffined region
G. Plafiunru electrodes in grooves in glass plate
11. Paper strips to promote uniform flow of wash liquid

APPARATUS

Most experiments summarized here were performed in electro­
graphic cells constructed of adsorptive paper held between glass

Figure 1. Separation of 0.02 M
Methyl Orange and 0.02 M Phenol-

phthalein

Separated by upward flow of wash liquid, WL
(4 M ammonium hydroxide), and by hori­
zontal flow of electric current. Paper (Grade
301 or 625, 0.030 inch thick, Eaton-Dikemau) ,
clamped between plastic plates to prevent
evaporation of ammonia. 300 volts. 25 to 35

ma., 1 hour

In 1948, Haugaard and Kroner employed electrical migration
plus simultaneous flow of solvent for the discontinuous separation
of ionized substances in a sheet of paper, the current flowing at
right angles to the flow of solvent (11). A modification of this
method, which requires only about an hour for resolution of
a mixture, is shown in Figure 1.

In 1949, Svensson and Brattsten utilized electrical migration
plus simultaneous flow of solvent for the continuous separation
of dyes in a cell filled with powdered glass on which there was no
adsorption of the ionized solutes (22), and Strain designed an
analogous analytical system for the continuous separation of
solutes by electrical migration plus chromatographic adsorption

«18). An elaboration of this latter method forms the basis for
ihis report.
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This prepared paper was placed between two glass plates as in­
dicated by Figure 2. Platinum electrodes were inserted in
grooves ground m one of the plates, and the plates were pressed to
the paper with screw clamps. This electrographic cell was
clamped in an upright (vertical) position between two ring
stands. A pan for the collection of the effluent was placed under
the cell, and separatory funnels for the continuous addition of
wash liquid were supported on the ring stands.

paper strips. With many solutes it was possible to discontinue
the operation of the cell, to remove the glass plates, and to add
reagents to the paper so that the ion paths were rendered visible,
Reagents were usually added as gases or as solutions which were
brushed or sprayed onto the paper. As some colored products
were rather unstable, the paths were outlined with indelible
pencil, thereby yielding a permanent record.

DISCONTINUOUS OPERATION OF CELLS

For discontinous separations, the electrographic cells without
the central paraffined compartment were saturated with the wash
liquid. A small quantity of the mixture (0.01 to 0.1 ml.) was then
delivered from a fine-tipped pipet to the upper edge of the paper.
Potential was applied and enough wash liquid (about 60 ml.) was
filtered through the cell so that nonadsorbed solutes were carried
nearly to the bottom of the paper. The electrical current was in­
terrupted, the cell was opened, and various reagents were applied
to the paper.

This discontinuous procedure revealed the several ions as a
series of zones or spots. Resolution of the mixtures in this way
required about 20 minutes from the time of their addition or a

, total operational time of about 40 minutes.

NEUTRAL-1 _

, CONTINUOUS OPERATION OF THE CELLS

For continuous operation of the electrographic cells, wash liquid
was added continuously to compartments D,D, indicated in Fig­
ure 2. When this liquid flowed through the cell, small strips of
filter paper were placed in contact with the moist paper protruding
below the glass plates. These paper strips, which were held in
place by capillary forces, promoted uniform dripping of the wash
liquid. They could also be moved in order to channel the ef­
fluent into particularly narrow regions. The cells themselves
retained slightly over 60 ml. of the wash liquid and approximately
20 minutes were required for the flow of this quantity of liquid
through the cell.

ACIDIC

REGION

NEUTRAL

REG ION

BASIC

REGION

PROPERTIES OF ELECTROGRAPHIC SYSTEMS

Numerous variable conditions affect the separations in the
electrographic cells: the dimensions and the construction of the
cells, the voltage and the electrical current, the properties of the
solvent or wash liquid including its reactions at the electrodes,
the concentration and the electrical properties of the ions, the
adsorbability of the ions, and the nature of the complexes formed
by the ionic mixtures with the wash liquids.

ACIDIC I 't-NEUTRAL

-I BASIC ACIDIC I -t-

··N·EUTR·AL····

Figure 3. Migration of Acidic and
Basic Zones Formed by Electrode
Reactions with Ionized Salts in

Paper Strips

With continuous flow of wash liquid through the cell, the solu­
tion of the mixture of ions was added to the central compartment,
E, whence it too flowed continuously into the cell: Potential was
then applied across the eel!. Under these conditions, the several
ions followed separate, narrow paths through the cell, so that they
could be collected separately and continuously in the respective
portions of the effluent. To this end, small beakers or test tubes
were placed in suitable positions below the paper strips

KKK'KKKKKKKKKK

CI CI CI CI CI CI CI CI CI CI CI CI CI
NEUTRAL

t

Figure 5. Acidic and Basic Regions
Formed in Electrographic Cell with

0.1 M AmmoniuUl Acetate

The construction of the cells was varied in many ways. Plates
of plastic (6 mm. thick) were employed as well as plates of glass,
and papers of various filtration rates were also tested. For the
discontinuous procedure, holes were drilled through one of the
plastic covers so that the mixture of ions could be added to the
paper through this opening, which was then plugged while the
cell was washed with the fresh solvent. This procedure offered
little advantage over the direct addition of the mixture to the
upper edge of the paper. With ions that migrated principally
in one direction, the mixture could be added near the side of the
cell, thereby increasing the effective area.

The dimensions of the cells were also varied. Thick cells were
prepared by placing several sheets of paper between the glass
plates. Large cells were prepared from sheets of paper about
60 em. (24 inches) square. With both modifications of the cells,
similar separations of ions were obtained, provided the same

300 volts, ca. 50 rna.
H H H H HCI

I CI CI CI CI ~Ci t

ACIDIC

K K K:HH:H
- KOH "

KOH OH OH 0 ' H H' C
BASIC .,,' \"

, NEUTRAL ~

Ftgure 4. Simplified Mechanism for Migra-
tion of Acidic and Basic Zones Shown in

, Figure 3

The paths followed by the ions did not vary, provided the
electrical current and solvent flow remained constant. Paths
followed hy dyes and by colored ions as copper and ferric iron
were readily visible. Many ions, such as nickel and cobalt,
could be located in the effluent by addition of reagents to the
paper strips or to portions of the percolate collected from the
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Figure 7. Electrochromatography of Ions in Paper
Strip, P, between Glass Plates
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In the combined electromigration and chromatographic
methods, the separability of mixtures should depend upon the
relative adsorbability and the relative constituent mobility in
the two-phase system. As this mobility also depends upon the
adsorbability, variation of the degree of adsorbability without
simultaneous variation of the relative adsorbability should not
affect the separability of the ionic mixtures. The greater the
adsorbability, the lower the migration rates.

In the electrographic cells, the path described by a given ion
should be approximately a straight line whose angle with the
vertical is determined by the direction cosine of the resultant
obtained upon vector addition of the chromatographic and electro­
migration factors. If the direction cosine of the resultant is the
same for two different ions (irrespective of the absolute magnitude
of the components), the ions will follow the same path (Figure
21).

r------------------------------------,,
IIr------C-----'---I

Through variation of the wash liquid, both the electromigration
and the adsorption of ionic substances could be varied in order
to improve the separations.

ELECTROMIGRATION AND CHROMATOGRAPHIC COMPONENTS
OF ELECTROGRAPHIC CELLS

In the electro graphic cells there are two principal migration
forces-e-the flow of electrical current and the flow. of solvent.
These two components were studied separately in sheets or strips
of paper, as illustrated by Figures 6 and 7. For investigation
of the chromatographic factor, the solution of ions was added as a
band near the end of a paper strip, or as spots near one edge of a
wide paper sheet. This paper was then placed between glass
plates, and the protruding paper was dipped into the wash liquid
as shown in Figure 6. Adjoining paper strips reduced evapora­
tion of the wash liquid. With porous filter paper (Eaton-Dike­
man, Grade 301 or 625, 0.030 inch thick), development of the
chromatogram could often be accomplished in 10 to 20 minutes.
The relative migration rates of colorless ions in these chromato­
graphic systems were revealed by the addition of reagents to the
paper.

For determination of the relative migration rates of ions in the
electrical field, paper sheets or strips were supersaturated with the
wash liquid. The excess liquid was removed with blotting paper,
and the saturated paper was placed on a glass plate between two
parallel paper strips also saturated with the wash liquid. Solute
mixtures were added as narrow zones or as spots. Platinum
wires were inserted through holes in the paper strips, or they
were pressed across the ends of the wider sheets. With applied
potentials of 160 to 400 volts, the relative migration rates of the
ions could be determined in 20 to 40 minutes.

From theoretical considerations, the relative adsorbability of
ions in heterogeneous systems plays an important role in separa­
tions by electromigration as well as by flow of solvent. With
flow of electrical current, the migration of ions depends upon the
constituent mobility in the solvent and upon the proportion of
the ions remaining unadsorbed. With flow of solvent, the
migration of the ions depends solely upon the proportion remain­
ing unadsorbed (20).
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current density was maintained per unit cross section of the cell.
A few experiments carried out in cells constructed of plastic
plates and filled with inorganic adsorbents such as heat-treated
siliceous earth (Celite) yielded results analogous to those ob­
tained with paper (21).

The electrical current was. adjusted in relation to the flow
and the electrical conductivity of the wash liquid. With the
coarse paper described above, an electrical potential ranging from
160 to 400 volts and providing a current of about 50 to 100 mao
was sufficient for separation of many ionic mixtures. With the
highest voltages and currents, the cells became rather warm.
As cool wash liquid flowed into the cells at the top, the regions
of highest temperature were near the bottom. This effect
caused the ions to move slightly faster in the lower regions of the
cells than in the upper cooler regions, so that the paths followed
by the migrating ions were often slightly curved.

The electrical properties of the wash liquid determined the
conductivity of the cells and the separability. of many ions.
Owing to their low conductivity, weak acids and bases could be
employed as wash liquids at much higher concentration than .
neutral salts. With these acids and bases, considerable variation
of pH was possible without enormous variation of the electrical
conductivity of the cells. Moreover, some of these acids and
bases formed complex or chelated ions which. facilitated the
separation of many mixtures.

Electrolysis of the wash liquid often had a great effect upon the
pH in different regions of the electro migration systems. With
salt solutions in paper strips (Figures 3 and 4) or in the electro­
graphic cells (Figure 5), basic regions were formed at the cathode
and acidic regions at the anode. These zones, which were readily
detectable with a strip of test paper, migrated toward each other.
Once they met, the resistance of the cell increased rapidly. The
mechanism for this effect is shown by Figure 4, a simplified drawing
that does not portray the differential migration rates of the ions
or the evolution of gas at the electrodes'. When the ions being
separated were affected by acid or alkali, these secondary re­
actions became very troublesome. They were avoided by use of
wide cells and, as in most of the experiments reported here, by
the use of weak acids or weak bases as the wash liquids. In the
electrographic cells, gases liberated at the electrodes escaped
through the grooves in the glass plate.

The wash liquid itself had a pronounced effect upon the adsorb­
ability of ions. From acid solutions or from salt solutions, most
cations were scarcely adsorbed on paper. From weakly alkaline
solutions many cations were strongly adsorbed on paper.
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Figures 8 to 13. Continuous Separations

8. Methyl orange and phenolphthalein. each 0.005 Min WL, 4 M NH.OH. 230 volts. ca. 90 mao
9. Silver and copper nitrates, each 0.005 Min WL, 0.1 M lactic acid. Reagents (R), dithio-oxamide and H,S. 200 volts, 80 mao

10. Silver and copper nitrates, each 0.005 M in 4 M NH.OH. WL, 4 M NH.OH plus 0.01 M Versene. R, diphenylthioearbaaone.
160 volts, over 100 mao

11. Nickel and copper nitrates, each 0.005 M in 4 M NH.OH. WL, 0.01 M disodium tartrate in 4 M NH.OH. R, dithio-oxaraide.
160 volts, over 100 mao '

12. Niokel nitrate and potassium chromate, each 0.01 Min 4 M NH.OH. WL, 0.01 M disodium tartrate in 4 M NH.OH. R, dithio­
oxamide and lead salts. 160 volts, 100 mao

13. Ferric and aluminum nitrates. each 0.005 Min 0.01 M tartaric acid and 4 M NH.OH. WL, 0.005 M tartaric acid in 4 M NH.OH.
R. aluminon in 50% acetic acid. 200 volt.., 100 mao

When two ionic species of opposite sign or mobility are added
to the electrographic cell, the separation of the ions should be
absolute (100%), whereas in the usual chromatographic separa­
tions the trailing solutes are always contaminated by traces of the
leading solutes (Figures 8, 10, 12, and 20). For continuous
operation of the cells, the separation of ions will be effective if the
chromatographic factor is eliminated but not if the electromigra­
tion factor is eliminated. For discontinuous operation, separa­
tions may be effective if either the electromigration factor or the
chromatographic factor is eliminated.

SPECIFICITY OF THE ELECTROGRAPHIC CELL

The separability of various mixtures in chromatographic
columns is the resultant of a complex equilibrium in the two­
phase chromatographic system. This equilibrium has so many
variable factors that it is difficult to ascribe chromatographic
selectivity solely to the solvent or to the adsorbent (17). Similar
considerations apply to the chromatographic factor in the elec­
trographic cell.

Owing to the importance of electrical mobility upon themigra­
tion of ions in the electro graphic cell, the separability of ionic
mixtures may often hinge upon the possibilities for variation of
this property. The most promising methods for variation of the
mobility are oxidation, reduction, and the formation of complex
or chelated compounds (1, 5, 7). Even nonionized solutes that
form complexes with ionized reagents should be amenable to
examination in the electrographic cell.

RESULTS WITH CONTINUOUS SEPARATIONS

The continuous separation of various binary, ternary, and
quaternary mixtures and the conditions utilized for the separa­
tions are illustrated by Figures 8 to 20. These examples demon­
strate the separation of mixtures of anions, of cations plus anions,
and of cations. They also illustrate the separation of mixtures
of inorganic substances, of organic substances, and of inorganic
and organic substances. Figures 9 and 10, 13 and 14, and 18
to 20 illustrate the effect of different conditions upon the sepa­
rability of similar ionic mixtures.

In most of the examples with ammoniacal solutions (Figures
8, 10, 11, 13, and 14), the chromatographic factor was somewhat
smaller than the electromigration factor. The addition of salts,
such as potassium nitrate or ammonium acetate, to the ammonia­
cal solutions usually reduced the adsorbability of cations. With
the acidic solutions, the chromatographic factor was very small
relative to the electromigration factor. In most separations of
cations or of anions, the chromatographic sequence' and the
electro migration sequence were identical.

The effect of complex-forming solutes on the separation of
silver and nickel ions is illustrated by Figures 18 to 20. In­
separable in the presence of ammonia, these two species were
readily separable in the presence of oxalate or of ethylenediamine
tetraacetic acid (Versene).

As indicated by the sensitive dithio-oxamide test, silver and
copper ions were separated completely in the presence of Versene,
which converts copper ions into an anionic complex (Figure 10).
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Similarly, nickel cations were removed completely from chromate
anions, the nickel being confined to the narrow zone (Figure 12).

In the ammoniacal solution (Figure 18), the relative electro­
migration rates of silver and nickel ions were equal to the relative
chromatographic movement, as shown by measurements sum­
marized in Figure 21. This latter figure also illustrates the rela­
tive effects of the flow rate of the wash liquid and of the electrical
current on the migration of the ions in the cell. These results
indicate that silver ions move through the electrographic cell
faster than the nickel ions, even though both ions follow the
same pathway. During the initial stages of the separation, the
advancing front of the zone should contain only silver ions, as
indicated by the distances Ag to Ni and (Ag) to (Ni). This con­
clusion was confirmed by examination of the electrographic cell
before the silver had been carried into the percolate as in Figure
22. During the continuous operation of the cell (Figure 18),
nickel ions were, therefore" migrating at a much slower rate than
the silver ions. As this rate was less than that predicted from
electromigration or from relative adsorbability, chromatographic
and electro migration factors must have been effective.

Figure 21 provides additional evidence for the simultaneous
action of electromigration arid differential adsorption. Elec-.
tromigration alone and chromatography alone separate silver
from nickel. In the electrographic ceIl, these two factors (vec­
tors) for each ion have identical cosine resultants. Under these
conditions, chromatography and electrical migration play equally
significant roles in determining the path followed by an ion.

For ions of opposite sign or mobility as in Figures 10, 12, and

ANALYTICAL CHEMISTRY

20, both electro migration and differential adsorption determine
the paths in the electro graphic ceIl (Figure 23). Under these
conditions, the ions wiIl always foIlow separate courses, even
though electro migration and chromatographic migration should
play equivalent roles for both ions.

Determination of the relative electro migration and chromato­
graphic rates of silver and of copper ions under the conditions
represented by Figure 10 yielded the results summarized in Figure
23. In this figure, the chromatographic migration of the copper
ions in the paper strip was much less than the migration found
in the electrographic ceIl, an effect attributable to a slowly reversi­
ble reaction between the copper ions and the ceIlulose.

In some of the continuous separations, the concentration of the
ions was increased in order to determine the effectiveness of the
electro graphic ceIls. With ferric and nickel ions in the presence
of tartrate and ammonia, the separations were effective with solu­
tions 0.2 M with respect to each cation. With increasing con­
centration, the courses foIlowed by the ions became wider and
their separation decreased.

RESULTS WITH DISCONTINUOUS SEPARATIONS

Many examples of the separation of similar elements by the
discontinuous procedure are illustrated in. Figures 24 to 31.
In some of these separations, the ions reacted with the wash liquid
to form insoluble products that remained fixed in the paper.
One example is the precipitation of metallic mercury by treat­
ment of mercurous mercury with aqueous ammonia (Figure 27).

- 14 - 15 - 16

- 17 18 - 19

Figures 14 to 19. Continuous Separations

14. Ferric and aluminum nitrates, each 0.005 M in WL, ca. 0.005 M dimethvlglyoxlma and 0.01 M tartaric acid in 4 M NH.OH. R,
. aluminon in ca. 50% acetic acid. 250 volts, ca. 90 mao

15. 0.005 M dimethylglyoxime, 0.0001 M methyl orange, and 0.005 M dichromate. WL, 0.1 M acetic acid. R, nickel plus ammonia.
250 volts. 30-32 rna.

16. Stannous, arsenious and antimonous chlorides, each 0.005 Min WL, 0.02 M lactic acid, 0.02 M tartaric acid, and 0.04 M dl-alanine.
R, H.S. 300 volts, 95 rna.

17. Silver, nickel, copper, and ferric nitrates, each 0.005 Min WL, 0.01 M disodium tartrate and 0.01 M ammonium oxalate in 4 M
NH.OH. R, dithio-oxamide and H,S. 160 volts, over 100 rna.

18. Silver and nickel nitrates, each 0.005 M in IVL, 4 M NH.OH. R, dithio-oxamide and diphenylthiocarbaaona. 160 volts, 60 rna.
19. Silver and nickel nitrates, each 0.005 M in WL, 0.01 M ammonium oxalate in 4 M·NH,OH. R. dithio-oxamide anddiphenylthio­

carbasona. 160 volts, over 100 rna.
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Another example is the precipitation of nickel by dimethylgly­
oxime contained in the ammoniacal wash liquid (Figures 28
and 30). Under these conditions, the principles of chemical
precipitation, electromigration, and chromatographic separation
were utilized simultaneously.

Ions such as silver and nickel, which were inseparable under the
conditions of continuous flow (Figure 18), were separated quickly
by the discontinuous procedure (Figure 24). Ions of copper and
nickel, likewise inseparable by the continuous procedure when
ammonium acetate in concentrated ammonium hydroxide was the
wash liquid, were quickly separated by the discontinuous pro­
cedure (Figure 25).

In the presence of complex-forming reagents, most ions mi­
grated as a single zone in the electromigration and chromato­
graphic systems. An exception to this relationship was observed
with cobaltous ions that were added to a solution of tartaric
acid in aqueous ammonia and allowed to stand with air for several
hours. With these oxidized solutions, both anionic and cationic'
forms of cobalt were separated by electrornigration.

In acidic solutions, cobalt and nickel ions were slowly sepa­
rable by electro migration and by chromatography. In freshly
prepared, aerated, ammoniacal solutions, the oxidized cobalt
iOIlS were more adsorbed than nickel ions and migrated at a much
slower rate. Separate tests showed the oxidized cobalt to mi-

grate slower than nickel in chromatographic systems as well as in
electrochromatographic systems.

As indicated by Figure 31, arsenious and antimonous ions were
readily separable by the discontinuous procedure. Under the
same conditions, stannous ions could not be located in the elec­
trographic cell with sulfide, although these ions were readily
detectable in the cells operated continuously, as shown by Figure
16. Tests in paper strips indicated that the stannous ions were
more adsorbed than arsenious and antimonous ions and that they
formed a large trailing zone. As a consequence, their concen­
tration in the discontinuous procedure was reduced until they
were not readily detectable.

DISCUSSION

Separation of mixtures in the electrographic .cells presents a
number of advantages over the usual chromatographic systems.
This method not only provides a means for the continuous resolu­
tion of mixtures, but it also provides a basis for the complete
separation of many groups of ions from one another. With
ethylenediamine tetraacetic acid as a complex-forming solute,
this electrographic procedure makes possible the complete and
continuous separation of monovalent cations from divalent and
polyvalent cations. It also provides a continuous method for the
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Figures 20 to 25. Continuous and Discontinuous Separations

20. Silver and nickel nitrates, each 0.005 Min WL, 0.005 M Versene in 4 M NH.OH. R, diphenylthiocarbazone and dithio-oxalic acid
plus HCI. 160 volts, ~5 rna. ...

21. Silver and nickel separated by electrochromatography, upper paper strtp, and by chromatography, paper strip at right, Each IOn
0.005 M in electrolyte and WL, 4 M NH.OH. R. dithio-oxarnide and diphenvlthiocarbaaone, Solid vector, calculated path ?f

. silver and nickel in electrographic cell. Dashed vector, calculated path of silver and Dickel ~Ith low electrical current and rapid
flow of WL

22. Relative migration rates of silver and nickel nitrates, each 0.005.M in W L, 4 M NH.OH. 160 volts, ?a. 60 .ma., ea. 18 mirrutes
23. Silver and copper separated by electromlgratl?n,. upper I!aper strip, and bychromatozraphy..paper stnp at r-ight; Each Ion 0.005 J!!

in WL, 0.01 M Versene in 4 M NH.OH. R, dithio-oxamide and diphenylthiocarbaaone. Solid lines, observed paths 1D electrographie
cell

24. Silver and nickel nitrates, each 0.005.M (0.01 mI.). WL,4 M NH.OH (60 mI.). Arrow, point of addition. R, dithio-oxamide and
diphenylthiocarbasone. 160 volts, ca. :to ma., 20 ~Iin'!.tes . .

25. Copper and nickel nitrates, each 0.005 M (0.01 mI.). WL. 0.01 M ammonium acetate 1D 1" M NH.OH (60 mI.). R, dithio-oxarn de.
200 volts. ca. 35 ma., 20 minutes
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Figures 26 to 31. Discontinuous Separations

26. Mercurous, lead and silver nitrates, each 0.05 M in 1 M HNO, (0.01 mI.). WL, 0.1 M lactic acid (60 ml.), R, H,S. 250 volts.
100 ma., 20 minutes

27. Mercurous, lead and silver nitrates, each 0.05 M in 1 M HNO. (0.01 ml.). WL, 0.008 M citric acid in 4 11,'1 NH,OH (60 mI.). R,
. H,S. 160 to 170 volts, 100 ma., 20 minutes

28. Nickel, ferric, cobalt, copper, cadmium, and silver nitrates. each 0.05 Min 0.1 M tartaric acid (0.01 mI.). WL, 0.01 M ammonium
tartrate, ca. 0.005 M dimethylglyoxime in 4 M NH.OH (60 ml.), R, H,S. 160 volts, 95 to 100 ma., 20 minutes

29. Mercuric, bismuth, copper, lead, and cadmium nitrates, each 0.05 Min 1 M HNO, (0.01 ml.). WL, 0.1 M lactic acid (60 mI.).
R. diphenylcarbaside (Ag), diphenylthiocarbazone (Cd), dithio-oxamide (Cu), dithio-oxamide plus NH,OH (Ph), Na,S (Bi). 250

. volts, 100 ma., 20 minutes
30. Nickel, cobalt, ferric, and aluminum nitrates. each metal 0.005 Min 0.01 M tartaric acid and 0.005 M dimethylglyoxime (0.025 ml.),

W L, O.OlM tartaric acid and 0.005 M dimethylglyoxime in 4 M NH.OH (60 ml.). R, dithio-oxamide, alumiuon in 50% acetic acid.
150 volts, 100 ma.. 20 minutes

31. Arsenious and antimonous chlorides, each 0.01 M (0.05 ml.). Solution and WL, 0.04 M dl-alanine in 0.1 M lactic acid. R, H,S.
300 volts, 100 ma., 20 minutes

removal of particular cations or anions from a' solution, and it
makes possible the continuous substitution of one cation or anion
for another. In these latter respects, it provides a promising
approach to various decontamination and purification procedures.

The discontinuous electrographic method provides a convenient
means for the rapid resolution of mixtures and for the identifica­
tion of the components. As in conventional chromatography,
resolved ionic substances may be identified by their location
relative to other ionic species and by radiographic tracer tech­
niques. By analogy with separations obtained in columns, the
separation of ions at tracer levels should also be possible.

In the continuous procedure, separation of two ions is im­
possible if their relative electromigration and chromatographic
rates are the same. In the discontinuous method, two ions will
be inseparable only if both the electromigration and the chro­
matographic rates are identical. For this reason, the discontinu­
ous method is more selective than the continuous method.

In the experiments reported here, the use of organic solutes
has facilitated the separation of various mixtures of cations.
Conversely, various cations may now 'be utilized to aid in the
separation of neutral organic compounds that will form complex
ionic species. Similarly, the chromatographic and the electro­
chromatographic behavior of ions in various solvents should give
indication of the formation and the nature of complex ions.
Through variation of the solvent and.thecomplexing agent.s and

through use of various adsorptive agents, the electrographic
method should prove fully as adaptable and as useful as the
familiar chromatographic procedures.
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Techniques and Reagents for Paper Chromatography
GERRIT TOENNIES ANn JO SEPH J. KOLB

Inst.itutefor Concer Research. and Lonkenau Hospital Research Institute, Ph.iladelpliia 11 , Pa ,

This repor-t deals with the ch o ice of paper for chro­
matography, the u se of hydrochloric acid a s a vehicle
for the application of amino acids, and the u se of a
comb for application of solu tions in horizontal s t r ips,
It describes an inexpensive, transparent tunk wi tb
a ccessorie s and means of color development on
ch ro m a l ogr a p hed s h eet s . All reagents are applied
b y dipping, instead of s p rayin g ; ninhydrin, in
anhydrous acetone. Al so d e scribed are nitroprus­
s id e and cyanide dipping reagents of low water con­
lent, which produce relatively p ezrnanent colors
wi t h - SH and -S-S-, as well as a platinum and a
palladium reagent for d etection of r educing com­
pounds in gen er a l . An arrangement is sh o wn for
production of inexpensive chroma togr a p h !c r ecords
h y three-filter photography in transmitted light.

APPLICATION of the methods of amino acid paper chro­
ft ma tog ra phy (1) to specific problems has led to severa l
imp rovements in genera l technique.

THE PAPER

Chiefly as a resul t of difficulties in the recovery of sma ll
amounts of methionine, Schleicher and SchueII paper No. 589
Green Ribbon was selected. With certain other papers th ere is
either a marked loss of methionine-e.g., Schleicher and Schuell
No. 589--01' a much slower movement of diffusing Iiquid-e-e.g.,
Whatman No . 1. Three different lots of the 589 paper di ffered
slightly in their pr operties, although 3 microgram s of methionine
were detectable in all cases by ninhy drin after a ph enol-ammonia
run. T he rate of flow is practi cally independent of the direct ion
with reference to the wate r marks.

APPLICATION OF SOLUTIONS

Application of amino acids or pr otein hydrolyzates in 50 or
100% formic acid solut ions results in small initial spots and com­
pact spots aft er chro matography . In order to ap ply a uniform
strip of substance across the widt h of th e paper for certain typ es
of one-dimensional work, t he authors use a hard rub ber comb,
th e teeth of which are ground down to a length of abo ut 0.5 mm .
The comb is filled from a small aluminum t rough coated with
pa raffin . Combs of 82-mm. length (100 teeth, 2.5 mm . wide )
deliver 50 to 60 Itl. of an aqueous 12% amino acid solut ion, with
an error of % Iltl. Ca libra tion was made by coloring th e solution
with phenol red and determining its amoun t spect rophotometri­
cally afte r extraction from the paper by 0.1 N hydrochloric acid
in 85% alcohol.

TANK AND ACC E SSORIES

The authors use a fish aquarium available in pet stores, ap­
pr oximately 20 X 12 X 10 inches, with a combinat ion of ascend­
ing and descending flow. The tank and some accessories are
shown in Figure 1. The lid consists of a glass plate fitted with a
sponge rubber gasket , the outside pores of which are sealed with
neoprene paint. The upper rim of th e tank is covered with Para-

film. The tank is equ ipped with removable glass rods as shown ,
to accommodate two sheets of pap er . The rods, flat tened at the
ends to prevent rolling , are supported by plates of Bakelit e or
hard rubber cemente d" to roughened areas on the walls with
Dekadhese (Tec hnical Specialt ies Co., Malden, Mass. ). A pair of
aluminum or glass hooks is used to hold the lowest pair of rods
apart. The papers, 40 X 46 em. in size, are marked off in cent i­
meters on th e long edges to aid in adjustment and observation of
flow rate, and are held in place by glass "clothespins." The start­
ing line is 6 cm. from th e end of the sheet and should be located
above the lowest rod. The solvent is contained in a semicircular
glass t rough (51 mm . in outside diameter , 48 em, long, Yonk ers
Labora tory Sup ply Co., Yonkers 2, N. Y.). E ach sheet passes
from the botto m of th e trough, on the inside of one of th e lowest
pair of rods, and turns ba ck over the upper rod and along the
inside of the middle rod . A long filling funnel (Figure 1) with :1
ground inner valve near tho bottom is used to add the solvent
wit hout disturbance afte r t he slH'pt.s haw heen placed .

Figure 1. Aq u a r iu m Tank and Accessorie s for
Chromatography

Pa rafi lrn-she a the d bi nd ers clip, comb , a lu minum trough, till ing funnel,
a nd nlast ic to ngs shown outside the tank

A ty pical phenol run at 20 0 to 25 0 C. requires approximate ly 20
hours. A time plot shows that th ere is no break in the rate of
flow at the turning point of the paper . Contact be tween paper
and glass rods also has no effect" but contact between the two
sheets above th e liquid in the tray must be prevented.

In addit ion to simplicity and visibility this equipment has the
advantage over the ord inary descending technique of providin g
for automat ic sto ppa ge of flow because of th e difference in height
between the terminal edge of th e paper and th e liquid in the
trough. Thus, te rmina t ion of a run during the night hours
causes no trouble. However , when papers are left in th e tank
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for 3 days after th e end of th e run th ere is evidence of some
spreading of spots by latera l diffusion. For uniform flow acros s
the width of the paper and for reproducible results, control of
room temperature (± 10) has been found important, but not
sufficient. It is further necessary to allow several hours for
"conditioning" the paper in th e atmosphere of th e solvent , be­
fore beginning th e run. This effect of conditioni ng is demon­
strated by th e example shown in Figure 2.

DRYING

The wet sheets are suspended und er the hood from th eir
termina l edge with th e aid of binders clips (sheathed with Para­
film when acid is present on th e pap er) and dried in th e air st ream

F igure 2. Effect o f Conditioning
S heets i n Atmosphere of Medium .
Example of P h o to g ra p h with Identi-

fica t io n
Chro ma togra m. 174 a nd 175, film sa, eXfo;lUre a,
green filt er. E ach spot conta ins 400 ')' 0 cop per­
free eubstance obta ined by cupric prec ipitation at
p H 7 fr om a hydrolyzate of 7.7 mg . of bovin e
plas ma a lbumin , with out an d with a dde d cystine
(0, 5, 15, 45 ')', resp ecti vely , for the first four a nd
for the second four spo ts) . Before the run t he
she ets wer e lef t in th e tank for 20 hours in the
pr esen ce (left fou r s po ts ) or abse nce (right four
spots) of a ph enol atmospher e. In eac h grou p
the smaller strip represents on e end and the
larger strip the ot her end , reversed, of a sh eet
carry ing 12 s po ts (as see n, the original orde r of

spots is I , 12, II , 10; I , 12, II , 10)

of It fan for a few hours. Small residues of ph enol perceptible by
odor do not interfere with the ac tion of the ninhydrin, nitro­
prusside, or palladium reagents (see below), but may inter­
fere with the visibility of th e platinum reaction . Adequate re­
moval of hydrochloric acid vapors, in the case of chromatograms
run in their pr esence, is shown by th e absence of darkening of th e
paper when a clipp ing is heated at 90 o.

R EAGENT S AND DEVEW PMENT

Ninhydrin. The tro ublesome spraying with th e ninhydrin­
butanol reagent has been replaced by the procedure of dipping
the sheets in an acetone solution of ninhydrin.

In one-dimensional work it is convenient to cut the sheet into
halves. T he ha lf-sheet , held on each end by means of a pair of

A N A L YT I C A L C H E M I S T R Y

plasti c tongs ( Figure 1), is passed slowly through the solution
iu a photographic tray. The acetone evaporates in a few minutes
and color development may be observed at room temp erature or
be brought to complet ion in a few minutes by heating in a 90 0

oven. Comp arison of sprayed aceto ne and butanol reagents
shows more rapid and more intense color as well as greater per­
sistence when acetone is used . The dipping reagent is a 0.25%
(w./ v .) solut ion of ninhydrin in anhydrous ( >99%) acetone.
Color development with this reagent is uniform, intense, rapid,'
and undistorted . The pr esence of 10% water in th e reagent re­
sults in spread ing of spots and delayed color development .

Nitroprusside. The following dipping reagen ts have been
Iound useful in the study of sulfur compounds.

\. Dissolve 1.5 gram s of sodium ni troprusside in 5 m\. of 2 N
-ulfur ic acid, add 95 m\. of methano l and 10 ml, of ammonia
water (28%), and pour through a filter to remove pr ecipitated
sa lts. This alkaline reagent in th e alcoholic medium is stable for
many days in th e refrigerator, in cont rast to it s well-known labil­
ity in an aqu eous medium .

II . Dissolve 2 gra ms of sodium cya nide in 5 m\. of water and
add 95 ml. of methanol.

III. Comb ine equa l volumes of Reagents I and II mad e up in
doub le concent rations.

Th e presence of - SH on the paper is revealed by th e immedi­
a te appearance of a br illiant red color after dipping in Reagent I.
To detect - S-S-, th e paper , while st ill damp from Reagent I
after havin g been briefly hun g in th e air, is dipped (under th e
hood) in Reagent II, and resuspend ed. T he color resulting
from th e cyanide cleavage of - S- S- groups appea rs within a
few seconds, and reaches its maximum in about 10 minutes, thus
giving time for pho tography , On further drying in air, th e
background color, which at first is pale yellow, turns into a strong
green while th e red react ion color, slightly dim inished, persists.
Th e red nitroprusside color produced under th ese condit ions,
as well as the green backg round, th en remains intact for weeks .
If t he water content of Reagent II is increased to 10% the back­
ground is yellow and th e red color does not last for more than 15
minutes. Arginine was found to give an orange color with th e
nitroprusside reagent when th e bac kground was yellow , or a
gray-blue when the background was green.

If detection of - SH is not, desired , it is more convenient to use
Reagent III in one operation . The lower limit of response lies
between 0.6 and 0.3 microgram of cystin e in a spot 18 mm . in
diameter.

Platinum Reagent. T he plati num reagent previously de­
scribed (2) has been modified as follows for use as a dipping re­
agent : 4 m!' of 0.002 M platinochloric acid plus 0.25 ml. of 1 M
pota ssium iodide plus 0.4 ml. of 2 N hydo chloric acid plus 76 m\.
of acetone. The components must be combined ju st before use .
Af'tr-r the pap er ha s been dipp ed and dried at. room te mperatu re,

Figu re 3 . Setu p fo r Chromatogram Photog ra phy

Th is arran gement is also co nve nient for pho tog raphy of charts, etc ., in
re flecte d light a t d istan ces from 10 to 32 in ch es. with the a id of sta ndard

portrait a tt.achment len ses
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. 'igure 4. One-Dimensional Run of Amino Acids, etc., at 37° C.

Medium . Phen ol-Isopro pyl al coho l- water (70 - 5-25 by weight) . A hydroly za te of 108 0 ,. of bov ine pla sma a lbumi n in 10 pI. of 3 N HCI in 50 %
HCOOH. Ami no acids a nd a mm oniu m chl orid e, 0 .5 pM each in same solven t

Up per three pictures.

I, 1~: l:-:: ~~~';,l~!:r:~r:ri~~
3. Glycin e
4. Alanine

Lower three pictures .
5. Serin e 9.

+~~~~~e
I , 12. Protein hydrolyzate .j . Leucine 9. Arginine

6. Cyste ine 10. 2. Tryptophan 6. Isoleucine 10. Hist idine
7. Cy stine 11. Methionine 3. Prolin e 7. Aspart ic acid 11. Lysine
8. Ph enyla lanine 12. Valin e 4. Hydrox yp roline 8. Glutamic acid

white to pale yellow areas, indicativ e of redu cing su lfur COIl1­
pounds-e.g., cystine, methionine-appear on a pink backg round.
The ba ckground color may be intensified by exposure to hydro­
chloric acid vapors. For best results the paper should be com­
pletely freed of phenol odor (by drying at 90 °). Methi onine sulf­
oxide has a weak bleaching act ion, while methionine sulfone, er­
roneously stated to respond positively (2) , does not bleach.

Palladium Reagent. This reagent is ana logous to the pla tinum
reagent but produ ces mu ch greater contrast. I ts composit ion is
-1 mI. of 0.002 M palladous chloride in 0.1 N hydrochloric acid
plus 0.25 mI. of 1 M potassium iodide plus 0.4 ml. of 2 N hydro­
chloric plus 76 mI. of acetone. Cystine gives immediately a clear
bleached spot against a deep ta n-brown background. However,
the bleaching effect reaches its maximum only after several days.
The exact specificities of thi s reagent require further investiga­
tion,

Superimp osability. It is sometimes desirable in the char­
acterization of spots or areas to apply different tests to the same
chromatogra m. It is possible to apply the platinum reagen t
first, mark the perimeter of the bleached areas by perforations
for subsequent photography, permit the background color to
fad e, by exposure to the air for several days, and then to apply
either nitroprusside-cyanide or ninhydrin reagent. The nitro­
prusside reagents, because of their basic reactions, cannot be fol­
lowed by th e other reagents, nor can a ninhydrin-developed
sheet be used for subsequent tests, prim arily because of the
great persistence of the ninhydrin colors developed by the acetone
reagent.

PHOTOGRAPHY

Figure 3 shows the equipment which has been found convenien t
for th e routine preparation of photographic records of all chro­
matograms.

The stand is constructed from plywood, Flexaframe units, and
a ruler . With the x-ray film viewer lying on its back, th e chroma­
togram to be photographed is placed upon the screen and covered
by a glass p late which carries perm anent hori zontal black lacquer
lines for th e estimation of RI values (all ehromatograms are
exactly 400 mm. long) .

In th e case of papers treated with nitroprusside the outer
glass plate is omitted/ because pictures must be taken a few
minutes after applicat ion of th e reagent while the paper is st ill
slightly wet (avoid exposure to hydrogen cyanide vapors!), in
order to obtain maximum intensit ies.

Individual photographs are ident ified by the use of pieces of
Plexiglas marked with black lacquer, which are inserted at th e
bottom of the plate. Legends may be written on the paper with
black crayon or 011 an inexpensive sign box (3 X 6.25 X 12.25
inches, as commercially availab le for E XIT signs) which is
placed on top of th e viewer (Figures 2 and 3). The sign box
carries an ordina ry 60-watt bulb, which should be shielded by
paper over its cente r on the inside of th e glass. The camera is It.

Kod ak Flash Ban tam (K.A. Special l/4.5 Iumenized lens No. 26);
it is set for 1/ 16 and 2.5 feet and carries Kodak Panatomic-X
(FX828) film. Pictures are taken in a dark room in the trans­
mitted light of the two 15-watt fluorescent bulbs of th e x-ray
viewer, either without filter or with th e following Wratten filters
attached to th e lens of the camera by Kodak adapter rings:
blue No. 49-C4, green No. 61-N, and red No. 29-F.

Sheets treated with the nitroprusside, platinum, or palladium
reagents are photographed through the green filter , while thre e
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pictures are generally taken of ninhy drin-trea ted sheets : blue
filter , no filter, red filter. T he green filter may.be used in place
of t he no-filter exposure if maximum contr as t is desired. The
following exposure t imes have been established : 2 seconds with­
out filter, 60 seconds with the 49 filter, 25 seconds with the 61 or
29 filter. F ilms are developed an d printed to 2.75 X 4 inch size
(2.5 t imes enlarged) by a comm ercial ph otograp her , using an
automatic printing machine. A file of th ese prints provides an
obj ective, permanent , compa ct , an d inexpensive record of all
chromatograp hic run s.

Figure 4 shows th e photographic records of one-dimensional
runs of t wenty amino acids, ammonium chloride, and a pro tein
hyd rolyzate , developed with ninhydrin. Both rows of pictures
show how t he red filter aids in di fferentiat ion within th e hy­
dro lyzate chro matogra ms: The area at R,60 is greatly "thinned"
by the red filter , as are the methionine and valine spots
on the same level, indi cating their redd ish color. The upper
series fur th er shows t ha t cysteine yields a primary reddish spot
at R,43 and a smaller, gray-b lue spot due to cystine. In the lower
series it is evident that tryptophan is accomp anied by two sec­
ond ary spots , probably resulting from acid decomposition. The
ye llow or brownish colors of proline and hydroxyproline are
n -eorded by enha nced blackness in the blue-filter picture, and
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near-disappearan ce in the red-filter pict ure. The relative in­
tensit ies of t he blue-filter and no-filter print s also suggest that the
weak color shown by the hydrolyzate at RJ45 is not du e to hy­
droxyproline.
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Analogous Nitro and Nitroso Compounds
Separation, Identification, and Quantitative Estimation

W. H. EDWAR DS, JR., AND C I LTON W . TATE

Louisiana State University, Ba ton R o u ge, La.

M AN Y reactions of nitrogenous organic substances, particu­
larl y oxidations, result in the form ation of mixtures con­

tain ing, among other things, analogous nit ro and nitroso com­
pounds. Difficulties are encounte red when the separa t ion of
such coexist ing products is attempted by t he usual methods.
Similarit ies in solub ilit ies mak e the use of selective solvents un­
satisfactory, and such circumstances as unsuitab le vapor pres­
su res and insufficient stabilit ies may inte rfere with distillation
procedures. These difficulties may reach pr ohibitive propor­
t ions when the desired product s exist in sma ll total quantity,
in dilute solution, and in the presence of other substances.

The present work describes a method for the sepa ra tion of such
compounds from solution and from each other by chromatogra­
ph y ; for the partial identification of each by observation of t he
position and color (natural or developed ) of it s adsorption zone;
lind for th e further identifica tion and quan titative estimation of
each by spectrophotometry. The meth od would serve equally
well for analysis of a solution containing only one such compound.
The five pa irs of C-nit ro and C-nitroso compounds st udied re­
sponded well to both chromatographic an d spect rophotomet ric
tr eatments ; it seems probabl e that many similar pair s would do
t he same. Study of one N-nitroso compound indi cated a possible
extension of the method to mixtures of such related substances
3S nitramines an d nit rosamines. The fact th at extremely sma ll
quantit ies of solu tes in very dilute solut ions were separated and
est imate d with at least approximate accuracy under mild cond i­
t ions gave renewed evidence of t he usefulness of such methods
in 1V0rk with compounds which are relat ively unstable when
hea ted or isolated, and particularly in the field of high explosives
resea rch .

Trueblood and his coworkers (14 ) hav e employed simi lar
techniques to advantage in this specialized field. The present
work was also approached at one po int by th e papers of Gull­
str om et al. (5) , descr ibing the sepa ra t ion and estima t ion of small
amounts of p-benzoquinone monoxime (tautomerica lly equiva-

lent to p-nitrosophenol) from mixtures containing also the di­
oxime and the by-products formed during nit rosation and oxima­
tion of phenol. Other uses of chromatogra phy' ih 'conjunction
with spect rophotomet ry have been describ ed by vari ous authors
(1, 2,6, 12).

APPARATUS

A No .1 chromatographic column (0 X 130 mm.) was employed
for most of the separat ions . It was filled with adsorbent to a
height of 80 mm ., using the technique described by St ra in (13).

Oxidations a nd other r ea c t ions of nitroge n ous or­
ga n ic compounds freque ntly produce m ixt ures con­
taining a nalogo us n itro and n itroso compounds,
wh o se separa t ion a n d a nalys is b y o ther m ethod!' are
in so m e instances relat ively difficult. The c h ro­
matographic cha racteris tics of five C-nitro COID­

pounds , their C-nitroBo a nalogs , and one N - n it roso
com pound were d e te r mined. All were r ecovered
effect ively from ve r y dilu t e so lut ions b y this m ethod.
Each nitroso compound was much more srr o rrgly
a dsorbed tha n i t s n itro analog, a circumstance favor­
in g accu rate sep a r a tion . S tandard s pectroph o t o ­
metric a bsorpt ion curves wer e con stru cted, su i t a b le
for their identifica tion and estimation. T he com­
b in ed chromatograp hic and spec t ro p h o t o metric
procedures offe r a m eans of a nalyzing a solu ti on con­
taining minute quantities of a n itro compound and
its nitroso analog , or ei t her one . S peci fically, t he
m ethod h a s b een appli ed to five s uch p a irs; it ap­
pears proba ble that it could be exten ded to others.
It sh ou ld h ave special val ue i n work wit h ex p losives.
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Figure 1. Absorption of p-Nitrophenol and p-Nitroso­
phenol in Absolute Ethyl Alcohol

In two specified instances, a No.2 column (20 X 220 mm.) was
used. In the preliminary purifications of the nitro and nitroso
compounds, a No.4 column (48 X 300 mm.) was employed.

Extinction coefficients were determined by use of a Beckman
Model DU spectrophotometer.

R Value

0.374
0.534
0.512

Developer

Benzene
Benzene
Benzene

Mer-ck, reagent grade
Johns-Manville

Merck. reagent grade, thio­
phene-free

U. S. Industrial Chemical Co.,
U.S.P.

Merck. reagent grade, redis­
tilled and dried

Mallinckrodt Chemical
Works, reagent grade

Skellysolve Petroleum Co.,
Skellysolve B'

Table 1. Materials

Melt.ing
Refer- Point,"

Source ence o C.

Eastman Kodak Co., Research
Laboratory 113

Synthetic, nitrosation of phe-
nol (7) 123-125

Synthetic, two-step nitration
of resorcinol? (8, 15) 146.5

Eastman Kodak oe.. Re-
search Laboratory 16i b

Synthetic, oxidation of 1-
nitroso-2-naphthol with ni-
tric acid W 102.5

Eastman Kodak ce., Re-
search Laboratory 109 ..5

Synthetic, oxidation of 2-ni-
troso-I-naphthol with atka-
line hydrogen peroxide W 12i-128

Eastman Kodak Co., Re-
search Laboratory 162-163

Synthetic, oxidation of 2-ni-
troso-2-nitropropane with
chromic acid c (to) 53

Syn thetic, nitrosation of 2-
nitropropane (11) 75

Synthetic, ni trosauion. of di-
ethylamine (8) li6d

Solution

0.01 11f o-nitroaniline in benzene
0.01 M o-nitroaniline in benzene
0.01 III c-nitroaniline in benzene

Ether (anhydrous)

Petroleum ether

Ethyl alcohol (abso­
lute)

Acetone

2-N itroso-2-nitropro­
pane

Diethylnitrosamine

Table II. Standardization of Adsorbents

Adsorbents
Silicic acid
Celite

a 2-Nitroresorcinol formed as intermediate.
b Decomposed.
C Much improved yield obtained by conducting oxidation at 15-16 0 for

24 hours, instead of using elevated temperature described in reference.
d Boiling point.
e Purified; see text.

Solvents
Benzene

Adsorbent

Silicic acid
Silicic acid-Celite
Silicic acid-Celite

(prewashed)

2,2-Dinitropropane

1-Nitroso-2-naphthol

2-Nitro-1-naphthol

Name

1-Nitro-2-naphthol

2-Nitroso-1-naphthol

Solutes
p-Nitrophenol

p-Nitrosophenol

2,4-Dinitro"resorcinol

2,4-Dinitrosoresorcinol

first portion. It was then washed three times with 10% aqueous
sodium carbonate and three. times with water, dried over anhy­
drous sodium sulfate, and distilled over sodium metal the frac-
tion boiling at 65° to 67° being retained for use. '

EXPERIMENTAL PROCEDURES

The chromatographic characteristics of the individual nitro
and nitroso compounds (Table III) were determined as follows:

&= ,-NlTftOSOPHl!:HOL

£. 8.34 AT 310 ttl}'

('" 9.30 AT 310rn)'t

...
g.
Z
o
~4
z...
;;:,

0'" p-NITAOPHEHOL

MATERIALS

The solutes obtained or prepared as indicated in Table I were
further purified chromatographically immediately before use;
about 0.4 gram of material in each run was treated with solvents,
adsorbents (prewashed ), and developers identical to those shown
in Table III. The appropriate zones were eluted with absolute
alcohol, and the solvent was removed by evaporation at room
temperature.

When Celite was used as a filter aid, the proportions were: 2
parts by weight of silicic acid to 1 part of Celite. The adsorbents
were standarc'Led (Table II) by determination of the R values,
with respect to them, of 0.6-ml. portions of a 0.01 M solution of
o-nitroaniline in benzene (method of LeRosen, 9). Such stand­
ardization permits conversion of data obtained with one adsorb­
ent system to other systems.

Adsorbents were not prewashed, except when this is men­
tioned specifically. In such instances it was accomplished by
employing, in succession, 1 volume of acetone, 1 volume of
ether, and 2 volumes of petroleum ether; "1 volume" is defined
as the quantity which would barely wet the entire column, so
that its top became dry just as the first liquid reached the bot­
tom.

The petroleum ether was purified as follows: Commercial
petroleum ether B was shaken with several successive portions of
fuming sulfuric acid, standing overnight in contact with the

0.0004

Senaitivity
(after

Streaking), M

0.00004

0.00008

0.00008

0.0005

0.00004
0.0002
0.00004
0.00004

Before After
streaking streaking"

Colorless Yellow0.3i8

0.222 Colorless Yellow

0.382 Yellow Yellow

o.100 b Colorless Green-blue C

0.894 Yellow Yellow
0.284 Red-brown Red-yellow
0.960 Yellow Yellow
0.215 Yellow Yellow
0.850d Colorless Blue~

0.416 Blue! Blue!

R ValueDeveloper

Silicic acid and Celite

Adsorbent

Silicic acid and Celi te

Silicic acid and Celite

Silicic acid
Silicic acid
Silicic acid and Celite
Silicic acid and Celite
Silicic acid

Silicic acid

Chrornatogeaphtc Characteristics of Nitro and Nitroso Corrrporrrrds
Color of Zone

Solvent

Benzene

Benzene

Benzene

Benzene

Petroleum ether

Benzene
Benzene
Benzene
Benzene
Petroleum ether

Table HI.

p-Nitrosophenol

2.4-Dini troresorcinol

Compound

p-Ni trcphenol

2,4~Dinitrosoresorcinol

Benzene (96%)
Acetone (4%)

Silicic acid and Celite Benzene (96%)
Acetone (4%)
Benzene (96%)
Acetone (4%)
Benzene (96%)
Acetone (4%)
Benzene
Benzene
Benzene
Benzene
Benzene (50%)
Petroleum ether (50%)
Benzene (50%)
Petroleum ether (50%)

Diethylnitrosamine Petroleum ether Silicic acid Petroleum ether O. 060d Colorless

a Streaked with 6 1'/ NaOH unless otherwise indicated. Except where noted, colors existing before streaking were intensified by streaking.
b Approximate value. boundaries of zone relatively indefinite.
c Streaked with solution oontaining 0.005 M KMnO. and 0.125 M NaOH.
d Approximate values, positions of zones determined apectrophotometricallv .
e Streaked with diphenylamine in H2S0.. Boundaries indefinite and unreliable.
f Colorless when dry. color restored by streaking with benzene.

2-Nitroso~2-nitropropane

1-Nitro-2-naphthol
1-Nitroso-2-naphthol
2-Nitro-1-naphthol
2-Nitroso-1-naphthol
2,2-Dinitropropane



828 ANALYTICAL CHEMISTRY

97
98
92
98
94
88
94
91
95
93
88
79
85

%
RecoveryCi

280

Size of
Column

No.1
No.2
No.1
No.2
No.1
No.1
No.1
No.1
No.1
No.1
No.1
No.1
No. l'

=3%.
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Absorption of I-Nitroso-2-naphthol in
Absolute Ethyl Alcohol

2Z0
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Figure 5.

1.530 0 310 320 330 340 350 360 370 380 390 400 410 420
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Figure 4. Absorption of I-Nitro-2-naphthol and
I-Nitroso-2-naphthol in Absolute Ethyl Alcohol
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chemical change or evaporation; some nitroso compounds, in
particular, gave altered results after long standing. Normally,
the absorption range between 220 and 310 mIL was covered; if a
satisfactory absorption maximum was not found within this
range, measurements were extended to other wave lengths.
Figures 1 to 9, inclusive, contain curves constructed from these
data by plotting molecular extinction coefficients '(E) against
wave lengths. Measurements of standard solutions of different
concentrations showed that these compounds obeyed Beer's law

6,Or-------------------------,

Table IV. Recoveries of Nitro and Nitroso Cornpouuds
frorn Solutions

Quantity
Concentra- Chromate-

Compound tion, M graphed, Ml.

p-Nitrophenol 0.01 1
p-Nitropheno1 0.01 5
p-Nitrosophenol 0.00041 1
p-Nitrosophenol 0.00041 5
2,4-Dinitroresorcinol 0.01 1
2,4-Dinitrosoresorcinol 0.0025 1
I-Nitro-2-naphthol 0.01 1
1-Nitroso-2-naphthol 0.01 1
2-Nitro-1-naphthol 0,01 1
2-Nitroso-l-naphthol 0.01 1
2,2-Dinitropropane 0.005 1
2-Nitroso-2-nitropropane 0.0025 1
Diethylnitrosamine 0.01 1

a Averages of 3 determinations. Extreme variation,
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One milliliter of a solution of the compound undergoing ex­
amination was delivered to the top of the column. As its upper
edge disappeared into the adsorbent, addition of one volume of
the developer was begun. The R value of the solute under the
experimental conditions was determined. Streaking agents were
employed to produce or to intensify zone color. Similar runs
were then made with increasingly dilute solutions to determine
the sensitivity of the method for each compound-that is, the
lowest concentration which would give a dependably visible
zone. The zones of 2,2-dinitropropane and diethylnitrosamine
were colorless, and no streaking agents were discovered which
would indicate their boundaries with sufficient precision, though a
solution of diphenylamine in sulfuric acid produced a recognizable
but ill-defined blue shade with the former. The positions of
these zones, therefore, were determined by systematic spectro­
photometric examination of successive portions-of the columns.

Spectrophotometric data for the nitro and nitroso compounds
were obtained from standard solutions in absolute ethyl alcohol,
with readings at 5 mIL intervals. The elapsed time between final
purification of each solute and its spectrophotometric measure­
ment was made as short as possible to minimize errors due to

WAVE LENGTH IN mJ4

Figure 3. Absorption of 2,4-Dinitroresorcinol in
Absolute Ethyl Alcohol

Preliminary experiments were made to ascertain a combination
of solvent, adsorbent, and developer which would serve efficiently
for the isolation of each compound. Where necessary, the rate of
movement of an adsorbed zone was increased by dilution of the
adsorbing silicic acid with Celite, or by dilution of the benzene
usually used as the developer with acetone, or both. All initial
solutions were 0.01 M except three containing solutes of relatively
low solubility: p-nitrosophenol (0.0004 M), 2,4-dinitrosoresor­
cinol (0.0025 M), and 2-nitroso-2-nitropropane (0.0025 M).
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ing any part of it to become dry, the column was washed with a
little more than one volume of petroleum ether to remove any
adsorbed developer. The column was extruded, and the zone
containing the compound sought was cut out. If the compound
was one which gave a colorless zone, two columns were run under
identical conditions. One was streaked to develop a color, and
the position of the zone was thus determined; the second was cut
"blind" at the same position, and the material in this second (un­
streaked) column was used for the subsequent spectrophot~-

310
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Figure 6. Absorption of 2-Nitro-I-naphthol and
2-Nitroso-l-naphthol in Absolute Ethyl Alcohol

for dilute solutions; the data could be used, therefore, for quan­
titative estimations. For some types of more precise work, spec­
trophotometric measurements at shorter intervals should be
made.

The procedure followed for the identification and estimation of
related nitro and nitroso compounds in unknown solution; con­
taining one or both (and possibly other solutes) was as follows:

One milliliter of the solution was chromatographed in the
manner previously described for the determination of chromato­
graphic characteristics. After developing, and without allow-

[Figure 7. Absorption of 2-Nitroso-2-nitropropane in
Absolute Ethyl Alcohol

Recovery e, %
96.7
91

96
85

96
94

96
90

Table V. Recoveries of Solutes from Solutions Containing
Mixtures of Analogous Nitro and Nitroso Compormds«

Composition of Solution

p-Nitrophenol, 0.002 M
p-Nitrosophenol, 0.005 M

2,4-Dinitroresoreinol, 0.005 ]vI
2,4-Dinitrosoresorcinol, 0.00125 M

I-Nitro-2-naphthol, 0.005 M
I-Nitroso-2-naphthol, 0.005 M

2-Nitro-l-naphthol, 0.005 M
2-Nitroso-l-naphthol, 0.005 M

a Data obtained by chrornatographing 1 ml. of each solution on No.
column.

b Averages of two or more determinations.

metric examination. When analogous nitro and nitroso com­
pounds were both present, the latter was always much more
strongly adsorbed, so that no difficulty was experienced in sepa­
rating the zones.

Each zone thus isolated was powdered, dried at room tem­
perature, put back on the column, and eluted with sufficient ab­
solute ethyl alcohol to dissolve all adsorbed material. The eluent
was diluted suitably, and a significant portion of its spectro­
photometric absorption curve was determined. Concentration
of the solute was calculated from its extinction coefficient at or
near a peak; for this purpose the appropriate wave length speci­
fied in Figures 1 to 9 was selected, representing an actual point
of measurement of the standard solution. Identification of the
solute was accomplished in the same process by comparing the
position and color of the chromatographic zone, and the shape
and dimensions of the spectrophotometric curve, with the corre­
sponding characteristics shown by the standard solution of the
same compound.
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Because of the relative weakness with which they were ad­
sorbed, 2-nitro-l-naphthol and 2,2-dinitropropane formed zones
so near the bottom of the chromatographic column that washing
with petroleum ether as described above might have caused ap­
preciable loss. For these compounds, the chromatographic pro­
cedure was modified.

After developing, the column was extruded without washing.
The zone was cut out, powdered, dried, put back on the column,
and eluted with absolute ether. The ethereal solution was col­
lected in a 25-ml. volumetric flask, and the ether evaporated.
The residue was dissolved in absolute ethyl alcohol, without re­
moval from the flask, and subjected to spectrophotometric ex­
amination.

Tables IV and V show the efficiencies of the method; the former
lists recoveries from solutions each of which contained a single
solute, and the latter describes the results obtained with solutions
containing pairs of analogous nitro and nitroso compounds. Re­
covery was only semiquantitative; however, with the possible ex­
ception of 2,2-dinitropropane, it was much superior to parallel
recoveries of the same materials from similar dilute solutions by
other methods. Probably a large part of the loss was incurred in
transferring the small samples required by use of a No.1 column.
Preliminary work with a. No. 2 column, using correspondingly
larger samples, substantiates this contention; losses were re­
duced materially, as shown in the first four lines of Table IV.
Circumstances permitting, it seems probable that the accuracy
of the method could be increased further by the use of still larger
columns and samples, perhaps merely by use of a larger sample
with a No. 1 column. Where the nitro or nitroso compound is
volatile or unstable (notably in the cases. of 2-nitroso-2-nitro-

ANALYTICAL CHEMISTRY

propane and diethylnitrosamine) some further loss is inevitable,
but it should be smaller than such loss when other methods are
employed.
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Mass Spectrometry of Heavy Hydrocarbons
M. J. O'NEAL, JR., AND T. P. WIER, JR.

Shell Oil Co., Houston Manufacturing-Research Laboratory, Houston, Tex.

I N RECENT years the chemical constitution of the high boiling
portions of petroleum has become of considerable interest to

the petroleum industry. Numerous analytical problems have
arisen with these materials since many of the methods and tech­
niques ordinarily applicable to lighter hydrocarbons (gasolines)
are either not applicable at all or give misleading or noninter­
pretable data. The ability to measure composition in any detail
becomes extremely difficult for petroleum products boiling above
the gasoline range.

In mass spectrometry the components of a mixture are dis­
persed into groups of ionized molecules (and molecular fragments)
of identical mass. This type of information seemed to offer some
possibilities as an aid to the analysis of heavy hydrocarbons.
Analytical mass spectrometry has been successfully applied to
the analysis of many light hydrocarbons (2, 3, 13, 17, 18) and
other low boiling organic compounds (6, 7, 8, 11, 16). However,
its use has been entirely limited to materials exhibiting at least
a small vapor pressure (~0.05 mm.) at room temperature. The
low resolving power (about 1/200) of most commercially available
instruments, the lack of an adequate heated inlet system, and the
anticipated complexity of spectral interpretation have been dis­
couraging factors to the extension of the method to hydrocarbons
above 200 molecular weight. Various instruments have been
described (6,9,10) having high resolving power, but these instru­
ments have been designed for the single purpose of mass measure­
ment (accurate measurement of the mass scale rather than in­
tensities).

In the application of mass spectrometry to organic materials of

low volatility, the instrument should be highly stable and repro­
ducible as are analytical instruments that have gained wide
acceptance in recent years. In order to include the heavy hydro­
carbons of interest to the petroleum industry, the resolution
should be such that masses up to about 600 could be recorded
satisfactorily. Such a molecular weight rangc would be sufficient
to include hydrocarbons to above C.o. In order to vaporize
these materials at a suitable pressure, the entire sample introduc­
tion system should be capable of operating at about 300 ° t04oo°C.
The instrument stability should be such that relative intensi­
ties in the spectra of pure compounds could be reproduced under
a given set of operating conditions.

The modification of a commercially available instrument ap­
peared to be the simplest method of meeting the above require­
ments. The use of a basic instrument design was considered im­
portant because the data obtained would be comparable to a great
deal of published pure compound spectra (1). In addition, the
spectra of heavy pure compounds would be usable by similarly
modified instruments since the instrument-to-instrument varia­
tions probably would not be sufficient to negate their use from a
qualitative standpoint.

EXPERIMENTAL

A standard Consolidated Model 21-102 analytical mass spec­
trometer (.~) was modified in order to scan satisfactorily and re­
solve the mass scale up to about m./e 600. The instrument resolu­
tion was increased by decreasing the ion slit widths from 0.008
inch normally employed to 0.004 inch and the exit slit from 0.025
to 0.006 inch. The resultant loss of sensitivity (to about one
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Figure 1. Diagraen of Inlet System

third of that normally obtained) was compensated for by increas­
ing the amplifier sensitivity to give an over-all sensitivity slightly
less than that normally obtained. The magnet coils were heavily
insulated to withstand the higher temperatures accompanying
continuous operation at high magnet currents. The critical com­
ponents of the magnet power supply (transformer, chokes, etc.)
were increased in size to supply the higher currents for the mag­
net. A selector circuit was added to the magnet control system
so that anyone of the five preset magnet currents (from 0.2 to
1.6 amperes) could be employed by a simple selector switch.
Two additional filter stages were added to increase the stability
of the ion accelerating voltage. A multiple scanning circuit was
added to the ion acceleration voltage control so that the normal
4000- to 500-volt range could be scanned in either 6, 14, or 44
minutes.

The purpose of this work was to provide a means for
exarrrirrirrg the mass spectra of heavy hydrocarbons,
and to determine and correlate structure and spec­
tral characteristics of a lilllited variety of pure corrr­
pounds. A Consolidated Engineering Corp. analyti­
cal lllass speot.rorrretee was modified to provide eorrr­
plete, resolved spectra of oorn potrnrls having molec­
ular weights up to about 600. A heated sample
introduction system was so built that the sample
could be measured as a liquid volume and there

• would be complete vaporization of hydrocarbons up
to C". Mass spectra are given for several types of
hydrocarbons between C J4 and C~2 with some pre­
liminary relations between the spectra and molecu­
lar structure. Results indicate that by extension of
this type of data, the technique ma)' prove useful in
the analysis of petroleum fractions boiling above the
gasoline range. As an exampie, the analysis of a
petroleum wax is given as determined by the mass
spectrollleter. Thc detection of impurities in pure
oornpourrds is shown for several heavy hydrocarbons.
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Table I. Mass Spectrum of n-Decane

Relative Intensities
tn/e Literature" This workb

(2060° C.) is so high that the system can be operated at 300° to
400° C. with no vaporization of the molten metal. A gallium­
covered sintered disk allows for sample introduction in the same
manner that mercury-covered sintered disks have been used (14).
The entire sample introduction line is heated, including that por­
tion inside the envelope. The higher temperature necessitated
a water-cooled coverplate in order to preserve the wax seal.

The resolution as obtained from the modified instrument is
illustrated by a partial mass spectrum in the m/e 600 region of a
heavy oil as shown in Figure 2.

~
• Moss Spectrometer

2 Liter Vapor Chamber

Sin'ered Gloss Disk

Molten GalliumTo Pump

Maonet

I ron Plunger

Molten Gallium

The inlet system design is shown in Figure 1. The apparatus
consists of a glass vapor reservoir with a molten gallium Y-tube
cutoff isolating the pumping system from the inlet system. The
gallium cutoff is similar to that previously described (15) for use
with mercury at room temperature. The boiling point of gallium

a Mass spectral data, No. 109 (1), mi. 43/58 n-C, = 8.10.
b Hign resolution spectrometer operated at 3400 C. (same conditions as for

heavy hydrocarbons), mi. 43/58 n-C. = 9.60.

The operating characteristics of the instrument are not unlike
the standard Consolidated instruments. Table I shows the rela­
tive intensities obtained for n-decane with the high resolution
instrument compared to literature values obtained for this com­
pound with a standard low resolution instrument (1). Close
agreement is obtained at all masses except the parent peak (m/e
142). The lower parent mass (and to a less extent the lower
values for the other heavy masses) is characteristic of data ob­
tained at the elevated temperatures-Le., greater cracking, as
evidenced by the 43 to 58 ratios for n-butane.

The method of sample introduction was tested by measurement
of the linearity of the peak at m/e = 57 (singly charged butyl ion,
C.H, +, the most prominent peak) with incremental volume addi­
tions of n-hexadecane and n-tetracosane. The peak height­
sample volume relationship was found to be linear (deviation
from mean about 1%) in both cases. In the case of n-tetracosane

I
620

I
610

I
590 660

m/e

Partial Mass Spectrum of a Heavy OilFigure 2.
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Table II. Mass Spectra of Hydrocarbons

ANALYTICAL CHEMISTRY
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Table II. Mass Spectra of Hydrocarbons (Continued)
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0:i6

0.05
0:i3

0.58 0.51 1.04 0.03 1.14121 0.01 0.19 8.40 0.05 0.12 0.08 1.39122
0:i9 0:08

0.01 0.19 0.42 0.15 3.84 0.03 0.03 0.01 0.51123
0:i6 0:67

0.14 0.20 1.14 2.18 1.20 30.1 0.05 0.05 0.25124 0.07 0.31 0.37 0.31 0.16 0.63 2.35 1.92 1.65 3.33 0.05 0.03 0.18125 0.43 0.85 1.48 2.96 1.84 1.96 0.59 2.61 6.57 11.9 10.1 4.22 0.29 0.10 0.60126 3.04 3.09 3.00 3.35 0.93 1.69 0.70 1.66 2.44 2.62 2.80 0.48 0.22 0.32 0.05 1.66127 5.02 5.03 5.29 5.26 3.70 3.85 1.45 6.02 3.33 3.41 4.90 0.43 0.41 '1.53 0.65 0.92128 0.47 0.49 0.52 0.54 0.37 0.41 0.14 0.60 0.32 0.36 0.48 0.39 0.57 5.16 2.88 0.92129 0.04 0.69 0.88 7.02 5.63 0.60130
0:03

0.43 0.55 2.46 3.90 0.24131 0.63 2.48 1.13 4.75 0.29132 ... 0.21 0.58 0.34 1.59 0.22133 0.72 2.17 0.06 0.50 0.42134
il:i1

2.40 0.28 0.34 0.09 0.18135 0.12 42.9 0.02 0.07 0.10 0.14136
0:07 0:03 0:47

0.28 0.05 94.5 0.06 0.15 0.07137
0:08 0:i8

0.11 0.10 1. 56 0.58 89.7 0.03 0.20 0.18138 0.50 0.30 0.50 0.11 0.53 1.43 1.23 1.00 9.91 0.03
0:41

0.04 0.29139 0.11 0.26 0.59 1.28 0.77 1.07 0.28 1.31 3.81 6.00 4.85 2.52 0.09 0.08 0.63140 2.38 2.50 2.48 2.72 0.58 1.13 0.45 1.64 1.62 1.87 1.90 0.27 0.14 0.12 0.07 0.16141 4.34 4.29 4.40 4.19 2.84 3.06 1.15 4.61 2.47 3.02 3.57 0.51 0.37 2.13 6.43 0.61142 0.46 0.46 0.46 0.48 0.28 0.33 0.11 0.45 0.25 0.36 0.38 0.15 0.14 2.04 1.69 0.16143 0.03 0.02 0.69 0.33 2.28 12.2 0.16144 0.38 0.16 2.24 3.20 0.09145 0.03 5.99 0.96 0.48 100.0 0.13146 1.01 2.20 0.12 12.9 0.09147 0.36 0.39 45.1 0.04 1.02 0.05148 0.08 0.51 7.25 0.07 0.04149
0:06

0.08 0.02 3.50 0.54 0.06 0.16150
0:03 0:i1 0:06

0.08 0.02 4.10
0:07

0.04 0.58151
0:07 0:04

0.70 0.39 0.28 7.43
0:03

0.06 0.76152
0:30 0:76

0.19 0.43 0.39 19.5 0.59 0.83 1.30 0.23 0.25 0.99153 0.02 0.11 0.47 1.02 0.11 0.84 30.8 4.11 3.25 1.36 0.08 0.22 0.61 0.38154 1.68 1.96 2.11 2.26 0.42 25.0 0.36 0.90 4.54 1.54 1.60 0.24 0.14 0.19 0.59 0.11155 3.83 3.79 3.78 3.50 2.28 11.1 0.97 3.61 2.08 2.73 2.82 0.24 0.27 0.29 1.27 0.14156 0.46 0.46 0.46 0.46 0.26 1.13 . 0.10 0.44 0.22 0.33 0.33 0.05 0.06 0.28 0.69 0:04157 0.07 0.03 0.02 0.15 0.11 0.34 11.04 0.11158 0.24 0.12 0.32 1.86 0.04159 0.22 0.19 0.12 4.84 0.0.5160 0.07 0.41 0.04 0.76 0.0.2161 0.39 1.51 0.16 0.09
162 0.22 0.25 0.03 0.11
163 1.37 0.04 0.03 0.74
164

0:07 0:04 0:35 0:25 0:i3
0.45

0:05
0.04 0.02 0.31

165 2.57 0.25 0.31 2.03
166

0:07 0:20
0.18 0.28 0.89 0.44 1.36 0.67 0.60 0.7,5 0.12 0.15 0.42

167
i :i5

0.54 0.35 1.00 1.72 0.98 2.32 3.41 2.55 0.98 0.02 0.21 0.71 0.16
168 1.55 1.86 2.00 0.33 3.02 2.08 0.81 1.14 1.59 1.37 0.17 0.09 0.14 0.26 0.04
169 3.15 3.43 3.33 3.05 1.91 2.92 1.15 3.10 1.59 1.62 2.52 0.21 0.11 0.11 0.96 0.11
170 0.40 0.46 0.41 0.41 0.23 0:37 0.13 0.40 0.19 0.25 0.33 0.06 0.03 0.26 0.39 0.14
171 0.02 0.24 0.05 0.76 2.63 0.11
172 0.0,5 0.06 0.91 0.71 0.29
173 0.07 0.14 0.28 0.63 0.04
174 0.05 0.12 0.06 0.13 0.29
175 0.38 1.09 0.06 0:38
176 0.19 0.17 0.03 1.08
177 0.48 0.03 0.51
178

0:09
0.24 0.12 0.07 2.22

179 0.06
0:06

0.01 0.42 0.07 1.34 0.11 0.13 0.74
180 0:i4 0.07 0.30 0.57 0.70 0.60 0.26 0.18 0.06 0.16
181

U8
0:i6 0:37 0.25 0.19 0.09 0.52 1.36 1.98 2.12 1.01

0:06
0.10 0.27 0.0,5

182 0:59 1.5,5 1.74 0.25 1.02 1. 76 1.06 0.89 1.42 1.08 0.17 0.11 0.09 0.04
183 1.95 3.09 3.01 2.65 1.63 1.96 1.16 2.74 1.30 1.48 2.18 0.10 0.06 0.04 0.37 0.04
184 0.28 0.44 0.41 0.39 0.22 0.26 0.14 0.39 0.16 0.25 0.32 0.05 .0.54 0.15

0:0418,5 0.03 0.14 0.08 0.95
186 0.03 1.00 0.25 0.05
187 0.03 0.06 0.21 0.26 0.,61
188 0.02 0.05 19.6 0.06 0.33
189 0.15 0.87 2.83 0.05 2.95
190 0.14 0.14 0.22 0.02 0.98
191 0.57 0.05 2.80
192

0:06 0:i9 0:07
0.19 0.03 0.65

193 0.03 1.17 0.04 0.24
194 0.11 0:06 0.03 0.24 0.47 0.58 0.53 2.32 0.03 0.05
195 0:09 0.24 0.19 0.09 0.04 0.40 0.96 0.92 1.57 3.31 0.10 0.02
196 0:30 0.85 1.33 1.50 0.21 0.28 0.09 0.47 0.70 0.42 0.93 0.50 0.02 0.04

0.:04197 1.08 2.58 2.71 2.41 1.42 1.57 0.42 2.27 1.11 1.01 1.48 0.10 0.17 0.11
198 0.17 0.38 0.41 0.37 0.21 0.26 0.06 0.35 0.16 0.17 0.20 0.02 0.0,5 0.06 0.14
199 0.04 0.02 0.10 0.03 0.25 0.22
200 0.01 0.13 0.02

il:02
0.12 1.34

201 0.01 0.08 0.02 0.13 1.07
202 0.02 0.17 0.03 0.06 0.07 8.39
203 0.01

0:03
0.03 0.65 0.03 4.34

204 0.01 0.03 0.09 0.02 3:78
20,5 0.01 0.25 0.03 i.32
206

0:06 0:07
0.14 0.02 0..52

207 0.09 0.17 1.06 0.04 0.18

(Continued on next Pftge)



834 ANALYTICAL CH E MI S TR Y

Table II. Mass Spectra of Hydrocarbons (Contilllted)
Nat!.
Bur.

Stand-
A.P.I. No.

E-astman
A.P.I. No.arda, Kodak,

mi. n-e.. 537 541 n-C32 109 22 67 8 76 74 69 122 80 517 173 179

208 0.09 0.04 0.03 0.32 0.38 1.31 0.50 0.33 0.03 0.04
209

i:i3
0.16 0.09 0.17 0.40 0.79 0.78 1.18 3.48

0:08
0.04

210 0:47 1.33 0.18 1.85 0.12 0.43 0.63 0.86 0.75 0.58 0.03 0.02
211 0:03 1.67 2.52 2.19 1.24 6.98 0.38 2.11 0.98 0.86 1.20 0.09 0.07 0.27
212 0.28 0.39 0.35 0.18 1. 15 0.05 0.35 0.16 0.17 0.18 0.05 0.13
213 0.11 0.02 0.03 0.02 0.10 1. 70
214 0.02 0.11 0.63
215 0.03 0.02 0.11 4.07
216 0.02 0.07 0.03 4.59
217 0.03 0.50 0.03 6.58
218 0.03 0.09 0.01 1.57
219 0.09 0.01 0.67
220

0:01 O:il
0.07 ... 0.01 0.20

221
0:09

0.07 0.84 0.03 0.11
222

0:i5
0.41 0.18 0.32 1.23 0.53 0.26 0.01 0.09

223 0.04 0.12 1. 74 0.04 0.32 0.70 1.73 0.85 0.31 0.02 0.13
224 0:08 0.28 0.94 1.17 0.18 0.74 0.78 0.39 0.38 0.56 0.53 0.05 0.03 0.99
225 0.05 0.93 2.33 2.00 1.09 1. 24 1.68 1.69 0.73 0.75 1.03 0.04 0.61
226 10.6 0.18 0.40 0.46 0.18 0.20 0.28 0.03 0.16 0.14 0.15 0.03 5.37
227 1.85 0.03 0.07 0.02 0.02 0.06 2.71
228 0.15

0:02
.0.11 27.4

229 0.15 27.0
230 0.02 0.05 0.05 8.68
231 0.02 0.31 0.03 3.98
232 0.02 0.07 0.02 9.67
233 0.08 0.10 0.02 6.35
234

0:03
0.11

0:03
0.12

0:02
1.48

235
0:09

0.84 1.25 0.27
236

0: ia
0.07 0.06 0.25 38.1 1.97 0.22 0.07

237 0.02 0.11 0.09
0:09

0.19 0.47 36.4 2.70 0.03 0.83
238

0:03
0.81 1.04 0.14. 2.54 0.34 0.29 6.28 0.78 0.33

239 2.17 1.89 0.98 1.39 0.2.5 1.23 0.38 1.06 0.90 0.05 6.91
240 0.38 0.39 0.18 0.22 0.03 0.23 0.06 0.14 0.15 0.03 2.41
241 0.10 33.9
242 0.02 0.10 12.6
243 0.33 25.4
244

003
0.06 0.09 7.58

245 0.22 0.06 100.0
24.6 0.03 0.05 0.03 24.1
247 0.15 0.01 .5.42
248

0:03
0.46 2.5.5

249
0:05 0:i9 i :06

0.72 0.58
250 0.04 0.82 0.14 0.78
251

0:23 0:93
0.09 0.04

0:04
0.10 0.38 1.03 1. 23 0.02

0:02
0.27

252 0.68 0.14 0.37 0.33 0.95 0.61 0.42 3.11
253 0.08 2.01 1.74 0.88 0.50 0.17 0.80 0.22 0.47 0.72 0.04 3.04
254 9.89 0.38 0.35 0.16 0.11 0.03 0.16 0.08 0.17 0.03 2.60
255 1.94 0.02 0.05 4.10
256 0.20 0.07 2.98
2.57 0.16 2.88
258

0:05.
0.06 0.11 4.12

2.59 0.02 0.14 0.03 3 ..58
260 0.02 1.93
261 0.03 0.27 1.18
262 0.02 0.22 4.72
263

0:02 0:i6
0.18 0.10 1.63

264 0.05 0.08 14.1 0.07
0:02

0.45
265

0:83
0.07

0:i3 0:0,;
0.05 0.16 0.39 22.8 0.03 2.24

266 0.56 0.21 0.98 0.16 0.55 4.48 0.02 0.02 LOS
267 1.84 1.6.0 0.70 0.26 0.12 0.48 0.09 0.25 1.00 0.03 1.37
268 0.37 0.3.0 0.14 0.07 0.08 0.05 0.15 0.02 0.72
269 0.01 0.02 0.0.; 1.84
270 0.02 0.04 0.94
271 0.07

0:05
0.11 1.6.0

272 0.03 0.07 1.08
273 0.09 0.03 0.07 1.25
274 0.09 0.02 0.03 0.51
275 0.60 0.27
276 0.33 0.42
277

0:05 0:35 0: i 7
0.07 0.34 0.03 0.36

278 0.67 0.07
0:06

0.24
279

0:78
0.07

0: 11 0:59
0.2.0 0.17 0.82 0.05 0.40

280 0.48 0.18 0.19 29.9 0.42 0.32 0.03 0.06 1.27
281 1.61 1. .09 0.53 0.72 0.09 0.70 16.4 0.45 O.SO 0.15 1.06 0 . .04
282 0.34 0.3.5 0.11 0.13 0.13 2.92 0.08 0.10 0.15 0.39 0.25
283 0'.01 0.32 0.22 1.65 0.49
284 0.57 1.41 1.08
285 1.54 29.3 0.52
286 1. 77 0.02 8.57 0.24
287 1. 82 0.01 1. 15 0.38
288 1.30 0.11 0.16
289 3.21 0.03 0.27
290

0:02.
34.7 0.03 0.14

291
0:04 0:32

36.9 0.03 0.22
292

0:04 0:04
0.03 0.22 023 7.60 0.02 0.16

293 0.05
0:33

0.07 0.63 0.19 0.32 0.86 0.06 1..00
294 0.25 0.74 0.58 9.74 18.7 0.16 14.0 0.28 0.17 0.09 0.43
295 1.12 1.54 0.72 29.6 0.66 24.2 0.06 16.4 0.37 0.03 0.02 0 . .07 0.22
296 0.22 0.35 0.14 6.37 0.13 4.94 3.38 0.08

0:02
0.02 0.22 0.16

297 0.70 0 . .04 0.36 0.32 0.89
298 0.07 0.03 0.02

0:i2
0.24 0.34

299
0:08

0.02 7.88 0.20
300 0.05 0 . .08 1.90 0.24
301 0.11 0.12 11.2 0.39 0.60
302 0.08 0.0.0 3.04 0.07 0.45
303 0.10 0.41 0.02 0.16
304

0:i6
0.07 0.03 0.11

305
0:04 0:01 o.io

0.07 0.02 0.24
306 0.06 7.30 0.08 0.05 0.01 0.09
307

0:i6 0:65
0.0.0 0.06

5:i3
0.01 17.3 0.08 0.17 0.03 0.07 0.07

308 0.35 0.37 0 . .07 4.13 0.78 0.10 0.02 0.06 0.05
309 0.61 1.46 0.26 0.56 6.60 0.75 0.57 0.98 0.18 0.02 0.25 0.05
310 0.13 0.37 0.05 0.13 1.41 0.16 0.06 0.22 0.03 0.02 0.07 0.05
311 0.16 0.01 0.39 0.11
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Table II. Mass Speet.ra of Hydrocarbons (Continued)
Natl.
Bur.

Stand- A.P.I. No. Eastman
A.P.I. No.ards, Kodak,

mi. n-Ou 537 541 n-C32 109 22 67 8 76 74 69 122 80 517 173 179
312 0.10 0.05
313 0.02 0.30 0.16
314 0.02 0.16 0.10 0.14
315 0.05 0.06 0.16 0.31
316 0.02 0.05 0.04 0.13
317 0.03 0.18
318

0:03
0.02 0.09

319
0:32

0.02 0.11
320 0.05 0.08 0.03

0:01
0.04

321
0: tn 0:35

.0.44 0.05 0.12 0.03 0.04
322 0.07 0.19 o 13 3.37 0.02 0.01 0.04
323 0.03 1.46 0.72 0.15 0.29 2.28 0.02 0.04 0.03
324 0.37 0.18 0.06 0.06 0.48 0.03 0.04
325 0.05 0.05 0.04
326 0.03 0.09
327

0:02
0.22 0.07

328 0.03 0:07 0.07
329 0.03 0.02 0.02 0.09
330 0.07 0.03 0.20
331 0.02 0.09
332 0.09
333

0:06
0.04

334 0.07
335

14:0 009
0.13

0:03
0.14

336 0.19 0.54
0: io

0.29
337 0.10 1.39 31.3 0.06 0.17 0.10 0.11
338 7.36 0.3,5 7.6.5 0.04 0.12 0.03 0.02 1. 4.;
339 1. 95 0.07 0.96 0.01 0.02 0.02 1.46
340 0.24 0.07 0.04 20.0
341 0.05 6.62
342

0:07
0.05 18.4

343 0.02 5.57
344 0.02 0.02 68.9
345 0.03 19.0
346 2.78'
347 0.29'
348 0.14
349

0:07 0:03
0.01>

350 0.48 0.06 0.72
3.51 1.3.5 0.05 1. 6.5 0.11 0.05 0.22
352 0.37 0.4.5 0.03 14.0 0.19 0.20
353 0.05 11 . .5

0:02
0.20

354 2.55 1.10
3.55 0.35 0.03 0.47
356 0.23 0.02 0.65
357

7:39
0.42

358 0.11 1.36
3.59 0.08 2.01 0.47
360 0.28 0.27
361

0:35
0.07

362 0.0.5
363

0:03
0.16 0.02

364 0.39 0.21
0:03

1.53 0.02
365 1.31 0.11 0.17 0.08 0.41 0.04
366 0.3,5 0.12 0.11 0.02 0.03 0.06 0.02
367 0.06 0.16
368 0.11
369 0.01 1.19
370 0.01 0.42
371 0.01 0.52
372 0.14
373 0.96
374 0.27
375 0.13
376 0.19 0.04
377

0:i9
0.14 0.07

378 0.02 0.78 0.02
379 1. 26 0.05 0.22 0.02
380 0.3.5
381 0.02
382 0.14
383

o.oi
0.04

384 0.07
385 0.02
386

0:35
0.09

392
393 1.15 0.02
394 0.35

0:02396
397 0.03
398 0.02
399 0.02
406 0.22
407 0.80 0.01
408 0.24

0:01409
410 0.03
411 0.02 ...
412 0.05
413 0.02
414

0:i7
0.02

416 0.02
417 0.03 0.01
418 0.07 0.05
419 0.02 0.02
420 0.17 0.32
421 0.59 0.05 0.11
422 0.44 0.21 1.55
423 0.05 0.50
424 0.03 3.56
425 0.02 1.14
426 0.19 5.02

(Continued on next page)
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Table II. Mass Spectra of Hydrocarbons (Concluded)

Nat!.
Bur.

Stand- A.P.I. No.
Eastman

A.P.I. No.ards, Kodak,
m/e n-C" ~541 n-CS2 109 22 67 8 76 74 69 122 80 517 173 179

427 0.07 1.61
428 o:i17 0.14 0.25
429 0.03 0.04
430 0.02 0.02
431 0.02
432

0:02
0.04

433 0.02
434 . ,-, 0.01 0.08 0.18
435 0.11 0.04 0.03 0.07
436 0.04 0.03 0.03 0.12
437 0.05
'438 0.22
439 0.10
440 1.19
441 0.40
442 0.08
443 0.03
448 0.67
449 0.28
450 4.36
451 1.46
452 0.24
464 0:07
465 0.02
466 0.40
467 0.13
468 0.18
469 0.04
470 0.40
471 0.13
472 0.02
478 0.39
479 0.13

Base peak,
diY//, 26.2 24.6 25,0 33.0 31.8 28.2 60.7 149.8 15.8 18.8 90.0 77.8 41.3 '16.8 212.5 54.2

n-butane
43/58 7.05 7.05 7.05 7.05 7.05 7.05 7.05 9.87 7.05 7.05 9.87 9.87 7.05 7.05 9.70 9.60

58 div/« 5 5 5 5 5 5 5 19 5 5 19 19 5 5 19 19

itt was necessary to maintain the pipet at an elevated temperature
(100° C.) because the melting point is above room temperature.

The rate of pump-out was measured with n-hexadecane and
·m-dotriacontane. After 5 minutes of pumping (with an initial
:pressure of ",lOOIL) the mfe 57, most sensitive peak, was reduced
iJO less than 0.1% of the initial value for the C16• With the C32

.about 0.5% of the initial peak remained after 5 minutes of pump­
-ing. These pumping rates compare favorably to those obtained
with light hydrocarbons in a nonheated inlet system.

_Structure
(contd.)

PSC 179 9-n-OctyI(1,2,3,4-tetrahydro)naph­
thacene

PSC 80 5-Phenyleicosane

PSC 173 11-a-ol·-tetra[ylheneicosane

PSC 517'::' 1-Phenyl-1-cyclohexylethane

PSC 74 11-Cydopentylmethylheneicosane

PSC 122 1,1-Di(a-decalyl)hendecane

A.P.I.
No. Name

(contd.) (contd.)

PSC 76 5-Cyclohexyleicosane

Structure

n-C18

n-C..

C,-C-C.-C-C,

t, t,
ClO-C-ClO

t
c-6-c

6

Ct-C-C21

6.

Name

PSC 67 ll-Neopentylheneicosane

PSC 8 11-n-decylheneicosane

PSC 69 13-Cyclohexylpentacosane

PSC .22 6,1l-dicn-amylhexadecane

MASS SPECTRA O}<' PURE COMPOUNDS

'I'he mass spectra of fourteen compounds prepared at the
Pennsylvania State College by Research Project 42 of the Ameri­
can Petroleum Institute (12) are given in Table II and reproduced
in Figures 3 to 18. The materials include normal and isoalkanes,
cvcloalkanes, and aromatics, and represent a spread of molecular
weight with between 14 and 31 carbon atoms per molecule. The
materials are as follows:

A.P.I.
No.

PSC 537 n-Octadecane

PSC 541 n-Tetracosane

PSC 109 3-Ethyltetracosane
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Eastman Kodak dicetyl (n-C 32 ) and National Bureau
of Standards hexadecane (n-C , 6) are included for
extension of the n-alkane data.

Table III shows the instrument operating con­
ditions under which the spectra were obtained.

These materials represent a variety of hydrocarbon
types as well as a wide range in boiling point. The
mass spectra of these compounds should thus encom­
pass roughly the range of spectral variations to be
expected of the hydrocarbon types present in pe­
troleum fractions.

100

!C.
0 c,

0

70

60 Co

0

40
Co

30

c,
RELATION OF MASS SPECTRA TO MOLECULAR

STRUCTURE

n-Alkanes. The mass spectra of the n-alkanes
examined (Figures 3 to 6) are very similar one to
another in regard to the intensity of the CnH2n+ 1

cracked fragments. Figure 19 shows a comparative

'0

c,
0204060

Figure 5.

eo 100 120 140 160 iao 200 220 2~O 260 280 300 320 340 3;0
mi'

Mass Spectrmn of PSC 541, n-Tetracosanc

IOO.--,---.-,,---,--~-r-.-......,~--,--,--r-..,

Table III. Mass Spect.rorneter- Operating Conditions
Instrument model: Consolidated No. 21-102 (modified)
Magnet currents: 0.6 amp. (m/. 12 to ~60)

1. 3 amp. (m/. ·~60 to 600)
Scan rate: 4000 to 500 volts accelerating potential/44 min.
Ion accelerating' voltages (magnet current, 1.3 amp.) .

m/. Volts

100 2130
200 1030
300 720
400 530

Ionizing voltage: 70 volts
Electron current (catcher): 13.5 microamp.
Ionization chamber temperature: ~2500 C.
Vapor temperature: 3400 C.
Basis of pressure measurement: Calculated (PVT)

plot of all CnH2" + 1 fragments and the parent peaks for
each of three n-alkanes: n-C , 6, n-C24, and n-C32• The
C"H 2" + 1 relative intensities of these compounds are identical
up to fragments within three carbon numbers of the parent com­
pound. Thus it becomes a simple matter to predict unknown
spectra by constructing a family of curves relating relative inten­
sities to carbon number for the various fragmentation peaks.

Com.parison of Calculated and Determined Mass
Spectral Intensities of n-Octadecane

Carbon Calcd. Relative Detd, Relative
No. Intensitvv Inteneity"

9.90
0.04
0.93
1.67
2.58
3.09
3.43
3.79
4.29
5.03
6.16
8.74

39.7
58.0

100.0
89.8

31.1
1.61

9.9
0.03
0.9
1.7
2.5
2.9
3.3
3.7
4.2
5.1
6.8
9.5

39.0
52.0

100.0
87.0
25.0

1.5

C,•
C"
C"
C"
C"
C"
C"
Cll
C"
C,
C,
C7
C,
C,
C.
C,
C,c.:

m/.57 = 100.

m/.
254
239
225
211
197
183
169
155
141
127
113

99
85
71
57
43
29
15

a Basis:

Table IV.
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Figure 4. Mass Spectrum. of PSC 537,
n-Octadecane

These relationships are shown in Figure 20 for the peaks corre­
sponding to C nH2n +2, C"-lH2n- l , Cn-2H2n-3, Cn-3H2n-s, and
Cn-4H2n-7. The C"-4H2n-7 is the limiting curve, and all frag­
ments smaller than four carbon atoms less than the parent com­
pound fall on' this curve. The relative intensities for n-octa­
decane and its fragments were read from these curves and com­
pared with the experimentally determined values. This com­
parison is shown in Table IV. Excellent agreement was obtained
between the calculated and determined values above m/e 100.
The lower masses show large values and somewhat greater error is
found. However, the worst case (about 10%) is not believed to
be serious disagreement and may be within the accumulative
errors of the data and subsequent correlations.

The lower intensity peaks (CnH2n, C nH2n-" C nH2n- 2, etc.) in
the n-alkane spectra appear to increase in relative magnitude with.
the molecular weight of the compound. For example, the
CnH2n , CnH2n - 1, etc., peaks at most carbon numbers appear to
increase with increasing molecular weight, whereas the CnH2n +1

peaks remain constant and the CnH2n - 2 peaks decrease.
Isoalkanes. Examination of the isoalkane spectra (Figures 7

to 10) indicates a general spectral appearance similar to that of
n-alkanes with large peaks due to fragmentation of the prominent
branches superimposed thereon. The parent peak is very small
compared to that of the n-alkanes. Several interesting features
in regard to fragmentation are apparent, The simplest molecule

60
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Figure 3. Mass Spectrum. of n-Hexadecane,
n-C
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R + = positively charged ion

R = negatively or zero charged ion (nonpositive ion)

(1') = rearrangement

C2H.-CH-C2IH.s ----+ C2H.-CH-C21H1. + C2H.

62H, ----+ C2H,-CH-C2Ht + C2IH.s

----+ C,H,-CH; (1') + C21H~3 + C2H,

of this group, C2H,-CH-C21H.s, in addition to the n-alkane
I

C2H,

pattern shows, the following: a large C,.H~. peak, equivalent to
the loss of an ethyl radical; a larger C,Hil peak than in n-alkanes
(relative to the C.H:), equivalent to the loss of the C'l radical;
and a larger CsH; peak than in n-alkanes, equivalent to the loss
of both n-C 2IH.3 and a C2H, group (plus a rearrangement to give
m]« 43 rather than 42). It is of interest to note the very small
C21H~3 peak, which indicates that although the C2IH.s was dis­
sociated from the parent molecule to leave a C,Hn ion; the C2IH.s
did not ionize to any appreciable extent. The outstanding modes
of dissociation and ionization that are apparent can be sum­
marized as follows, using the terminology

ANALYTICAL CHEMISTRY

(Dissociations such as R, R;- +
R2, and R I + R~ are sum­
marized asR-R: + W~.)

The intensities of peaks cor­
responding to the dissociation
fragments are not clearly de­
fined as a function of the mo­
lecular structure. However, a
branched chain molecule, RI­
C-Rs, where Rs > R2 > R"
I
R2

appears generally to dissociate
to yield primary fragments
whose intensities are in the
following order: RI- C- R2
> RI-C-Rs > Rl-C-R,.
This may be due, at least

in part, to the probable higher sensitivity of the lighter ions.
Apparently there is no ion formation of dissociated branches un­
less the branch contains a tertiary or quaternary carbon.

The presence of a C"H 2" peak at the same carbon number as
the primary fragment, C"H'''+lI can be noted in all cases. The
explanation of this peculiarity is obscure unless'a hydrogen atom
is lost (possibly the hydrogen attached to the tertiary carbon)
leaving two unattached bonds on the tertiary carbon or the loss
from an adjacent carbon resulting in the formation of a double
bond. In the light of rearrangements that occur rather readily
(discussed below) it would seem that the latter might be the bet­
ter possibility.

A number of peaks in the isoalkane spectra are due to structural
rearrangements since they cannot be explained by simple dis­
sociation. Referring to Figure 8, it will be seen that the relative
intensity at mfe 85 (C6H:3) is about as large for this molecule

(

C,H n- ? H- C.HS- ? H- C,Hn) as for n-alkanes. This peak

C,Hn Cr,Hn
is due to the ion C6HISwhich can result from the parent molecule
only by a hydrogen shift or rearrangement and not by direct
dissociation since the ion C6H'2 would thereby be formed:

JVlass Speetr-um of n.-Dotriacoutaue, n.-C"Figure 6.
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Similar reasoning indicates the following modes of dissociation for
the other isoalkanes (the reactions of each compound are not
necessarily arranged according to magnitude):

C,H,,-CH-C.Hg-CH-C,Hn ----+ C,Hn-CH-C4Hs-CH-Cf,H~'l+ C,Hn

6.Hn 6,Hn . 6,Hn

C,H,,-CH-C4H; + C,HJl-CH-C,H~l

6,Hu

+ CHa-C-CH;
I
CH s

----+ CloH'I-CH2-CH; (1') + CHs-C-CH; + CloH"
I
CH s

----+ CloH~,-CH2-CH2-CH;(1") + CHs + CloR2l

CR.
1

----+ C,oH2l-CH-CH,-C-CH~+ CloH21
Ion,

----+ ClOlln-CH-CH,-C-CH;' + CRs
I I

CloH21 CH s

CIOH21-CH-CIOH21 ----+ C,oH21-CH-GIOH;l + CloH"

~lOH21

Similarly all ions of the class C"R 2d 1
between C6H13 and CIOH",·C16H3S and
C2oHo , in this compound are due to re­
arrangements. Similar rearrangement
mechanisms are apparent in the other
isoalkane spectra in that the rear­
rangement peaks occur in approxi­
mately the same magnitude as those
that are not necessarily due to a re­
arrangement. Such data lend support
to a theory that in such a dissociation
process a molecule can be visualized
as having some degree of atom
mobility.

Cycloalkanes. The spectra of three
monocycloalkanes are shown in Figures
11, 12, and 13. As in the case of the
normal and isoalkanes, the largest
peaks occur in the C, to C4 range. As
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Figure 7. Mass Spectrum of PSC 109, 3-Ethyltetracosane

higher masses for the most abundant ions with
the peaks corresponding to the ring structures
predominating. Primary dissociation occurs as
follows:

O-yH-CIO -+ C)-CH-Cia +

C)Oj <-~ 0)
The ahsence of a prominent didecalylmethyl ion

(~CH-C). )C) U

-+ C16H'1-CH-C,H~+ C)-+

-+ C)-CH-C,H; + C15H'l

is noteworthy, but the reason is obscure except that
such an ion probably is unstable and tends to dis­
.sociate at the CH group.

The outstanding modes of dissociation can be
summarized for the cycloalkanes as follows:

c.
c.

c,

0.

c. tC~:'c4-9)

c" c, c,
c.,(Cs-p

c, lc,,-\,-C,l
ce (C5i-C.~-Cs)

0 ] "C c" Co Co

l 11 C'O C~.2 C'J c.. 1 Cr6 er, CIa G" Czo ~2'~J C24 ~.

0 20 40 60 90 '00 '20 140 160 180 ' zOo 220 240 260 200 300 320 340 seo 3IlO
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so
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Figure 8. Mass Spectrum of PSC 22' 6,1l-di~n-amylhexadecane

+01 j+C)-CH-C10H~1 -+ (/-CH-C10H;,UOJ C)

Figure 9. Mass Spectrum of PSC 67, II-neopentylheneicosane

in the case of isoalkanes, molecular dissociation occurs at tertiary
carbon atoms irrespective of the cyclic linkage. The double
peak (at each fragmentation group) caused by hydrogen dissocia­
tion or double bond formation at the tertiary carbon is perhaps
more pronounced than in the isoalkanes. Rearrangement peaks
are also apparent in the spectra of the cycloalkanes. The cyclic

C7 peak occurs at mfe 97 ( C)-CH.) rather than at rn/e 96

( C)-CH), which would result from the simple dissocia­

tion of two alkyl groups. The alkyl fragments (CnH. n + 1 ) also
show rearrangement in the same manner as did the isoalkanes.

The polycycloalkane structure (Figure 14) shows a shift to

-+ C'OH21-CH-GH2-<=1 + + C1oH"

-+ 1=>-CH2-CH; (r) + 2 C1oH"

-+ C12H25-CH-C) + +C1.H.5

-+ C)-CH; (r) + 2C,.H25
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« .7-?H-Q -- Q-CI-I-CH; +0-+
CHa

The parent mass intensity of the branched monocycloalkanes,
although a factor of about 10 greater than the isoalkanes, is
about one fifth that of n-alkanes of corresponding molecular
weight. It is presumed that straight chain or monoalkyl cyclo­
alkanes may have greater parent mass intensity than the branched
members of the family.

Aromatics. The spectra of four aromatic compounds are
shown in Figures 15 through 18. In general, the aromatics show
a greater distribution of ions above the C. group than do the ali­
phatic compounds. A relatively large parent peak is generally
obtained compared to the similar aliphatic structures with the
base-Le., most prominent-peak generally due to a substituted
aromatic radical.

The major dissociation modes for the aromatic compounds can
be summarized as follows: .

c,

C,

C5

c.

c., (~-CIO)
C,O

I ] c.
C3I

ill i ljo ~' c,. C" CI4 c.5 elG Clf CIS '19 c..c.,c..c..c..c.rc.. c.. (e,,-~-'1o

c, J .T ~O I

The spectrum of 5-phenyl­
eicosane is to be compared with
that of 5-cyclohexyleicosane
since the structures differ only
by the type of ring. The dis­
sociation peaks are similar in
the two molecules with the
notable exception that the
phenyl ring does not dissociate
as a group, but remains at­
tached to the tertiary carbon
atom. The cyclohexyl ring,
however, dissociates from the
tertiary carbon in the same
manner as do the alkyl groups.
An interesting feature of the 5­
phenyleicosane spectrum is
that the most prominent peak
is due to a rearrangement

(mle 91 = « )-CH2) .

mld05 (<( )-CH-CHa)

and the second largest peak at

mfe 106 (<( )-CH2-CHa)

the latter produced by rearrangement.
The intensity ratio of

mle 91 (<( )-C) to mle 105 (<( )-C2)
is rather large for the phenyleicosane, whereas it is rather small
for the phenylethane. This is apparently due to the fact that
both the alkyl groups (C 4 and CI . ) are relatively heavy and are
dissociated from the tertiary carbon atom (but not from the aro­
matic ring). In the case of the phenylethane, the methyl group
is relatively light and does not dissociate appreciably. An n­
butyl group replacing the methyl group would be expected to dis­
sociate and result in the largest peak at the aromatic C7 group.

The other two aromatic compounds dissociate in a similar
manner-e-i.e., loss of the alkyl groups with the carbon atom
adjacent to the aromatic ring not showing appreciable disso­
ciation.

DETERMINATION OF IMPURITIES

In three of the spectra given above obvious impurities are
detectable. The n-C a2 shows a significant amount ("'-'15%)
of Cao and Ca4 n-alkanes. The ll-a-ar-tetralylheneicosane
shows a significant amount of material of mass 440. This

Similarly, 1-phenyl-1-cyclohexylethane shows the most promi­
nentpeakat

OOOO~~~~~=_~~=B_~B~~~
mi.

60

Figure 10. Mass Spectrum of PSC 8, 11-n-decylheneicosane
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PETROLEUM WAX ANALYSIS

As an illustration of the ap­
plication of the mass spectrom­
eter method to heavy petro­
leum fractions the composition
of a petroleum wax was com­
puted from its mass spectrum
as follows:

oxidation. As confirmation of this oxidation,
Schiessler, director of A.P.I. Project 42, found
that the viscosity of the sample had increased by
about 50% since the original determination of the
physical properties at the time of preparation of
the sample. The spectrum of 9-n-octyl(1,2,3,4­
tetrahydro )naphthacene shows a group of small
peaks heavier than the parent mass. The peaks
are present between mass 350 and 385 and at
about 470. The materials here cannot be ade­
quately interpreted at this time, but the data illus­
trate that even such apparently small amounts of
impurity can be detected by the mass spectro­
metric technique. The spectra of several other
compounds show small peaks at masses lower
than the parent peak that may be due to small
amounts of impurities.

From the above discussion it is apparent that the
mass spectrometer may be
used to detect certain impuri­
ties in the synthesis and isola­
tion of pure compounds that
are difficult to observe by other
means. As more data become
available on pure compounds
it may become possible to iden­
tify individual compounds that
have not been prepared pre­
viously.

020400080~~~~~=m~=~=_~_~~_~
m/e

Figure 13. Mass SpectrulTI of PSC 69, 13-Cyclohexylpentacosalle
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All peaks were corrected to a
monoisotopic basis.

The n-alkanes were deter­
mined from the C"H 2" + 2 peaks
by using the calibration cor­
relations described above for
materials between C,6 and C'2.

. (Isoalkanes do not contribute
appreciably to the C"H 2" + 2

peaks.)
The residual peak heights at

C"H 2" + I and C"H 2" were com­
puted by subtracting the n-al­
kane fragment contribution to
these peak heights based on the
calibration data and the
C"H2" + 2 peaks one or more car­
bon atoms higher.

The C"H 2" + I peaks below
C21 were found to be entirely
accounted for by the men­
tioned n-alkane contributions,
but a residual peak remained
for each C"H 2" + 1 between C2,

and C31• These residuals are
attributable to cracked fragment of isoalkanes. The fact
that no residual C"H 2" + I peaks were obtained below C21
indicates that the isoalkanes present in the wax essentially un­
dergo primary dissociation (as in the case of the pure compound
isoalkane spectra) with no secondary dissociation products. In
addition, it is reasonable to assume that the isoalkanes of each
carbon number have very nearly the same average structure.
Thus the residual C"lI2n +l peak height is an approximate meas­
ure of an isoalkane mixture of some single higher carbon number
(since at least one alkyl group has been dissociated from the
parent molecule). Thus, the residual C"H 2" + 1 peak height

Mass Speetr-um of PSC 122, 1,1-di(a-decalyl)hendecalle
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peak could be caused by a compound of the same structure as the
major constituent with an additional CH2 group. In the same
manner the impurity could be an oxidized structure such as
C'O-C-C10, this perhaps being the more likely ,as a result of per-
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The spectra of several heavy hydrocarbons indicate some
interesting and useful relation­
ships between the mass spectra
and molecular structure.
These correlations help to re­
duce the complexity of possible
future analytical mass spectro­
metric techniques as applied to
heavy hydrocarbon mixtures.
The spectra and correlations
should be useful to other labo­
ratories since the ordinary
variation from instrument to
instrument in the relative be­
havior of a series of materials is
not sufficient to negate the use-
fulness of the technique. The
spectra of more compounds
should provide greater quanti­
tative accuracy.

c"
~ ~ Co~ Czg C30(CIO~1O

The results of the above computations are shown in Figure 21.
As might be expected the peak of the three distribution curves
is highest in carbon number for· cycloalkane and lowest for
n-alkanes. The average molecular weight as computed from these
data is 351 as compared to 349 ± 5 determined by the ebullio­
scopic method. Although the moleeular weight check is a rough
indication that the n-alkane distribution is accurate, it does not
serve as an accuracy check on the totalnon-n-alkane data.

CONCLUSIONS

Experimental difficulties of obtaining mass spectra of high
molecular weight hydrocarbons appear to have been largely over­
come.

CnH2n + 2 and CnH2n + 1, respectively) was thus
obtained. This assumption is hardly more than
a guess at present, and can be fully established
only by careful separation techniques to simplify
such mixtures. The relative carbon number dis­
tribution of the isoalkanes should be more nearly
accurate than the total isoalkane content or the ab­
solute carbon number distribution.

The CnH2n peaks were corrected for the hydro­
gen dissociation or double bond formation by iso­
alkanes (discussed above). 'A contribution to a
CnH2n peak of about 50% of the corresponding
CnH2n + I isoalkane peak has been found to be
about average for the isoalkanes in the wax range.
Use of this factor gave a small residual CnH2n peak
in the wax spectrum lying in the range C31 to C23•

Below C23 the peak was completely accounted
for. It appears that the correction was fairly ac­
curate since the CnH2n peak was found to be not
overly corrected and a net peak height of zero was
obtained from C., to about C17• Inaccuracies in­
volved became apparent below C17• Thus, the
residual peak at CnH2n was used as a measure of
monocycloalkanes. The same sensitivity factor

was used for the cycloalkanes as for isoalkanes as a crude value.
Since the cycloalkane content was small the sensitivity values
were not critical. .
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F igure 18. Mass SpectrUIll of P SC 179, 9- n -Octyl (1, 2,3,4-tetrahydro)nap h thacene
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F igure 20. Relation of Carbon N umber to
F ragment Intensity for It-Alkanes

Baais s m il' 57(C,I 'J, +) = 100

C ORREC T ION . In the paper on "Spectrophotometric Analysis of
Amithiozone Preparations" [Levy , G. B., and Fergus, David,
ANAL. CHEM. , 23 , 384 (195 1) J, Figure 2 was unfortunately printed
upside down.



Particle Size Determination by Centrifugal Pipet
Sedimentation

H. J . KAMACK

Engineering R esearch Labora tory, Engineering Dep art m en t , E. I . du. Pont d e Nem o u rs & Co . , Lnc .; IP'ilm in g ton , Del.

P article size a n alyses of dusts a n d industrial po wders a re frequently required
in size ranges b elow the limits of gra vity sed i m en t a t ion m ethods . An apparatus
was d eveloped which permits particle s ize a n a lyses b y cen t rifugal pipet sed imen ­
tation in the r ange of 0.1 t o 2 microns. This m e thod is a n a logo us in principle to
the well-known gra vity pipet sed imen t a t ion m ethod and gives resul ts co m para b le
w it h it. A theory of this cen trifugal m ethod was wo rked out a n d eq u a t io ns
were d erived for calcu la ting p articl e size di stributions f rom the ex per imen tal
data. The cent r if ugal and g ravi ty sed im en t a t ion m e thods jointly permit CO Ill ­

plete particl e s ize distributions to b e obtain ed for m any fine materials.

SE DI ME NT AT ION meth ods are used for measuring the
particle-size distributions of powders in the subsieve range­

i.e., below 44-micron particle diameter . In th ese methods, th e
particles of the powd er are dispersed in a fluid through which
they settle under gravity or centrifugal force, and th eir diameters
a re measured in terms of their terminal free set tling velocit ies
by applyin g Stokes's law. Gravity sedimentation methods,
which were the first developed, ar e applicable down to about l­
or 2-micron particle diamet er . In recent years , centrifugal
sedimentat ion methods have been developed to extend this range
down to about 0.1 micron and in some cases even lower.

Both gravity and centr ifuga l sedimentation methods admit
of many variations, with respect to ba sic principles and tech­
nique (4, 5). With respect to prin ciples (which involve also
variations in techn ique) the main varia tions are th e following:
The sedimenting particles may originaIly be dispersed uniformly
thro ughout the fluid , or th ey may be int rodu ced at the surface ;
t he fluid may be stagnant or main tained in a state of turb ulence;
the concentration of solids in suspension or the amount of sedi­
ment at the botto m of the suspension may be measured; and
either of these quantities may be measured as a function either of
set tling time or of settling distan ce (or math ematically equiva lent
variables) . With respect to technique only, equally many vari a­
tions ar e known-for example, th e pipet, hydrometer, man om­
eter , sedimentation balance , t urbidimetric, and other method s.

For gravity liquid sedimentat ion , the pip et method-in which
the concentr ation of a quiet ly sett ling, orig inally uniform sus­
pension of a powder in a liquid is measured as a fun ction of t ime
by intermi t tently withdrawing small samples of suspension from
a known depth below th e surface and determin ing th eir content
of suspended solids-has come to be regarded as one of the most
accurate and dependable variations of sedimentation methods
of particle size analysis. Consequently, when it is necessary
to determine particle sizes smaller than this method will permit,
using only gravity as th e sett ling force, an exactly analogous
centrifuga l method is a natural choice. The method described
in th is article is ana logous, in so far as possible, to th e gravity
pip et sedimentation meth od. It applies over a size ra nge from
abo ut 2 to 0.1 micron , depend ing to some exte nt on the pa rt icle
density. The main features which distinguish it from centrifugal
methods previously described are th e type of flask used to cen­
trifuge the suspension and th e math ematical method used to
ca lculate the par ticle size distribu tion .

The method whieh was developed requires a spec ial type of
centrifuge flask, which is described below. The flask is sector­
shaped , because particles in a centrifugal field follow ra dial
paths, rather than subst antially parallel ones as in a gravity
field; and it is equipped with mean s for removing a sample of
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suspension while the centrifuge is in motion , th ereby avoiding
the disturbance to the suspension which occurs when th e cen­
trifuge is stopped .

In pipet sedimentation under th e force of gravi ty, ca lculat ion
of the particle size distribution of th e powder is a stra ight for­
ward matter. Using Stokes' law , the diameter of a sphere
(of the same density as th e ma teria l being ana lyzed) is calculated
which would just settle the distan ce from th e surface of th e sus­
pension to the sampling poin t during the set tl ing time which
elapsed pr ior to withdrawing each sample. The fraction by
weight of th e powder consisti ng of particles smaller than the
diameter so calculated is obtained by dividing th e weight of
powder in the sample by the weight th at would have been eon­
tained in an equal volume of the origina l uni formly dispersed
suspension. In centrifuga l pipet sedimenta tion, the calcula tion
method is more complicate d, because th e centrifuga l force acting

F igu re 1. Centrifuge for P article -Size An a lysis b y
Cen t r ifu ga l Sed imen t a t io n
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PLUNGER

SAIIPLE CUP

Th e flask, mounted in the centrifuge,
is shown in Fig ure 1, and a close-up of
the flask alone in Figure 2. Figure 3 is
a diagra mmatic cross section showing th e
essent ia l details of its constru ction.

.JfIJr·~~>t-- DISCNARU NOZZLE

Sa m p li ng System of Secto r -Sh a p ed Centrifuge Tub e

The flask was sector-sha ped- Le., its
vertical sides were inclined at an angle
of abo ut 160, with the ver tex at the
center of the shaft, while th e horizontal
sides were parallel. The flask was made
of aluminum, had a capac ity of 150 ml.,
and weighed 1.9 pounds (860 gra ms) when
filled with water.

The upper horizontal side of the flask
was a separate plate, bolted to the flask,
which carried the sampling equipment.
T his equipment consiste d of a copper
sampling line 1/16 inch in inside diameter ,
a valve, and a cup to receive th e sample.
T he sampling line entered the sedimenta ­
t ion flask at th e "hottom"- Le., th e side
fur thest removed from the cente r of
rotation- and turned up a t the center of
th e bottom, exte nding radi ally inwa rd
for 1 inch (2.5 cm.). The end of the
line (inside th e flask) was brazed to a
copper rod as shown in Figu re a. T his
rod' provided mechanical support and
prevented solids from depositing on the

end of the sample line. Two holes 1;'2 inch in diameter were
dr illed th rough th e sample line near its end, 1 inch abo ve
the bot tom of th e flask. T he sample line ran th rough the
cover pla te and up the outside of it , making a loop just below
th e level of the surface of th e suspension, and term inated
with a I/....inch orifice above the sample cup, which had a
capac ity of 12 ml. .

The "va lve" consisted of a short section of T ygon tubing
inser ted in the sampling line outside the flask . The tubing was
norm ally held closed by a brass plunger fastened down by a nylon
string, one end of which was anchored to a Nichrome resistan ce
wire. When curre nt was passed through this wire, th e string
melt ed, releasing t he plunger, and opening the va lve. Current
was supplied to th e Nichrome wire from a 6-vo lt automobile
storage battery and was carried to the rotat ing flask thro ugh a
slip ring. The sample line acted as a siphon; when the valve

SAMPLING NOLE S - --t+--..Jt;I

Figure 3 .

COPPER SAMPLIN8 LINE

SOLID COPPf,R ROD--~-*---i

'INAL SUSPENS ION LEVEL

ORIGINAL SUSPENSION L[V[L'"1/1'.....I;:=:~~~::::;"l~

Secto r -Sh a ped Centrifu ge T ubeFigure 2.

on a particle, unlike th e force du e to gravity, increases as the
particle set tles, because the radius of rotation is increasing.
Thus, th e particles cont inue to acce lerate as they settle, whereas
in gravity sedimenta tion th e pa rticles settle at consta nt velocity
(except for an extremely brief initi a l acce lera tion which can be
ignored for particles of th e sizes to which th e method is applied).
Moreover, in a centrifuga l field, thc particles move ap art as th ey
settl e, because their moti on is radial, ra ther th an parallel as it
is (for practical purposes) in a gravitational field.

Because of th ese two effects which arise in the centrifuga l
sedimentatio n method , th e particle size distribution is found to
be related to th e concentration of the suspension thro ugh an
integra l equation (Equation 20) for which no usable exact
mathematica l solution is known. This dif-
ficu lty could have been avoidcd by arra nging
the centrifuge so th at t he variation in centrifu-
ga l force over th e distance of settling of the
particles would be negligib le, but th is would
entail making th e centrifuge awkwardly large.
It was decided instead to use a centrifuge
of comparatively sma ll diameter and to
solve the integral equat ion in question by
an approximate method which is described
below.

The centrifugal pipet sedimenta tion method
of particle size ana lysis gives results which
are consistent with gravity pipet sedimenta­
tio n anulyses-e-i.e., when the two meth ods are
a pplied to the same powder (th e coarse part
of the distribution being obtained by th e
gravity method, th e fine par t by the centrifu-
gal method) the two distribution cur ves fall
in line when plotted on logarithmic-norm al
(also ca lled logarithmic-probability) paper .

APPARATUS

The centrifuge consisted of a vertically mounted l -hp, direct
current motor which could be operated at any desired speed up to
1800 r.p .m. by means of a variab le-voltage supply from a ' Vest­
inghouse Mo-To-Trol alternating-direct current converter .
On the free shaft above the motor was mounted a standa rd
cent rifuge head of the kind used in ~ntcrnational EquipmE;nt C<;J .
labora tory cent rifuges. The centrifuge flask was hung m this
head by a stee l pin , and a counterweight was hung in the opp osite
positi on of th e head . The flask rot ated in a horizontal plane.

opened, suspension flowed th rough it until t he liquid surface
inside the flask reached th e level of the or ifice on the end of the
sample line outside the flask. This was so located that the vol­
ume of sample withd rawn was ab out 10 ml.

The init ial suspension surface was at a radius of rotation of
3.5 inches, and the sampling point (the two 1hz-inch holes near
th e inner end of th e sampling line) at a radius of 6.5 inches.

None of th e dim ensions given abo ve are critical. The par ­
ti cular values used were based on th e following considera tions
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T he particle size distributio n of a sa mple of pu lverized ba ryte s
is shown in Figure 4. T his distribu tion was det erm ined by
gravity and centrifugal pipet sedimenta tion, in t he la t ter case

closed. The flask was mount ed in th e cent rifuge and revolved
at a suitable speed and for a suitable length of t ime, as deter­
mined by the part icle size of interest and the density of th e
par ticles (see discussion of theory, below). At the end of this
predeterm ined interval, a pulse of current was sent through
t he Nichrome wire, causing the val ve to open and an ap proxi­
mately lO-m\. sa mple to flow into the sample cup, as des crib ed
above. Because of th e orifice in the end of th e sampling line,
the withdrawal of the sample requir ed about 8 to 16 seconds
(depending on th e speed of rotation ), so that very lit tle disturb-

ance was wrough t in the suspension around the
sampling point.

After sufficient time had been allowed for with­
drawal of sample, t he centrifuge was sto pped .
As the flask was free to swing ver tically, it as­
sumed its natural position of balance between
gravity and centrifugal force as it decelerated ,
and no liquid spilled from th e flask or sa mple Cli p

during stopping. The sa mple in the cup was
weighed and transferred to a cruc ible, from which
the water was evapora ted, and th e residua l solids
were weighed.

The procedure was repea ted with additiona l
batches of suspension, at other speeds and cen­
tri fuging times selected so that the particle diam­
ete rs spanned th e size range of interest, with in
th e limita tions of t he appa ra tus.

To obtain the particle size distribution it was
necessary to ca lculate for each withdrawn sample
th e limiting particle diameter (see T heory ) and the
sample concentration (weight of solids per weight
of sample). The samp le concentra tion was then
expressed as a percentage of the concentration of
the origina l unifor m suspension, and this ratio was
plot ted against the corresponding limiting particle
diameter on logarithmic-normal paper (2). A
smooth curve was drawn through t he point s and
the fractio na l concentra tions were read from thi s

curve for a set of particle diameters chosen in a V2sequence.
These concent ra t ions were substituted in Equation 29 to give
the requi red val ues of the cumulative weight percentage of the
powd er smaller t ha n each particle diameter. This is discussed
it more leng th und er Theory.

F igure 5 . S ize Di st ri b u tio n o f C r u de D ye Sam p le
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('ROCEDUUE

The pro cedure for making a pa rti cle size
ana lysis with thi s appara t us was as follows :

An adequate supply (a bout I lit er ) of a 1%
by weigh t suspension of the powder to be
ana lyzed was prepared, using wet ting and dis­
persing agents and mechanica l agita t ion as re­
quired to assure essentially complete dispersion
of th e particles. Of this suspension, HiO m l,
were poured into the flask with the va lve

t he solids con centration can be det er mined with an accura cy of
0.2% of the original concentra tion. The sa mple volume in turn
determined in a genera l way th e minimum dimensions of the
suspension flask , which had to be large enough to prevent the
walls and the sur face of the suspension from interfering with
the sample. The ra tio of th e distan ce of the sampling point from
the cente r of rotation to the dist an ce of th e suspension surface
from th e cente r of rotation was selected so that, over the range
of particle sizes to which th e met hod was applied, the du ra tion
of centrifugation fcll in a convenient range.

The pipet flask described above had one dis-
advan tage as compa red with the Andreasen
flask used for gravity pip et sedimeutution-c-viz. ,
on ly one pipet sa mple can be wit hdra wn during
a centrifugat ion . An impro ved model of the
appa ra tus is now being mad e, in which foul'
flasks will be centrifuged simulta neously. T his
seems to be a simpler approach than to design
a single flask from which multiple samples migh t
be ta ken during a cen trifuga tion. There are, of
course, man y other methods besides the one de­
scr ibed ab ove by which sa mpling of th e suspen­
sion might be acoompl ished during centrifuga­
t ion .

99 .9
99 .8

99 .!!
99 .
98 .

The suspen sion used for an alysis must be sufficiently dilut e to
allow t he parti cles to disperse and settle withou t interfering
with one ano ther , yet sufficiently concentrated to allow accurate
gra vimetric determ ina tion of the solids content. A suspension
of I % concentration by weight was employed to meet t hese
condit ions. The size of sa mple withdrawn was then dictated
by the precision desired in the results. With a 10-m\. sa mple
and an ordina ry an alytical balance for weighing th e dried solids,
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(1)

are derived based on the assumption that the
particles are spheres, and the diameter of a non­
spherical particle then is defined as the diameter
of a sphere (of the same density) which behaves
in the same way, specifically, in the present
case, as the diameter of a sphere which settles at
the same velocity as the particle in question,
when in the same environment.

Consider first a single spherical particle of
diameter y which is immersed in a liquid that
is rotating as a rigid body at constant angular
velocity about a fixed axis which is external
to the liquid. The particle wiJl be assumed
to be smaJl enough so that Stokes' law holds for
its motion. The condition for this is that

It will be assumed that the "cen trifugal force"
is great enough to make the effect of gravity on
the spherc negligible:
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both in water and in 41% aqueous glycerol (which has a viscosity
four times that of water). The cumulative distribution is a
straight line on logarithmic-normal paper, and the points found
by centrifugal sedimentation faJl on the line determined by grav­
ity sedimentation. An exception is that the point for the largest
size determined centrifugaJly faJls below the line, both for
settling in water and for settling in 41% glycerol. The cause of
these deviations is not yet known. They may be due to the
fact that for the largest particle size the centrifuging time and
speed are both very low, to the nature of the approximate method
used for calculating the size distribution, or to some other cause"

Other size distributions by gravity and centrifugal pipet
sedimentation analysis are shown in Figures 5 and 6. In general,
the two methods give consistent results, and, because independent
checks have shown the gravity sedimentation method to be
accurate, this agreement attests to the validity of the centrifugal
sedimentation results. These results do not, of course, prove
the correctness of the method. This would require measure­
ments of particle-size distributions over the size range of the
centrifugal method, by some independent method.

The powder whose size distribution is shown in Figure 5
is a crystalline organic' compound whose particles ani acicular.
The agreement between the gravity and centrifugal sedimenta­
tion analyses in this case, in spite of the marked deviation from
particle sphericity, is possible because in both methods the
particle diameter is defined in terms of the same property of the
particles-i.e., their settling velocity-so that particle shape
plays the same role in both methods. Such good agreement
could not be expected if a comparison were made, say, between
a sedimentation analysis and a microscopic count. Similarly,
in Figure 6, good agreement is obtained between gravity and
centrifugal sedimentation analyses of talc, whose particles are
thin flakes.

(3 )

(5)

(6)

(4 )

-2zv'
d 21'
dt2 = RIm.

where

and

so

Then the sphere can be considered as being
acted on by only two forces, the liquid drag
and the liquid buoyancy, and it will move in

a plane perpendicular to the axis of rotation. The liquid
drag is given by Stokes' law:

The acceleration of the particle is, therefore:

Equation 5 represents the vector differential equation of
motion of the particle, from which two simultaneous scalar
equations can be obtained by resolving the vectors into their
radial and tangential components. Thus, for example, if 1',

is a unit vector directed along the radius vector of the particle,
and 6, a unit vector orthogonal to 1', (in the plane of motion)
and in the direction of rotation of the liquid, then

and the buoyancy is taken care of by using the "effective mass"
of the sphere, as follows

Particle-Size Distribution of Talc Sam.pleFigure 6.

also

THEORY

The general principle on which the method is based is that,
when an initiaJly well-mixed dilute suspension of a powder in a
liquid is aJlowed to settle, the particles move with velocities
determined by their sizes in accordance with Stokes' law, and
that, consequently, the concentration of solids at any point
within the suspension at any time thereafter is a function of the
particle size distribution.

As is usual in the theory of particle size analysis, equations

so:

dr
v' = v - Vj = cit 1', + r(w - Wj)6,

(7)

(8)
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for the radial motion of the sphere. Integration of this equation
gives

Because of the assumed inequalities land 2, the solution to
Equation 9 is given to an extremely close approximation by the
equation

So, substituting Equations 7 and 8 in Equation 5 there
results:

d'r dr dw ,
dt' ri + 2 dt w9, + r dt 9, - rw r, +

dr
2z cit r, + 2zr(w - wI)9, 0

is F(y). Then, from Equation 15, and in view of the assumed
independent settling of individual particles, there results for
the fractional concentration of particles at a radius of rotation
r:

(18)

(17)

(16)

fey) = dFIdy

D = [18J.1ln (rlr o )] ' / '

(p, - PI )wJt

J:D 2
C = e- 2y' Cp, - PI)wlt/18p. f(y)dy

o .

Equation 16 gives the fractional concentration of suspended
solids at any radius of rotation r, and at any time of centrifuga­
tion t. D, defined by Equation 18, is the diameter of a sphere
which settles from the surface of the suspension (radius ro) to
the radius of rotation r, during the centrifugation time, t. It
therefore is the largest particle diameter which is present in
the suspension at the radius of rotation, r, and is called the
"limiting particle diameter."

where

and

(9)

(11)

(12)

(10)

dr
2z crt - wJr = 0

!:. = ey' (P, - PI)WJt/18p.
ri

And, because r, and 9, are independent vectors:

1
~;~ + 2z*-w'r = 0

dw dr
r dt + 2w dt + 2zwr - 2zwlr = 0

where r, is the radius of rotation of the particle at zero time.
It can also be shown, on the same grounds, that the tangential
drift of the sphere relative to the liquid, the so-called Coriolis
motion, is negligible, so that

Consider next a uniformly dispersed suspension of spheres of
diameter y and assume that the suspension is sufficiently dilute
so that the particles move independently of one another, in
accordance with Equation 12. Let ro be the radius of rotation
of the free surface of the liquid. Then it is clear from Equation
12 that after a centrifugation time t there will be a suspension­
liquid interface at a radius of rotation

w = WI (13)

-:

-_+---.... Ar~

CENTER OF
ROTATION

Figure 7. Diagran1 for Calculating Concentration
of Particles in Centrifuge Flask

r, = roe Y' Cp, - PI)WJt/18p. (14)

Equation 16 can be regarded as an integral equation expressing
the concentration ofsuspension, which is measurable, in terms.
of the particle size distribution, which it is desired to find.
There are two cases of interest. In the first, the concentration
is measured as a function of the ratio, rIro, with all other variables
(Ph J.I, WI; t) held constant. In this case, Equation 16 may be
written in the form:

There will, of course, be some diffusion of particles across this
interface, due to their Brownian motion, but this is a negligible
effect for the conditions of centrifugation employed.

To determine the concentration of particles in suspension
below the level r = r, a procedure is used similar to that employed
by Brown (1). Referring to Figure 7, consider a thin cylindrical
shell of suspension of thickness t!l.r at a radius of rotation, r.
Evidently the particles in this region were initially contained
in a cylindrical shell at some radius of rotation ri, of thickness
t!l.ri, where, according to Equation 12

c = l D
e- ky' f(y)dy (19)

where

k = 2(p, - PI )wJI/18J.1

is constant. In the second case, concentration is measured as a,

function of w;t, and rlro is held constant. In this case, Equation
16 may be written in the form:

Consequently, the ratio of the concentration of particles at
the radius of rotation r to the initial uniform concentration is
equal to the ratio of the volume of the cylindrical shell at ri
of thickness Mi to the volume of the cylindrical shell at r of
thickness Sr:

(r, + t!l.ri)' - r; ) 2/C - = e -2y' (p, - PI wit 181',' r;;' r,
- (r + t!l.r)' - r' faD J!!. In Cr /r)'

c = eD' 0 f(y)dy
o

(20)

where r, is given by Equation 14.
Consider now a polydisperse suspension of particles such

that the weight fraction of particles smaller than diameter y

c = 0 r < r, (15) It is this case which has been employed in the centrifugal
pipet sedimentation method described above. This case is.
called the "variable time" method of centrifugal sedimentation,
while the first case is called the "variable height" method. In
the variable time method, the variables J.I, Ph and WI which
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enter into the definition of D could also be used, in principle.
In practice, only WI and t are varied, for obvious reasons.

The use of the variable time method of centrifugal pipet
sedimentation requires a solution to Equation 20. A formal
mathematical solution is possible (3), but has' no practical
utility. A practical approximate solution may be derived, how­
ever, which depends on the solution to the variable height
method, formulated in Equation 19. Equation 19, fortunately"
has asimple exact solution, which will now be derived. Dif­
ferentiating Equation 19 with respect to D, and in view of
Equations 17 and 18:

dc = e -ta» feD) r; dF
dD =;:;; dD

Suppose, then, that at a fixed known value of 8 a set of measure­
ments of c have been made, say C1, C2, ., •• Cn, for each of a set of
known values of w7t = t', say t{, t~, . . . t~, and let t{ > t~ >
t~ . . .. ' Then one point is known on ,each curve in Figure 8,
in additibn to the common point 8 = 1, c = O. Such a set of
points is illustrated by the black circles in Figure 8. To each
such point corresponds a known value D.; obtained by sub­
stituting the constant value of Vs = r/r. and the value of
t; = w7t corresponding to the point into 'Equation 18. Further­
more, the area included between each curve, the concentration
axis, and the ordinates c = 0 and c = ec, is equal to the value of
F(D.) or, for short, F«. Thus F(D) can be approximated by
the trapezoidal rule.

For, first of all, approximately:

This equation is subject to the boundary conditions:

c = 1 when t = 0 for all T }

C = 0 when r = r. for t > 0

and the condition

F = 0 when D = 0

Consequently,

(21)

(22)

by integrating under the curve for t{. Now, considering the
curve for t;;, a point can be found on it corresponding to D1­

i.e., a point such that the area under the curve up to this point
is F1, which is now known. For if the ordinate of this point is
called 812, and the abscissa C12, then by Equation 18

_ [ 91' In 812 J1 /2
D1 - ( )'P. - PI t2 •

r- (r)2F(D) = J 0 To de (23)
and since

[
91' In 8 ,] 1 /2

(Ps - PI)t.

we have

Now having found the coordinates 812 and C12 of the point on
the curve for t~ corresponding to D1, there results:

is"the solution to Equation 19. 'With this solution it is now
~ssible to derive an approximate solution to Equation 20.
Referring to Figure 8, if c is plotted as a function of 8 =. r2/r;

with t' = w7t as parameter, a family of curves is obtained whose
shapes depend on the particle size distribution function, f.
In view of conditions 21, however, all the curves except that for
t' = 0 will pass through the point c =,0, 8 =,1, and they will all
be asymptotic to the curve for t' =, 0, which has the equation
c = 1. Furthermore, by Equation 23, the area under any
curve is equal to F(D). .

Then

2Ji\
C12 =.--­

1 + 812

1 + 8
---CI
1 + 812

(28)

where

(26)

(25)

(27) ,

_ + 2(F n _ 1 - F n - 2 )

en-It n - Cn-2. n Sn_2. n + Sn-}, n

i-1
1 ",[8+8i-l.i 8+8i.1"]F'

F, = '2 (8 + 8.-1• • )c. + L.J 8;+10' + 8;.• - 8;•• + 8;-1. i '
J=l

1Fn - Fn- 1 = '2 (8 + 8 n-l. n)(c n - Cn-I. n) (~4)

By using Equations 26 to eliminate the Ci; from Equations 24,
there results:

Proceeding in this manner, thus in effect approximating the
first curve by one chord, the second by two, and so on, a general
formula for Fn can now be written down as follows:

'.I
I
I

Cf)

'CIl o..
.....

CIl..

o C1 CI2 c2 CI3 23 C3

FRACTIONAL CONCENTRATION, C

.Ftgure 8. Typical Sedimenration Curves

1 . i = 1,2, ... n

where D. = O. Equation 28 is a general approximate solution
to Equation' 20, in recursive form.
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the subsequent terms being negligible. For the first four values
of i, the equations are slightly altered, as follows:

F, 2.6.5ci - 1.71.Ci_l - O.08Ci_2 + O.12ci_3 + O.03Ci_4 (29)

i » 5

Equations 28 are a set of linear equations which express the
desired values of F; explicitly in terms of the measured values of
Ci. The coefficients in the equations depend on the values of
D, (corresponding to the values of t;) at which the concehtrations
Ci are measured; more exactly, the coefficients deper~d on the
ratios of the values of Di, as shown by Equation 25. Conse­
quently, if the values of D, are chosen in a geometric sequence,
the coefficients of Equations 28 are considerably easier to cal­
culate and the equations themselves are also simplified, It is
usual and desirable, for other reasons also, to choose particle
sizes in a geometric sequence when making particle size analyses
or reporting particle size distributions. Usually a sequence
with common ratio v2 is used.

The coefficients in Equations 28 depend also on the value of
S = 1'2/r~-that is, on the dimensions of the centrifuge flask
employed. For the flask described above, s = 3.44 and Equa­
tions 28 assume the form (for sizes in a V2sequence):

P\ = 2.22cI
F; = 2.65c2

F; = 2.65c3
F, = 2.65c,

1.90c, 1
1.71c2 - O.IOcI (
1.7lC3 - 0.08C2 + 0.14cd

(29a)

NOMENCLATURE

Any consistent units may be employed.
a = acceleration of a particle in a centrifugal field, (cm./

second) /second.
c = concentration of suspended solids, as a fraction of the

concentration of uniform suspension prior to settling,
dimensionless

J) Stokes's law particle diameter of a particle which settles
from a radius 1'0 to a radius r in time t, em.

F F(D) = fraction by weight of particles smaller -than
diameter D, in a powder, dimensionless

f dF/dD, l/cm.
9 acceleration due to gravity, (cm./second)/second
In effective mass of a sphere immersed in a liquid, grams
R Stokes's law drag force, dynes
l' distance of particle from axis of rotation; also, specifically,

distance of sampling point from axis of rotation, cm.
To distance of surface of suspension from axis of rotation, em.
r, initial distance of particle from axis of rotation (when t =

0), cm.
1'1 unit vector in direction of radius vector of a particle, cm.
S = (1'/1'0)2, dimensionless
t = time, seconds
t' = wlt, l/second
v = particle velocity, em. per second
v' particle velocity relative to liquid medium, ern. per second
VI = velocity of liquid in neighborhood of particle, cm. per second
y = Stokes's law particle diameter, em.
z = 9/L/y2(p, - PI), l/second
/L = liquid viscosity, poises
PI = liquid density, grams per cc.
P. = particle density, grams per cc.
01 = unit vector orthogonal to 1'1, cm.
WI = angular velocity of rotation of liquid, radians per second
w = angular velocity of rotation of particle, radians per second

Letters in bold face represent vector quantities.

The method of using these equations to compute size distribu­
tions is as follows:

The experimental data consist of a series of fractional concen­
trations, c, measured at known values of WI and L, from which a
value of D for each value of c is calculated from Equation 18.
The values of c VS. D are plotted (usually on logarithmic-normal'
paper) and asmooth curve is drawn through the points. Values
of c are read from this curve at any convenient set of values of
D in a V2 sequence, DI, D2 = V2Dj , D3 = 2D I , etc. The
corresponding values of c are called CI, C2, .•• cn . These values
are substituted in Equation 29 to give the values of F I , P2, ••• F n .

The values of PI, P2, P 3, and P, can bc found either by using
Equations 29a or by extrapolating the curve of C vs. D to get
additional points to use iri Equation 29.
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Particle-Size Determination in Radioactive Aerosols
by Radioautograph

J. A. LEARY
Los Alamos Scientific Laboratory, Los Alamos, N. M.

AR AD I OAUT OGR AP H technique has been used to study
particle-size distributions in aerosols of an alpha-emitting

compound. The active material was collected on filter paper
and placed in contact with nuclear track plates for various
exposure times. By counting the number of tracks in the emul­
sion for a given exposure time, the size of each emitting particle
was calculated from the formula:

where C = number of tracks in emulsion from particle of diam­
eter d microns, t = autograph exposure time, and K = constant.

Particles as small as 0.2 micron have been accurately deter­
mined in aerosols containing as little as 0.8 /L/Lg. of active material
perliter of ail'.

DERIVATION OF EQUATION

For a sphere of diameter d microns containing No atoms of an
alpha-emitter whose decay constant is A pCI' minute, collected as



VOL U M E 2 3, N O. 6, J U N E 1 9 5 1

One o f t he problems e nco u n tered in the s t u dy of
radioacti ..e a erosol s is the low abundance of these
particle s re-lu t iv e to atm osp heric dust in the s a m p le.
Most m ethods o f particl e s ize anal ysi s do not make
a n)' dist irH:tion b et we en the rudfouct ive and the
i ner t pur t ic le, Therefore , a n e w rnethod of dis­
crim ina ting a n d m e a suring alpha-emit t ing radio­
a ctive par t lc les wa s d e ve loped , A filter p aper s a m p le
of a n a l p h a - ra )'-em i tting a erosol was 1}laced in co n ­
t a ct with rnr cl eur truck plate s fo r various e x po sr rre
tiDIe s . By co u n t ing the number of tracks in the
errr u lsion fut" a g h ·c n exposu re tilne , the s ize of eac h

851

e m i ll in g particle wa s c a lc u la t e d from the d er-ived
equation

cl = (~C) I /'

where d = particle s ize in m icroars, C = t he nurn ber
o f t ra cks in the e rn uf ston e rn if red fro III the parti cl e ,
t = e xpos u re tim e , a n d K is a eo n s t .an t for a give n
radio a ctive material. Alt h o ugh the m ethod is not
limited to a erosol s , it is particula rly u sef'u! in h eaIth­
I.hysi c s s t u d ies where the perruissihle air' eo n cerr t r-a­
t io n of alpha-emitting particle s in the s ize ran ge
fr'om 0.1 to 1(1 rui erons I S ex t remdy low .

.a compound having density p and molecular weight M , the equa­
tion is :

(dN) AN .(dt)

A !y'f.l (tit)xt

A ( I'p)/ A (dt)
:11

01'

(KG') 1 / 3

d = t

where I = r-xposure t ime in min utes a nd

(1)

A",d'p/A ( II ) X 10- 12
lU I (

As th e diameter is a cube-root funct ion of both exposure ti me
an d number of tracks, t he method is precise .

F igu r e 1. Typ ical G ro u p
(lOO X)

Fign re 2 . O.9-i\1 icron I'a rt icl e
(l25 X )

24-hou r e x poe u ee

Figure ;~. Orien ta ti o n Gro u p
(llOX)

where dN = number of a toms disint egrating in time dt, IV =
weight of partic le, gra ms, /1 = Avogad ro's number , V = volume
of pa rt icle, cc ., andf = numbe r of radioactive a toms pCI' mo lecul e
of compo und .

(tiN ) = kd 3( dt)

where k is a constant for a given compound

C f:N f;RA L M ETIIOII

The slide or filter paper sample on which t he ma te rial has been
collecte d is placed in int ima te contact with a nuclea r track pla te
( Kodak, T y pe NTA, 25 microns) and expose d for th e desired
time in a simple "camera." After development for 2.5 minu tes
in Kodak developer D-l!l, the emulsion is fixed in aci d hyp o,
washed, and dri ed . T he plate is then sca nned microscopicall y
a t a magnifi cation of a bout 200 .

Assuming no significant cha nge in t he value of N. du ring
exposure, and a 50% geometry for intimate contact betwee-n
em ulsion a nd sample, the number of tracks, C, will be :

k

AN
2

VAp7r 1O - ' 2
fiJI

G'

Figure 1 shows a ty pica l group of clusters wh ich can be resolved
by decrea sing the autograph exposure time. If a cluster rem ain s
too dark t o count on the seco nd expos ure, a t hird sho rter exposure
is made, etc . By this method of varying expos ures, eac h cluster
may be reduced t o a counta ble number of tracks (a ppro xima te ly
10 to 100). A cluste r containing the maxim um number of
t rac ks for count ing is shown in Figure 2. For such larg e cluste rs ,
unly one quadra nt need ac tua lly be counte d .
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If t he concentra tion of particles on t he sample is high enough,
it is necessary to count only a sma ll representative area. How­
ever, a minimum of 200 particles should be counte d per sa mple.
In going from one exposure to another for a given sample, the
same area can be located by t he use of an orientation group such
as that shown in Figures 3 and 4. The coordina tes of t his
group are determined on the microscope stage and used as the
center of t he area to be scanned. In using a contaminated filte r
paper as the autographer, the group shown was not disturbed,
alt hough it was in inti mate contact with eac h emulsion for six
exposures.

For very short exposures , serious error will result if an y active

Figure 6 . Large Particle and
Agglomerate (100 X )

24-hour exposuee

Figure 4. Orientation GroUI) of
Figure 3 (100 X)

l-hour exposure

100 .
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DETEUl\lINATION OF SIZE..FUEQUENCY DISTRIBUTION
ENTERING AND LEAVING PILOT PLANT

This meth od has been used to determine the size-freq uency
distribution of particles in th e feed to and discharge from an air­
decon tamina tion pilot plan t . Standard methods of determining
particle size were inadequ ate , because the discharge concentra­
t ion of radioactive materi al was about 0.8 IJlJg. per liter of air.
The filter pa per samples which had been used to determ ine
removal efficiency were used as radioautograph sources . Figure
5 is a typi cal distribu tion of t he effluent from t he plant obt a ined
by this technique.

par ticles are transferred to t he emulsion. However, t here was
no evidence of this in any autographs of filter pap er deposits.

From t he number of particles in each size gro up in t he area
scanned, the number of par ticles on t he total filter paper or
slide sample ca n be computed from the ratio of tot al sample
area to area scanned. This total abundance may then be con­
verted to a concentra tion in t he ai r st ream from which the
sample was taken .

1.6A .6 B \D 12 IA

PARTICLE DIAMETER, p.

.2
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35

~

>-- 30uz:
W
::J
0 25w
a::
u,
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Z 20::J
0u

\5

10

5

Figure 5 . Particle Size Dist ribution o n S u r face of Filter
Paper

C
F igure i . Calibra tion Curve
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As the alpha-particle will not penetrate any appreciable thick­
ness of filter paper, the distributions reported are for the surface
of each sample of filter paper. In Figure 5 there appears to be
.a decrease in the count frequency in going from 0.4 to 0:2 micron.
This is probably due to penetration of the paper (Hollingsworth­
Vose H-70)'to a greater depth by the smaller particles.

The presence of agglomerates may also be detected by this
method. Figure 6 shows a track cluster of an agglomerate con­
aisting of radioactive and nonradioactive material. The latter
stops the alpha-particles from reaching the emulsion, which
results in a very irregular cluster pattern. The particle shown
was greater than 5 microns, and is probably duct scale. Only
two such particles were present in a total of about 1000 particles
observed.

For the material used in these particular tests, the value of K
in Equation I was 5.04. A calibration curve for the formula:

_(5.04C) 1(3d- --
t

was constructed to give the particle size as a function of the
number of tracks for a given exposure time (Figure 7).

Cascade impactor samples of the feed to the system taken at
a later date verified the results obtained by radioautograph.
Analysis by the method of Hatch and Choate (1) indicated that
50% of the mass of sample was composed of particles less than
0.9 micron, while 98.6% of the mass was made up of particles
less than 5 microns.

LIMITATIONS OF RADIOAUTOGRAPH METHOD

Obviously, the aerosol being studied must consist of radio­
active particulates, as inert material is not detected. However,
if inert material is also present, the method gives an analysis
for this hazardous material only.
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If there is a very great abundance of large particles, the finer
particles will be obscured in the radioautograph unless the large
particles can be removed and studied separately.

The isotope being studied (as well as interfering decay prod­
ucts) must be identified. In addition to standard electronic
detection devices, the range and track appearance in the emulsion
will help determine the radiation characteristics of the particle.

The method is feasible as a research tool on only a few samples,
as counting tracks in hundreds of clusters is a tedious and expen­
sive procedure. Projection of the field on a screen is helpful in
counting individual tracks.

A simpler modification of this method would be to observe
the entire cluster for each particle rather than individual tracks.
By establishing a standard minimum cluster of about 300 tracks
and making several exposures, the particles can be grouped by
size range. A photodensitometer could be used to count such
large clusters. However, this method is not as precise as count­
ing individual tracks.

As the actual particles are never observed, this method does
not reveal the true particle shape. An effective diameter for
the particle is measured, which is based on the mass of each
particle.

Gamma-emitters must be considered as a separate problem,
because they do not produce tracks. By a previous exposure­
density calibration, the size of the particle might be determined,
but this possibility has not been investigated.
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Infrared Spectra of Phosphorus Compounds
L; W. DAASCH AND D. C. SMITH

Naval Research Laboratory, Washington, D. C.

Application of infrared spectroscopy to analytical
and structural problems in phosphorus chemistry
has been liInited by the Iack of spectral data on ref­
erence com.pounds, and by the inadequacy of infor­
mation concerning characteristic frequencies of
m.olecular groups containing phosphorus. This in­
formation was sought through study of a large num­
ber of phosphorus compounds containing a variety
of molecular groups of interest. Em.pirical correla­
tion of sixty reference spectra yielded characteristic

CONSI DE R ABLE work has been published on the Raman
spectra of phosphorus compounds, but infrared data on

only a few of the simpler compounds are found in the literature
(11, 17). A study more extensive than heretofore reported has
therefore been made of the infrared spectral properties of phos­
phorus compounds. It has dealt mainly, but not entirely, with
organophosphorus compounds. For this type of compound, in
particular, very few data have been published.

frequency ranges for a num.ber of groups: P-H,
2350 to 2440 crn , -I; P-F, 850 to 980 cm..- I ; P-CI,
430 to 585 cm.- I ; P+...... O-,1l70toI310cm..- I ; P+......
S-, 700 to 770 ern ,-1; P-C (aliphatic), 650 to 750
crn, -1; phenyl-phosphorus group, near 1000 cm..-:- I

and 1440 crri ,-1; P-O-H, 2550 to 2700 ern, -1;
P-O-C, 1030 to 1090 crn , -1; phosphinic acids, near
1665 crn ,-1 The usefulness of these group frequen­
cies for qualitative interpretation of spectra in term.s
of molecular structure is discussed and illustrated.

EXPERIMENTAL

Nomenclature and Materials. The nomenclature of phos­
phorus compounds is somewhat complex and at present in a state
of flux. Accordingly, a few definitions will simplify discussion
of materials and data. Chemical Abstracts has been followed
wherever possible in the scheme of nomenclature presented in
Table 1.
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Nomenclature of Phosphorus Compounds

OR OH OR
/ / /

P-OR H-P H-P
<, -, -,
~ OH OR

Phosphine Oxide (R = alkyl or aryl)
Phosphoryl Halide (R = halogen)

The sources of materials are given ill the legends of the sixty
spectra (Figures 1 to 60). The samples were the best available,
but ill many cases some evidence of impurity was found in the
spectra. Samples prepared at the Naval Research Laboratory
were constant-boiling liquids or recrystallized solids of constant
melting point.

Equipment and Measurements. A research-type, recording
prism spectrometer (13) was used for all spectral measurements.
Liquid samples were placed in amalgam-sealed cells; the thick­
ness of the cell used is given on the spectral curve in millimeters.
In those cases where solutions were used, the solvent is also
noted. Solid samples were mortar-ground to a fine powder and
mulled with a small amount of petrolatum to form a smooth
paste, which was then placed between potassium bromide plates
separated by a spacer and mounted in a suitable holder. The
effect of petrolatum absorption was canceled out roughly by
measuring the mulls relative to a petrolatum blank.

Table I.
OH

P~OH
<,

OH

Phosphorous Acid

-0 OH
+1/

H-P
-,

OH

Phosphonic Acid

Phosphite

-0 OR
+1/

H-P
-,

OR

Phoaphonate

Phosphonoue Acid

H -0
"'+1P OH

J!
Phosphinic Acid

-0 R
+1/

R-P-,
R

Phosphonite

H -0

"'+ IP-OR

H/

Phosphinate

over a greater spectral interval than the stretching vibration,
facts which make it difficult to identify. It probably occurs in
the region from 950 to 1150 em. -1, where it is masked 'by other
intense bands not related to P-H bonds.

P-F Bond. The P-F stretching frequencies may be ex­
pected in the region from about 840 to 980 em. -I by analogy
with the positions of these frequencies in phosphorus trifluoride
(9) and phosphoryl trifluoride (6), as listed in Table III. Three
additional compounds of higher-valent phosphorus, all containing
a single P-F bond, have strong bands between 850 and 900 em. -I

which are undoubtedly due to this vibration. Compounds of this

Table II. P-H Absorption Frequencies

Position

GROUP FREQUENCIES IN PHOSPHORUS cOMPOUNDS

P-H and P-D bonds. In phosphine, the fundamental
stretching vibrations of the P-H bonds appear at 2327 and 2421
em. -1, while those at 991 and 1121 ern. -1 may be described
approximately as bending motions of P-H bonds (10).

Seven compounds believed to contain a P-H bond have been
studied, and, as summarized in Table II, all have an absorption
band in the region 2350 to 2440 em. -1 Because other phosphorus
compounds exhibit little or no absorption in .this region, these
bands may confidently be assigned to stretching vibrations of the
P-H bond. Little can be said concerning the dependence'of the
P-H stretching vibrations within this 100 em. -1 range. All of
the compounds studied have one P-H bond only, and none con­
tained trivalent phosphorus.

Replacement of hydrogen by deuterium should produce an
isotopic frequency shift of about 650 em. -1 for the stretching
vibrations. Upon deuteration of benzenephosphinic acid (with
heavy water) it was observed that the P-H absorption at 2381
em. -1 decreased in intensity while a new band, undoubtedly due
to the P-D vibration, appeared at 1750 cm.- 1

Absorption due to the P-H bending vibration has not been
identified in these compounds. It is evidently weak and spread

Compound

Diethyl phosphonate
Di-n-butyl phosphonate
Ethyl bensenephosphinate
Bensenephosp hinio acid
'p-Toluenephoephinic acid
N aphthalenephosphinic acid
n-Et.hvlbeneenephosphinic acid

Figure

7
17
s
4
9

10
11

2433
2410
2350
2381
2440
2391
2391

4.11
4.15
4.25
4.20
4.10
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Figure 1. Trimethyl Phosphate (Naval Research Laboratory)
Figure 2. Tetramethyl Pyrophosphate (Victor Chemical Works)

Figure 3. Trirnethyl Thionophosphate (University of Chicago Toxicological,Laboratory)
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(C,H,),N- PF, 740, 800 13.5, 12.5 58

500 em. -1 which correspond roughly to stretching motions (in
phase and out of phase) of P-Cl bonds. These frequencies are
listed in Table IV, together with the observed positions of bands
believed to arise from P-Cl stretching in seven additional com­
pounds. In each case one band is observed between 475 and
540 em. -1 For chlorides of trivalent phosphorus the bands fall
in the region from 485 to 525 em. -1, while for the compounds of
higher-valent phosphorus they occur between 430 and 585
em. -1 Those compounds containing two or more P-Cl bonds
usuaJIy exhibit two bands within these regions.

40
.59
60

11.1
11. 4
11.4

Formula

PF, 840, 890 11 .9, 11.2
PCF, 865,980 11.7, 10.2

PSCl,F 900
(CH,O),POF 860
(C,H,Oj,POF 880

Table 111. J>-F Stretching Frequencies

Position
Cm.- 1 p.Compound

Phosphorus trifluoride
Phosphoryl trifluoride
Thiophosphoryl dichloride flu-

oride
Dimet.hyl ftuorophosphat.e
Diet.hyl f1uorophosphat.e
N,N-diet.hylaminophosphorus

difluoride

type, but with two P-F bonds, have not been studied, and may
not always absorb within this region.

The spectrum of only one fluoride of trivalent phosphorus
has been obtained (Table III), so that for this type of compound
it is known only that P-F frequencies as low as 740 em. -1 may
occur. Until additional fluorides of trivalent phosphorus and
higher-valent phosphorus compounds containing the PF, groups
are studied, our knowledge of P-F frequencies will remain in­
adequate.

P-Cl Bond. According to previous results (6, 10) each of the
inorganic compounds phosphorus trichloride, phosphoryl tri­
chloride, and thiophosphoryl chloride has two frequencies around

Table IV. P-CI Stretching Frequencies
Position Fig-

Compound Formula Cm. 1 jJ. ure

Phosphorus trichloride PC], 488, .511 20.5,19.6
Phenyldichlorophosphine C6H,PCI, 500 20.0 28
Et.hyldichlorophosphine C,H,PCI, 488,.502 20.5,19.2 38
Phosphonit.rilic chloride (trimer) (PNCl,J, 488,.521 20.5,19.2 4i
Phosphoryl chloride POC], 485,581 20.6,17.2 56
Phenvldichlorophosphine oxide C6H,POCI, 488.572 20.5,17.5 2.;
Dipbenylchloropboaphine oxide (C,H,j,POCI 521 19.2 26
Thiophosphoryl chloride PSC], 433 . .538 23.1, 18.6
Phenyldichlorophosphine sulfide C6H,PSCl, 500 . .524 20.0,19.1 27
Thiophosphoryl dichloride fi u-

PSCI,F 21.0,17.7 40oride 476,.565
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Figure 4. Benzenephosphinic Acid (Naval Research Laboratory)
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Phosphoryl Group. When an oxygen atom is bonded only to
+ -

a phosphorus atom, the resulting group, =(P-O), will be called
the phosphorvl group. All phosphoryl halides (OPX,) exhibit a
strong band' near 1280 em. -I due to the stretching vibration of
this group (6, 10). An intense band in this same region, and
having t)le same origin, has also been observed for other com­
pounds containing the phosphoryl group, as listed in Table V.
Coml]>ounds of trivalent phosphorus usually do not absorb
st- '.mgly in this region.

-0 CJ
+1/

C.H,-P
-,

CJ

-0 OC,H,
• +1/

CI-C,H.-P
"COC,H.

Table V (Continued)

2;') 2

14 2

1275

1265

7.85

7.90

1265 7.90

1265 7.90

1257 7.95

1236 8.10

1190 8.40

1236 8.10

1176 8.50

2

2

2

o

o

5

1Ii

17

24

26

23

-0 OC,H,
+1/

C,H.-P
-,

?C,H.

-0 OC,H.
+1/

H-P
-,

OC,H.

+ -
(CH,hP-O

+ -
(C.H.),P-O

-0
+1

(C,H.),P-CJ

-0 Oc,.H.
+1/

C,H.-P
-,

H

7.61

7.58

7.75

130"

1309

1290

127.5 7.85

3

3

3

3

,,9

30

60

Dependence of Phosphoryl Frequency upon
Electronegativity of Substituents

No. of EJectro-
negative Position

Figure Substituents Cm, 1 I'Compound

-OOCH,
+1/

F-P
<,

OCH,

-0 OC,H.
+1/

F-P
<,

OC,H.

C,H.O -0 0- Oc,.H.
"+1 /./

P-O-P

/ "C,H.O OC,H.

-0 OCHa
+1/

CHaO-P
-,

OCH,

Table V.
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Figure 16. Tri-n-butyl Phosphite
Figure 17. Di-n-butyl Phosphonate

Figure 18. n-Butanephosphonic Acid
Figure 19. Di-n-butyl n-Butanephosphonate
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The phosphoryl frequency occurs in a rather wide range ex­
tending from 1170 to 1310 cm. -1 The position of the band
within this range appears to depend neither upon the type of
compound (as shown by the intermixing of phosphonates, phos­
phinates, and phosphine oxides in Table V) nor upon the size of
the substituents (as shown by the intermixing of compounds of
different molecular weight). There is, however, a definite
correspondence between the phosphoryl frequency and' the
electronegativity of the other substituents on the phosphorus
atom (as shown in Table V), the high frequencies always being
associated with high electronegativities. This relationship is of
considerable help in identifying the substituent groups, as illus­
trated by the examples cited below.

Acids have not been included in this correlation. In the case
of phosphonic acids (Figures 12, 13, and 18) and phosphinic
acids (Figures 4, 9, 10, and 11), both the phosphoryl band and the
hydroxyl band are displaced toward lower frequencies and so
broadened that they are difficult to identify, particularly in the
spectra of the solid samples. The effects are clearly due to hy­
drogen bonding between the acid hydrogen and the phosphoryl
oxygen. In dilute solutions the effects are greatly diminished,
as shown by the spectra of benzenephosphinic acid (Figure 4)
in the 1200 cm. -1 region.

Thiophosphoryl Group. The valence vibration of the thio-

phosphoryl linkage appears as a medium to stJ,;ong band at
753 em. -1 in thiophosphoryl chloride and at 71'8 c·in:- 1 in thio- J

phosphoryl bromide (6). Thiophosphoryl dichlOl'ide fluoride
(Figure 40) and phenyldichlorophosphine sulfide l'Figure 27)(
each has a strong band in the 745 to 750 em. -1 region, although-,
in the latter case the absorption would be expected from the j

presence of the phenyl group. Similarly, five cornpound., of the
type SP(C6H,)(NR2h (Figures 42 to 46) have one ban ] at
approximately 720 cm. -1, and another between 745 and 'Pfj5
em. -lOne of these (probably the former) is undoubtedly
associated with the phenyl group, and the other may be related
to the thiophosphoryl group. The spectrum of the compound
known as trimethyl thionophosphate (Figure 3) is peculiar in
that the thiophosphoryl absorption is displaced, weak, or absent,
whereas in other compounds it appears as a medium to strong
band in the region 715 to 770 cm." '

P-C (Aliphatic) Bond. In trimethylphosphine the two vibra­
tions which involve mainly a stretching of P-C bonds appear at
653 and 708 ern. -1 (14). In trimethylphosphine oxide the corre­
sponding vibrations appear at 671 and 756 cm. -1 (5). If charae­
teristic frequencies for P-C stretching vibration exist, they should
appear in the approximate range 650 to 750 em. -1, although
the size and structure of the alkyl groups and the identity of the
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Figure 20. Benzenephosphinic Acid-d, (Naval Research Laboratory)
Figure 21. Benzenephosphonic Acid-d, (Naval Research Laboratory)
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other substituents on the phosphorus atom may be expected
to have some effect.

In addition to the two compounds already mentioned, four
-ther compounds with P-C (aliphatic) bonds have been studied
Table VI). All have bands in the region of 750 cm. -I, but
because absorption appears in this region for practically all
phosphorus compounds, the origin of the bands is uncertain.
In the case of methyl group substituents, further investigation
may establish some correlations of value, but it does not appear
likely that organophosphorus molecules in general can be recog­
nized by characteristic infrared absorption involving vibrations
of the P-C (aliphatic) bond.

Phenyl-Phosphorus Group. It is known from previous work
at this laboratory and elsewhere (3, 4, 15) that the aromatic ring
in hydrocarbons produces a number of characteristic absorption
bands which not only confirm the presence of the ring but also
indicate the number and positions of the substituents. It is
clear that if the aromatic ring in a phosphorus compound is
bonded only to carbon, these same correlations will apply. In
the present work it has been found that they also apply when
the aromatic ring is bonded directly to phosphorus. Thus, all
the compounds containing a phenyl group (Table VII) or a p­
substituted benzene ring (Figures 9, 11, 13, and 14) exhibit the
characteristic aromatic, frequencies corresponding to the re-

spective structures, even though the ring is a ttached to phosphorus
in each case. Presumably other polysubstituted aromatic
groups having one phosphorus substituent will also exhibit the
characteristic frequencies by which they may usually be identi­
fied.

There' are two additional frequencies near 1000 and 1440
em. -1 in the spectra of all compounds containing a phenyl group
attached directly to phosphorus (Table VIII). The band at
1000 em. -1 is usually stronger than observed for hydrocarbons
and the other always occurs below 1450 em. -1 in phosphorus
compounds but above 1450 em. -1 in hydrocarbons. Although
one or both of these bands may arise from ring vibrations, they

Table VI. Phosphorus-Carbon (Aliphatic) I<'requency

Position Fig-
Compound Formula Cm.- 1 I' ure

Trimethylphosphine (CH,j,P 653.708 1.5.3.14,1
Trimethylphosphine oxide (CH')3PO 671, 756 14,9,13.4 24
Di-n-butyl n-butanephos-

phonate C,H,PO(OC,H')2 735,752 13,6, 13.3 19
Diethylphenylphosphine C,H,P(C2H,)z 740 13,5 39
Ethyldichlorophosphine C,H,PCh 72.1.758 13,8, 13,2 38
Diethyl trichloromethane-

CI,CPO(OC,H,h 740,766phosphonate 13.5,13,0 35
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Figure 28. Phenyldichlorophosphine (Naval Research Laboratory)

'Figure 29. Triphenylphosphine (Naval Research Laboratory)
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Frequencies, em. -1 Figure

a Weak band.

Table VII. Phenyl-I'hosphol'us Group Frequency

cannot contain hydroxyl groups are considerably more trans­
parent in this region. The data are summarized in Table VIII.
Although the frequency range is somewhat lower than that usually
observed for hydrogen-bonded hydroxyl groups in alcohols,
aliphatic acids, phenols, etc., it is not much lower than that
reported for benzoic acid (16).

P-O-R Linkage. Organic esters have a characteristic band
at about 1110 cm. -1 which has been ascribed to the 0-0----:0
linkage (3, 4, 1.5). Substitution of phosphorus for carbon in an

4
5
6

12
15
20
21
23
25
26
27
28
29
34
36
37
39
42
43
44
45
46

1002
1000
1000
998

1000"
1003
998
996
998
997
999
999
999

100.';
1000
1000"
1000
995"

1002"
1000"
99.5"
990"

1442
1443
1441
1440
1450
1443
1440
1440
1444
1443
1440
1436
1435
1450

1440"
1440
1440
1440
1440
1435
1435

Compound

Bensenephosphinic acid
Ethyl bensenephosphinate
Diethyl bensenephosphonite
Benzenephosphonic acid
Diethyl bensenephosphonate
Benzenephosphinic acid-ds
Benzenephosphonic acid-tis
Triphenylphosphine oxide
Phenyldichlorophosphine oxide
Diphenylchlorophosphine oxide
Phenyldichlorophosphine sulfide
Phenyldiehlorophosphine
Triphenylphosphine
Dipbenvl beneenepboaphonate
Benzenephosphonic dianilide
Benzenephosphonic diphenylhydrazide
Diethylphenylphosphine
N.N-Dimethyl benzenethiophosphonic diarnide
N,N-Diethyl benzenethiophosphonic diamide
N,N-Di-n-butyl benzenethiophosphonic diarnide
N.N-Diisobutyl bensenethiophosphonic diamide
N,N-Didecyl benaenethiophosphonic diamide

appear to be useful for the identification of the phenyl-phosphorus
group. In previous work at this .laboratory, characteristic bands
at approximately these same positions have been observed for
compounds containing a phenyl ring bonded to a silicon atom.
The origin of these bands, believed to be the same for the two
groupings, may be related to the fact that the phosphorus and
silicon single bonds have about the same force constants, at
least for bonds to halogen (18) or to aliphatic carbon atoms (7).

Hydroxyl Group. In the present work no evidence of a free
hydroxyl group in phosphorus compounds has been found. Such
groups should have characteristic absorption due to the stretch­
ing vibration of the OH bond at about 3620 cm. -1 (3, 4, 15).
In every case where it was sought to identify ·free hydroxyl ab­
sorption in an acid supposedly containing trivalent phosphorus­
that is, containing no polar phosphoryl groups and consequently
having the possibility of free hydroxyl groups-there was ob­
served, instead, the characteristic absorption of the phosphoryl
group, an indication that the acid contained a phosphorus atom
in its higher valent state. In the presence of these highly polar
groups, any hydroxyl groups may be expected to show hydrogen­
bonding effects.

The stretching frequency could be expected in the 3000 ern. -1

region, which is partially masked by the absorption of petrolatum
used in the preparation of the solid samples. However, one
compound, benzenephosphinic acid, which was soluble enough
to be studied in carbon disulfide solution, showed (Figure 4)
a strong, broad band at approximately 2680 em. -1 Absorp­
tion at about this same position was also observed for several
other compounds studied as solids. It is believed to be due to
bonded hydroxyl groups, especially as other compounds which

30
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Table IX. Characteristic Absorption Bands of the P--Q-C Linkage

Figure

19 18
15 12
14 13

5 4
6

59
60

1
2
3
7
8

16
31
35
49
51
52
.53
.5.5

Com- Parent
pound acid

ester group will normally shift the absorption band toward
lower frequencies. Indeed, in the twenty phosphorus esters
listed in Table IX there was found near 1050 em. -1 a strong,
moderately broad band envelope which was absent in each of
four parent acids studied and which is believed to be charac­
teristic of the P-O-R linkage in alkyl esters. The frequencies
given in the table are the estimated centers of the band envelopes
which sometimes have rather sharp absorption peaks super-
imposed on them. .

When the R group is methyl
(Figures 1, 2, 3, 32, and 49)
the P-O-R absorption ap­
pears as a single, well-defined,
strong band, and there is ob­
served, in addition, a weak but
sharp band at about 1190
em. -1 Furthermore, the
methyl group absorption
(which appears at 1379 em."?
in hydrocarbons) is not ob­
served at its usual position.
When the R group becomes
ethyl (Figures 5, 6, 7, 8, 14,
30, 32, 35, 50, and 55) the
P-O-R band becomes some­
what broadened and frequently
shows subsidiary maxima, the
methyl group (in CzHs) absorbs
near its usual 1379 em. -1 posi­
tion (but as a sharp band at

Approximate
Position of

Center of Band
Envelope

Cm.- 1 p.

1035 9.6.5
1052 9.5
1042 9.6
1052 9.5
1042 9.6
1052 9 . .5
1052 9 .5
1042 9.6
1064 9.4
1030 9.7
1052 9.5
1030 9.7
1030 9 7
1035 9.65
1030 9.7
1042 9.6
1035 9.65

'1030 9.7
1042 9:6
1030 9.7

Formula

C,H,P(O) (OC,H,),
C,H,P(O) (OC,H,),
CIC,H,P(O)(OC,H,),
C,H,PH(O)OC,H,
C,H,P(OC,H,),
FP(O) (OCH3),
FP(O)(OC,H,),
P(O) (OCH,h
(CH,O),P(O)OP(O) (OCH,),
peS) (OCH,),
HP(O)(OC,H,),
P(OC,H,h
P(OC,H,),
(C,H,O),P(O)OP(O) (OC,H,),
CI,CP(O) (OC,H,),
(PN(OCH,),),
(PN(OC,H,),),
(PN (OC,H,),),
(PN(OC,H17),)'
(PN(OC,H.),)x

Table VIII. Possible Bonded Hydroxyl Group Frequencies

Position Fig-
Compound Formula Cm.- 1 J10 ure

Benzenephosphinic acid C,H,PH(O)OH 2680 3.73 4
p- 'I'oluenephosphinio acid CH,-C,H,PH(O)OH 2640 3.79 9
Naphthalenephosphinic

ClOH,PH(O)OHacid 2550 3.92 10
p-Ethylbenzenephosphinic C,H,-C,H,PH(O)OH 2640 3.79 11

acid
Benzenephosphonic acid C,H,POH(O)OH 2690 3.72 12
p-Chlorobenzenephos-

Cl-C,H,POH(O)OHphonic acid
3:92-

13
n-Butanephosphonic acid C,H,POH(O)OH 2550- 18

2800 3.57
Methyl ethyl phosphate CH,O(C,H,O)P(O)OH 2650 3.77 32

Compound

Di-n-butyl n-butanephosphonate
Diethyl benzenephosphonate
Diethyl p-cWorobenzenephosphonate
Ethyl benzenephosphinate
Diethyl beneenephosphonite
Dimethyl fluorophosphate
Diethyl flu oro phosphate
Trimethyl phosphate
Tetramethyl pyrophosphate
Trimethyl thionophosphate
Diethyl phosphonate
Triethyl phosphite
Tri-a-butyl phosphite
Tetra-n-butyl pyrophosphate
Diethyl trichloromethanephosphonate
Methyl phosphonitrilate (trimer)
n-Propyl phosphonitrilate (trimer)
Isopropyl phosphonitrilate (trimer)
Octyl phosphonitrilate (trimer)
Ethyl phosphonitrilate (polymer).
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Figure 34. Diphenyl Benzenephosphonatc (Naval Research Laboratory)
Figure 35. Dicthyl Trichloromethylphosphonate (Monsanto Chemical Co.)

Figure 36. Benzenephosphonic Dianalide (Naval Research Laboratory)
Figure 37. Benzenephosphonic Diphenylhydrazide (Naval Research Laboratory)
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DISCUSSION

of compounds and which has been useful for identification of
phosphinic acids.

In Figure 62 are summarized in graphical form probable char­
acteristic frequency ranges for several molecular groups, as'
derived from the data presented. Because these correlations
are based upon a limited number of compounds, they must be
applied with due reserve, especially in cases where other than
organophosphorus compounds are considered. Those of a par­
ticjrlarly tentative nature are indicated by broken-line boxes.
The ranges given for P-H and phosphoryl group frequencies are
in agreement with the correlations of Colthup (4) and data cited
by Thompson (11). Thompson has also suggested that the P-O
link in P-O-C produces a band at 795 em. -I, but this is not
particularly evident in the authors' curves and does not appear
to be as useful as the 1050 em. -I absorption. The latter prob­
ably arises from the O-C part of the P-O-C group.

Application of these correlations to determination of molecular
structure is most fruitful in the case of pure materials, for in this
case the minimum number of different groups is present in the
sample. To illustrate, Figures 15 and 25 are chosen, assuming
for present purposes that these are the spectra of unidentified
phosphorus compounds.

1388 with a weaker branch at 1370 em. -I), and in addition there
appears a sharp band of medium intensity at 1165 cm. -I

Only three compounds (triphenyl phosphite, triphenyl phos­
phate, and diphenyl benzenephosphonate) have been studied
in which R is aromatic. The characteristic P-O-R absorp­
tion does not appear in the spectra of these aromatic esters
(Figures 33, 34, and 41) at the same position as for the alkyl
esters. Additional data are required to determine whether the
band has shifted toward lower (875 to 950 em. -I) or higher (1200
to 1250 em. -I) frequencies.

Phosphites and Phosphonates. A report (17) that phosphites
and phosphonates could be quantitatively analyzed according
to type by two characteristic bands at 870 and 940 em. -I has
recently been withdrawn (11). Absorption data in the 825 to
1000 em, -I for typical compounds of several types here in­
vestigated are shown in Figure 61. No basis for the proposed
analytical procedure is evident. However, all four phosphites
of higher molecular weight (above ethyl) have a band between
870 and 880 cm. -I, in which region other classes of phosphorus
compounds are usually transparent and which, therefore, may be
of some use for qualitative analysis. Phosphonates have a band
between 940 and 990 ern. -I rather than at exactly 940 ern. -I, but
this knowledge is of little use, even for qualitative analysis,
because many compounds of other types (including phosphites)
also absorb in this region.

Phosphinic Acids. All five acids of the type RPO(H)OH
showed definite spectral similarities (Figures 4,9, 10, 11, and 20),
some of which are due to the characteristic absorption. of P-H,
OH, and P-O, and of the aromatic ring which was present in each
compound. In addition, each has a broad band of medium or
low intensity at 1665 cm. -I which is not observed in other classes

Cm. -I Observation

3000 Strong band
1480 Strong band

For Figure 15
Interpretation

C-H present
C-H present
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Figure 38. Ethyl dichlorophosphine (Naval Research Laboratory)
Figure 39. Diethylphenylphosphine (University of Chicago Toxicological Laboratory)

Figure 40. Thiophosphoryl Dichloride Fluoride (University of Chicago Toxicological Laboratory)
Figure 41. Trfpherryl Phosphite (East.man Kodak Co.)
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For Figure 15 (Continued)

Interpretation

No paraffinic C-H
No O-H, not an acid
NoP-H

For Figure 25

(Continued on next page)

Observation

No band
Absorption weak
No sharp band

Strong band
Strong band
Sharp band Phenyl group present
Strong band
Sharp band
Strong sharp band}
Sharp band Phenyl group attached to phosphorus

Intense band Phosphoryl group present, with two or
three electronegative substituents
(since one substituent is phenyl, re­
maining two must be electronegative)

Cm.r!

-0 OC,H.
+1/

Actual compound. Diethyl benzenephosphonate, C.H.-P
-,
OC,H,

greater than methyl (probably ethyl) and X is an electronegative
group.

3000
2665
2350-

2450
690
750

1030
1605
3050
1450
1000
1275

Phosphoryl group present,
probably with two or three
electronegative substituents

P-O-R present, an ester
(alkyl)

Not a methyl ester; probably
an ethyl ester

Phenyl group present

Intense band

Observation Interpretation

Absorption weak No O-H; not an acid
No sharp band No P-H

Region of intense absorption

No band }
Sharp band
Strong sharp band 1
Strong sharp band J
Strong sharp band
Strong sharp band
Sharp band
Strong sharp band fl
Weak sharp band
Intense absorption

2665
2350­

2450
1260

Phenyl group attached to
phosphorus

Many phosphorus compounds
absorb here

Conclusion. The compound is probably a phosphonate of structure
C,H,P(O)(ORh where R is greater than methyl, probably ethyl; it

-0
+1

could also be a phosphinate of structure C6H,-P-X where R is

1
OR

1050

'1200
1165

700
750

1030
1605
3050
1450
1000
980
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Conclusion. Compound must be a phosphine oxide with st1'UC!.UI'C

where both X and Yare electronegative', possibly fluorine 01'chlorine.
Actual compound. Phenyldichlorophosphine oxide,

Observation Interpret.at.ion

- + - +
+-O-P-OI-I+-O-P-OH+-

/........ / ........
H C,H, H CoHo

When other information-for example, the method of prepara­
tion or the physical and chemical properties of a material-is
available, those data should also be taken into consideration.
As a case in point, the spectrum of benzenephosphinic acid is
readily interpreted in terms of the simple structure shown on
Figure 4, except that here (and i.n all acids studied) hydrogen
bonding is observed. It has been found independently by
molecular weight determinations in benzene solution (8) that the
acid exists in trimerio or higher polymeric form. Thus, the
aetual structure probably consists of cyclic (or possibly linear)
polymers in which the monomers are joined by hydrogen bonds,
as in the structure

Not an ester
?
Many phosphorus compounds absorb

here'
Possibly P-F
Possibly P-Cl

For Figure 25 (Contimled)

Intense absorption
Broad band

No intense band'
Intense band
Broad band

750
570

Cm.- j

1050
1110

970

-0 Cl
+1/

C,H,-P-.
Cl

Spectral methods, as illustrated, have proved very useful in the
course of work for the identification of other types of phosphorus
compounds, including most of those listed in Table 1. Many
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Figure 47. Phosphonitrilic Chloride Trimer
Figure 48. Phosphonitrilic Chloride Tetramer
Figure 49. Methyl Phosphonitrilate Trimer
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The spectra of the n-butyl esters prepared by, Reactions I
and II are shown in Figures 16 and 17, respectively. While I
yielded tributyl phosphite, as expected, II yielded dibutyl phos­
phonate, as shown by the spectral differences in the regions of

In the presence of pyridine the phosphonite is obtained (Figure
6), whereas reaction of the purematerials yields the phosphinate,
as shown clearly by the presence of P-H aitd phosphorylgroup
frequencies in the spectrum (Figure 3). '

Similarly, three different esters may be obtained from the
reaction of phosphorus trichloride and alcohol in the presence of
pyridine (.9), as indicated by the following equations:

PCb + 3ROH + 3 pyridine~ P(OR). + 3 pyridine hydro-
chloride (I)

PCla + 3ROH + 2 pyridine~ HPO(OR)2 + 2 pyridine hy-
droehloride + RCI (II)

PCb + 3IWH + 1 pyridine~ H20,P-OR + 1 pyridine hy-
drochloride + 2RCI (III)

Cl
/

C.HoP + C2H.OH-,
CI

Dry

Pyridinecases have been encountered in which a reaction product does not
ha;e the structure expected on the basis of chemical considera­
tions alone, or in which two or more structures were possible.
In such cases identification by chemical methods can undoubtedly
be made, but spectral methods appear to be much simpler,
faster, and sometimes more reliable, particularly in connection
with the preparation of new compounds.

For example, the acid obtained by hydrolysis of phenyldi­
chlorophosphine (C.H.PCl,) is not the expected benzenephos­
phonous acid, C.H.P(OH)" but rather t.he monobasic benzene­
phosphinic acid,

as shown by the presence of characteristic P-O (phosphoryl),
OH, PH, and C.HoP frequencies in its spectrum (Figure 4). In
fact, in this investigation no acids of trivalent phosphorus have
been found! In every case where it was sought to identify a
phosphorous or phosphonous acid there was found, instead, thc
corresponding phosphonic or phosphinic acid.

Again, two different esters can be formed by the reaction of
ethyl alcohol with phenyldichlorophosphine, depending upon
how the reaction is carried out:

600700
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Figure 52. Isopropyl Phosphonitrilate Trin1er
Figure 53. Octyl Phosphonitrilate Trrmer
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P-H and phosphoryl absorptions near 2400 and 1275 cm.:",
respectively. These differences are again illustrated in the ethyl
esters in Figures 7 and 8. Reaction III has not yet been studied,
but the spectrum of the ester should readily show whether the
alkyldihydrogen phosphite, RO-P-(OHh, or the more likely

OH
alkyl hydrogen phosphonate, RO-(PO)< ' is obtained.

H
Uncertainty as to the structure of esters also arises because

of the possibility of rearrangement. For example, in the Arbusov
transformation (1, 2) trialkylphosphites are converted into
dialkyl alkane phosphonates by alkyl halide according to the
reaction:

-0
+1

(RO),P + R,X ---+ R,-P-(OR)2 + RX1(R, can;be equal to R)

to check the structure of an ester to determine whether rearrange­
ment has occurred, and this is easily done by means of the phos­
phoryl frequency. In the present work tri-butyl phosphite and
di-n-butyl n-butanephosphonate (Figures 16 and 17) have shown
no tendency to rearrange at room temperature.

Finally, the characteristic group absorptions have been found
useful in determining the purity of esters which tend to hy­
drolyze. For example, samples of pure triethyl phosphite,
P(OC2H.)" and diethyl benzenephosphonite, C6H5P(OC2H5)2

do not exhibit strong characteristic absorption of phosphoryl,
P-H, or OH (bonded), but most preparations of these compounds
do have some absorption in these regions (Figures 6 and 8).
Although these weak bands may be due to combination fre­
quencies, it is more likely that they are caused by a small amount
of hydrolytic impurity. When the samples were purposely
exposed to the atmosphere for short periods of time, the intensity
of these bands rapidly increased.

Moreover, this conversion is reported to occur in certain in­
stances without alkyl halide (12) and to have the properties of It

catalytic reaction (1, 2). It is frequently desirable, therefore,
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Titration of Dissolved Oxygen Using
Acid-Chromous Reagent

HOSMER W. STONE AND ROBERT L. EICHELBERGER!

University of California, Los Angeles 24, Calif.

AMON G the methods for the determination of dissolved
molecular oxygen which have been used during the past 60

years, the Winkler (12-14) method and its modifications appear
most frequently in the literature. There are, however, important
disadvantages to Winkler's method, such as troublesome manipu­
lations, the need for relatively large volumes for each determina­
tion, and the considerable length of time required for each analy­
sis. For these reasons, the possibility of a new method based
on the reaction of molecular oxygen with the acid-chrornous re­
agent seemed worthy of investigation. The success of this re­
agent in the determination of oxygen in gaseous mixtures (8)
suggested that it might work equally well for dissolved molecular
oxygen in water.

The reaction, which for practical purposes is instantaneous,
may be represented by the following equation;

4H+ + 4Cr++ + O2 = 4Cr+++ + 2H 20 (1)

In the method presented here, the sample of water was added
to a quantity of standard chromous chloride-hydrochloric acid
solution in excess of that required to react with the oxygen in the

1 Present address, Truesdail Laboratories, Inc., Los Angeles (i;j, Calif.

sample. The excess chromous ion was then oxidized by adding
standard potassium iodate solution, which reacted according to
Equation 2. The iodate remaining was determined by adding a

6H+ + 6Cr++ + 103 - = 6Cr+++ + I- + 3H20 (2)

crystal of potassium iodide and then titrating the iodine formed
with the standard chromous chloride. The whole procedure was
carried out under an atmosphere of carbon dioxide.

PREPARATION OF REAGENTS

Acid-Chromium Chloride Solution. An approximately 0.008
M solution was prepared by mixing 1.05 grams of C.P. chromic
chloride hexahydrate with 8.5 m!' of 6 M hydrochloric acid and
then diluting to 500 m!' with distilled water. The chromium
(III) was reduced to the chromium (II) state by passing this
solution through a reductor, containing 1% mercury on zinc,
into the storage titration apparatus depicted in Figure 1. The
method used to accomplish this is described in detail by Stone en.

Oxygen-Free Potassium Iodate Reagent. A 0.6-gram sample
of C.P. potassium iodate was dissolved in distilled water and
diluted to 500 ml. After this solution was forced into a storage
titration apparatus, shown in Figure 1, by the method used for
the chrornous solution, the apparatus was inverted so that the
open cock of the buret was well above the water level. The solu-
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The need was felt for a method of determining molec­
ular oxygen dissolved in water which would elitni­
nate sorrre of the disadvantages of the cornrnordy
used Winkler procedure. This work was under­
taken to ascertain whether or not the reaction be­
tween divalent chromium and molecular oxygen
could be made the basis for such a determination.
The investigation developed a practical method for

determining dissolved oxygen, which is simple, fast,
and reproducible. Results given for the oxygen con­
tent of air-saturated water agree w:ith -those of previ­
ous investigators. .Applications of this method
shorrld be of interest 'to all analytical chemists con­
cerned with problems of sanitation involving water
supplies and waste waters. The IT\ethod is adaptable
for use in the field as well as in the laboratory.

Figure 2. Apparatus for Preparing
Water of Standard Oxygen Content

5-ml. Burel

Gloss Wool

III"""n·IlI·~B

To
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Thermoslol

REAGENT
RESERVOIR

tion in the storage flask was then boiled vigorously until the 500­
ml. volume had been reduced to approximately 300 ml. This re­
quired about 20 minutes. The stopcock was then closed and the
flame removed at once. After the apparatus and contents had
cooled to room temperature, the pressure in the storage flask was
brought to approximately 1 atmosphere above the room pres­
sure with oxygen-free nitrogen as described by Stone (7).

Potassium Iodate Standards Reagent. A standard solution
of pure potassium iodate, approximately 0.002 M, was prepared
by the usual quantitative procedures. Measured volumes of this
solution were boiled to remove the dissolved oxygen and used to
determine the concentration of the chromous solution, which in
turn was used to standardize the oxygen-free potassium iodate
solution. The method of standardization is described in detail
below.

Water of Standard Oxygen Content. This reagent was pre­
pared in the apparatus diagramed in Figure 2. A thermostat,
not shown, provided water at constant temperature that was
circulated by a pump through the water jacket, A, surrounding
the buret reservoir, B. Corrosion was inhibited in the thermo­
static bath by making the water 0.0005% in sodium nitrite and
adding just enough sodium hydroxide to keep the bath faintly
alkaline to phenolphthalein. This method of inhibiting corro­
sion was suggested by Wachter (9). Compressed air, filtered
through glass wool, was bubbled through the thermostated water
sample for 4 hours. Then the air supply was turned off and an
interval of 1 hour was allowed to elapse before aliquot portions
were taken for analyses.

PROCEDURES

Standardization of Chromium (II) Reagent. A 25 X 80 mm.
heat-resistant test tube was fitted with a rubber stopper in
which three suitable holes had been made. Two of the holes
were for the inlet and outlet of the carbon dioxide stream used to
exclude the air. The third hole was the opening through which
the delivery tips of the burets could be inserted. The fit of the
buret tip was loose, so that carbon dioxide also escaped past the
tip when it was in place. A glass stopper closed this third hole

1 ML BURET
(Grad. 1o 0.01 mI.)

PRESSURE STOPCOCK

CO,-

CAPILLARY TIP

Figure 1. Storage Titration Apparatus

when it was not occupied by a buret tip. A cylinder equipped
with a pressure-reducing valve provided carbon dioxide, free from
molecular oxygen, for flushing the titration tube and excluding the
air during the titrations. The rubber tube from the cylinder to
the titration tube was made as short as was convenient. When
this was not over 2 feet long, a 2:minute flushing, at a rate of 400
ml. of carbon dioxide per minute, was found sufficient for this
work. The flow of gas was regulated by the reducing valve and
measured on a calibrated U-tube orifice meter.

After the air had been purged from the titration flask, a meas­
ured volume of standard potassium iodate solution was intro­
duced through a hole in the stopper to the titration tube. The
400 ml. per minute flow of carbon dioxide was maintained
throughout the purging and titration process. A very low flame
from the laboratory burner, with the air ports completely closed,
was used to cause the solution to boil quietly. The gentle
boiling was continued for about 5 minutes, by which time a fifth
of the solution had boiled away. Experiments with varying times
showed that further boiling did not change the titration value
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Table I. Titrations of Molecular Oxygen in Distilled Water
Temperature, 0 C.

0.7380 0.7380 0.7010 0.6880 0.6434
0.0015 0.0010 0.0010 0.0010 0.0009

0.0007 (0.1 %) 0.0005 (0.1 %) 0.0005 (0.1 %) 0.0005 (0.1 %) 0.0005 (0.1 %)
7.90 7.91 7.42 7.26 6.69

0.008237 N
CrCb required to titrate 0, in 5.00

m!' of water, ml.

Av.
Av. deviation
Probable error
Oxygen found, p.p.m,

15.0 ... 0.2

0.900
0.905
0.905
0.895
0.897
0.893

0.8992
0.0042

0.0016 (0.2%)
10.04

25.3 ... 0.2

0.766
0.764
0.765
0.764
0.765
0.766

0.7648
0.0009

0.0003 (0.05%)
8.26

27.2 ... 0.2

0.739
0.733
0.737
0.738
0.737

27.2 '" 0.2 31.2 ... 0.2

0.740 0.700
0.738 0.700
0.736 0.700
0.738 0.703

0.702

31.8 ... 0.2

0.690
0.687
0.687
0.688

38.1 '" 0.2

0.643
0.643
0.645
0.644
0.642

In each titration 0.200 mi. of Os-free KIO. (equivalent to 0.1374 ml, of CrCh) was added.

of the standard. This is in line with the observations of White
(11) and his coworkers, who found that in their special hydrogen
purged and evacuated distilling apparatus, the oxygen was com­
pletely removed from aqueous solution when one tenth of the
solution had been distilled off. With the volumes used in the
standardization, this amount was easily boiled away in 2 minutes.
Great care was used during the boiling process to prevent spatter­
ing of the solution high up on the walls of the titration tube where
the drops could not be easily included in the titration to follow.
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with that used for the standardizations previously cited, is here
summarized to include points peculiar to the analysis.

The apparatus was purged of air with carbon dioxide flowing at
a rate of 400 ml. per minute for 2 minutes. A volume of chromous
chloride-hydrochloride acid reagent, which was more than equiv­
alent to the expected oxygen content of the sample, was de­
livered to the titration tube. Next, the water sample was added
from the buret with the capillary tip touching the chromous
solution. If the solution being analyzed was at a lower tempera­
ture than the reagent, the test tube containing the chromous solu­
tion was cooled before the water sample was added. This was
done to minimize the possible loss of oxygen due to a rise in
temperature before it reached the chromous reagent.

If the water sample being titrated was at elevated temperatures,
the titration tube and contents were always cooled to room tem­
peratures before the final step of the titration. This was done
because other investigators (2, 3) have shown that starch indica­
tor loses sensitivity rapidly as the temperature rises above 20 0 C.

After the solutions had been thoroughly mixed with the aid of
the magnetic stirrer, a slight excess of oxygen-free standard potas­
sium iodate solution was added and the solution was again stirred.
As soon as a single crystal of potassium iodide and a drop of starch
indicator had been added, the iodine formed was titrated by the
addition of more chromous reagent. Because the excess of
iodate was kept small, based on the results of a preliminary titra­
tion, the possibility of loss of iodine by volatilization was at a
minimum. The end point color change was from a pale blue to
the sparkling green.

DISCUSSION

• Values accepted by Atnerican Public Health Associationo Values calculated frOID chrornous titration

Standardization of Oxygen-Free Potassium Iodate Reagent.
This reagent was titrated against the now standardized chromous
chloride by following same procedure used for the standardization
of the chromous reagent itself, save that no boiling was required.
This had already been done in the pressure-storage apparatus
prior to the standardization.

Determination of Molecular Oxygen in Water Saturated with
Air at Various Temperatures. The method, almost identical

After the solution and tube had cooled to room temperature,
the capillary tip of the buret containing chromous chloride was
brought in contact with the surface of the solution and a volume
of chromous reagent nearly equivalent to the standard iodate
was delivered. Mixing was accomplished by means of a magnetic
stirrer, the stirring element consisting of a lO-mm. length of iron
wire sealed in glass. Next, a crystal of potassium iodide and a
drop of starch indicator were added and the titration was com­
pleted by the addition of more chromous chloride solution.
As an aid in seeing the end point change under the varying
conditions of laboratory daylight, a blue daylight bulb was in­
stalled. This resulted in a more nearly uniform lighting of the
end point at all times. The end point color change was from the
pale blue of the starch-iodide-iodine to the light sparkling green
of the dilute chromium (III).

A complete titration can be carried out in 4 or 5 minutes, and a
series of four, from which a very accurate value for the oxygen
content may be found, can be made in 20 minutes.

This indirect titration procedure was chosen, in preference to
the direct titration of the excess acid-chromous reagent with the
standard potassium iodate-iodide, because it was found by experi­
ment that the end point was better by the indirect method.

Table I shows the results of the titrations of the molecular oxy­
gen in distilled water saturated with air at various temperatures.
These indicate that the reliability of oxygen content values deter­
mined by this method is better than 0.2%. Figure 3 graphically
compares the results obtained by use of the aeid-chromous reagent
with those chosen by the American Public Health Association for
oxygen in air-saturated water over the same temperature range.
These values (1) are based on the work of Fox (5) as calculated by
Whipple and Whipple (10).

Fox employed a purely physical method of analysis based on
Estreicher's e,n adaptation of the method described by Ostwald
(6). This depended on precise measurements of volume, tem­
perature, and pressure before and after the water was saturated
by air. While other sources give somewhat different values, a
thorough search of the literature convinced the authors that
these values, accepted by the American Public Health Associa­
tion, were the most reliable.

EFFECT OF NITRITE

Other methods of determining the oxygen dissolved in water
have failed in the presence of interfering ions, particularly nitrite.

11108 9
OXYGEN, P. P. M.

Solubility of Oxygen in Air-Saturated Water
at 760 Mm.

7

Figure 3.
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In each case 0.200 mi. of Or-free KIO. (equivalent to 0.1374 mi. of Or-Ole) was added.

Table II. Effect of Nitrite
Approximate Nitrite Concentration

10 P.P.M. 20 P.P.M. 20 P.P.M.
Before After Before After Before After
boiling boiling boiling boiling boiling boiling

It is significant that all the determinations of
nitrite-containing water show a higher apparent.
oxygen content than the control. Perhaps suf­
ficient carbon dioxide dissolves in the solution to
raise the hydrogen ion concentration to a point at
which an appreciable amount. of the nitrite is in
the form of nitrous' acid when boiled, and is thus
lost. It was thought that the addition of a small
amount of base before boiling might eliminate
this, if the solution were acidified before titrat­
ing. Wilen this was tried, basic solutions had
a greater tendency to bump, spattering solution
on the sides of the test tube. The attempts
made with this procedure produced inconsistent
results.

0.630
0.628
0.624
0.629
0.6283

0.624
8.22
8.09
1.6

0.588 1.251
0.592 1.254
0.590 1.252

O. 590 1. 2523

0.685
9.02
8.94
1.0

0.6183
8.15
8.09
0.7

1.000 0.382 1.275
1.000 0.385 1.271
1.000 0.380 1.280

1.273
1.000 0.3817 1.275

2 P.P.M.

0.631
8.32
8.30
0.3

Before After
boiling boiling

0.823 0.192
0.821 0.190
0.822 0.191
0:822
0.822 0.191Av.

Difference before and
after boiling, mi.

Oxygen found, p.p.m.
Oxygen in control, p..p.m.
% above control

0.008237 N c-ci, required
to titrate 0, in 5.00 mi.
of water, ml.

To determine the applicability of the chromous method to solu­
tions containing nitrite, solutions of sodium nitrite were made up
and titrated. A series of titrations on the same solution showed
that a constant value was obtained, but the result was signifi­
cantly higher than that of pure water at the same temperature.
It appeared reasonable to believe that the actual oxygen content
of the nitrite solution could be found by running one sample by
the ordinary procedure and another after boiling off the dissolved
gas. The difference between the two titrations would then be
equivalent to the oxygen in the original sample. The results of
determinations made in this way are shown in Table II. The
solutions used were made by adding various volumes of a known
sodium nitrate solution to flasks containing distilled water. The
flasks were stoppered, shaken well, and allowed to stand for
over an hour. Samples were taken in a pipet. Control values
were obtained by using a similar procedure on a flask of water
containing no nitrite.
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Colorimetric Estimation of Various Metal Derivatives of
Sodium Diethyldithiocarbamate

RENE .J. LACOSTEl, MASON H. EARING2, AND STEPHEN E. WIBERLEY

Rensselaer Polytechnic Institute, Troy, N. Y.

The organic reagent, sodirrm diet.hylditbdooarbarn­
ate, has been widely used in the cofor-irrret.rfe deter­
rnfna'tion of copper. This investigation was under­
taken to show that trace quantities of rnariy other
clerrrerrts can also be accurately deterDlined colori­
Dletrically using this reagent. Btsmrrtb, cobalt,
chromfum, iron, nickel, and uraniuDl as well as
copper can be deterDlined coloriDletrically using this
reagent and subsequent extraction into a chlorofor-m

solution. The extraction is quantitative over a wide
range of acidity. Application of this rrierbod to the
deteemtrratton of btsrmrtb should be particularly
valuable. This work shows that all the elernerrts
rreeratiorred will interfere in the doterrnfnatfon of
copper unless provision is rnade for their r-errioval i

by controlling the acidity of the solution from which
the extraction is m ade, copper can be separated
successfully froDl u'rarriurn and chromfurn ,

M OST of the investigations dealing with sodium diethyl­
dithiocarbamate as an analytical reagent have dealt with

its application to the analysis of copper; little work has been
reported showing that the colored solutions obtained with other
metals obey Beer's law. The object of this paper is to investigate
the use of sodium diethyldithiocarbamate as a color-forming
complex, and to study its application to the colorimetric deter­
mination of various elements.

In 1908 Delepine (4.) published a paper describing the proper-

1 Present address, Department of Chemistry, University of Chicago,
Chicago, Ill.

2 Present address, Wyandotte Chemical Corp., Wyandotte, Mich.

ties of methyldithiocarbamates, including the copper compounds,
and in the same year (3) he published a paper on the detection of
copper and iron with a solution of dialkyl dithiocarbamate.

Sodium diethyldithiocarbamate reacts with solutions of copper
salts to give a brown color or precipitate. The compound
formed in this reaction has been assigned the following formula
(6).

S
/ "'Cu(C2H,h=N-C -
-. /2

S
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Color of Metal Complexes in Chloroform.
Color Ion Color

Yellow Mo++++++ Red
Green Ni ++ Yellow-green
Brown Sn + + Orange
Green Sn ++++ Orange
Brown U ++++++ Reddish brown
Brown

Table 1.
Ion

Bi +++
Co++
Cu++
Cr++++++
Fe++
Fe+++

. The amyl acetate extractions would involve some incon­
venience in an analytical method because this solvent forms the
upper layer when in contact with water. Therefore, chloroform
was chosen as the solvent for all subsequent work because of its
more universal solvent action for the diethyldithiocarbamates
investigated.

Figure 1. Absorption Spectra of Various Con­
centrations of Soditrm Diethyldithiocarbamate

in Chloroform
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QUANTITATIVE STUDY

The same reagents were used with the exception of the buffer
solution which was a solution of ammonium acetate and acetic
acid of pH 6.3.

The standard metal ion solutions were made to contain 1.00
mg. of metal ion per ml. of solution using an accurately weighed
quantity of an appropriate salt according to Welcher (10).
These solutions were further checked using an appropriate
gravimetric or volumetric procedure.

The spectrophotometric measurements were made in I-cm.
cells using a Beckman spectrophotometer, Model DU, and the
pH measurements were made using a Beckman pH meter, Labora­
tory Model G.

Absorption Spectrum of Sodium Diethyldithiocarbamate in
Chloroform. Before measuring the absorption spectra of the
various metal complexes in chloroform, it was necessary to
determine the absorption spectrum of the reagent.

One milliliter of a 2% solution of sodium diethyldithiocarba­
mate was added to a 125-m!. separatory funnel; 2 and 3 ml. of the
same solution were added to a second and a third funnel, respec­
tively, making solutions which were equivalent to 4 and 6% solu­
tions of sodium diethyldithiocarbamate. A buffer of pH 6.3 (10
m!.) was added to each funnel, and the aqueous solutions were ex­
tracted three times with 15-m!. portions of chloroform. The
chloroform layers were withdrawn through 9-cm., No. 41 What­
man filter papers into 50-m!. volumetric flasks. The solutions in
the flasks were diluted to the mark, and the absorption spectra
were measured from 350 to 1000 mIL.

The following ions yielded white or cream-colored precipitates
but no color in any of the organic solvents at the three pH's
mentioned: Sb+++, Cd ++, Ir++++, Hg t, and Hg t t.

The ions listed in Table I yielded the same color in all three of
the organic solvents used with the exception of the uranium and
molybdenum complexes which were insoluble in carbon tetra­
chloride.

Results. The following ions did not yield a precipitate or a
color in any of the organic solvents at the three pH's mentioned:
As+++, As+++++, Ce+++, Cr+++, Pt++++, or Ru ++++.

QUALITATIVE STUDY

Reagents. 1. Buffer Solutions. pH 3.7, 120 ml. of glacial
acetic acid and 27 grams of ammonium acetate were dissolved in
a total volume of 1 liter. pH 7.2, the pH 3.7 buffer was adjusted
to a pH of 7.2 by the addition of ammonium hydroxide. pH 9.5,
200 grams of ammonium acetate and 70 ml. of concentrated
ammonium hydroxide were dissolved in a total volume of 1 liter.

2. Metal Ion Solutions. The theoretical amount of reagent
grade salt required to give a concentration of 5 mg. of metal ion
per ml, was dissolved in a total volume of 250 ml.

3. Reagent. Sodium diethyldithiocarbamate (2 grams,
Eastman Kodak) was dissolved in 100 ml, of distilled water.

4. Organic Solvents. Reagent grade chloroform and car­
bon tetrachloride and C.P. grade amyl acetate were used.

Experimental Procedure. One milliliter of a solution con­
taining 5 mg. of metal ion per ml., and I ml, of a 2% solution
of sodium diethyldithiocarbamate were added to each of three
125-m!' separatory funnels. Twenty milliliters of each of the
buffers with pH values of 3.7, 7.2, and 9.5 were poured into the
first, second, and third funnels, respectively. The mixtures were
shaken and observed for any colored precipitates. Chloroform
(10 ml.) was then added to each funnel and the mixtures were
shaken. The aqueous and chloroform layers were then observed
to see whether the chloroform had dissolved any precipitate.

This procedure was repeated using carbon tetrachloride and
then amyl acetate as solvents for extraction. The whole proce­
dure was also repeated without adding a solution of metal ion to be
sure that any colored solutions formed with the solvents when the
metal ion was added were not due to the presence of the reagent
alone.

In very dilute copper solutions, a colloidal suspension is formed
which is suitable for a colorimetric comparison (1). Gum
tragacanth, gelatin (8), and gum arabic (7) may be used as pro­
tective colloids to prevent coagulation of the colloidal precipitate.
The inherent difficulties of such a method may be eliminated,
however, by application of the fact that the copper diethyldithio­
carbamate, though insoluble in water, is soluble in a number of
organic liquids, such as amyl alcohol, amyl acetate, bromo­
benzene, carbon. tetrachloride, and chloroform. Hence the
colored copper complex can be extracted with a solvent which is
immiscible with water and subsequently measured in a photom­
eter or color-matching apparatus. Further, by using the
extraction method, the sensitivity of the reaction is increased,
and the interference by certain colored ions can more readily
be prevented (11). .

The last reference cited lists 69 references dealing with applica­
tions of sodium diethyldithiocarbamate to analytical methods.
Practically all of these methods are concerned with the deter­
mination of copper in such materials as sea water, milk and dairy
products, blood and biological materials, fabrics, dyes, rubber,
and both ferrous and nonferrous alloys. Callan and Henderson
(1) studied the colorimetric determination of copper, and in
addition found that sodium diethyldithiocarbamate forms pre­
cipitates with aluminum, antimony, barium, bismuth, cadmium,
calcium, chromium, cobalt, iron, lead, magnesium, manganese,
mercury, nickel, silver, tin, titanium, uranium, and zinc. Con­
sequently the use of the reagent was extended to include the
determination of some of these metals. However, not all of
these precipitates are colored, and the methods developed were
not colorimetric. In fact, even though the cobalt diethyldithio­
carbamate is colored, Scacciati (9) extracted it with chloroform
and proceeded to determine that metal gravimetrically.

In more recent"work performed by Chernikhov and Dobkina
(2) the qualitative reactions of sodium diethyldithiocarbamate
with various metals were reaffirmed. The list of Callan and
Henderson was expanded to include molybdenum, selenium,
tellurium, vanadium, indium, gallium, thallium, rhenium, and
tungsten. However, no indications were made concerning appli­
cation of the reactions to colorimetric determinations.
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Wave Lengths of Maxintunt Absorbaricy
Wave Wave

Length, Length,
rnJ£ Ion m.uIon

Table II.

EFFECT OF pH ON EXTRACTI.ONS OF SODIUM
DIETHYLDITHIOCARBAMATE COMPLEXES

The effect of the pH on the extractions of various metal com­
plexes of sodium diethyldithiocarbamate was studied for the
metals listed in Table II.

Bismuth 370 Ferric 515
Cobaltous 650 Ferrous 515
Cupric 440 Nickelous 395
Dichromate 500 and 670 a Uranyl 390

a This wave length was used in all subsequent work.

During this part of the investigation, it was observed that the
colored chloroform solutions of the tin and molybdenum diethyl­
dithiocarbamates faded rapidly. Consequently, the absorption
spectra for these complexes could not be accurately measured.

The chloroform solutions of the other complexes were measured
at the wave length of maximum absorbancy over a period of 3
hours and no deviations from the original absorbancy readings
were observed. The nickel, bismuth, and uranium complexes
were stable over a 24-hour period. The absorbancies of the
other complexes were not measured after 3 hours.

Although the absorption spectra for the nickel and cobalt
complexes seem to indicate the possibility of determining cobalt
iii the presence of nickel, a subsequent investigation, using a
quantity of nickel salt solution equivalent to 5 mg. of nickel,
showed that the nickel complex also absorbs slightly at a wave
length of 650 m«.

The chloroform solution of the uranium complex does not
actually have an absorption maximum at 390 me, However,
there is a sufficiently broad absorption plateau in the region of
this wave length to permit reproducible absorption measure­
ments.

. Experimental Procedure. The proper concentration of metal
Ion to be used was determined experimentally. This was done
by first extracting a solution containing 1 mg. of metal ion and
measuring the absorbancy. The concentration was then ad­
justed to keep the intensity of color at such value that the
maximum absorbancy would not be above 0.800 on the spectro­
photometer scale. This value was chosen as the upper limit be­
cause It represents the approximate limit of the best sensitivity
range of the Beckman instrument.

A 2% solution of sodium diethyldithiocarbamate (2 ml.), and
10.ml. of a buffer of pH 6.3 were added to the appropriate amount
of metal ion solution in a 125-ml. separatory funnel. Two extrac­
tions with 2D-ml. portions of chloroform were used in allcases, in­
asmuch as two extractions gave as complete extraction as three.
The chloroform layer was withdrawn into a 50-ml. volumetric
flask through a9-cm., No. 41 Whatman filter paper, and diluted
to the mark. The absorbancy of the solution was measured from
350 to 1000 mu.

The absorption spectra are shown in Figure 2. The wave
lengths of maximum absorbancy are shown in Table II.

900500 700
WAVELENGTH (MILLIMiCRONS)
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Figure 2. Absorption Spectra of Metal
Diethyldithiocarbantates
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ABSORPTION SPECTRA OF VARIOUS METAL
DIETHYLDITHIOCARBAMATES IN CHLOROFORM

0.800r---:---:---:---r--------r-----......,

sufficiently low. Theoretical calculations, based on the formula
assigned the copper diethyldithiocarbamate by Dubsky (6),
indicate that this concentration is 30 times the amount necessary
to react with the maximum amount of copper used. Even assum­
ing a difference in the nature of the other complexes, this was
thought to be a sufficient excess of reagent. Such proved to be
the case except in the extraction of the dichromate ion, when it
became necessary to use 4 ml. of 2% sodium diethyldithio­
carbamate solution for complete precipitation of the complex.

Figure 1 indicates that a maximum occurs at 425 mu, but that
even at a concentration of 6% sodium diethyldithiocarbamate,
the absorbancy at this maximum is very low. It was decided
to use a concentration of 4% (2 ml. of 2%) of the reagent in all
subsequent work because, at this concentration, the blank is

Previous work with sodium diethyldithiocarbamate has not
produced complete spectral data for solutions of the metal
complexes other than that of copper. Drabkin (5) obtained some
spectral data for nickel, cobalt, and bismuth while studying the
interference of these ions with the copper determination. His
data, however, were obtained over the wave-length range of 420
to 660 mt' and were not complete enough for application to deter­
minations of these metals. In the present investigation, the
.absorption spectra of the diethyldithiocarbamates of the ions
listed in Table I were measured over a wave-length range of 350
to 1000 mu,

Experimental Procedure. Buffer solutions with pH values
from 0.1 to 9.5 were prepared. This was done by adjusting
buffers of a pH 3.7, 7.2, and 9.5 with either ammonium hy­
droxide or acetic acid to obtain the desired pH value. A buffer
solution of hydrochloric acid and potassium chloride was used
for extractions at a pH of 0.1 to 1.0.

A sufficient quantity of metal ion solution was added to a 125­
ml. separatory funnel. The quantity was determined, as previ­
ously explained, to keep the absorbancy below 0.800. Two milli­
liters of a 2% sodium diethyldithiocarbamate solution were
added, except in the dichromate investigation which required 4
ml. Ten miIIiliters of the desired buffer solution were added, and
the complex was extracted twice with 20-ml. portions of chloro­
form. The chloroform was withdrawn through a 9-cm., No. 41
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Whatman filter into a So-m\. volumetric flask and diluted to the
mark.

Figure 3. Effect of pH of Aqueous Phase on Extrac­
tions of Diethyldithiocarbamate Complexes
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Both the ferrous and ferric complexes were measured but the
points were so similar that only one straight line is shown in
Figure 4 for both Fe++ and Fe+++.

The data in Figure 4 show that the reagent is most sensitive
for copper, whereas it is least sensitive for the dichromate ion.
The sensitivity of the reagent for the various ions arranged in the
order of decreasing sensitivity is as follows: cupric, nickelous,
ferric and ferrous, bismuth, uranyl, eobaltous, and dichromate.

0.80011-----+-----+-----+--------".~

0.60011----4--+----..'<-----I-----~l::...-~.e::::---...j

The data presented show that trace quantities of these elements
can be quantitatively determined using sodium diethyldithio­
carbamate as a color-forming reagent-for example, the deter­
mination of bismuth by this method should be equal or superior
to existing methods. Furthermore, in using this reagent for
copper with present procedures, serious interferences from these
same elements can be expected unless provision is made for their
removal.

Figure 4·. Beer's Law Relationships for Various Met.al
Diethyldithiocarbamate Complexes

0.40011---/>----¥-----...4::.,...L..---+------1
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Experimental Procedure. Three different quantities of metal
ion solution were added to three 12S-m\. separatory funnels.
These quantities were so chosen that the absorbancy reading
would be approximately equally spaced over the absorbancy
range from 0.000 to 0.800. Two milliliters of 2% sodium
diethyldithiocarbamate were added, except in the dichromate in­
vestigation which required 4 ml. A lO-m\. portion of the opti­
mum pH buffer (as noted in Figure 3) was added, and the com­
plexes were extracted twice with 20-m\. portions of chloroform.
The chloroform was withdrawn through a 9-cm., No. 41 Whatman
filter into a So-m\. volumetric flask and diluted to the mark. The·
absorbancy of each solution was measured at the wave length or
maximum absorbancy.

The absorbancy of the chloroform solution was measured at the
wave length of maximum absorbancy indicated in Table II. The
results are shown in Figure 3.

The curves which show the effect of the pH on the extractions
of the complexes indicate that only the uranium complex is not
extracted in acid solutions and, therefore, would not interfere
with those complexes which extract at low pH values. The
complex formed with the dichromate ion extracts well up to a
pH of 6.3 and decreases rapidly at higher pH values. The other
complexes are extracted almost quantitatively over the entire
pH range which was investigated; only the copper complex
shows a slight decrease at about pH 4.0. It might be possible,
however, to effect a separation of the complexes by studying the
extractions at higher acidities.

Beer's Law Relationships, The purpose of this part of the
investigation was to determine if the chloroform solutions of the
colored diethyldithiocarbamate complexes adhered to Beer's
law of linear proportionality between absorbancy and concen­
tration.

The results are shown in Figure 4. These plots have not been
corrected for the blank (Figure 1).

The linear relationships of the absorbancy VB. concentration
curves indicate that the bismuth, cobaltous, cupric, dichromate,
ferric, ferrous, nickelous, and uranyl ions can be colorimetrically
determined by using sodium diethyldithiocarbamate as a reagent
and ,chloroform as the extracting solvent.



Spectrophotometric Determination of Nickel in Steel
M. D. COOPEH

Research Laboratories Division, General Motors Corp., Detroit, Mich.

This investigation was conducted for two purposcs:
to develop a method that would provide consistently
good color stability, and to establish the nature and
degree of interference of copper and manganesc.
This paper defines the range of ratios of mangancse
and copper to nickel which can be tolerated in thc
sample solution, and it presents a simple method of
correcting for thc interference. The dcscription of

T H E spectrophotometric method, presented here, is a modifi­
cation of one published by Haywood and Wood (7). Al­

though the reagents used arc essentially the same, the order of
addition has been changed, with resultant improvement in
stability. Specifically, this method is characterized by the
oxidation of nickel in the presence of dimethylglyoxime, the iodine
solution being added to the ammoniacal solution of the sample.
The absorbancy of the nickel compound, when it is formed
in the absence of other metallic elements, reaches a maximum
within 2 or 3 minutes and remains constant for at least 25 min­
utes.

In further contrast to work that has been described previously
(8-10), this investigation comprises an advance in the study of
interferences. Hence, it is shown that the degree of stability
(constancy of the absorbancy with time) characteristic of solu­
tions containing only nickel is not necessarily a measure of the
stability when nickel is associated with certain other elements.
Because in the analysis of steel it is generally impractical, and in
some cases impossible, to isolate the nickel quantitatively, it
must be determined in the presence of the other constituents of
the alloy. Among these are invariably manganese and almost
inevitably copper. These elements may seriously affect both the
constancy and the magnitude of the absorbancy.

REAGENTS

Sulfuric-phosphoric acid mixture. Add 150 m!. of sulfuric aeid
(specific gravity 1.84) and 150 m!. of phosphoric acid (85%) to"
500 ml. of water, cool, and dilute to 1 liter.

Ammonium citrate solution. Dissolve 540 grams of ammonium
citrate in water and dilute to 1 liter.

Ammoniacal dimethylglyoxime solution. Dissolve 1 gram of
dimethylglyoxime in 500 ml. of ammonium hydroxide (specifi,
gravity 0.90) and dilute to 1 liter.

Ammonium hydroxide (1 to 1). Dilute one volume of am­
monium hydroxide (specific gravity 0.90) with one volume of
water.

Iodine solution (0.02 N). Dissolve 8 grams of potassium iodid '
in a minimum of water, add 2.6 grams of iodine, dissolve, and
then dilute to 1 liter.

Standard nickel solution, 1.000 mg. of nickel per ml, Dissolve
1.000 gram of pure (Hilger) nickel in 15 ml. of nitric acid (specific
gravity 1.42) (supplied by the Adam Hilger Co., Ltd., London,
England), add 10 ml. of sulfuric acid (specific gravity 1.84), and
evaporate to fumes. Cool, add 50 m!. of water, and digest until
salts are dissolved, and then cool and dilute to 1 liter.

Standard nickel solution, 0.0100 mg. of nickel per ml. To 10.00
m!. of the standard nickel solution containing 1.000 mg. of
nickel per m!. add approximately 10 ml. of sulfuric acid (1 to 1)
and dilute to 1 liter. Use this solution for calibration involving
the I-cm. cells.

Standard nickel solution, 0.0020 mg. of nickel per ml. To 100.0
ml. of the standard nickel solution containing 0.0100 mg. of
nickel ml. add approximately 5 ml. of sulfuric acid (1 to 1) and
dilute to 500 ml. Use this solution for calibration involving the
5-cm. cells.

Standard copper solution, 0.100 mg. of copper per ml. Pre­
pare according to the method described for the standard nickel
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the retarding effcct of rnarrgurrese on color develop­
ment, which may Icad to serious error in the deter­
mination of nickel at trace levels in steel, should
constitute a warning to those who may be inclined
to ignore its presence. Comparative data show that
this spectrophotometric method is superior to the
familiar gravimetric and titrimetric methods from
the standpoint of precision as well as speed.

solution (1.000 mg. per ml.) using 0.1000 gram of purc (Hilger)
copper.

Standard manganese solution, 0.30 mg. of manganesa/ml.
Dissolve 0.3000 gram of pure (Hilger) manganese in 15 ml. of
nitric acid (specific gravity 1.42), add 50 ml. of water, boil 5
minutes, cool, and dilute to 1 liter.

PROCEDURE

Transfer the sample to a borosilicate glass volumetric flask,
add sulfuric-phosphoric acid mixture, and heat on the steam plate
until action ceases. The sample size, capacity of the volumetric
flask, and volume of the acid mixture should be correlated ac­
cording to the following considerations:

The aliquot of the solution of the sample should not exceed 25 m!.;
a 20-m!. aliquot is preferable.

The aliquot should represent not more than 50 mg. of sample;
if the percentage of manganese is greater than 0.9, the maximum
sample may be calculated as 45/% manganese.

The apparent percentage of nickel, uncorrected for manganese
interference, must be at least 0.0277 X % manganese.

The aliquot should contain approximately 0.5 ml. of the sulfuric­
phosphoric acid mixture.

The sample weight should be great enough to preclude a significant
enol' in weighing.

Add nitric acid (specific gravity 1.42) dropwise to the hot
solution, while swirling the flask, until the iron is oxidized. Com­
plete oxidation of the iron is indicated by a sharp increase in the
rate of evolution of oxides of nitrogen. Add a few drops of
nitric acid in excess and heat the solution to boiling. Remove
the flask, add about 50 ml. of water, and boil the solution for a
few minutes to remove oxides of nitrogen. Cool, dilute to volume,
mix, and transfer identical aliquots to each of two 50-m!. volu­
metric flasks.

To one of the aliquots add the following reagents:

1. 5 ml. of ammonium citrate solution. Mix well to assure
complete complexing of the iron and other elements which precipitate
in the presence of excess ammonium hydroxide.

2. 10 ml. of ammonium hydroxide (1 to 1). Mix.
3. 5 ml. of iodine solution (0.02 N). Agitate the solution rather

vigorously during the addition and for about 5 seconds. Quickly
rinse down the neck of the flask with water, then continue the agita­
tion for an additional 10 seconds in order to effect complete removal of
nitrogen which is formed in the reaction between iodine and ammo­
nium hydroxide. This solution constitutes a reference solution.

To the other aliquot add the following reagents:

1. 5 m!. of ammonium citrate solution. Mix well.
2. 10 m!. of dimethylglyoxime solution. Mix mildly (excessive

mixing may cause precipitation of unoxidized nickel dimethylglyox­
ime).

3. 5 m!. of iodine solution (0.02 N). Introduce the iodine as soon
as possible after the addition of dimethylglyoxime in order to avoid
precipitation of unoxidized nickel dirnethylglyoxime. Agitate the
solution and rinse the neck of the flask as described above for the
preparation of the reference solution.

Dilute the solutions to volume and mix thoroughly.
Measure the transmittancy of the test solution, 10 minutes after

the addition of iodine, against the reference solution at the wave
length of 540 m« and slit setting of approximately 0.02 mm. for th«
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progresses, however, fading is definitely indicated. Solutions
containing only copper fade excessively during the first 10 min­
utes, and then become stable. This, perhaps, indicates that
copper reacts with dimethylglyoxime to form decomposition

. products, which, although having little effect on the absorbancy
due to copper, cause instability of the nickel compound. Further
investigation in this direction would prove to be largely of aca­
demic interest.

CALIBRATION OF SPECTROPHOTOMETER

The standard nickel solution containing 0.0100 mg. of nickel
per ml. is appropriate for the calibration involving the 1-cm·.
cells. Using 5- to 25-ml. pipets, transfer identical aliquots to
each of two 50-ml. volumetric flasks. Add 0.5 ml. of sulfuric­
phosphoric acid mixture to each solution, and at each of the
five levels of nickel concentration (Table I) prepare one solution
as a reference and the other as a test solution as previously de­
scribed. Measure the transmittancy at the wave length of 540
mu for the Beckman spectrophotometer, and calculate the ab­
sorbancy (log liT).

Follow the same procedure for the calibration involving the
5-cm. cells, using the standard nickel solution containing 0.0020
mg. of nickel per ml. (see Table II). Determine the reagent blank
by treating in a similar manner approximately 20 ml. of distilled
water in each of two 5O-ml. volumetric flasks. Subtract the
reagent blank, calculated in terms of its absorbancy value, from
the absorbancy value found at each level of nickel concentration.

For each set of data calculate the ratio, mg. NilA, at each
nickel level. Calculate the average value of the ratio, thus ob­
taining the factor to use to convert absorbanoy to milligrams of
nickel. Weighting the values according to the magnitude of the
absorbancy is recommended, because it tends to reduce the sig­
nificance of the less reliable measurements characteristic of the
low absorbancy values.

Typical calibration data are shown in Tables I and II.

COI'PER INTERFERENCE IN DETERMINATION OF NICKEL IN
STEEL

The behavior of copper alone when treated according to the
method for developing the soluble nickel dimethylglyoxime is
different from its behavior in the presence of nickel. Solutions
containing copper alone exhibit a rather high absorbancy initially,
diminishing with time as shown in Figure 1. Each curve is based
upon the measurement of the absorbancy of a solution of copper
in the presence of dimethylglyoxime against a reference solution
containing an identical amount of copper. The sample and
reference solutions were treated according to the procedure pre­
viously described; each solution contained 0.5 ml. of the sulfuric­
phosphoric acid mixture prior to the addition of the reagents.
Time measurement was started when the sample solution was
agitated.

In Figure 2 is shown a family of curves resulting from plotting
absorbancy (f-cm. cells) against time. These curves indicate a
relatively stable condition during the first 10 minutes. As time

Beckman spoctrophotomcter. For other instruments, maintain
conditions established in calibrating.

Calculate the absorbancy, A (log liT), apply the factor (mg.
NilA) found in calibrating the spectrophotometer, and then
calculate the percentage of nickel on the basis of the number of
milligrams of sample represented by the aliquot of the sample
solution. Correct the percentage nickel value for manganese by
subtracting F (Mn) X % Mn, and for copper by subtracting F
(Cu) X % Cu. The latter is not significant, as a rule. [The
values of the factors, F (Mn) and F (Cu), must be determined
according to methods described below.. This may be especially
important if instruments other than the Beckman are used.]

Calibration Data for l.OOO-Cm. Cells

Calibration Data for 5.000-Cm. Cells

Table 1.

Mg. Ni/50 Ml.

0.0600
0.1197
0.1797
0.2397
0.2990

Table II.

Mg. Ni/50 Ml.

0.01200
0.02393
0.03595
0.04795
0.05980

Absorbancy

0.125
0.251
0.376
0.499
0.622

Absorbancy

0.123
0.249
0.377
0.499
0.623

Mg. Ni/A

0.4800
0.4770
0.4780
0.4805
0.4810

Mg. Ni/A

0.0975
0.0961
0.0954
0.0961
0.0960

Weighted Av.,
Mg. Ni/A

0.4795

Weighted Av.,
Mg. Ni/A

0.0960

15 25
TIME (MINUTES)

Fignre 2. Effect of Copper

From the practical standpoint, according to Figure 2, it may
be concluded that a copper to nickel ratio of approximately 2.5
to 1 may be tolerated without significant error, provided the
absorbancy is measured 10 minutes after the sample solution is
agitated. Measurements made earlier may lead to slightly
high results, while those made after 10 minutes may be seriously
low.

The curves shown in Figure 3 indicate that, by reducing the
concentration of nickel to a level which permits the use of the
5-cm. cells, the ratio of copper to nickel may be extended to 12.5
to 1. Within these limits the added copper effects an orderly in-
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However, erratic values for nickel may be obtained, due to
induced fading, if the ratio of copper to nickel exceeds the limits
defined previously.

crease in the observed absorbancy. The data shown inset in
Figure 3 support this statement, and constitute calibration data
on which the magnitude of the copper interference was estab­
lished in this investigation. For convenience the copper cor­
rection was evaluated in terms of percentage nickel according to
the following equation: %nickel = 0.0038 X %copper. In other
words, if the presence of 1% copper in the steel sample were
ignored, the nickel value would be high by 0.0038. Because a
steel sample containing a high percentage of copper is seldom
encountered, the copper correction is usually small.
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SAMPLE SIZE LIMITATIONS

In regard to the behavior of manganese at the nickel levels for
which the l-cm. cells are appropriate, it was found that above a
certain critical ratio of manganese to nickel a precipitate forms
and precludes the possibility of reliable absorbancy measure­
ment.

Precipitation may occur when nickel is determined in the
presence of more than 50 mg. of iron. This limitation is not
serious, because percentages of nickel, as low as 0.01 %, may be
determined satisfactorily by utilizing the 5-cm. cells.

ference, aliquots of a standard nitric acid solution of pure (Hilger)
manganese were added to aliquots of standard nickel solution.
Duplicates were prepared, one as a reference, and the other as a
test solution in each case. A time study of the effect of varied
amounts of manganese on the constancy of the absorbancy and its
magnitude was made at eight levels of nickel, four of which in­
volved the 5-cm. cells and four the l-cm.cells. An example is
shown in Figure 4.

The inte~ference of copper dictates that readings must be
taken 10 minutes after preparing the sample solution. Therefore,
in order to correlate the increase in absorbancy due to manganese,
with manganese concentration, the range, in this case, is estab­
lished to be between 0 and 0.9 mg.

255 15
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Figure 3. Effect of Copper
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EVALUATION OF COPPER INTERFERENCE

Although the method of evaluating the copper interference
has been implied in the preceding discussion, it is considered
advisable to include the following outline.

Transfer 20.00 ml. of the standard nickel solution (0.04 mg. of
nickel) containing 0.0020 mg. of nickel per ml. to each of two 50­
ml. volumetric flasks. Add 5.00 m\. of standard copper solution
(0.1000 mg. of copper per ml.) to each, followed by 0.5 ml. of

'sulfuric-phosphoric acid mixture. Prepare one as a reference
solution and the other as a test solution as previously de­
scribed. Measure the transmittancy in 5-cm. cells 10 minutes
after the solution is agitated. Calculate the absorbancy (log
liT), subtract the absorbancy found for 0.0400 mg. of nickel in
calibrating, and record the difference as the increase in absorb­
ancy, A (Cu), due to 0.50 mg. of copper.

Calculations. Mg. NilA (6 cm.} X ~ \~u) = copper correc­

tion in terms of per cent nickel, F (Cu).

INTERFERENCE OF MANGANESE

The interference of manganese in the determination of nickel by
spectrophotographic methods involving dimethylglyoxime is
mentioned by the American Society for Testing Materials (1). In
a footnote it is suggested that the effect of manganese may be
compensated for by using a standard of similar manganese
content. With the purpose of overcoming this objectionable
feature, the following study of the effect of manganese was made.

Using the approach described in the study of the copper inter-

5 10 15 20
Time (minutes)

Figure 4. Effect of Manganese

0.02 mg. of nickel plus:
Curve Mn., Mg

1 0.0
2 0.2
3 0.4
4 0.6
5 0.8
6 0.9
7 l~

8 IJ

Figure 5 summarizes the study of the manganese interference,
The maximum amount of manganese which may be present
with a given amount of nickel determines the position of each of
the eight points shown. The tabular data of Figure 5 express the
relationship in terms of percentage nickel and manganese based
on a 50-mg. sample.

In planning the method for recommendation to the routine
laboratory, the practical approach has been adopted. Thus it
was considered advisable to fix the maximum sample size at 50
mg., although there are indications that larger samples might be
permitted in certain isolated cases, so far as the effect of iron is
concerned. The conclusions which are reached in the following
summary of sample size limitations imposed by manganese were
influenced by the same practical considerations. At the two ex-
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tremes of the nickel range investigated, 0.02 to 0.25 mg. (Figure
5), the maximum amount of manganese that may be tolerated is
0.45 mg. Between these extremes less serious restrictions are
shown to exist. Because reliable advance information in regard
to the approximate percentage of nickel in a given steel is not
always available, the aim of the following guide is to avoid false
starts and the resultant loss of efficiency.

2

700

3

No.l- Nickel dimethylglyoxime
(0.2400mg.Nil50ml.)

No.2- Copper,Ammonium complex
(10.0 mg. Cu/50ml.)

No.3 - Chromium (5.00mg·.Cr/50ml)
No.4- Ferric citrate

(50.0mg.Fe/50ml.)

500 600
Wavelength, mjl

Figure 6. Absorbancy-Wave Length
Curves
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Table III. COInposition of Steel Samples
Sample

No. Mn Cu Ni 'Si Cr Mo Sn V

2-1 1.58 0.04 0.262 0.044 0.0078 0.005 0.0015
1-1 1.42 0.083 0.102 0.212 0.0525 0.0114
1-4 0.91 0.176 0.362 0.515 0.199 0.0362
3-7 0.968

1 :20
0.392 1.18 0.079 0.112

NBS 32C 0.752 0.099 0.281 0.654 0.063 0.003
NBS 111 0.662 0.122 1. 75 0.292 0.272 0.215 0.003
NBS 100 1.38 0.124 0.151 0.191 0.042 0.006
NBS 11e 0.451 0.105 0.045 0.316 0.036 0.007
NBS 12e 0.71 0.14 0.058 0.28 0.050 0.015
NBS 13d 0.924 0.022 0.010 0.265 0.023 0.002

ANALYTICAL RESULTS

Analytical results and precision data according to the spectro­
photometric method are shown in Table IV. The composition
of the steel samples is given in Table III. The first four samples
listed are those for which results fo~nd by other methods are
shown (see Tables V and VI).
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SELECTION OF WAVE LENGTH

In Figure 6 are shown absorbancy-wave length curves which
were plotted according to data based upon measurements made
with the Beckman spectrophotometer with a band width of less
than 1 mu using I-cm. cells.. Curve 1 indicates an increasing
absorbancy by the nickel compound toward wave lengths shorter
than 500 m!" but in order to avoid the interference of ferric citrate
(curve 4) 540 m!' was chosen as the wave length to use in the
nickel determination. Curve 2 is for copper as it appears in the
reference solution and 3 is for chromium.

COBALT INTERFERENCE

Although it is of little significance in the analysis of low-alloy
steel, cobalt interferes seriously. A modified version of this
method, which, however, provides for the determination of nickel
in cobalt-base materials, such as certain high-temperature alloys,
will be published later.

On the basis of ten determinations, in each case the precision of
the spectrophotometric method, expressed as the standard devia­
tion, was found to range from 0.25 to 0.5%. Attention is called
to the magnitude of the manganese correction; the copper cor­
rection is hardly significant. For sample 2-1 if the manganese
correction were neglected, the value for nickel would be high by

8
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Figure 5. LiInits of Per Cent Manganese
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Assuming that the sample solution must contain not more than
0.45 mg. of manganese, the maximum permissible sample size
may be calculated as 451% manganese in the steel sample. If,
however, the ratio of manganese to nickel is less than 45 to 25,
or if % nickel/% manganese is greater than 0.55, the sample size
is governed solely by the nickel content of the alloy and may be
calculated as 251% nicke!' The maximum sample size is 50 mg. in
any case.

The possible interference of manganese in the development of
the oxidized nickel compound, where the ratio of manganese to
nickel is greater than 45 to 1, dictates that a minimum amount of
nickel must be provided. If the absorbanoyvalue indicates that
the percentage of nickel in the alloy, when corrected for man­
ganese, is equal to 0.0222 X % manganese, the nickel value may
be considered to be reliable. (The apparent percentage nickel,
uncorrected, must be at least 0.0277 X % manganese.) If the
nickel value falls below this level, the ratio must be adjusted by
adding a known amount of nickel to the test solution. In case
it is necessary to make the standard addition, it must be con­
sidered in the final calculation of percentage nickel in the alloy,

EVALUATION OF MANGANESE INTERFERENCE

Transfer 20.00 ml, of the standard nickel solution (0.0400
mg. of nickel) containing 0.0020 mg. of nickel per ml. to each of
two 50-m!. volumetric flasks. Add 5.00 ml, of the standard man­
ganese solution (0.30 mg. of manganese per ml.) to each, followed
by 0.5 ml, of sulfuric-phosphoric acid mixture. Prepare one as a
reference solution and the other as a test solution as previously
described. Measure the transmittancy in 5-cm. cells 10 minutes
after the solution is agitated. Calculate the absorbancy (log
liT), subtract the absorbancy found for 0.0400 mg. of nickel
in calibrating, and record the difference as the increase in absorb­
ancy, A (Mn), due to 1.5 mg. of manganese.

Calculations. Mg. NiIA(5 em.) X A i~n) = manganese

correction in terms of per cent nickel, F (Mn).
One per cent manganese has been found to be equivalent to

0.0057% nickel.
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Std. Dev.,
%

1.7
0.65
0.45

Std. Dev.,
%
1.3
0.8
0.4
0.3

Max, Dev.,
%Ni

0.012
0.008
0.020

Table VI. Cyanide Titration Method (Double
Precipitation)

(Analytical results and precision data)

Sample No. of % Max. Dev.,
Wt., G. Detns. Nickel % Ni

7.5 10 0.0375 0.001
5.0 10 0.225 0.003
2.5 10 0.516 0.004
0.75 10 2.110 0.010

2-1
1-1
1-4
3-7

Rapid Cyanide Titration Method (Single Precipitation)
(Analytical results and precision data)

No. of Theoretical % Nickel Range of
Detns. % Nickel Found Values, %

10 0.230 0.208 0.196-0.212
10 0.520 0.506 0.503-0.541
10 2.110 2.090 2.085-2.110

Sample No.

the purpose for which it has evolved, it is referred
to as the "rapid" cyanide titration method in this
comparative study.

Although space does not permit a' complete
description of the gravimetric and titrimetric
methods as applied, the most significant details
are presented in condensed form.

Procedures. In the separation of nickel prior
to the determination by the gravimetric or the
titrimetric method, the following considerations
were borne in mind:

Because copper tends to coprecipitate, and it
is difficult to wash the precipitate entirely free of
salts, a double precipitation should be made (11).
(In the rapid cyanide titration method a single
precipitation was performed.)

The separation of nickel froin copper (3), and
from large amounts of manganese (2), is facilitated

by the use of acetic acid.
Nitrates prevent precipitation of nickel, which may be serious

if the amount of nickel is small (4).
More complete precipitation occurs if the solutions are al­

lowed to stand overnight (5). (Twelve hours' standing time was
used except in the case of the rapid cyanide titration method,
in which the precipitation is performed by digesting the solutions
for 1 hour.)

Filtering the solutions while hot, and washing the precipitate
with hot water, lead to low results (6). (These practices are
recommended by analysts who resort to the rapid cyanide titra­
tion method.)

The solubility of the precipitate is increased in solutions con­
taining alcohol (6). (An aqueous solution of sodium dimethyl­
glyoxime was used except in the rapid cyanide titration method,
in which an alcoholic solution of dimethylglyoxime was em­
ployed.)

As a rule faintly ammoniacal media are recommended for the
precipitation; therefore pH value of 7.1 to 7.2 were considered
to be appropriate. A pH meter was used to facilitate the pH
adjustment.

Following the second precipitation each gravimetric result
was obtained by filtering the solution through a glass filtering
crucible of medium porosity (Corning No. 32940), washing
with cold water, drying for 1 hour at 110 0 to 120 0 C., and weigh­
ing.

In the titrimetric methods the cyanide solution was stand­
ardized against a standard solution of pure (Hilger) nickel.

The rapid cyanide titration method has come into use in some
laboratories where emphasis is placed on speed. The results ob­
tained by this method are included because they demonstrate the
error that may be introduced by disregarding certain precautions
which have been cited.

The analytical results and precision data related to the gravi­
metric, titrimetric, and the rapid cyanide titration methods are
shown in. Tables V, VI, VII. The composition of each sample is
shown in Table III.

SUMMARY

Figure 7 graphically presents the comparative data obtained
by the methods studied. The shaded area of each vertical block

Sample
Wt.,G.

5.0
2.5
0.75

1-1
1-4
3-7

Table VII.

Sample
No.

Std. Dey.,
%
1.9
0.9
0.4
0.3

Data for

3 1.205 -0.004 1.200 0.004

3 1. 750 -0.004 1. 745 0.005

3 0.1605 -0.0079 -0.0006 0.152 0.001

3 ·0.0488 -0.0026 -0.0004 0.0458 0

3 0.0632 -0.0040 -0.0005 0.0586 0.0002

3 0.0179 -0.0053 -0.0001 0.0125 0.0006

Sample
we., G.

7.5
5.0
2.5
0.75

Analytical Results and Precision
Gravimetric Method

No. of % Max. Dev.,
Detns. Nickel % Ni

10 0.038.5 0.0015
10 0.227 0.004
10 0.518 0.003
10 2.120 0.015

GRAVIMETRIC AND TlTRIMETRIC METHODS

Table IV. Analytical Results by Spectrophotometric Method
No. of Av. % Ni Mn Cu Ni Max. Std.
Detns. (Uncorr.) Corr.. % Corr.• % Corr., % Dav., % Dey.. %

10 0.0474 -0.0090 -0.0002 0.0382 0.004 0.4
10 0.238 -0.008 0.230 0.002 0 ..5
10 0.525 -0.005 0.520 0.006 0.5
10 2.115 -0.00.5 2.110 0.010 0.25

Sample No.

2-1
1-1
1-4
3-7

Sample. No.

2-1
1-1
1-4
3-7

NBS 32C
1.20% Ni

NBS 111
1.75% Ni

NBS 100
0.151% Ni

NBS 11e
0.045% Ni

NBS 12e
0.058% Ni

NBS 13d
0.01% Ni

Table V.

25% of the amount present; for No.1-I, the error would
amount to nearly 4%, and for No. 1-4, less than 1%.

As a further check of the method National Bureau of Standards
samples were analyzed. Two of these, Nos. 32C and 111, repre­
sent the percentage range in which the l-cm. cells are used. In
neither case was the manganese correction of great significance.

The remaining samples provide a more rigorous test of the
validity of the method with respect to the manganese and copper
corrections.

For sample 100 the manganese correction is equivalent to 5%
of the nickel value.

The copper correction for samples l le and 12e amounts to
nearly 1% of the nickel value.

Sample 13d is the most significant, because .the manganese
correction amounts to 40% of the nickel value. In this sample
the ratio of manganese to nickel is too high to permit the direct
determination of nickel, according to limitations described above.
The analysis was conducted successfully, however, by adding
enough standard nickel solution to adjust the ratio sufficiently.
The absorbancy due to nickel in the steel sample, plus that due
to copper and manganese, was taken by difference and the nickel
content of the sample was then calculated. The difference be­
tween the value obtained and the certified value is not disturbing
as the latter is apparently not accurately known. The values
shown on the certificate range from 0.006 to 0.016% nickel.

The gravimetric dimethylglyoxime method, which has been
known for more than 30 years, is considered extremely accurate
for the determination of nickel. The cyanide titration method,
when certain details are carefully observed, belongs in the same
category. However, there has always been some doubt of the
reliability of both these methods in the analysis of steel containing
less than 0.06% nickel. Any appraisal of this investigation, which
is concerned primarily with refining the spectrophotometric
method for nickel, must be based upon a comparison of the results
obtained by the improved method with those found
by methods that have been accepted previously.
Analyzing the same sample of steel by each of the
methods provides the necessary comparative data.

A routine titrimetric method, which, according
to a private communication, is commonly used,
is included in this study. It is characterized by
neglect of certain critical factors in the interest
of performing more rapid analyses. By virtue of
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Figure 7. Corrrparfsorr of Analytical Results

liliiii· I'll. OF AMOUNT PRESENT

"'N'
.040

.039
.220

.215

.210 •
0 0 0

ii: ii: 0 0: 0
t- t- o: t- o:
'" '" t- '"'" '" '" '" t-

~ '".036
~

g '" '"0 0: ii:
r r t- r t-c,
0.. 0.. ;:: 0 ;::
0 0
II: II: 0 II: "0
t- t- t-
o 0 a: 0 a:
'" '" .. '" ..
0.. 0.. !" 0.. !".195 '" '" '"

J

(6) Ibid., p. 29.
(7) Haywood, F. W., and Wood, A. A. R., "Metallurgical Analysis,"

p. 62, London, Adam Hilger, Ltd., 1944.
(8) Makepeace, G. R., and Craft, C. H., IND. ENG. CHEM., ANAL.

ED., 16, 375-7 (1944).
(9) Mitchell, A. M., with Mellon, M. G., Ibid., 17,380-2 (1945).

(10) Murray, W. H., Jr., and Ashley, S. E. Q., tu«, 10, 1-5 (1938).
(ll) U. S. Steel Corp. Chemists, "Sampling and Analysis of Carbon

and Alloy Steels," p. 135, New York, Reinhold Publishing
Corp., 1938.

RECEIVED August 31, 1950. Presented at the Fourth Annual Pittsburgh
Analytical Symposium, January 1949.

LITERATURE CITED

(1) Am. Soc. Testing Materials, Philadelphia, Pa. "A.S.T.M.
Methods for Chemical Analysis of Metals," p. 332, 1946.

(2) Diehl, Harvey, "Application of the Dioximes to Analytical
Chemistry," p. 25, Columbus, Ohio, G. Frederick Smith
Chemical Co., 1940.

(3) iua., p, 26.
(4) ius; p. 27.
(5) Ibid., p, 28.

CONCLUSIONS

This investigation serves to demonstrate the superiority of
the spectrophotometric method from the standpoint of precision
and speed over the familiar gravimetric method and the cyanide
titration method for nickel in steel. The greater reliability of
the spectrophotometric method is evident over the entire range
of nickel concentration which was studied; it is especially pro­
nounced at the lower nickel levels.

A cyanide titration method, which has been shown to yield
erroneous results, evolved as the result of the quest for increased
speed in the routine analysis of steel. The time required per
determination when a group of 20 samples is analyzed by this
method is 30 minutes ; by the spectrophotometric method, less
than 20 minutes. A single determination by the rapid cyanide
titration method requires 2 hours, whereas the spectrophoto­
metric method requires an elapsed time of only 1 hour.

represents the range of values found in each case; a horizontal
line has been drawn through the area at the level of the average
value obtained. The scale for the sets of blocks is adjusted in
such a manner that a given vertical distance represents a given
percentage of the amount present.

Spectrophotometric Determination of Nickel in Aluminum
Alloys

M. D. COOPER, Research Laboratories Division, General Motors Corp.; Detroit, Mich.

This work was undertaken for the purpose of ascer­
taining the applicability of the rnethod described
for the deter-mirrauiori of nickel in afurrrirnarn alloys.
Because the ratio of copper to ntekel in these alloys
is usually rnore unfavorable than in steel, pr-elf.mi­
nary removal of copper is in order where a high de­
gree of accuracy is required. Two rnet.hoda, which
differ with respect to the rneuhod of removing copper,
and a third rnethod with satisfactory precision for
routine analysis, are described. Because nickel is
deterrnfned in the presence of copper, the tfme re­
qutrernerrte are reduced one half.

TH E procedure covering the decomposition of the aluminum
sample and the preparation of the sample solution is similar

to that of the American Society for Testing Materials (1). A
detailed interpretation of the ASTM procedure and directions
for finishing the determination spectrophotometrically are given
here.

REAGENTS

Sodium hydroxide solution, 200 grams of sodium hydroxide dis­
solved in water and diluted to 1 liter.

Hydrogen sulfide. .
Hydrogen sulfide wash solution, one volume of sulfuric acid

(specific gravity 1.84) added to 99 volumes of water and satu­
rated with hydrogen sulfide at room temperature.

Hydrochloric acid (1 to 1), one volume of hydrochloric acid
(specific gravity 1.19) diluted with one volume of water.

Nitric acid (specific gravity 1.42).
Sulfuric acid (1 to 1), one volume of sulfuric acid (specific grav-

ity 1.84) diluted with one volume of water. .
Copper solution (1 mg. per mI.). Dissolve 1.000 gram of pure

(Hilger) copper in 15 ml. of nitric acid (specific gravity 1.42) in a
300-m!. Erlenmeyer flask, add 20 ml. of sulfuric acid (specific
gravity 1.84), and heat to fumes. Cool, add 50 ml. of water
digest until the salts are dissolved, cool, and dilute to 1 liter.

Additional reagents are used as listed in the preceding paper
(2).

PROCEDURE

Transfer a sample of suitable size to a 300-m!. Erlenmeyer
flask, add 15 ml, of 20% sodium hydroxide solution, and when
the reaction is complete, dilute to 150 ml, with hot water and mix.
Using a glass rod to facilitate the quantitative handling of the
sample, filter the hot solution through a Whatman No. 40 paper
or its equivalent. Rinse the flask twice, and wash the filter
three or four times with hot water. Wipe the lip of the flask
with a small piece of wet filter paper, and place the paper on the
filter. Discard the filtrate.

Place the original flask under the filter., Pour through the
paper about 10 ml. of hot hydrochloric acid (1 to 1) to which
approximately 1 ml, of nitric acid (specific gravity 1.42) has been
added. Wash the filter three or four times with hot water, pour
through 10 m!' of the acid mixture, wash with hot water, then
repeat the cycle, and finally wash the filter thoroughly with hot
water. Discard the paper with any undissolved residue. Re­
move the flask, add 10 ml, of sulfuric acid (1 to 1), and evaporate
to fumes.
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To the other aliquot add the following reagents:

1. 5 m!' of ammonium citrate solution. Mix well.
2. 10 ml. of dimefhylglyoxime solution. Mix mildly. (Excessive

COPPER INTERFERENCE IN DETERMINATION OF NICKEL IN
ALUMINUM ALLOYS

The nature of the interference of copper has been described
in connection with the determination of nickel in steel (2). In
the determination of nickel in aluminum alloys, some rather

NICKEL IN PRESENCE OF COPPER

Transfer the sulfuric acid solution of the sample directly to a
volumetric flask, dilute to volume, and mix. Transfer identical
aliquots to each of two 50-m!. volumetric flasks, To each aliquot
add 5.0 m!. of ammonium citrate solution and 2.5 ml, of ammonium
hydroxide (specific gravity 0.90). Cool the solutions to room
temperature, then prepare one as a reference solution by adding
ammonium hydroxide (1 to 1) and iodine solution. To the test
solution add ammoniacal dimethylglyoxime solution and iodine,
observing the directions regarding agitation of the solutions and
other details described previously.

Careful timing is essential in this procedure, especially in case
of a high r.j1,tio of copper to nicke!. Start the timing so that the
transmittancy measurement may be made 10 minutes after the
sample solution is agitated. Dilute the test and reference solution
to volume, and measure the transmittancy at the end of the 10­
minute time interval at 540 mil.

Measure the transmittancy of the reference solution against
water at 615 mil. This value constitutes datum on which the
evaluation of the copper correction at 540 mil is based.

Convert the transmittancy values to their corresponding ab­
sorbancy values (log liT), and subtract values obtained for a
blank determined by performing all of the steps of the procedure
with sample omitted. Multiply the corrected absorbancy at 615
mil by the factor obtained in calibrating the spectrophotometer
for known copper in the presence of nickel, Subtract this value
from the absorbancy at 540 mil.

Convert the corrected absorbancy to milligrams of nickel, and
calculate percentage of nickel in the alloy on the basis of the
sample weight represented by the aliquot of the sample solution.
(The percentage of copper in the alloy may be roughly evaluated
on the basis of the absorbancy of the reference solution.)

CALIBRATION OF SPECTROPHOTOMETER

Follow the procedure described (2). In order to provide for
the determination of nickel in the presence of copper, the copper
interference must be evaluated.

Dilute the solutions to volume and mix thoroughly.
Measure the transmittancy of the test solution, 10 minutes

after the addition of iodine, against the reference solution at the
wave length of 540 mil and slit setting of approximately 0.02
mm. for the Beckman spectrophotometer. For other instru­
ments conditions established in calibrating should be maintained.

Calculate the absorbaney, A (log liT), apply the factor (mg.
NilA) found in calibrating the spectrophotometer, and then cal­
culate the percentage of nickel on the basis of the number of
milligrams of sample represented by the aliquot of the sample
solution.

mixing may cause precipitation of unoxidized nickel dimethylglyox­
ime.)

3. 5 ml, of iodine solution (0.02 N). Introduce the iodine as soon
as possible after the addition of dimethylglyoxime, in order to avoid
precipitation of unoxidized nickel dimethylglyoxime. Agitate the
solution and rinse the neck of the flask as described above for the
preparation of the reference solution.

REMOVAL OF COPPER BY ELECTROLYSIS

Transfer the sulfuric acid solution of the sample to a 200-ml.
electrolysis beaker, dilute to approximately 150 mI., and add 2 or
3 ml. of nitric acid (specific gravity 1.42). Electrolyze to remove
copper. (The work reported was based upon removal of copper
using the Sargent-Slomin electrolytic analyzer equipped with
platinum gauze electrodes, and the anode was rotated during,
electrolysis. The current was limited to 1 ampere for not more
than 5 minutes and then increased to 2.5 amperes for 20 minutes.
The sample solutions which were electrolyzed contained approxi­
mately 28 mg. of copper, which was found to be removed prac­
tically quantitatively by this procedure.)

Rinse the electrodes thoroughly while removing them from the
solution, and then transfer the solution to a volumetric flask,
dilute to volume, and mix ..

Transfer identical aliquots to each of two 50-m!. volumetric
flasks, and treat them according to the method for solutions from
which copper was removed as the sulfide.
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Figure 1. Effect of Copper on Determination of
Nickel in AluntinuJll

1. 5 ml. of ammonium citrate solution. Mix well in order to
assure complete complexing of the iron and other elements which
precipitate in the presence of excessammonium hydroxide.

2. 10 m!' of ammonium hydroxide (1 to 1). Mix.
3. 5 m!. of iodine solution (0.02 N). Agitate the solution rather

vigorously during the addition and for about 5 seconds. Quickly
rinse down the neck of the flask with water; then continue the agita­
tion for an additional 10 seconds in order to effect complete removal
of nitrogen which is formed in the reaction between iodine and am­
monium hydroxide. This solution constitutes a reference solution.

REMOVAL OF COPPI.;R AS SULFIDE

Dilute the solution to 100 m!. and fit into the flask a two-hole
stopper fitted with one length of glass tubing as a delivery tube
extending through the stopper nearly to the bottom of the flask
and another length of glass tubing extending approximately 1
em. below the stopper. The latter may be connected by means
of rubber tubing to the delivery tube of another flask. By con­
necting a series of flasks in this mannerr.as many as six or seven
samples may be treated simultaneously with a single stream of
the gas. Connect the delivery tube to the source of hydrogen
sulfide, and maintain a steady flow of the gas until the solution is
saturated.

Set the sample aside for approximately 2 hours, and then filter
through a Whatman No. 42 paper or its equivalent. Rinse the
delivery tube and flask, and wash the filter thoroughly with
hydrogen sulfide wash solution. Discard the paper and precipi­
tate.

Evaporate the filtrate to a volume of approximately 20 m!., and
then add nitric acid (specific gravity 1.42) dropwise to the hot
solution to oxidize the iron, and add a few drops in excess. Add
50 m!' of water, boil the solution 2 01' 3 minutes to remove oxides
of nitrogen, cool, transfer to a volumetric flask, dilute to volume,
and mix. .

Transfer identical aliquots to each of two 50-m!. volumetric
flasks. The sample size, dilution of the sample solution, and
aliquot taken should be correlated in such a manner that an
optimum amount of nickel will be provided and not more than
the equivalent of 0.5 m!' of sulfuric acid (specific gravity 1.84).
The volume of reagents to be added dictates that the aliquot
should not exceed 20 m!'

To one of the aliquots add the following reagents:

After the sample has been fumed for approximately 10 minutes,
cool, and if much silica is present, add approximately 1 m!. of
hydrofluoric acid (48%). Swirl the flask a few times and evapo­
rate to fumes again in order to volatilize the silica and remove ex­
cess hydrofluoric acid. Cool, add 50 ml. of water, and digest until
the salts are dissolved.

The procedure as described thus far is followed in all cases'
Variations in the succeeding steps, which lead finally to the
evaluation of the nickel content of the alloy, depend upon the
method used in circumventing the copper interference.
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The method of utilizing the data may be summarized briefly
as follows:

a Based on values b, c, and d.
,) Based on values a, b, and c.
c Weighted average of values e, f, and g.
d Based on values f and g.

A 540 (Ni) = A 540 (Ni + Cu) - f· A 615 (Cu)

f = LlA 540(CU) or A54o(Ni + Cu) - A54o(Ni)

A615(Cu) A 615 (observed) - A 5! 5 (background absorbancy )

Where LlA(Cu) = change in absorbancy of the nickel dimethyl-
glyoxime due to copper. .

A similar procedure may be used to obtain calibration data for
the 5-cm. cells.

Calibration data used for evaluating the copper interference
are shown in Table I for the 1- and 5-cm. cells,

troublesome ratios of copper to nickel are frequently encountered.
Consequently, spectrophotometric methods of the past have
provided for a preliminary removal of copper.

In this investigation a method has been developed which per­
mits the determination of nickel in the presence of copper where
the ratio of copper to nickel is as high as 12.5 to 1. The copper
interference in the steel method imposes the limitation of a ratio
of 2.5 to 1, at least at the nickel levels for which the I-cm. cells
are recommended. In the steel method the ammoniacal solution
of dimethylglyoxime is added to the acid solution of the sample.
By complexing the copper, by adding an excess of ammonium
hydroxide prior to .the addition of the reagent solution, the dele­
terious effect of the element on stability is minimized.

Figures 1 and 2 show the effect of copper at two nickel levels.
A procedure, in which the copper correction is based on an addi­
tional absorbancy measurement, has been developed. This pro­
cedure precludes the need for prior information in regard to .the
copper content of the alloy.

Evaluation of Copper Interference. To each of two 50-ml.
volumetric flasks transfer 20.00 ml. of the standard nickel solu­
tion (0.0100 mg. of nickel per ml.) and 2.00 ml. of the standard
copper solution (1.000 mg. of copper per m!.). Add to each solu­
tion 2.0 ml, of dilute sulfuric acid (1 to 3) and 5.0 ml. of ammonium
citrate solution, followed by 2.5 ml. of ammonium hydroxide
(specific gravity 0.90). Cool the solutions to room temperature.
Add 10 m!' of ammonium hydroxide (1 to 1), and 5.0 ml. of iodine
solution to one of the solutions; to the other add 10 ml. of am­
moniacal dimethylglyoxime solution and 5.0 ml. of iodine solu­
tion, in the order and manner previously described. Dilute the
solutions to volume and mix. Measure the absorbancy of the
test solution against the reference solution, 10 minutes after the
test solution is agitated, at a wave length of 540 mIL, using the 1­
em. cells. Measure the absorbancy of the reference solution
against water at 615 mIL. The latter value must be corrected for
the absorbancy due to constituents other than copper, which may
be called "background absorbancy."

Determine the background absorbancy by measuring the
absorbancy of a solution containing the sulfuric acid, ammonium
citrate, ammonium hydroxide, and iodine, against a water refer­
ence at 615 mIL.
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Figure 2. Effect of Copper on Determination of
Nickel in Aluminum

Table II. Composition of Allo)'8
No.a 8i It~e Cu Ni Cr Mn Ti Bi Mg

1 10.1 0.93 3.50 0.304 0.07 0.25 0.09
o".io

0.11
2 0.32 0.31 0.30 0.607 0.15 0.16 0.07 0.29

8-1 9.10 0.84 3.0 0.347 0.08 0.24 0.07 0.01 0.14
8-2 6.90 0.64 2.0 0.444 0.11 0.21 0.07 0.05 0.19
8-3 4.70 0.45 1.0 0.540 0.13 0.18 0.07 0.08 0.2.5

U.S-I, 2, and 3 prepared by combining alloys 1 and 2.

SELECTION OJo' WAVE LENGTH

The absorbancy-wave length curves shown in Figure 6
of (2) provide the information on which the choice of wave lengths
for the determination of nickel in aluminum alloys is based.
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ANALYTICAL RESULTS

A measure of the precision of the methods was obtained by
analyzing two alloys furnished by Committee E-3 of ASTM.
The composition of the alloys is shown in Table II. In order to
eheck the method for determining nickel in the presence of copper
at other levels of copper concentration, three "synthetic" alloys
were analyzed. The amount of each of the first two alloys re­
quired to furnish copper equivalent to 1, 2, and 3% of the total
weight, while maintaining a constant amount of nickel, was cal­
culated. The calculated amount of each alloy was transferred
to the Erlenmeyer flask, and the mixture was treated as a single
sample in each case.

Analytical results and precision data are shown in Table III.
Alloys 1 and 2 were first analyzed by the procedure which in-

Table III. Analytical Results for Nickel in Aluminum
Alloys

Alloy No. of Methoda
%Ni

(by Method %Ni Max. Std.
No. Detna, No. %Cu 1) Found Dev., % Dev., %

1 11 1 3.5 0.304 0.001 0.28
2 11 1 0.3 0.607 0.007 0.65
1 10 2 3.5 0.304 0.303 0.001 0.22
1 11 3 3.5 0.304 0.300 0.003 0.6
2 11 3 0.3 0.607 0.607 0.006 0.5

8-1 3 3 3.0 0.347 0.346
8-2 3 3 2.0 0.444 0.440
8·3 3 3 1.0 0.540 0.539

a Method 1. Copper removed as sulfide.
Method 2. Copper removed by electrolysis.
Method 3. Nickel determined in the presence of copper.

0.28b

0.63d

AA..,/A,16
(Av.)

Table J. Copper Interference
A6Ui Mg. Cu/A'16

Mg. o, A 540 IlA ..o/Mg.Cu (Observed) (A,'.)

1-Cm. Cells, 0.2000 Mg. of Nickel

0 0.418
0:005

0.001
1. 00 0.423 0.198a
1.,50 0.426 0.006 0.028b
2.00 0.430 0.006 0.037c
2.50 0.429 0.004 0.046d 55.6a

5-Cm. Cells, 0.0400 Mg. of Nickel

0 0.418 0.001
0.05 0.420 0.040 0.011
0.10 0.421 0.030 0.018
0.20 0.425 0.035 0.031e
0.40 0.439 0.053 0.0441
0.50 0.445 0.054 0.053g 11.3 c
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volves the removal of copper as the sulfide, described previously.
In the ensuing study of proposed procedures, the values found by
this method were accepted as true values.

IU;LATIVE ECONOMY 01<' METHODS FOR NICKEL IN ALUMINUM
ALLOYS

Aside from the obvious evils of hydrogen sulfide, the method
in which copper is removed by electrolysis has the advantage,
from the standpoint of the time required for a determination, of
45 minutes compared with 55 to 60 minutes required in the sulfide
method.

The method by which nickel is determined in the presence of
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copper is recommended for the routine analysis of aluminum al­
loys. By this method 31 samples were analyzed in 15 hours.
This indicates a saving of time which should be valuable to labora­
tories where large numbers of nickel determinations are required
routinely.
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Simple Methylol Determination
n, w. MARTIN

New Product Development; Laboratory, General Electric Co., Pittsfield, Mass.

During a study of the cure of phenol alcohols and
one-stage phenolic resins it becatne very itnportant
to be able to detertnine their tnethylol content.
By reaction of phenol alcohols and sitnilar tnaterials
containing tnethylol groups with an excess of
phenol, it was found that a tnole of water is foemed
for each tnethylol group. When benzene is added
to the phenol containing the satnple and refluxed, the
water forrned by reaction of the tnethylol groups

UNT IL recently a simple method has not been available for de­
termining the methylol content of phenol alcohols or phe­

nolic resins containing methylol groups. This has been due largely
to the fact that a reagent which will react quantitatively with a
methylol group and yet not attack the phenolic hydroxyl group or
the benzene ring has been difficult to find.

Lilley and Osmond report that iodine in alkaline solution will
oxidize a methylol group without attacking the phenolic group
(8). However, the iodine reacts with the ring hydrogens of thc
phenol, so that corrections for this side reaction become neces­
sary. Hunk (10) has reported his inability to obtain reliable re­
sults with this method and the author has experienced similar dif­
ficulties. Sprung (11) has shown that 0- and p-hydroxybenzyl
alcohol react with bromate-bromide solution to add 3 atoms of
bromine-that is, these phenol alcohols react with bromine as if
the methylol group were not present. However, the formation
of a diphenylol methane by condensation of a phenol alcohol re­
duces the number of positions reactive toward bromine by one
per phenol nucleus for each methylene bridge established. Thus,
if the quantity of formaldehyde added to a phenol-formaldehyde
reaction mixture is known, determination of the amount of formal­
dehyde reacted and the reduction in bromine absorption caused
by condensation will give an indirect measure of the methylol
content. However, the method is limited, as Ruderman (9) has
shown that the methylol groups of most phenol alcohols, with the
exception of the two mentioned above, are not quantitatively dis­
placed by bromine.

Even in determining the methylol content of phenol-formalde­
hyde reaction products containing these phenol alcohols, some
error may be introduced because the isomeric diphenylol meth­
anes which result from their condensation absorb different
quantities of bromine, depending on the position at which the
methylene linkage has been established. Furthermore, the
method is not applicable to dehydrated resins where part or es­
sentially all unreacted phenol and formaldehyde are removed,
inasmuch as all points of reference for the necessary calculations
are lost.

with the phenol distills as a benzene-water azeo­
trope. The water is collected as a separate phase in
a calibrated Bidwell and Sterling trap, where it is
rneasured to give an estimate of the tnethylol con­
tent of the sarnpfe, The method not only provides
a simple procedure for determination of the tnethylol
content of a variety of compounds, but tnakes pos­
sible a more syaterrrat.ic study of condensation poly­
mers based on formaldehyde and phenol; urea, etc.

The author has now found a simple means for determining
methylol content, based on the well-established reaction of
phenol alcohols with phenols to give diphenylol methanes and
water (7). This reaction is catalyzed by acids and is favored by
an excess of phenol.

R represents a group, such as 0- or p-hydroxyphenyl, which
will activate the methylol group sufficiently so that reaction will
occur with phenol under the experimental conditions used in this
procedure. Because a mole of water is eliminated for each meth­
ylol group reacted, measurement of the water liberated provides a
means for estimating methylol content. This paper presents
the results of a study of the use of this reaction as applied to pure
phenol alcohols, benzyl alcohols, phenolic resins, and methylol
derivatives of urea and nitromethane. The results obtained upon
treating some related compounds under the conditions of the
test are also included.

REAGENTS

Phenol, redistilled, commercial grade.
Benzene, commercial grade, used as received.
p-Toluenesulfonic acid, monohydrate. Eastman Kodak Co.

used as received.
2,6-Bis-(hydroxymethyl)-4-chlorophenol, prepared from p-c.hlo­

rophenol according to Weiler and Berres (1.0. Recrystallized
twice from alcohol; melting point 164 ° C. Melting point re­
ported, 165° C. Calculated for C8HgOaCI: CI,18.83%. Found:
CI, 18.69, 18.85%. .

2,6-Bis-(hydroxymethyl)-4-methylphenol, prepared fro~ p­
cresol and formaldehyde according to Ullmann and Brittner
(1.'i); melting point 129.5-130.5°. Melting point reported, 130°.

Saligenin, Eastman Kodak Co., recrystallized from benzene,
melting point 85-86°.

Benzyl alcohol, Eastman Kodak Co., redistilled once, boiling
point 199-202 ° at 732 mm.

Benzhydrol, Eastman Kodak Co. Used as received, melting
point 68-69 0.

p-Chlorobenzyl alcohol, Heyden Chemical Co., used as re­
ceived, melting point 71-72°.
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Table II. Methylol Content of Dehydr-ated Phenolic
Hesins
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phenol, and to K. B. Goldblum for his many helpful suggestions.

Although water interferes with the determination, the method
can be applied to wet resins by first. measuring the water content
of the resin with Karl Fischer reagent (5) or by thc method of
Feith (4); the former is more reliable. It is obvious, however,
that for water-soluble resins, where the water content may
be very high, the accuracy of the method will be impaired. For
resins of very low methylol content, large samples will be re­
quired. Care must. also be exercised to see that the water con­
tent of the resin is accurately determined, if reliable results are to
be obtained.

Formaldehyde reacts with phenol to liberate a mole of water
for each mole of aldehyde reacted. While dry phenolic resins
contain very little unreacted formaldehyde, resins before dehy­
dration often contain free formaldehyde. In such cases a correc­
tion must be made for the unreacted formaldehyde in the react.ion
mixture.

-2.7

Water Found, %
9.75
9.07

7.80

Methylol Content, %
4.25
7.1

II. 4

50.3.')1. 7

28.7

21. 6

18.8

60.4

32.9

Caled. Found Error

25.0 24.6 -1.6

36.9 36.8 -0.3
36.7 -0.5

32.6 -0.9
32.6 -0.9

28.5 -0.7
29.4 +2.4

21.8 +0.9

18.6 -1.0

61.8 +2.3

Oetcrmination of MethyJol Content;

Methylol Content. %

Table HI. Water Evolved
Wat.er Calculated, %

9.78
9.09

7.83

Phenol-Formaldehyde Ratio

1:0.9
I: 1.05
1: 1. 3

p-Chlorobenzyl alcohol

o-Allyloxy benzyl alcohol

'I'ria-Ihvdroxvmetbvl)-
nitro methane

Benzyl alcohol

Bis-Ihydroxymethvl)­
urea

Compound

Saligenin

2.6-Bis-(hydroxymeth­
yl)-4-methylphenol

2.6-Bis-(hydroxymeth­
yl)-4-chlorophenol

Table J.

Resin

1
2
3

Compound

Benahvdrol
Dibenzyl ether
2,2'-Dihydroxy

dibenzyl ether
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DISCUSSION OF RESULTS

The method gave results with pure phenol and benzyl alcohols
which were in all cases within 3% of the calculated values, and in
general the agreement was much better than this figure. The
results with phenolic resins, although they cannot be checked be­
cause of lack of an independent method of analysis, appeal' reason­
able, based on knowledge of the mode of preparation. The fact
that dibenzyl ethers react with phenol to give a mole of water per
mole of ether shows that this group, where present, would inter­
fere. However, Sprung and Gladstone (12) have shown, based on
their study with saligenin, that ether formation is not an impor­
tant reaction in the base-catalyzed condensation of phenol alco­
hols. In one-stage resins, where basic catalysts are almost al­
ways employed, the quantity of ether groups present would not
appear sufficient in most cases seriously to affect the accuracy of
an analysis.

Dibenzyl ethel', Advance Solvents and Chemical Corp., redis­
tilled once.

Tris-(hydroxymethyl)nitromethane, Commercial Solvents
Corp., recrystallized once, melting point 155-156°.

o-Allyloxy benzyl alcohol, prepared from saligenin and allyl
bromide according to Claisen and Eisleb (1), boiling point 1l0­
120° at 1 to 5 mm.

Bis-(hydroxymethyl)urea, prepared from formaldehyde and
urea according to D'Alelio (2). Recrystallized twice from al­
cohol, melting point 125-126°. Melting point reported, 126° (3).

2,2'-Dihydroxy dibenzyl ether, prepared according to Glad­
stone (6) by heating saligenin at 100° for 8 hours. The product
was washed with water and recrystallized three times from ben­
zene, melting point 120-121°. Melting point reported, 119-120 °
(12). .

EXPERIMENTAL

A solution containing 500 grams of phenol, 250 m\. of benzene,
and 15 grams of p-toluenesulfonic acid monohydrate was placed in
a l-liter flask equipped with a Bidwell and Sterling take-off trap
provided with a stopcock and reflux condenser. The take-off
trap was of 5-m\. capacity, graduated in units of 0.1 m\. The
phenol solution was dried by refluxing vigorously, any water be­
ing removed by distilling into the take-off trap where it was with­
drawn. The trap was calibrated by adding known quantities of
water from a pipet to the phenol solution and distilling until
no more water collected in the trap. In calibrating the trap it
was necessary to add the water to the phenol solution and distill
it into the trap rather than add the water directly to the trap, as
a small quantity of phenol codistills with the water. The cor­
rection was mainly due to the large contact angle between the
water and the glass and changed from about 0.12 ml. for 1 m\. to
0.15 m\. for 4 ml, By treating the inside of the trap and con­
denser with GE Dri-Film ® water repellent (applied in the form
of a toluene solution and cured by baking 1 hour at 150° .C.),
the tendency for water droplets to adhere to the glass and not
sink to the bottom of the trap was essentially eliminated.

After the trap was calibrated, a sample of known weight and
sufficient size to yield 2 to 4 m\. of water was introduced into the
phenol solution. The solution was refluxed until no more water
separated. The volume of aqueous phase collected in the trap
was measured and corrected, by use of the calibration data, to
give the quantity of water formed by reaction of the sample with
the pheno\. From this figure the methylol content can be cal­
culated. For routine tests on resins it was found practical to run
a number of samples without changing the phenol solution; care
was taken to see that reaction was complete for one sample before
a second sample was added. Where it seems advisable to use
fresh phenol for each test, 100 to 150 m\. of phenol solution are
adequate.

Table I shows typical results and the percentage error found
when the methylol content of a number of compounds was deter­
mined according to the above procedure. Table II gives data on
the methylol content of three dehydrated phenolic resins pre­
pared by reacting different ratios of phenol and formaldehyde us­
ing an alkaline catalyst. The water evolved by some related
compounds when treated with phenol under the conditions de­
scribed for the methylol determination is shown in Table III.

For small samples, where direct measurement of the water
evolved is impractical, titration of the water with Karl Fischer
(5) reagent after separation from the phenol solution by distilla­
tion has been suggested. This procedure is now under study.



Colorimetric Determination of Rosin and Rosin Esters
MELVIN H. SWANN

Paint & Chemical Laboratory, Aberdeen Procin g GrolLnd, Md.

This work was trrrder-t.akeri to develop.a satisfactory
qualitative test for rosin in paints and varnishes, for
quality control and acceptance, and to develop
quantitative rrtethods for either free rosin or rosin
esters in paint products. Certain types of rosin
rrtodification are desirable in sorrre paints used
for Army Ordnance rrtateriel, but in the ab­
sence of rrreans of deterrrtining the type of rosin
rrtodification, it has been necessary to prohibit use

ROSIN is the most widely used natural resin in both the var­
nish and plastic fields; rosin is cheap and easily available

and by reason of its acid character it reacts to form salts and
esters.

There has been no completely suitable method of determining
rosin and rosin derivatives in paint products, either qualitatively
or quantitatively although many methods have been recom­
mended for detecting rosin in other resins, in varnishes, and in a
wide variety of materials. None of these qualitative tests seems
reliable, and many of the tests have been subjected to numerous
modifications (3). The Liebermann test (2) has been the most
widely used, although many interfering substances have been
named. One investigator (7) has concluded that the Liebermann
test is significant only if a negative result is obtained. In de­
veloping a systematic procedure for identifying synthetic resins
and plastics, Shaw (.4) employed the Liebermann test along with
some twenty or more other confirmatory tests to identify most
resins of commercial importance. Many of the synthetic resins
containing no rosin or rosin esters gave color reactions similar to
that of rosin products. The reaction with butyl phenol formalde­
hyde resin is identical with the reaction of some rosin products.
There is a definite need for a satisfactory qualitative test for rosin
and its products.

In a recent study of the varied methods of detecting rosin, it was
noted that under certain conditions it was possible to distinguish
between the colors formed by free rosin and rosin esters, employ­
ing the color reactions characteristic of the Liebermann test. As
a result of further investigation, two quantitative colorimetric
procedures, one for rosin and the other for rosin esters, were de­
veloped. Free rosin can be determined quantitatively in any
type of vehicle, with the exception of lacquers containing cellulose
derivatives. None of the esterified or modified rosin products
interferes with the determination of free rosin; the method can
be applied to incompletely esterified rosin products such as mono­
and diglycerides, and the results agree reasonably well with the
acid number of such esters. Esterified and modified rosin prod­
ucts can be determined quantitatively by a separate colorimetric
procedure, but the method is limited to nonalkyds and samples in
which the rosin has been completely esterified. Simple qualita­
tive tests will indicate whether or not the procedure is applicable
to the sample under analysis.

Both methods are based on the violet color formed by the reac­
tion of abietic acid (the principal ingredient of rosin), sulfuric
acid, and acetic anhydride. When rosin products in benzene are
shaken with 50% sulfuric acid and acetic anhydride in certain
proportions, the violet color formed by free rosin or rosin soaps
goes into the sulfuric acid layer, while the color formed by rosin
esters remains in the benzene layer. In the procedure for free
rosin and rosin soaps, the color of the reaction is extracted with
50% sulfuric acid from benzene and compared \\:ith a standard
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of rosin in most paints. Procedures for distinguish­
ing between free rosin and rosin esters provide a
means of detern~iningeither type of product quanti­
tatively under certain conditions. Analysts will be
able not only to determine the nature of the rosin
products present, but in most cases to deterrrtine
it quantitatively, thus providing a way to control the
formulation of products containing desirable rosin
modification and prohibit undesirable forms.

by means of an electrophotometer. In the procedure for rosin
esters, the color is developed in the benzene medium and is suffi­
ciently stable to permit comparison with standard potassium
permanganate colors.

It is not possible to distinguish by these procedures between
different types of rosin esters. Cumarand dammar, natural
resins which interfere in the usual qualitative Liebermann spot
test, do not interfere with either of the newly developed pro­
cedures. Some rosin products, such as hydrogenated rosin,
previously reported as giving a color different than rosin by the
usual qualitative spot test, have been found actually to produce
the same color as any other form; only the intensity is different.
No actual color variations between different rosin products have
been discovered in these investigations. However, certain oils
and other paint constituents char readily in the presence of sul­
furic acid as used in the original spot test, and form colors which
make the test uncertain. The diluted conditions used in the new
procedures eliminate this type of error.

ANALYTlCAI. PROCEDURE

Qualitative Method for Detecting Rosin and Rosin Esters.
The following instructions apply to resin solutions such as paint
vehicles. If dry resins are to be tested qualitatively,S to 10 mg.
are dissolved in the specified volume of benzene.

ROSIN ESTERS. Two drops of the resin solution to be tested
are added to 50 ml. of benzene in a 100-ml. glass-stoppered
graduate, and 0.5 ml. of acetic anhydride is added and mixed with
the sample. One large drop of concentrated sulfuric acid is added
and the graduate is shaken until color develops. If no color
develops in 15 seconds of vigorous shaking, one more drop of acid
is added and the agitation is continued 10 to 15 seconds longer.
If no red to violet color forms throughout the benzene, rosin
esters are absent.

FREE ROSIN OR RESINAT~J DRIERS. Two drops of the resin
solution to be tested are added to 75 ml. of benzene in a 100-ml.
glass-stoppered graduate. Five milliliters of 18 N sulfuric acid
are added and mixed with the sample by shaking. Acetic anhy­
dride is added in I-ml. portions, followed by vigorous shaking and
cooling in cold water for approximately 30 seconds between addi­
tions of the anhydride. A red to violet color in the lower layer
of sulfuric acid, after the addition of 5 to 10 ml. of the anhydride,
indicates the presence of free rosin or resinate driers. However,
a faint coloration in this test, when applied to a sample which
shows rosin esters from the previous test, does not indicate sub­
stantial amounts of free rosin, and the test should be confirmed
by the quantitative method for free rosin, as outlined.

Preparation of Sample for Quantitative Analysis. The follow­
ing instructions apply to resin solutions such as paint vehicles.
Dry resins may be weighed directly or dissolved in benzene so that
aliquots may be taken. In either case, the recommended sample
size is indicated.

The degree of accuracy obtained by either method of analysis
is determined by two factors: the accuracy with which the small
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sample is weighed, and the number of aliquots of varying size
withdrawn for confirmatory runs.

The sample used is necessarily small and should be weighed to
the nearest 0.0001 gram by difference from a special dropping
vial. The recommended sample bottles have molded screw cap
and pipet of clear glass, capacity 15 or 30 m!. (Fisher Scientific
Co. catalog No. 3-337). Before pigmented materials are ana­
lyzed, the vehicle must be isolated by supercentrifuging until
clear.

A sample of the resin solution, weighing not more than 0.5 gram
(0.1 to 0.2 gram of nonvolatile solid), is weighed by difference from
the special sample bottle into a 100-ml. volumetric flask contain­
ing benzene, ACS reagentgrade.. It is then diluted to volume
with benzene and aliquots are withdrawn for analysis as indicated
in the detailed procedure.

COLORIMETRIC PROCEDURE FOR FRlcE ROSIN AND ROSIN SOAPS.
A sample aliquot, estimated to contain 4 mg. or less of rosin, is
transferred to a dry 250-ml. separatory funnel (Squibb, pear­
shaped) containing benzene, ACS reagent grade. The volume
is then made up to 100 m!. with benzene. After mixing, 5 m!. of
18 N sulfuric acid are added from a buret. This mixture is
thoroughly shaken and 1 m!. of acetic anhydride (c.r., 98% mini­
mum) is added from a 10-m!. buret. The separatory funnel is
immediately and vigorously shaken for approximately 5 seconds
and immediately immersed in a reservoir of water at room tem­
perature. The level of water in the bath should be adjusted so
that it equals or slightly exceeds the level of benzene in the separa­
tory funnel. When the funnel has been in the bath 45 seconds,
it is withdrawn, 1 m!. of acetic anhydride is added quickly, and
the funnel is immediately shaken for 5 seconds and returned to
the water bath for 45 seconds. This process is continued until
10 ml. of acetic anhydride have been added. .

Upon removal from the bath after the tenth addition of acetic
anhydride, excess water is quickly blotted from the outside of the
funnel. Eighty milliliters of 18 N sulfuric acid are added from
a graduate or dispensing buret and the funnel is tumbled (not
shaken) five times to mix the contents. As soon as the liquid
phases have separated, which takes only a few seconds, the lower
or sulfuric acid layer is withdrawn directly into a dry, fritted­
glass filter crucible, medium porosity, of 30-m!. capacity, pre­
pared with an additional thin mat of medium-fiber-length filtering
asbestos. The use of a Fisher Filtrator is recommended and the
sample is collected in a dry 250-ml. beaker. Porosity of the cruci­
ble should be such that the 85 ml. of sulfuric acid will be filtered
in 3 or 4 minutes.

The sample is transferred to a 100-m!. volumetric flask, diluted
to volume with 18 N sulfuric acid, and compared at once on the
Fisher electrophotometer with a green light filter (wave length
525 mu). The rosin content of the sample aliquot is determined
by consulting a graph previously prepared in like manner, using
1-, 2-, 3-, and 4-mg. samples of purified rosin. If the color inten­
sity of a sample aliquot equals or exceeds the color equivalent to
4 mg. of rosin, the test should be repeated using a smaller aliquot
sample. If rosin esters are present in the sample, as indicated
either by previous qualitative test or by coloring of the benzene
layer in the above procedure, the test must be repeated, using a
proportionately smaller aliquot until analysis of the aliquot
shows approximately 1 ± 0.5 mg. of rosin.

Details of preparing the rosin standard are discussed in a later
paragraph. Total time for conducting the extraction procedure,
from drawing of aliquot to comparison of color on electropho­
tometel', should not exceed 20 minutes.

COLORIMETRIC PROCEDURE FOR ROSIN ESTERS. A sample
aliquot, estimated to contain the equivalent of 2 to 15 mg. of
abietic acid, is withdrawn from a predried buret into a dry 100-m!.
glass-stoppered graduated cylinder and diluted. to the 50-ml.
mark with benzene, ACS reagent grade, and 0.500 ml. of acetic
anhydride (c.r., 98% minimum) is added from a dry 10-m!. buret.
The contents of the graduate are thoroughly mixed and placed in
a reservoir of cold water maintained at a temperature of 15 0 to
18 0 C. by means of ice. After 3 minutes the graduate is withdrawn
and guickly wiped dry, and one drop of concentrated sulfuric
acid (95.5% minimum) is added. The graduate is immediately
stoppered and shaken with maximum speed and vigor until color
develops and for 3 seconds longer. It is immediately placed in
an upright position before a light source and matched at once
with potassium permanganate standards previously prepared as
outlined below. Fading usually starts in 10 to 15 seconds and
the test should be repeated with varied aliquot sizes until one or
more of the permanganatestandards has been perfectly matched.
The abietic acid equivalent content of the sample aliquot is de­
termined from Table I, or, if desired and if the type of rosin ester
is known, it may be calculated in terms of the ester present.

PREPARATION OF POTASSIUM PERMANGANATE COLOR STAND­
ARDS. C.P. potassium permanganate (0.100 gram) is dissolved in
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I liter of distilled water. If the solution is not free of suspended
matter, it is filtered through a fritted-glass filter funne!. Ten
aliquots, ranging in volume from 1 to 10 m!., are withdrawn from
a buret into separate lOQ-m!. glass-stoppered, graduated cylinders
of equal size, shape, and height of graduations. These graduates
match those used to develop color in the sample aliquots. The
permanganate aliquots are diluted to 50 m!. with distilled water.
Both the diluted and undiluted permanganate standard solutions
are unstable and must be prepared fresh the same day they are
used. The usual methods of stabilizing permanganate standard
solutions are unsuitable for these dilutions.

Calculation of Rosin Esters. Matching of a large number of
commercial samples of high quality and low acid number has
established the relations shown in Table 1. The equivalent
weights of abietic acid are calculated from the theoretical content
of completely reacted ester gum and maleic rosin ester.

ACCURACY

Accuracy of the methods is hard to establish, because of the
difficulty of obtaining suitable standards. The amount of abietic
acid in rosin has never been definitely established and un­
doubtedly varies with grades of commercial rosin. The color of
reaction, assumed to be due to abietic acid, may be partially due
to other rosin acids present. Rosin is not completely stable to
heat, and heat is involved in the manufacture of many rosin
products. Various samples of lead resinate, on analysis, show
varying composition in lead and in rosin content. The analysis
of resins containing free rosin shows a decided decrease in abietic
acid with time of storage. The acid number of such samples
likewise decreases. Powdered rosin has shown a decrease of 5 to
9 acid number units in 6 weeks on exposure to air (3). As nearly
as can be estimated, however, the methods appear to have a
maximum deviation of 1.0%, although reproducibility in Rome
cases appears much higher.

Some analytical results are shown in Table II. These results
are not conclusive, as the estimated ester content of the samples
is based on bulk laboratory weighings which are known to cause
variations of 1 to 2% from intended composition. Table III
shows the free rosin content of some dry, incompletely esterified
ester gums. The rosin content of these gums is calculated
from their acid numbers as compared to the acid number of the
rosin from which they were made--N-wood rosin having an acid
number of 162.

Table I. Abietic Acid Equivalents
0.01 % KMnO. Equivalent Calculated

Diluted to .50-MI. Equivalent Maleic Rosin Equivalent
Volume with H20, Ester Gum, Ester, Abietic Acid,

MI. Mg Mg. Mg.

2 3.33 4 3.2
4 6.67 8 6.4
6 10.0 12 9.6
8 13.33 16 12.8

10 16.7 20 16.0

DISCUSSION

Attempts to substitute benzoyl chloride for acetic anhydride,
as recommended by LaLande (1) in his survey of qualitative rosin
tests, were unsuccessful. Acetyl chloride was also unsatisfac­
tory.

The color developed in both procedures is affected by heat.
The color forms faster at elevated temperatures but fades rapidly.
At excessively low temperatures, color does not form at all. The
extraction procedure for determining free rosin must be conducted
on a timed schedule, and the operator must be able to carry the de­
termination through without interruption. There is apparently no
fading of the color developed prior to dilution with sulfuric acid.
However, the fading proceeds very slowly from this point, and
results of good reproducibility have been obtained by different
operators. This accounts for the desirability of a filter crucible
of pretested filtering rate.

The graph for determining free rosin is a straight line, but be-
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cause of the many opportunities for variation, it will be necessary
to develop color on each known aliquot sample twice and plot the
majority of points. An attempt was made to extend the sample
size limit beyond the equivalent of 4 mg. To do so required with­
drawing the sulfuric acid layer and repeating the process so as to
continue the color extraction. Although this technique is possi­
ble, it was found to be less accurate and unnecessary. "Then the
sample size is 4 mg. of abietic acid or less, all the color is extracted
by the procedure as outlined.

The use of wood or gum rosin as a standard for preparing the
color graph is unsatisfactory. It is practically impossible to
obtain reproducible results from different samples of high grade
rosin. Large lumps of rosin give more color than an equal weight
of small lumps taken from the same source, and powdered rosin
gives even less color. This is apparently due to the rapid oxida­
tion of free rosin. This same effect is not apparent when dealing
with rosin esters. It has been noted, however, that a recheck of
a sample that has been standing 24 hours, dissolved in benzene,
gives slightly less color than the original test. It is therefore
recommended that all tests be completed the same day the sam­
ples are prepared. It is necessary to use a purified form of abietic
acid as standard for the free rosin procedure. Abietic acid for
use as a standard was prepared from two different sources. Al­
though the two samples were not identical in appearance, they
yielded identical color intensities. One source, which gave pure
white crystals, was a sample of tall oil that had been on hand for
approximately one year. In this time, a considerable quantity
of crystals had separated from solution. The oil was filtered
through paper of coarse porosity and the crystals were transferred
and washed thoroughly with 75% ethyl alcohol (by volume).
After air-drying, the crystals were placed in a vacuum at room
temperature for 1 hour. The resulting product was practically
odorless. A suitable standard can also be prepared from wood
rosin by a method proposed by Steele (5). Seventy grams of
wood rosin are refluxed with 50 ml. of 98% acetic acid for 2 hours
and filtered while hot through paper. After standing 12 hours or
longer in a closed container, agitation will cause crystals of abietic
acid to separate from solution. These are filtered through paper
in a Biichner funnel and washed with 75% ethyl alcohol {by
volume) until the filtrate is practically colorless.

The color developed in the procedure for rosin esters matches
that of potassium permanganate perfectly. A reddish appear­
ance, compared to permanganate of equal intensity, indicates a
charred or brownish coloration existing with the characteristic
violet. This condition can be corrected by using smaller sample
aliquots and matching to standards of less intensity. The color
standards could be extended as high as 20 ml. of permanganate
in 50-ml. volume and would match 40 mg. of maleic rosin ester,
but the distinctions between concentrations are harder to make.
The comparison of color with potassium permanganate was sug­
gested by Stock (6) in 1926. A daylight fluorescent tube placed
horizontally 2 inches above a table top was found to be an excel­
lent light source for color comparison. The amount of concen­
trated sulfuric acid added in the procedure for rosin esters should
be fairly constant. It has been found that a "medicine dropper"
with a large opening will not deliver more than 0.025 ml. of con­
centrated sulfuric acid. This is a suitable quantity; a larger

3.1
5.9

13.3
20.3

3.5
6 ..5

11.7
22.2

5.6
10.5
19.0
36.0

Table Ill. Free Rosin Content of Dry Ester Gums
(Incompletely Esterified)

Acid No. of Free Rosin Content, %
Ester Calculated Analyzed

volume is slow in settling and does not permit prompt comparison
of color.

The fact that rosin salts are determined by the same procedure
as free rosin would seem to limit the usefulness of this procedure.
That such is not the case is due to the great difference in the
amount of rosin anticipated in a sample which contains metallic
resinates only, as compared to a sample to which free rosin has
been added as an adulterant. The behavior of rosin salts, react­
ing as free rosin, is probably due to reaction with sulfuric acid
which liberates abietic acid. Rosin esters, being more stable to
the acid, behave differently. Incompletely esterified ester gums,
having acid numbers above 5.0, produce a highly intensified color
when tested by the procedure for rosin esters. The intensity
increases rapidly with increasing acid number. Similarly, the
color formed with these gums fades rapidly when developed; the
speed of fading increases with acid number. Such gums are
probably mixtures of mono-, di-, and triresinates, and will show
a positive qualitative test for free rosin and cannot bc analyzed
for ester content. Attempts to complete the esterification so
that analysis could be made, and efforts to separate rosin from
rosin esters by saponification, were unsuccessful. High tempera­
ture saponification destroys the color-producing properties of
rosin esters. When hydrogenated rosin is tested qualitatively, it
gives positive tests for free rosin and for rosin ester; when tested
quantitatively, the combined composition does not excecd 100%.
Methyl abietate behaves like free rosin and rosin salts.

When rosin-modified glyceryl phthalate resins are tested by the
procedure for rosin esters, an intense, rapidly fading color forms
which is from four to six times higher than anticipated from a
known composition. The method for determining rosin esters is
not recommended for phthalic anhydride alkyd resins, although
an approximate composition can be obtained by running the
test as outlined and dividing the result by 5. It is interesting to
note, however, that a mixture of a known amount of ester gum
with an alkyd which contains no rosin can be analyzed accurately.
It is the combination of rosin, glycerol, and phthalic anhydride
which produces the intensified color. Free rosin and resinate
driers can be determined on resin of any type, including the
alkyds. There are several types of finishes in which rosin modi­
fication would be desirable, but in' the absence of a suitable
method of determining either the nature or amount of rosin, it
has been necessary to prohibit its usc entirely in many paint
specifications.

Unsaturated oils such as tung or linseed do not affect either
determination. Certain fish oils produce slight brown coloring
in the rosin ester test, but the use of small aliquots prevents inter­
ference.

When lacquers containing nitrocellulose are added to benzene
and the insoluble nitrocellulose separates from solution, much of
the rosin ester present is coprecipitated. Attempts to redissolve
and reprecipitate to recover these esters have not been completely
successful. Further investigations will be conducted along these
lines because rosin esters are used extensively in lacquers. If no
separation occurs when a lacquer is added to benzene, the tests
may be applied. No solvent, other than benzene, has been found
suitable for use in the two procedures.

Additional work will be done to broaden the applicability of
the procedures. It is hoped that the investigations, as reported,

Composit.ion by
Analysis

(Solids Basis), %
19.1
41.1
26.0
24.4

Typical Analyses of Rosin Esters
Estimated
Content as
Rosin Ester

(Solids Basis). %
20
40
25
25

Table II.

Type of Resin Solution

Maleic rosin ester (varnish)
Maleic rosin ester (varnish)
Ester gum varnish
Ester gum lacquer
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will stimulate the interest of other workers in the field. Although
the investigation was conducted primarily with paints, the analyti­
cal procedures should prove useful in the wide variety of indus­
tries in which rosin products are used.
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Determination of Alpha- and Beta-Lactose in Dry
Products of Milk from Rates of Crystallization

R. P. CHOI, C. W. TATTER', AND C. M. O'MALLEY

American Dry Milk Institute, Inc., Chicago 1, Ill.

The lactose in dry products of milk manufactured
by most commercial processes is known to exist in
an amorphous state with the alpha and beta forms
present in approximately the same equilibrium
ratio as in fluid milk. However, with certain manu­
facturing processes and in products of high moisture
content the ratio of a- to i3-lactose is altered by the
crystallization of part of the lactose as the alpha
hydrate. A convenient method for estimating

ACCORD IN G to Hudson en the rates of solution and crystal­
lization of lactose are controlled entirely by the rate of con­

version of one form of the sugar into the other. Hudson (4)
found that when a large excess of finely powdered lactose hydrate
is shaken continuously with water at constant temperature, a
definite amount dissolves initially and then more continues to go
into solution slowly until a final solubility is attained. In the
initial stage the process is one of ordinary solution and is very
rapid because of the large area of solid-liquid interface. In the
second stage the rate of solution is controlled entirely by the rate
of isomerization of the alpha to the more soluble beta modifica­
tion and cannot be further increased by increasing the contact
between the solid and liquid phases. This limiting rate has been
referred to by Hudson (4) as "the maximum rate" of solution,
although it is actually much slower than that ofthe initial stage of
solution. The initial solubility represents the equilibrium con­
centration of the alpha form of lactose, while the difference be­
tween the final and initial solubilities gives the equilibrium con­
centration of the beta modification. On this basis both equilib­
rium and rate equations have been derived by Hudson (4).
The solubility method (1) for a- and i3-lactose, previously pub­
lished by the authors, was based upon the equation for the maxi­
mum rate of solution.

In a solution in which the concentrations of both the a- and 13­
lactose are in excess of their equilibrium concentrations Hudson
(4) found that addition of a large amount of fine crystals of a­

lactose hydrate and application of vigorous agitation cause the
immediate crystallization of the excess alpha modification, fol­
lowed by a slow conversion of the beta to the alpha form, which
then crystallizes as soon as it is formed. The rate of crystalliza­
tion in this latter stage is controlled entirely by the rate of trans­
formation of the beta to the alpha modification. This limiting
rate, referred to by Hudson (4) as "the maximum rate of crystal­
lization," is described by the equation,

1 Present address, Beatrice Foods Co., Chicago, Ill.

these two forms of lactose in dry milk products is,
therefore, desirable. It was found that i3-lactose
can be determined from its rate of crystallization
in a saturated lactose solution abundantly seeded
with crystalline alpha hydrate, and. a-lactose can
be obtained as the difference between the total
lactose and i3-lactose. This method does not require
special equipment and yields results in satisfactory
agreement with those obtained by other methods.

Co - Soo
Ie,t = log C, _ S oo

where Ie, is the rate constant, Co is the total initial lactose con­
centration after seeding with lactose hydrate crystal, Soo is the
final solubility, and C, is the concentration of lactose at any given
time t. From this relationship an additional method has been
developed for the determination of a- and i3-lactose in dry prod­
ucts of milk.

The lactose in commercial dry products of milk exists either
predominantly as crystalline alpha hydrate or as a glass with the
two modifications in equilibrium proportion. Of the two forms
of lactose the beta, whether in the glass or crystalline state, dis­
solves rapidly in a saturated solution of lactose; the crystalline
alpha hydrate does not dissolve; and the alpha glass dissolves but
immediately crystallizes when agitated with enough crystalline
alpha hydrate. As the final solubility of lactose is not affected
by the constituents of milk (5), the increase in concentration of
lactose that results from the addition of dry milk to a continu­
ously agitated saturated solution of lactose containing crystalline
alpha hydrate is, therefore, from the i3-lactose of the sample.
This i3-lactose, once dissolved, slowly disappears as a result of its
conversion to the alpha hydrate. If the quantity of lactose in
solution is determined at several known time intervals and the
logarithm of (C, - Soo) is plotted against t in accordance with
the equation for the maximum rate of crystallization, a straight
line should result, whose intercept at zero time gives the i3-lactose
in the original sample. The difference between the total lactose
and the i3-1actose thus obtained is the alpha component.

APPARATUS

The apparatus consists of a borosilicate glass cylinder, 5.5 cm.
in diameter and 15 em. long, fitted with a two-hole rubber stopper.
Through one hole an electrically driven stirrer is inserted. The
other hole is used as a sampling outlet and stoppered when not
in use. The cylinder is placed in a constant temperature water
bath maintained at 25° C.



VOL U M E 2 3, N O. 6, J U N E 1 95 1 889

Table I. a- andI~-LactoseContent of Nonfat Dry Milk
Solids

the corresponding time, a straight line should result, whose
intercept at zero time should give the ~-lactose content expressed
as per cent of the total lactose in the sample of dry milk. The
difference between this and 100% is the amount of a-lactose.

Solubilit.y
Method

% beta % alpha

% beta % alpha

61.8 38.2
69.0 41.0
60.3 39.7
61.0 ss.o
61.4 38.6

62.5 37.5
63.0 37.0
60.4 39.6

61. 7 38.3
61.0 39.0
62.1 37.9

60.9 39.1 62.6 37.4
62.2 37.8 59.6 40.4
62.0 38.0 62.0 38.0
9.1 90.9 11.0 89.0

28.5 71.5 30.1 69.9
28.2 71.8 28.5 71.5
20.0 80.0 19.4 80.6
20.0 80.0 20.2 79.8
13.0 87.0 15.9 84.1
11.1 88.9 13.2 86.8

% bet.a % alpha

(As per cent of total lactose)

Lactose Distribution

10.0
20.0
30.0
36.0
40.0

Weight of Sa mp le,
Grams

Sample

Spray nonfat dry milk
solids

1
2
3

Roller nonfat dry milk
solids

1
2
3

Dry whey solids

1
2
3
4
5
6
7
8
9

10

Table n. a- and ~-LactoseContent of Sorrre Dry Pl'Oducts
of Milk

(As per cent total lactose)

Crystallization
Method

In Figure 1 the slope of the lines, which is a measure of the rate
constant, k2, is approximately 0.006 for all concentrations of milk
solids used. This value was also found when other samples of
spray and roller process nonfat dry milk solids were analyzed.
While Herrington (2) was not able to measure the mutarotation
velocity, k; + k2 , of lactose in milk by the polaroscopic method
because of interference from the turbidity of milk, both the
solubility method (1) and the present crystallization method offer
means of obtaining such data. The equilibrium constant, K,
which may be expressed as the ratio of the two velocity constants,
kdk2, is known at several temperatures (6). The rate constant,
k2 , can be obtained by either the solubility method or the present
crystallization method. From these two quantities the mu taro-

RESULTS AND DISCUSSION

To determine the range of sample size within which this method
is applicable, varying quantities of a sample of spray process non­
fat dry milk solids were used. Data are plotted in Figure 1 with
the least squares line drawn through each set of points, Values
for a- and ~-lactose calculated from the vertical intercepts ar
presented in Table 1.

The results show that sample size from 10 to 40 grams, inclu­
sive, yielded essentially the same results. With increasing quan­
tity of sample used the relative accuracy of lactose analysis may
be improved because of the larger amount of lactose present, but
the viscosity of the suspension also increases. A sample size of
30 grams was found to be a convenient quantity to use.

1'8~O.

1:7

~1.6 ------'--

1'8~"o 0

1.7 0

~'i;j 1.6

tIll8~~
~ 0
...J

~ 1.7
~ 0

~ 16~ --'-----'----'

~::~I
1.6

::~I
1.6

o 5 10 /5 20 25 30
TIME OF' STIRRING- MINUTES

Figure 1. Effect of Variation of Sanrple Size

PROCEDURE

Prepare a saturated solution of lactose by dissolving exactly
22.8 parts of C.P. a-lactose hydrate in 100 parts by weight of
distilled water. Solution may be hastened by slight warming of
the mixture. Cover the final solution with a layer of toluene to
prevent mold growth and store the solution at 2S0 C. for at least
a day before use.

Weigh 30.0 grams of dry milk of less than 5% moisture and
mix thoroughly with 35 grams of a-lactose hydrate powder. If
the moisture content is above 5%, the sample should be dried
at about 65° C. to reduce it below this level before analyzing.
Quickly add the mixture to the borosilicate glass cylinder con­
taining 122.8 grams of saturated lactose solution at 2So C. and
note the time. Before transferring the cylinder and contents
to the water bath it is necessary to dislodge any clump of powder
that may adhere to the wall of the cylinder, so that rapid and
complete dispersion is facilitated. Apply stirring at a rate
sufficient to keep the solids in suspension. Withdraw 20 to
25 ml. of the suspension at several known time intervals. Cen­
trifuge immediately in a So-ml. centrifuge tube at approximately
1000 r.p.m, for 3 minutes. Carefully decant the supernatant
liquid into a clean, dry test tube. Weigh accurately 6 to 7
grams of the centrifugate and determine lactose by the Hinton­
Macara method (3). Reconstitute 10.00 grams of the dry milk
sample to a final volume of 100 ml. and determine total lactose
by the same method.

On a separate portion of the centrifugate determine the water
content by means of the following procedure: Weigh accurately
2 to 3 grams of the centrifugate in an aluminum dish of the type
used in the determination of total solids of milk. Evaporate on
a steam bath for 15 to 20 minutes and then dry in a vacuum oven
at 100° C. under a pressure of 2 to 3 mm. of mercury for 2 hours.
The loss in weight is calculated as water.

Express the lactose result obtained by the Hinton-Macara
method (3) as grams of lactose hydrate per 100 grams of water,
using the water content determined by the above procedure.
From this value subtract 22.80, the lactose content of the satu­
rated solution, and express the difference as per cent of the total
lactose found in the 30.0 grams of dry milk used for the deter­
mination. When the logarithm of this quantity is plotted against

Grains of spray process -nonfat dry Dlilk solids per 100 graJDs of water
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tation velocity, kl + k2, can be calculated. In the equations de­
rived by Hudson for the maximum rates of solution and crystal­
lization, common logarithm is employed. If the rate constants
are to be applied to kinetics problems, they must be multiplied by
the logarithmic conversion factor 2.3026.

In Table II results on the a- and (3-lactose distribution in dif­
ferent dry products of milk as determined from rates of crystal­
lization are presented along with some data obtained by the solu­
bility method (1). The values fOJ' nonfat dry milk solids are in
agreement with those reported by Sharp and Doob (7) and by the
present authors using the solubility method (1). The ratio of (3­
to a-lactose is very close to that found in fresh fluid milk at
ordinary temperature, a fact which indicates that the drying oper­
ations cause very little disturbance in the equilibrium of the two
forms of lactose. This is also true of dry whey solids samples 1,
2, and 3. In the remaining samples of dry whey solids, in which
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crystallization of the lactose had been induced in the processing,
the alpha modification predominates.

In general, results obtained by the solubility method (1) and by
the crystallization method are in good agreement. The tech­
niques employed and the length of time required per analysis are
very similar in both methods.
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Potentiometric Analytical Methods for Hydrazino
Compounds

Hydrazine Sulfate

WILLIAM R. McBRIDI<:, RONALD A. HENRY, AND SOL SKOLNIK

Chemistry Division, U. S. Naval Ordnance Test Station, China Lake, Calif.

This potentiometric study of the oxidation of hydra­
zine to nitrogen was made in order to develop gen­
eral procedures for the quantitative determination
of hydrazine nitrogen in organic oornpourrds. Ex­
perimental conditions are systematically varied, so
that the reduction of iodate ion proceeds to the three
distinct equivalence points: the iodine morioehlo­
ride, the iodine, and the iodide ion. The relative
effect of hydrogen ion and chlor.ide ion concentra-

T HE quantitative oxidation of hydrasine to nitrogen with
various oxidants has led to numerous analytical methods for

the determination of hydrazine. A comprehensive review of
quantitative methods is given by Penneman and Audrieth (2, 8).

Jamieson (5) applied the Andrews method (1), essentially
titration with potassium iodate in a strong hydrochloric acid solu­
tion with formation of iodine monochloride, to several hydrnzine
salts. The potentiometric study of this reaction in at least 4 F
hydrochloric acid was found by Singh (10) to give accurate and
reproducible results with a sharp inflection point when using a
platinum foil electrode versus a calomel cell. Stelling (11) re­
ported that the potentiometric titration of hydrazine with iodic
acid gave iodine as an end product in sulfuric acid solutions and
iodine monochloride in hydrochloric acid solutions.

Bray and Cuy (3) found that the oxidation of hydrazine to
nitrogen in 0.5 to 2.0 N sulfuric acid was complete in 3 minutes
when treated with a known excess volume of iodic acid. The
excess iodic acid was determined by reduction to iodine with
potassium iodide and titration with potassium thiosulfate. The
oxidation of hydrazine by iodine (3) was found to be rapid in
alkaline solution and slow in acid solution. In the presence of
air in alkaline solution hydrazine undergoes slow decomposition
due to a reaction with oxygen. By proper addition of reagents
this decomposition was minimized to give agreement within 0.2%
of theory.

tions Oil the iodate reduction is studied in both the
presence and absence of chloroform. Recommended
potentiometric procedures for the quantitative de­
termination of hydrazine sulfate are described.
Because potentiometric procedures may be varied to
a greater degree than most generally accepted
methods allow, it is probable that the hydrazine ni­
trogen in other compounds may be determined by a
proper choice of one of the procedures described.

Kolthoff (6) observed that the concentration of hydrochloric
acid solution had considerable effect upon the quantitative aspects
of the iodate-hydraaine reaction when carbon tetrachloride was
used as a solvent indicator. A decrease of the final hydrochloric
acid concentration from 2.9, 2.3, 1.7, to 0.9 volume F increased
the results from 0.0, 0.4, 1.0, to 4.0%, respectively, above the
theoretical value. All these observers in performing the Jamieson
method or modifications stress the importance of maintaining a
final concentration in the hydrochloric acid solution greater than
3.0 F.

Swift (12), however, in a series of experiments determined the
relative effect of the concentration of hydrochloric acid solutions
upon the titration of iodide ion with iodate ion by the Andrews
method, and concluded that the high concentration of acid is
necessary for a rapid rate of reaction and not for prevention of
hydrolysis of the iodine monochloride. His results were in good
agreement when the final concentration of hydrochloric acid was
1.0 F. Because of the small potential change at low add con­
centrations, the electrometric method of analysis (13) may be in
error in 2 F hydrochloric acid. Philbrick (9) in examining the
hydrolysis of iodine monochloride reiterates Swift's opinion that
the high acid concentration used is not necessary to reduce hy­
drolysis, but is needed to increase the reaction rate. The inten­
sity or position of the absorption band for iodine monochloride in
aqueous solution does not change with hydrochloric acid or alkali
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chloride concentration in going from 0.2 to 10 F (4.). This effect
is added evidence for the essentially complete prevention of hy­
drolysis in solutions of hydrochloric acid or alkali chloride which
are as low as 0.2 F. Lang (7) has shown that the hydrochloric
acid in the Andrews method, provided its concentration does not
fall below 10% by volume (1.2 F), may be replaced almost com­
pletely by potassium chloride. It is reasonable to assume that
this same effect may also be produced by other alkali chlorides.

Audrieth (2) expresses the opinion, based upon some prelimi­
nary work by Bray and Cuy (3), that the oxidation of hydrazine
by iodate ion proceeds slowly in neutral or alkaline solutions at
room temperature. The basis for this opinion, not discussed, is
apparently either the lack of formation of iodine in the solution
or the slow liberation of nitrogen. The iodide end point lefinitely
is of theoretical interest as a stage in the reduction of iodate ion,
especially if the reaction is performed under an inert atmosphere
of nitrogen in an alkaline medium.

This potentiometric investigation of the titrimetric analysis of
hydrazine sulfate with potassium iodide is primarily concerned
with stages of the iodate ion reduction, determination of the opti­
mum conditions for developing analytical procedures for hydra­
zino-containing compounds, evaluation of the recommended
analytical procedures for hydrazine sulfate, and the theoretical
aspects of the reaction mechanism.

EXPERIMENTAL

Apparatus and Materials. The electrical apparatus consisted
of a Model G Beckman pH meter arranged to measure electro­
motive force for oxidation-reduction reactions. The platinum
electrode, attached to the upper pin-jack of the pH meter in all
titrations, served as the indicating electrode and the saturated
calomel electrode as the reference half-cell. An Ivan Sorvall
magnetic stirrer with a glass-covered bar served as an agitator
for the titration performed in a 20o-ml., 3-necked, round-bot­
tomed flask. . The flask was fitted with rubber stoppers, in which
were placed the two electrodes and the tip of the 50-ml. buret.
The system was rearranged slightly for the alkaline titrations
performed under nitrogen.

The standard solution of potassium iodate, Merck reagent
grade, was 0.02500 volume F (5.3505 grams per liter). When
the solution of potassium iodate was to be used for titrations in
alkaline systems, it was prepared from boiled

j
distilled water and

stored under nitrogen. The hydrazine su fate was prepared
from distilled hydrazine hydrate and sulfuric acid; it was recrys­
tallized several times from distilled water and dried at 140 0 C.
The analysis of the hydrazine sulfate for purity (99.6 to 99.8%)
gave consistent and reproducible results either potentiometrically
(10) or by the Jamieson method (5). The slight stoichiometric
discrepancy existing between potassium iodate, as the primary
standard, and the hydrazine sulfate is inconsequential for the
purpose of this investigation. All other reagents used were
chemically pure.

General Analytical Procedure. The customary procedure was
to dissolve the hydrazine sulfate in a small volume of hot water
to facilitate solution. The required amount of acid or salts then
was added to the remaining portion of water, and after cooling,
this solution was added to the hydrazine solution. The initial
volume of all the solutions was 60 ml.; the initial temperature
was 25 0 to 30 0 C. No apparent difference existed between rapid
and slow addition of potassium iodate solution, provided that
nearly equilibrium conditions were attained near the end point.

DISCUSSION OF IODATE ION REDUCTION STAGES

Iodine Monochloride End Point. The potentiometric titration
of hydrazine sulfate with potassium iodate to the iodine mono­
chloride end point is quantitative under the different experimental
conditions employed. The net reaction may be formulated by
the equation

The intermediate reduction of iodate ion to iodine with the
subsequent oxidation to iodine monochloride is the characteristic
reaction of the Andrews method (1) and is not formulated in
Equation 1.
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Table I illustrates the effect of varying the initial concentration
of hydrochloric acid solution from 0.5 to 9.0 F in the absence of
chloroform. The potential change at the end point progressively
increased from 100 to 5000 mv. per ml. The experimental evi­
dence indicates that acid concentrations greater than 2.0 Fare
convenient though not absolutely necessary for the quantitative
determination of hydrazine. The titrations were reproducible
within 0.2% in the 2.0 to 9.0 F range; the 0.5 and 1.0 F solutions
gave slightly high results.

Table I. Effect of Hydrochloric Acid and Chloride Ion
Concentration on Titration of Hydrazine Sulfate to Iodine

Monochloride End Point
Initial 0.02500F % of Theory, PotentialFormality> N, H,. H,SO" KIO., M!.absd./ Change,

HCl ci- Gram M!. M!.oalod. Mv./M!.

0.5 0.5 0.1045 31. 70-33.60 98.7-104.6 Erratic
30-70

0.5 0.5 0.1095 34.00 101.0 40
0.5 1.0 0.1118 34.60 100.7 151
0.5 1.0 0.1058 32.71 100.7 220
0.5 3.0 0.1065 32.67 99.8 300
0.5 3.0 0.1059 32.40 99.5 350
0.5 6.0 0.1091 33.49 99.9 510
0.5 6.0 0.1061 32.49 99.6 450
0.5 9.0 0.1098 33.65 99.7 2800
0.5 9.0 0.1090 33.44 99.8 2200

1.0 1.0 0.'1075 33.04 100.0 190
1.0 1.0 0.1040 31.92 99.8 260
2.0 2.0 0.1056 32.30 99.5 .500
3.0 3.0 0.1031 31.60 99.7 570
3.0 3.0 0.1031 31.60 99.7 670
6.0 6.0 0.1213 37.18 99.7 2900
6.0 6.0 0.1020 31.19 99.5 2100
6.0 6.0 0.1142 34.93 99.5 2300
6.0 12.0 0.1010 30.98 99.8 3500
6.0 12.0 0.1148 35.18 99.7 4000
9.0 9.0 0.1006 30.86 99.8 5500
9.0 9.0 0.1010 30.98 99.8 8800
9.0 9.0 0.1039 31.87 99.8 3300

a Original volume, 60 ml. in all titrations in these tables. Volume formal
concentrations, formula weights per liter of solution, used to express all
concentrations. Chloride ion concentration increased by addition of either
lithium or sodium chloride.

The high results cannot be explained by the hydrolysis of iodine
monochloride because the final concentration of the solutions
in respect to hydrochloric acid was still above 0.2 F. Perhaps
the high results are best attributed to the slowness of the oxida­
tion of iodine to iodine mono chloride by iodate ion and the rela­
tively small potential change at the end point, less than 100 mv.
per ml. As Kolthoff obtained much higher deviations from
theory at higher acid concentrations (6), it was decided to use
15 ml. of chloroform in an experiment identical to the 1.0 F trial
(Table I). No definite end point was determined by the time
109.5% of the theoretical volume of potassium iodate solution
had been added. The color of iodine was still observed in the
chloroform layer and required 1 hour of stirring to disappear.
The essential difference between the two solutions is the concen­
tration of iodine in the aqueous phase. Thus it would seem that
the relative concentration of iodine and iodate ion definitely
influences the rate of reaction in solutions of low acid concentra­
tion to give an apparent high stoichiometric relationship.

The Jamieson method (5) requires maintaining the final hydro­
chloric acid concentration from 3 to 6 F. When the acid concen­
tration becomes too low, the reaction rate decreases rapidly and
results are high. The presence of a solvent layer for the iodine
causes the reaction to proceed at a still slower rate, presumably
owing to the reduced concentration of iodine in the aqueous phase.
A high acid concentration favors the direct formation of the iodine
monochloride, with only a small amount of iodine yielding a mint
and disappearing end point. Both conditions tend to inhibit the
attainment of equilibrium riear the end point.

The effect of alkali chlorides on the reaction was investigated
by maintaining an initial acid concentration of 0.5 F and in­
creasing the chloride ion concentration from 0.5 to 9.0 F by the
addition of either sodium or lithium chloride within their respec-
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tions performed in distilled water without the addition of sul­
furic acid have a limited significance, because the decreased
potential change at low acid concentrations results in a corre­
sponding decrease in the sensitivity of the method. In a 1.5 F
sulfuric acid solution the length of time for the titration could be
shortened from nearly 1 hour to about 15 minutes by the addition
of chloroform. The results obtained by titrating rapidly in the
absence of chloroform were likely to be slightly high. This effect
might be due conceivably to the rather slow formation of iodine
at low concentrations of iodate ion and hydrazine in solutions of
relatively high concentrations of sulfuric acid and iodine. Again
the low results found by the titration of hydrazine sulfate in dis­
tilled water may be explained by similar reasoning-namely, that
the iodine formed is partially reduced by the hydrazine to iodide
ion, which in turn is rather slowly oxidized to iodine by iodate
ion in the presence of relatively large concentrations of iodine.
This hypothesis is supported by the observation that, in the titra­
tion, the iodine color formed in the aqueous phase, after the ini­
tial addition of a few milliliters of iodate solution, completely
disappears, thus indicating a further reduction to iodide ion.

Both the iodine and the iodine monochloride end points are
observed in hydrochloric acid solutions 6 F or less. When the
acid concentrations were 1 or 3 F, both end points were quantita­
tive; the same was true of a solution which was 0.5 F with re­
spect to hydrogen ion and 3.0 F with respect to chloride ion
(Table III, Figure 1). Although a potential change is noted at
the iodine equivalence point in a 6 F hydrochloric acid solution
there is no potential change noted in the solution 6 F with re~
spect to hydrogen ion and 12 F with respect to chloride ion
(Figure 1). The effect of the chloride ion is evident on com­
paring curve A, which is a potential-volume curve of the iodine
monochloride end point in a solution 6 F with respect to hydro­
gen ion and 12 F with respect to chloride ion, and curve B, which
is a similar curve of both the iodine monochloride and the iodine
end points in 3 F hydrochloric acid.

Iodide End Point. The potentiometric titrations of hydrazine
sulfate with potassium iodate in alkaline solutions, which are 0.2

128
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Figure 1. Iodine Monochloride End Points
A. In solution 6 F wi.th r«;spect t~ hydrogen ion and 12 F with respect to chloride ion.
B. In 3 F bvdeochfoeic acid solutIOn.
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Table II. Effect of Sulfuric Acid Concentration on
Titration of Hydrazine Sulfate with Pot.assfurn Iodato

to Iodine End Point
0.02500 F % of Theory,

KIO" Ml. obad.!
MI. MI..a l •d •

24.90 99.9
28.00 98.5
26.49 98.5
25.21 98.8
25.85 99.7
2.5.72 99.8
26.25 99.5
29.67 99.5
25.58 99.7
25.29 99.8
26.28 99.7
25.05 ~9.5

27.43 99.8
25.70 99.7

Initial
Formality,

H,SO.
0.0
0.0
0.0
0.0
0.5
0.5
1.5
1.5
1.5
1.5
3.0
3.0
4.5
7.5

tive solubility limits (Table I). Quantitative results within
0.2% were obtained with initial chloride ion concentrations of
3.0, 6.0, and 9.0 F with satisfactory potential changes at the end
points. High results were obtained at 0.5 and 1.0 F chloride ion
concentrations with smaller potential changes. These results
obtained by a potentiometric procedure are in complete agree­
ment with Lang's work (7) performed by a modified Jamieson
method. •

Iodine End Point. The potentiometric titration of hydrazine
sulfate with potassium iodate to the iodine end point gave repro­
ducible results within 0.2% in solutions of initial sulfuric acid
concentration from 0.5 to 7.5 F (Table II). The potential change
at the end point progressively increased from 1600 to 7500 mv.
per ml. with the increase in sulfuric acid concentration. The
net reaction may be formulated as

. 5N2Hs+ + 410 3 - ---+ 5N2 + 212 + llH20 + H30 + (2)

This study was an extension of Bray and Cuy's evidence (3)
that hydrazine is oxidized quantitatively to nitrogen in 0.5 to
2.0 N sulfuric acid.

The titrations performed in a sulfuric acid medium without a
solvent layer all pro-
duced solid iodine which
supposedly existed in
equilibrium with its
saturated solution.
Two tendencies were
noted in the titrations:
Apparen t low results
were obtained when the
hydrazine sulfate was
titrated in distilled
water; and increasing
length of time was re­
quired for the potential
to become stable with
increased sulfuric acid
concentrations. Iden­
tical experiments in the
presence and absence of
chloroform were carried
out with the hydrazine
sulfate in distilled water
and in 1.5 F sulfuric
acid. In the titrations
performed in distilled
water the addition of
chloroform gave nearly
theoretical values with
respect to the volume
of potassium iodate
solution required. The
results of the titra-
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This procedure may again be varied as the occa-to 2.5 F with respect to hydroxyl ion, proceed rapidly to the iodide
end point with the evolution of nitrogen. Low results, 3 to 4%,
due to the concurrent oxidation of hydrazine by air were noted
when the hydrazine sulfate was titrated in solutions of potassium
hydroxide (Table IV). When the titration was performed in an
alkaline medium under nitrogen, the volume of iodate solution
required approached within 0.2 to 1.0% of the calculated theo­
retical volume (Table IV). Because the oxidation of hydrazine
with iodate ion is quantitative to the iodine stage and the oxida­
tion of hydrazine with iodine is quantitative to the iodide stage
in the presence of excess iodine (3), the quantitative reduction of
iodate ion to iodide Ion logically appears to follow. The quanti­
tative reaction in alkaline solution could be formulated by the
net reaction

added initially.
sion demands.

Iodide End Point. After the hydrazino compound is dissolved
in 60 ml, of boiling water, the solution is maintained continuously
under nitrogen while it is cooled; after the addition of 3 grams of
solid sodium hydroxide, the solution is again cooled to room tem­
perature. The standard solution of potassium iodate is added
initially as rapidly as possible and near the end point is added
dropwise in order to permit equilibrium to be established.

A comparison of the three recommended procedures and the
Jamieson method (5) is summarized in Table V. In the iodine
monochloride, the iodine, and the iodide methods, the potential
at the end point changes, respectively, from 600 to 900, 500 to 800,
and -900 to -400 mv. with the recommended analytical pro­
cedures.

SUMMARY

Quantitative procedures for the determination of hydrazine
sulfate with potassium iodate have been developed for the iodine
monochloride and the iodine equivalence points which are repro­
ducible within 0.2%. The method for the iodide equivalence
point gives results varying from 0.2 to 1.0% low. While the
iodide method is not recommended for most compounds, it may
be the only one available for certain organic compounds.

(3)

I, ICI

330 260
260 670

70 2100
280 350

Potential Change,
Mv./MI.

Cornpartson of Iodine and Iodine Monochloride
End Points in Sallie Solution

% of Theory.
MI..bsd./Ml.c.lcd.
It ICI

100.0 99.8
99.8 99.7

100a 99.5
99.6 99.5

Conditions

1 FHCl
3FHCI
6FHCl
0.5FH+,3.0FCl-

Table III.

a Establishment of equilibrium too slow to be useful at such a high hydro­
chloric acid concentration.

Table V. Cornpar-isorr of Recornrnerrded Analytical
Procedures

The sharp inflection point and the agreement with theory of
several of the titrations, especially in relation to similar titrations
performed in air, indicate that the difference might be due to an
incomplete elimination of oxygen from the system. A more
complete investigation of this reduction stage is in progress at the
present time in order to ascertain the reason for this discrepancy.

N,H•.H,SO.,
% Hydrazine

0.02500 F N, Found
Method Gram KIO"MI. (Theory 21. 53)

Iodide 0.1067 21. 75 21.42
0.1020 20.75 21.37

Iodine 0.1044 25.58 21.46
0.1031 25.29 21.48

Iodine monochloride 0.1010 30.98 21.49
0.1006 30.86 21.49

Jamieson 0.1025 31.41 21.47
0.1062 32.52 21.45

RECOMMENDED ANALYTICAL PROCEDURES

Iodine Monochloride End Point. The hydrazino compound is
dissolved in 15 ml. of water, and 45 ml. of hydrochloric acid
(specific gravity 1.18 to 1.19) are added. The solution is cooled
before the initially rapid addition of iodate solution. The end
point may be determined with a reproducibility of better than
0.2% in either of two ways: by allowing equilibrium to be at­
tained during the dropwise addition, in which case the end point
is taken as the maximum potential change per volume; or by
slow dropwise addition until the potential continues to increase
to between 700 and 800 mv., in which case the end point is taken
as the volume where the continued increase is noted. The essen­
tial difference between the two methods is the time involved in
the titration. The amount of acid required may be varied ac­
cording to the individual circumstance.

Because these procedures may be varied to a greater degree than
most generally accepted methods allow, it is probable that the
hydrazine nitrogen in organic compounds may be determined by
a proper choice of one of the procedures described. For this
reason the application of the potentiometric procedures to a series
of organic hydrazino compounds will be a subject of later investi­
gation.
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a Performed under air.

Iodine End Point. The hydrazino compound is dissolved in
45 rnl, of water to which 15 mI. of sulfuric acid (specific gravity
1.84) are added. The end point is determined in the same man­
ner as the iodine monochloride end point with the same 0.2%
reproducibility. In the second method 15 ml. of chloroform are

0.2 F KOHa 0.1004 20.00 97.2
0.3]1' KOHn 0.1005 19.80 96.2
0.9 F KOH 0.1042 21.15 99.0
0.9 F KOH 0.1038 21.10 99.2
0.8 F NaOH 0.1185 24.00 98.9
0.8 F NaOH 0.1055 21.50 99.4
1.3 F NaOH 0.1067 21.75 99.5
1.3 F NaOH 0.1020 20.75 99.3
2.5 F NaOH 0.1023 20.70 98.7
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Separating Asphalt into Its Chemical Constituents
GORDON O'DONNELL

Shell DeveloPTflent cs., Emeryville, Calif.

A knowledge of the composition of asphalt on the
basis of molecular size and chemical type, compar­
able to the analysis of the overhead cuts of petro­
leum, was' desired. The method developed involved
molecular distillation to yield a size separation;
silica gel chromatography to separate saturates,
aromatics, and resins; solvent dewaxing of the
saturates to determine wax content; urea-complex
formation to separate long-chain paraffins; alumina

chromatography to separate monocyclic aromatics;
peroxide oxidation followed by chromatography to
remove thiophene analogs; and thermal diffusion
in the liquid state to segregate naphthenes on the
basis of ring number. This method of analysis has
proved satisfactory for establishing the concentra­
tion of paraffins, naphthenes, aromatics, resins, and
asphaltenes in an asphalt, as well as their distribu­
tion on the basis of molecular size.

Saturates

t Dewaxing

Wax + Oil

molecular weights of the individual fractions vary from about
300 to 3000, a compromise has to be made between narrowness of
cuts and a convenient number of samples.

After the asphalt has been separated by distillation into frac­
tions of fairly narrow molecular size, the individual fractions may
be analyzed in a manner similar to the analysis of lubricating oil.
Physical separation by silica gel chromatography into saturates,
aromatics, and resins, dewaxing of the saturates to yield a wax
and an oil, and urea treatment of the wax to remove paraffins have
been found satisfactory. The dewaxed saturates and the urea
raffinate can be further separated by means of thermal diffusion.
The aromatic fractions from the majority of asphalts can then be
separated into mono- and dicyclic aromatics by further chroma­
tography. The benzothiophene homologs can be removed from
the aromatics by oxidation to the sulfones and chromatographing.
On a second sample of the original distilled fractions the most
polar nitrogen and sulfur compounds are separated by treatment
with mercuric chloride. A schematic diagram of the method
generally used is given in Figure 1.

FRACTIONAL DISTILLATION

The asphalt under investigation may be distilled as such, or it
may be separated into its maltene and asphaltene fractions and
the maltenes distilled separately. The former method has the ad­
vantage of fractionating the asphalt in its original state, but the
much higher viscosity limits the distillation. The latter method
permits deeper distillation, but does not yield as representative
samples as does distillation of the entire product, For example,
distillation of a California coastal asphalt yielded overhead frac­
tions considerably more waxy than did distillation of the mal­
tenes. Moreover, fractional separation of the asphaltenes gave
some fractions of lower molecular weight than the heavier maltene
fractions. However, roughly 10% more of the original asphalt
can be distilled if the asphaltenes are removed first.

The distillation was conducted on a conventional 14-inch
cyclic molecular still obtained from Distillation Products, Inc.
This apparatus was selected because the thermal lability of
asphalt necessitates minimizing the time of heating and the
temperature to which it is heated. With this still the feed is
passed over a heated rotor in a fraction of a second, and the
reservoirs are maintained at the minimum temperature required
to preserve fluidity. At no time was the temperature of the
material permitted to exceed 250 0 C. Fractions of 1000 molecular
weight can be distilled overhead at this temperature.

Inasmuch as this still was designed for oil having a much lower
viscosity than asphalt, a few modifications were made on the
original design. All sections of the still where solidification of
the asphalt could occur were equipped with electrical heaters
and the degassing unit was by-passed, because it proved a major
source of plugging. It was found that distillation could take
place at a much lower rotor temperature if the film from which
distillation occurred was maintained at a minimum thickness.
This was accomplished by substituting a variable-speed motor
for the original pump motor, and slowing down the feed rate

Thermal
Diffusion

~ Urea ~

Aromatics

1AIC~~atographY
Monocyclic + Dicyclic

Aromatics Aromatics

~ Oxidation ~ Oxidation

Sulfones + Hydrocarbons

Figure 1. Schematic Diagram of Method of Separation

Paraffins + W8,."

Asphalt

t Isopentane

Asphaltenes + Maltenes

t Distillation

10 Fractions~2 Complex + Oil

t Silica Gel Chromatography

Saturates + Aromatics + Resins

Most physical methods of separation into chemical types are
partially vitiated when there is a broad distribution of molecular
sizes. For example, solvent separation of aromatics and par­
affins is not completely satisfactory, inasmuch as an aromatic
of low molecular weight may be more soluble than a paraffin of
high molecular weight in a solvent 'selected to remove paraffinic
constituents. Chromatographic separation of lubricating oils
leads to considerable overlapping of bands, unless the oil has pre­
viously been fractionated into narrow molecular weight ranges.
The procedure described here is based on the premise that sharp­
ness of separation can be greatly enhanced by first separating the
asphalt on the basis of molecular size. Unfortunately, as the

I N COMPARISON with overhead distillate products from
petroleum, the chemical composition of asphalt is practically

unknown. Although a great deal of excellent work has been done
on the fractionation of asphalt, most of it has been directed to­
ward either comparing a series of asphalts or ultimately meeting
specifications. Consequently, such analyses involve consider­
able empiricism. The method described here illustrates a sepa­
ration of asphalt comparable to the analysis of overhead cuts
from petroleum. The objective was to separate the wide spec­
trum of chemical individuals in asphalts into a limited number of
groups of components, each embracing definite chemical classes
and molecular sizes. A California coastal asphalt was selected to
illustrate most of the methods used.
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Table I. Results of Mercuric Chloride Treatment

as the viscosity increased . Pressures were maintained at 4 to
10 microns during the distillation.

Figu re 2 illustra tes the molecular weight distribution of two
typica l California asphalts of the same penetration, It is ap­
parent that there is consid erable difference in component distri­
bution just on the basis of molecular weights . It was also found
that carbon-hydrogen ratio, nitrogen and sulfur content, specific
gravity, and viscosity increased as the molecular weight increased .

Rel!!'nerated complex
HgCl, ra ffinate

R el!!'nerated compl ex
Hg Ch ra ffina te

Molecular
Weight

583
583
935
935

%C
75 .7
83.4

76 .9
83 .0

% H
9 .7

11.3

9 .7
11.0

% N
0.7
0 .4

0 .7
0 .5

% 8
12 .2
4 . 3

10.0
4 .6

18001500bOO 900 IZOO
MOL EC ULA R WEIGHT

SULF UR rO~TENT OF THE RAEflNATE

'00

Ex peri mentally, a 10% solution of distill ed fraction in iso­
pentane was vigorously mixed wit h an equa l volume of saturated
aqueous mercuric chloride solution . Most of the reactive ma­
terial eomplexes immediately, but the mixture was allowed to
stand 24 hours with occasional shaking to ensure complete
reaction. The solid complex was filtered , and washed thoroughly
with isopentane to remove occluded oil and with water to remov e
excess mercuric chloride. The filtr ate was washed with wa te r
until a test for mercuric ion was negative, th en dried over an­
hydrous sod ium sulfate, and the solvent was removed under
vacuum. The complex was decomposed by suspending in dilu te
hydrochloric acid, adding benzene, an d af ter warming, passing
hydrogen sulfide through the mixture. The mercuri c sulfide
form ed was filtered from the benzene solut ion and the solu tion
was wash ed rep eatedly with sa turated aqueous sodium sulfide
solution to remove colloidal mercuric sulfid e, and then with
water. The benz ene was removed from the residue under vac­
uum. Molecular weight determination of the regenerated com­
plexed material showed that no polym erization had occurred.

Ftgure 3. Mercuric Chloride Treatment of California
Coastal Asphalt
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content than in sulfur. The mercuric chloride-treated oils were
of lighter color 'an d had a mu ch lower viscosity than the original
material. Figure 3 illustrates the results of mercuri c chloride
treatment of a California coastal asphalt as a function of molec­
ular weight, as well as the distribution of sulfur in both the com­
plexed and uncomplexed ma terial. Ex amples of the resu lts of
this separation are given in Tabl e I.
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Figure 2. Molecular Weight Distribution of Two
California 40/50 Penetration Asphalts
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PREPARATION OF MALTENES

T he procedure employed in th e prepara tion of the malten es is
the conven tional meth od for obtaining separation of th e insoluble
asphaltenes and soluble malten es, Isopentan e (2-methylbutane)
was selected as solvent becaus e it is readil y obtain abl e, is liquid at
atmosphe ric pressure, and is sufficiently volatile to be removed
from the maltenes without resorting to high temperatures.
The asphalt sa mple was dissolved in an equa l volume of benz ene
and poured with st ir ring into 40 volumes of isopentane . After
24 hours' st anding the mixture was filter ed and the insolub le
asphalte nes were wash ed repeatedly with isopentane. The as­
ph alten es were sto red still wet with solvent under an atmos­
phere of carbon dioxide until required for fur th er expe riments.
The solvent was removed from th e malteues under vacuum.

Essen tially the same valu es are obtained whether benzene is
used, or the asphalt ie cooled to -75 0 C. and pul verized by
grinding, or th e asph alt is liqu efied with sma ll amounts of iso­
pen tane before being added to the bulk of th e isopentane. The
amount of asphalt used is immaterial, as the same percentage of
asphalte nes was obtain ed with 15-gallon sa mples as with lO-gram
samples.

MERCURIC CHWRIDE COMPLEX FORMATION

Inasmuch as ne dir ect correlation could be mad e between the
sulfur content of the aspha lts investigated and their ph ysical
proper ties, vari ous methods were tried for the sepa rati on of sulfur
com pounds . It was found that mercuri c chloride was the most
satisfactory reagent for this purpose. Mercuric chloride is
known to form salts or compl exes with a number of sulfur and
nit rogen compounds. Treatment of a number of as phalts with
mercuric chloride showed t ha t the amount of sulfur compounds
comp lexing was no t proportional to the sulfur content. In
some cases 80% of the sulfur was removed, whereas in others
almost none of the sulfur compounds reacted. Indications are
that disubsti tu ted benzothiophenes and substituted dib enzo­
thiophe nes are the predominant sulfur compounds where complex
forma t ion did not occur. With asphalts of high nitrogen con­
tent, the complexed material is freq uently higher in nitrogen

CHROMATOGRAPHIC SEPARATION

The use of chromato graphy in asphalt ana lys is is not new.
Grader (3 ) and oth ers have used t his method of separa tion .
However, in the molecular weight range of asp ha lt man y high
molecular weight paraffins are sufficiently insolubl e in paraffinic
elutrient s that low molecular weigh t a roma tics are frequ ently
eluted first. By fra ctionally distilling th e original material
into narrower molecular weight fracti ons, this difficul ty is avoided .
Furthermore, a lar ge molecule havin g only one aromatic ring has
a lmost the same solubility as a saturated hyd rocar bon . Conse­
quently, ultraviolet absorpt ion must be determined frequ ently on
the effluent solution during the chro ma tographing to determine
when aromatics are being eluted . The criterion used for t he first
chan ge of elutrients was the attainment by the effluent solution of
an extinction coefficient of 0.1 liter per gram cm ., a value cor­
responding to :$0 .2% by weigh t aroma tics in th e saturates, ae-
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cording to the ultraviolet definition of aromatics shown in Table
III. 'This ana lyt ical method is more sensitive than that provided
by refractive index measurements and does not lose sensitivity
with increasing molecular weight.

Although chromatographic separation in th e laboratory re­
stricts th e amount of material which may be handled, as much as
1 kg. of distill ed fraction has been separated in a single column.
Experimentally the saturates were eluted with isopentane,
samples being removed periodic ally for ultraviolet examinat ion for
th e presence of aromatics. When th e absorption spectrum .
showed aromatics.to be present in the effluent , th e receiver was
repla ced, the solvent was cha nged to benzene, and the remainder
of the aromat ics were elute d. The benzene elution of aromatics
yielded a highly colored solution. When th e benzene came
through th e column s colorless, th e eluted aromat ics were re­
moved and alcohol was substitute d to remove the resins. Resins
are defined here as that black, resinous fraction, containing the
most strongly adsorbed molecules, which is not eluted from silica
gel by benzene. The alcohol elution was continued until the ad­
sorbent was essentially colorless. Ultimate recoveries amounted
to 98 to 99% by weight of th e charge . Figure 4 illustrates th e
distribution of saturates, aromatics, and resins for a California
coastal asphalt .

17 .7
29 .0
38 .6
43 .9

Resins

0 .01 8
0 .030
0 .035
0 . 080

3000
2600
2400
2200

T a ble III. Ultraviolet Ex tinct ion Coefficients of
Chromatographed Fracttorrsv

Satura tes Aroma t ics
Li ters/Gram -em

19 .3
39 .4
47 .2
52 . 1

Table II. Chromatographic Separation
(Molecu lar weight = 867)

o/ev~~ Empirical
% C % H % N % S Formulas

Original 100 86 .0 I I. 3 0 .31; 2 .00 C"H"No.•So.•
Saturates 32 85 .8 13 .7 0 .1 8 C6l! Ha 8
Aromati cs 53 86 . 2 10 .7 0 . 20 2 .6 C"H.. N•.,So.,
Resins 15 84.0 9 .7 1.2 3 . 1 C" H"N•.,S•.•

Wa ve Len gth . A.

Figure 5. C h r omatograp h Columns

a Values ob ta ined by Spe ctro scop ic Department.

Packing of th e columns is carried out in a very simple manner.
Inasmuch as isopentane is th e first solven t used, the columns are
partially filled with isopentane and th e silica gel is introduced.
The heat evolved causes th e isopentane to boil and thi s agitation
results in very compact packing of the gel. A mixture of Davison
28/200 and passing 20D-mesh gel is used throughout, all efforts
being made to minimize the time of exposure to air. After
packing, nitr ogen pressure is ap plied and a few lit ers of isopentane
are circulated to ' ensure maximu m consolidation of the gel and
th ereby minimize channeling. An isopentane solution of the
oil to be analyzed is then poured on top of the adso rbent.

With low molecular weight fract ions of aspha lt a gel to oil ra­
tio of 6 to I was satisfacto ry. However, with fractions of very
high molecular weight as mu ch as .')0 to 1 must be used . Addi-

IS OOsoc 900 1200
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300

Figure 4. Distrib ution of Asphalt Fractions
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With most asphalts the saturates are 99.1 % or more carbon
and hydrogen and some asphalta are 50% or more saturates with
as little as 10% resins. The material removed by mercur ic
chloride is concentrated in the resin fraction , although only about
half of the resins react with mercuric chloride. Nitrogen- and
oxygen-containing compounds, as well as nonaromatic sulfur
compounds, are principally in the resin fraction . Substituted
benzothiophenes are eluted in the aromat ic fraction, and may
contain as much as 65% of the sulfur compounds present . Some
typical analyses are given in Table II, illustrating the type of
separation attained .

The ultraviolet absorption of th ese fractions is given in Table
III for a few characteristic wave length s.

The chromatograph column s consist of two sections of glass
tubing, 5 feet long by 3 inches in diameter, which are water­
jacketed for cooling, because the initial adsorption is accompanied
by considerable evolution of heat. Sintered-glass plates are
fused in the bottom of the columns to hold th e adsorb ent.
The lower end is equipped with a stopcock for removing samples
during the course of the elut ion, and with a distilling flask and
heater for flashing off the solvent. The upper end of the column
is furnished with a condenser and nitrogen inlet tube. The
dist illing flask is connected to the condenser by an insulated
bypass tube which conveys the vaporized solvent back to th e
top of the column, so that elution is continuous. The appar atus
th us acts very much like a large Soxhlet extractor. The nitrog en
inlet tube permits th e separation to be conducted in the absence
ef air and, hence, minimizes oxidation.
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tion of 1 liter of alumina gel to the top of the columns decreases
the amount of silica gel required because of its much greater ab­
sorptive capacity for resins, but alters the separation of aromatics
and resins.

Figure 5 is an illustration of the columns used.

SEPARATION OF SATURATES

The saturated hydrocarbons obtained by chromatographing
the asphalt fractions were separated into wax and oil by more or
less conventional solvent dewaxing. This is done primarily be­
cause an absolute value of wax content is important to the as­
phalt technologist, since wax is regarded as deleterious. Fur­
thermore, the n-paraffins are concentrated in the wax fraction and
hence are more readily complexed with urea. The use of urea for
the removal of n-paraffins has been reported (1). The greater
part of the paraffins are removed by complex formation with urea.

The saturated fraction of most asphalts is principally a naph­
thenic oil. Next in abundance is a naphthenic wax, and least of
all is the quantity of paraffins. No attempts have been made to
separate n-paraffins from isoparaffins because of the spread in
molecular weights even in distilled fractions. Furthermore, the
amount of isoparaffins present would undoubtedly be slight.

Inasmuch as these molecules are free of aromatics, judging by
their transparency in the ultraviolet region, a knowledge of the
degree of condensation may be obtained from their hydrogen de­
ficiency compared with CnH2n for a simple naphthene. Figure 6
illustrates the characteristic distribution obtained for a Califor­
nia coastal asphalt. Table IV contains analyses of a typical,
separated saturate fraction of 867 molecular weight for another
typical asphalt. Despite the hydrogen deficiency calculated for
the paraffins, the melting point and refractive index corresponded
with those of an-paraffin.

1.3
2.1
2.9
5.1
8.2

H Deficiency

Tbermul Diffusion of Paraffin-Free Wax
(Molecular weight = 579)

%C %H
85.6 14.2
85.8 14.1
86.0 14.0
86.6 13.7
86.3 13.1

Cut 1 (top)
2
3
4
5 (bottom)

Table V.

The column used for obtaining the above separation consists
of three concentric glass tubes. Steam is passed through the
center tube and cooling water through the outer tube. The
annulus formed by the carefully ground and centered inner
tubes contains the sample. In order to increase the effective
capacity of the column, five reservoirs are spaced equally along
the tube, which merely extends the time required to reach equilib­
rium and does not affect the degree of separation. To facilitate
sample removal without any mixing, each reservoir is equipped
with a small capillary stopcock. Samples are removed periodi­
cally for refractive index determination to ascertain when equilib­
rium is reached. The length of time required for eaeh separation
is a function of the viscosity of the material, the width of the
annulus, and the size of the reservoirs. Anything from 2 to
20 days may be necessary for equilibrium, depending upon the
sample.

Figure 7 gives a schematic diagram of the column used.

The wax cake, containing methyl isobutyl ketone, was dissolved
in a minimum of additional methyl isobutyl ketone and stirred
vigorously with excess, saturated aqueous urea solution. With
the fractions of higher molecular weight, elevated temperatures
were required to effect solution. When this was necessary, the
wax solution was reacted with urea solution saturated at the
same temperature. The mixtures were stirred several hours to
ensure completion of the reaction, and filtered. The precipitate
was washed thoroughly with fresh methyl isobutyl ketone to
remove occluded oil and then with ether to remove methyl iso­
butyl ketone. The filtrate was washed several times with
water to remove all urea present. Distilling off the solvent under
reduced pressure gave a soft, waxy residue from the filtrate.
Boiling the filter cake with water decomposed the urea complex
and liberated the paraffins. Repeated treatments with water
removed all urea, and the solid paraffins were dried in a vacuum
desiccator.

Although fractional precipitation of the naphthenic waxes is
satisfactory, this method cannot be applied to the naphthenic
oils. For this separation, thermal diffusion has yielded some in­
teresting results, and has the advantage that no solvent is re­
quired, high temperatures are not used, so that thermal hazards
do not exist, and a low expenditure of labor is required. This
method can also be applied to the separation of the naphthenic
wax, if the cool wall is maintained at a temperature slightly above
the melting point of the wax. The method is essentially that of
Clusius and Dickel (2). The, type of separations which can be
achieved by this method has been very clearly demonstrated by
Korsching and Wirtz (5) and Kramers and Broeder (6). Al­
though the theory of the process is complicated (7), it may be
stated that the most viscous material always remains at the cold
wall and hence concentrates at the bottom, while the least vis­
cous material tends to go to the hot wall and is thereby con­
centrated at the top of the column. Table V contains the analy­
ses of a typical naphthenic wax. The hydrogen deficiency listed
indicates the degree of unsaturation compared with CnH2n ,

thus giving a measure of the number of rings present.

SEPARATION OF NAPHTHENES

0.6
6

10

Hydrogen
Deficiency

)500

%8
0.2
0.2
0.2

%H
14.3
13.7
13.4

PARAFFIN~FREEWAX

%C
85.6
86.1
86.4

baa 900 1200
MOLECULAR WEIGHT

PARAFFINS

Analysis of a Saturate Fraction
(Molecular weight = 867)

% by
Wt.

5.6
75.4
19

300

Figure 6. Distribution of Saturates
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The dewaxing operation was carried out by cooling to -50 0 C.
a methyl isobutyl ketone solution containing 10% of saturate
fraction. After the wax cake had been filtered in a precooled,
jacketed Buchner funnel, the wax cake was slurried with fresh
methyl isobutyl ketone at -50 0 C. and filtered again. The
occluded solvent was pressed from the wax with a cooled, glass
stopper. Distillation of the methyl isobutyl ketone solution
under vacuum yielded a water-white oil.

SEPARATION OF AROMATICS

The aromatic fractions obtained from the silica gel chromato­
grams are too broadly defined to be entirely satisfactory, as aro­
matic fractions of the same molecular weight from two different
asphalts may have entirely different physical properties. To
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Table VI. Separation of Aromatics
(Molecular weight = 460)

Empirical
Formulas

CaaHfiliNo.oaSo.3o
CIIH48No.lS0.37

%N %8

0.1 2.1
0.3 2.6

%H

12.0
10.5

%C

85.2
86.2

Monocyclios
Dicyclics

Table VII. Removal of Aromatic Sulfur Compounds
Mol. Empirical
Wt. % C % H % N % S Formulas

650 82.3 10.4 0.37 6.4 C"H"No.17S1.'
650 86.6 12.6 0.1 0.1 C"H8INo."8o.,,
460 85.2 12.0 0.1 2. 1 C31H.. No.03S0."
460 87.6 12.3 0.07 0.1 C..H .. No."So. 01

Original
Treated
Original
Treated

help resolve this difference, aromatic fractions were rechromato­
graphed over alumina gel into monocyclic and dicyclic aromatics.
In the asphalts investigated, the ultraviolet absorption spectra
were incompatible with the presence of catacondensed tricyclic
aromatic molecules in amounts greater than 1%. The relative
amount of benzenoid and naphthenoid molecules varies from pre­
dominantly benzenoid, in the lower molecular weight range, to a
predominance of naphthenoid compounds in the fractions of
higher molecular weight. Indications are that substituted Tet­
ralins comprise a large'part of the benzenoid molecules.

/STEAM

matic fractions are principally substituted benzothiophenes, the
oxidation was conducted in a manner suitable for the conversion
of the sulfur atoms to the dioxides for ease of removal. Table
VII illustrates the differences obtained with two typical aro­
matic fractions. Even in those oils where there was more than
one sulfur atom per molecule, according to the empirical formula,
it was possible to obtain some hydrocarbons.

The standard procedure for oxidizing benzothiophenes to
sulfones by means of hydrogen peroxide was used (4). Three
times the theoretical amount of hydrogen peroxide, based on the
sulfur content, was added to an acetic acid solution of the oil.
This was heated to 700 C. and stirred 8 hours. After working
up by conventional procedures, the oxidized material was
separated by chromatography. The oxidized sulfur compounds
remain on the adsorbent until the very end of the elution and
are generally removed by eluting with alcohol. '

ANALYSIS OF ASPHALTENES

The asphaltene content, obtained by precipitation with iso­
pentane, varies from 5 to 35% by weight, depending on the source
of the asphalt. Analysis of these asphaltenes is more difficult
than the analysis of the maltenes because of their high molecular
weight and the ease with which they change on standing.

The presence of wax in the asphaltenes has been established by
pouring a benzene solution of asphaltenes on a large volume of
silica gel. Extraction of the gel with copious quantities of iso­
pentane yielded 5 to 10% of an essentially colorless wax of high
melting range.

Fractional precipitation of asphaltenes from a benzene solution
by gradual addition of isopentane yielded fractions of atomic
carbon-hydrogen ratios varying from 0.82 to 0.71, and with
trends in both sulfur and nitrogen content. However, no chemi­
cal interpretation could be assigned to the results, other than
that the most aromatic molecules have the highest sulfur and
nitrogen content and are least soluble.

3 RESERVOIRS
12" APART

0.4 mm . ANNULUS

-HiD

~tt~-EXPANSION BELLOWS

Table VI illustrates a typical separation of monocyclic and di­
cyclic aromatic compounds. This does not imply that higher
condensed rings, where some of the rings are hydrogenated, are
not present-for example, the monocyclic aromatics undoubtedly
contain a high percentage of Tetralins. It is, therefore, not in­
conceivable that a similar situation obtains with the dicyclic aro­
matic fraction. Furthermore, two or three benzenoid fragments
linked by alkyl chains would probably be desorbed along with
substituted naphthalenes. These would be classified with the di­
cyclics by the method used, although their absorption spectra
would be that of the monocyclic aromatics. However, no method
has been found for further separation, with the possible exception
of thermal diffusion.

Figure 7. Thermal Diffusion Column

Experimentally, the samples were dissolved in isopentane and
poured into a column filled with Alcoa F-20 activated alumina.
During the elution with isopentane, samples were removed
periodically and ultraviolet absorption spectra obtained. Sub­
stituted naphthalene spectra were evident while still eluting
with isopentane. As soon as substituted naphthalenes ap­
peared, the receiver was changed and the remainder eluted with
benzene or alcohol. Carefully eluting with a graded series of
solvents yielded fractions of increasing optical density in the
ultraviolet region, but the character of the absorption remained
unchanged.

REMOVAL OF AROMATIC SULFUR COMPOUNDS

It is obvious from an inspection of the empirical formulas that
many aromatic fractions contain a predominance of sulfur com­
pounds. In order to examine the aromatic fractions without the
possibility of confusion from the. sulfur compounds, it was neces­
sary to remove them. This was accomplished by oxidizing the
sulfur compounds with hydrogen peroxide and chromatographing.
Because indications are that the sulfur compounds in the aro-
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Analysis of Mercuric lon-Anion Mixtures
JAMES B. FERNANDEZ, LLOYD T. SNIDER, AND EDWARD G. RIETZ

University of Florida, Gainesville, Fla.

Mercuric ion and acetone were observed to react, with the production of hydro­
gen ion and a eorrrpbex mercury eornpourrd, As a result of the complex forma­
tion, mercuric ion may be determined alkalim.etrically and chloride, bromide,
thiocyanate, and iodide ions rnay be deteernfned argerrtfmetzlcally, The lllethod
described is a rnore sirrrple procedure than those eornrnorrly cmpfoyed for the
analysis of rnercuric ion-anion mixtures.

Table I. Determination of Mercuric Ion in Presence of
Chloride and Bromide Ion

These observations were applied to the analysis of a 0.02468 M
solution of mercuric chloride. A mean of 123.8 = 0.29 mg. was
found on analyses of seven aliquot samples containing 123.9 mg.

0.5 1.0 1.5 2.0
EOUIVALENT OR -/EOUIVALENT Hg ++

Figure 1. Per Cent Recovery of Mercuric Ion
FroID a 0.05 M solution 01 HgCh, plotted against equivalent

Br/equivalent Hg++
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Two other complications were next considered. Obviously, an
acidified solution of mercuric chloride would require a modifica­
tion of the method and certain anions because of the stability of
their mercury complexes would be expected to preclude the use of
this method. The complication of added acid presents no diffi­
culty, provided that the anion of the acid does not interfere. If
interfering anions are absent, the solution is adjusted to the
bromocresol green end point (the pH of a mercuric chloride solu­
tion) prior to the titration.

The anion complication, however, imposes a limitation on this
method. With the exception of chloride and bromide ions, all
complex-forming anions introduced erroneous. results. In the
case of bromide ion, quantitative results are possible if certain
modifications are made. Such modifications are required because
the stability of the mercuric ion-bromide complex produces low
results, as indicated by Figure 1. The bromide ion complication
may be solved in either of two ways: This ion may be removed
nearly quantitatively prior to the analysis, or a correction from
Figure 1 may be applied to the results obtained from the unmodi-.
fled method. The former method is preferred and is described in
detail in the experimental section.

Although cyanide, bromide, iodide, and thiocyanate ions limit
the applicability of the mercuric ion determination, the converse
is not true-Le., all of the ions listed, with the exception of the
cyanide ion, may be determined quantitatively in a mercuric ion
mixture after the mercuric ion-acetone complex has been formed.
On formation of the complex and adjustment of pH, the chloride,

of mercuric ion. The average deviation from the mean was
=2.4 parts per thousand, the standard deviation was =2.9 parts
per thousand, and the probable deviation was =2.0 parts per
thousand.

The effect of excess amounts of chloride ion was next investi­
gated. As indicated by the data of Table I, relatively large con­
centrations of chloride ion-as much as 10 moles of chloride ion
per mole of mercuric ion-had no adverse effect upon the accu­
racy of the method.

+ 2H+

Equiv. Halide/
Equtvv Hg " "

in Sample

Hg++ + 2CH.-e-CH. p

~

Hg++ Hg++
Present Found

Mg. Mg.

1. 0 (Cl-) 250.8 249.7
1.8 «n-: 250.8 251.2
2.6 (CI-) 250.8 251.0
3.4 (CI-) 250.8 250.9
4.2 (Cl-) 250.8 251.0
5.0 rci-i 250.8 250.9'
1.2 (CI-)4 250.8 250.8
1.0 (Br-)b 250.8 249.9
2.0.(Br-)b 250.8 250.7

Unless otherwise indicated, mercuric chloride was source of mercuric ion.
4 Solution prepared by addition of 1.25 millimoles of mercuric oxide to

nitric acid followed by addition of indicated amount of potassium chloride.
b Analysis performed by prior precipitation of bromide as described in

es:perimental seotion.

T H E analytical procedure herein described was developed
when it was attempted to perform a thiocyanate determina­

tion of mercuric ion remaining in a mercuric chloride-acetone
reaction mixture. The thiocyanate method requires the com­
plete absence of halide ion and, for this reason, analyses of mer­
curic ion-halide ion mixtures are normally preceded by isolation
of the mercury as mercuric oxide via alkali precipitation. Appli­
cation of this procedure failed to effect any precipitation in the
solution under consideration; the only reaction observed was a
neutralization of the alkali and the appearance of a slight yellow
turbidity which disappeared on standing,' Investigation of the
literature disclosed that this behavior had been observed as early

r as 1871 (12) and that several mercuric ion-acetone complexes
, have been investigated (1-3, 9, 10, 13, 15). However, no infor­

mation is available regarding the stoichiometry of alkali, acetone,
and mercuric ion. Accordingly, preliminary investigations were
undertaken to determine whether any quantitative relationship
could be established between mercuric ion in acetone solution and
the quantity of added alkali.

A standard alkali solution was added to an aqueous-acetone
solution of mercuric chloride until the solution was definitely
alkaline and clear. Standard acid was added to neutralize the
excess base, and the amount of acid necessary to effect various
lower pH values was noted. Back-titration to the colorless
phenolphthalein end point involved an over-all proportion of 2
moles of hydroxide ion per mole of mercuric ion. On the basis of
this stoichiometry and in view of the gradual increase in acidity
of a mercuric chloride-acetone solution on standing, the following
equation is suggested as a reasonable expression of the reaction.

899
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a Determined gravimetrically. All other analyses by Mohr method.

Table II. Deterrnrnatfon of Anion in Presence of Mercuric
Ion

bromide, and thiocyanate ions may be determined by the Mohr
method and the iodide ion may be determined gravimetrically as
silver iodide. Typical results of such anion analyses are shown
in Table II. In the opinion of the authors, the method herein
described permits a much more convenient means for the deter­
mination of these anions than the previously published procedures
(4-8, 14, 16). The latter methods require the removal of mer­
curic ion from the reaction mixture prior to analysis, and are
accordingly more tedious and difficult.

The determination of chloride and bromide ions in mercuric
ion solutions by the Mohr metliod is as readily accomplished as
their determination in the presence of the alkali metal ions. This
similarity permits a new and interesting standardization of silver
nitrate. Under the conditions described, mercuric chloride may
be used as a primary standard. It presents an advantage over
sodium chloride because of its higher equivalent weight, 135.76
as compared with 58.45 for sodium chloride. Application of this
method to the standardization of silver nitrate yielded results
which differed no more than 2 parts per thousand from the values
obtained by the Mohr standardization with sodium chloride as
described by Pierce and Haenisch (11).

Equiv. Hg++
Equiv. Anion

1.0
2.0
4.0
1.0
2.0
3.0
1.0
1.0
2.0

Anion Present
Mg.

88.65 Cl­
126.9 Cl>
126.9Cl­
199.8 Br­
199.8 Br­
199.8 Br r

317.31-a

158.3 SCN­
158.3 SCN-

Anion Found
Mg.

88.75
126.9
127.0
199.8
199.8
199.8
317.8
1.58.1
158.3

definite and unambiguous, the phenolphthalein end point is not
as definite as that observed in an ordinary alkalimetric determina­
tion and acid should be added until the solution is completely
colorless. As a precaution, the authors found it advisable to add
one more drop of indicator at the apparent end point. On occa­
sion the additional indicator produced an evident red color in a
previously colorless solution.

Determination of Mercuric Ion in Presence of Bromide Ion.
A 25-m!. sample containing 250.8 mg. of mercuric ion and 1 to 2
equivalents of bromide ion was mixed with excess 1.0 M silver
nitrate solution to assure precipitation of silver bromide. An
excess of 1 M potassium chloride was then added to assure com­
plete precipitation of silver ion and to provide that chloride ion
was present in amount at least equivalent to mercuric ion. The
solution was filtered through a sintered-glass crucible and the
filtrate treated as described above.

Determination of Chloride, Bromide, or Thiocyanate Ions in
Presence of Mercuric Ion. A 25-m!. sample containing various
amounts of mercuric ion and approximately 0.1 N in halide or
thiocyanate ions was mixed with 10 m!. of acetone in the case of
halides and with 20 m!. of acetone in the case of thiocyanate.
The solution was taken slightly beyond the red phenolphthalein
end point with approximately 1 N sodium hydroxide. A 1-m!.
portion of chromate indicator was added and the halide or thio­
cyanate determined by the Mohr method. The indicator solu­
tion was 1 M in potassium chromate and 1 M in sodium bicarbon­
ate.

Determination of Iodide Ion in Presence of Mercuric Ion. A
solution containing iodide ion and varying amounts of mercuric
ion from mercuric nitrate was mixed with 25 ml, of acetone and
heated if necessary to dissolve any precipitate of mercuric iodide.
The solution was made alkaline with 0.1 N sodium hydroxide and
4 m!. of 6 M ammonium hydroxide was added. Excess 0.1 N ~

silver nitrate was then added to assure completeness of precipita­
tion. After digestion for 2 hours, the precipitate was removed
by filtration on a weighed sintered-glass crucible and washed
successively with an acetone-ammonium hydroxide solution,
water, 0.01 N nitric acid, and finally with water. The acetone­
ammonium hydroxide solution was prepared by mixing 5 ml. of
acetone, 100 ml, of water, and 5 drops of 6 M ammonium hydrox­
ide. The washed precipitate was dried at 100° for 4 hours, and
cooled in a desiccator for 1..5 hours prior to weighing.

EXPERIMENTAL

Determination of Mercuric Ion in Presence of Chloride Ion.
A 25-m!. sample, 0.02 to 0.2 M in mercuric ion (as the chloride or
nitrate), was adjusted with 1 M potassium chloride if necessary
to assure that chloride ion was present in amount at least equiva­
lent to mercuric ion. (The chloride ion is required to prevent
precipitation of mercuric oxide if the solution requires adjustment
to the bromocresol green end point.) If the solution was not
already at the bromocresol green end point-i.e., if it contained
added acid-it was adjusted to this end point with carbonate-free
sodium hydroxide or sulfuric acid. In the event that the solution
was highly acidic, the adjustment was made with 1 N sodium
hydroxide until the end point was nearly attained. The final
adjustment was then made with 0.1 N sodium hydroxide or sul­
furic acid as required.

A 25-m!. portion of acetone was then added and standard 0.1
N sodium hydroxide was added to attain the red phenolphthalein
end point. The yellow precipitate of mercuric oxide which first
formed dissolved in a few minutes and the completely clear solu­
tion was back-titrated with 0.1 N sulfuric acid to the colorless
phenolphthalein end point. The volume of the added alkali after
deduction of the base equivalent of the added acid and the acetone
blank represents the amount of mercuric ion present.

The acetone blank is determined by mixing 25 ml, of acetone
with about 25 m!. of water, followed by titration to the red
phenolphthalein end point. Commercial acetone (Carbide and
Carbon) was found to be entirely satisfactory for analytical pur­
poses and consistently provided a blank of about 0.1 m!. of 0.1 N
sodium hydroxide.

The sodium hydroxide solution used in all determinations was
carbonate-free, and was standardized against primary standard
grade potassium acid phthalate using phenolphthalein as an indi­
cator. The sulfuric acid solution was standardized against the
sodium hydroxide solution.

Two observations should be noted at this point: The propor­
tion of acetone is not critical, except in so far as the lower limit
should be in the proportion of 0.45 m!. of acetone per ml, of water
at the end point, and care should be exercised to assure that the
colorless phenolphthalein end point has been attained. While

CONCLUSIONS

Mercuric ion may be determined in the presence of chloride ion
and acetone by alkalimetric procedures. Bromide ion interferes,
but mercuric ion may be determined by the method of this paper
by near-quantitative removal of bromide ion prior to the analysis
or by application of a correction based upon the amount of bro­
mide ion present. The method is of no value in the determina­
tion of mercuric ion in the presence of iodide, cyanide, or thio­
cyanate ions.

Chloride, bromide, and thiocyanate ions may be determined in
mercuric ion mixtures by the Mohr method after the mercuric
ion-acetone complex has been formed. Iodide ion may be deter­
mined similarly by gravimetric procedure.
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Ultraviolet Spectrophotometric Determination of Vanadium
GEORGE TELEP AND D. F. BOLTZ

Wayne University, Detroit 1, Mich.

Ultraviolet adsorption spectra of inorganic eornplex
corrrpotrrrds are being studied with the purpose of de­
veloping new or Irnproved speot.ropfurtorrreta-ie Illeth.
ods of analysis. It was desired to ascertain the wave
length of rrraxtrn.um absorbancy, the optfrmrm con­
centration range for vanadjum, the effect of the
concentration of reagents, and the effect of diverse
substances for the peroxyvanadic acid system, Al­
though pervanadyl ions exhibit strong general ab­
sorption in the ultraviolet region, peroxyvanadic
acid had a characteristic absorbancy rnaxirrrum at
290 lll!, in addition to that at 460 lll!'. Absorptio-

Illetric rneasueemerrt gives somewhat greater sen­
sitivity in the ultraviolet than in the visible region.
The tolerances for dtchrornare and titanic ions are
larger when the ultraviolet speenrophofornetetc
rrretbod is used. Ferric and nitrate ions are the
m airi interfering ions whoseeffect cannot be ctrcuna­
vented by using a corupensa.ttng blank. The general
procedure which was developed is suitable for the
deterrntrratfon of 0 to 125 p.p.lll. of vanadrum and
should be applicable to a variety of samples, The
existence of an ultraviolet absorbancy rnaxirrrurn
for peroxyvanadic acid is especially significant.

to n-----r----...----------------y-----.

measurements were taken from 250 to 500 m!' at 2 m!' intervals.
The color formation is immediate and the system is stable for at
least 12 hours. In the study of diverse ions, a definite amount of
solution containing each ion was added, followed by dilution and
addition of hydrogen peroxide.

EFFECT OF VARIABLES

Vanadium Concentration. The ultraviolet absorption spectra
for various concentrations of vanadium were determined. and
conformity to Beer's law was found at 290 mJI for concentrations
from 0 to 125 p.p.m. of vanadium. A good absorbancy maximum
OCCUIS at 290 m!' with a reagent blank solution in the reference
cell, as shown in Figure 1. Figure 2 shows a comparison of sensi­
tivityat 290 mu as compared to the usual visible measurements
taken at 460 m!' and conformity to Beer's law.
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FIGURE .L

ABSORPTION SPECTRA OF PEROXYVANADIC
AGIO
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Color Reaction. The reaction of an acidic solution of vanadate
ions with hydrogen peroxide results in the formation of the per­
oxyvanadic acid complex, HVO.. This complex has a reddish­
brown color with characteristic absorption in the ultraviolet and
visible regions.

In order to study the effect of certain variables on the maxi­
mum absorbancy in the ultraviolet region, the following procedure
was used:

A definite amount of the standard vanadate solution was trans­
ferred to a 50-m!. volumetric flask. The desired amount of acid
was added and the volume was adjusted to 50 m!' with redistilled
water. After addition of 1 m!' of 3% hydrogen peroxide, the
contents of the flask were thoroughly mixed and absorbancy

ONE of the widely utilized colorimetric methods for vanadium
is based upon the formation of a reddish-brown color by a

reaction between quinquevalent vanadium and hydrogen peroxide
in an acidic solution (5). The color is probably due to peroxy­
vanadic acid, HVO, (1), although a vanadium peroxide sulfate,
(V02),(SO.)a (3), containing quinquevalent vanadium in the cat­
ion, has also been suggested as being the compound formed.
The method was first proposed by Slowik (4), and was further
studied by McCabe (2). Several modified procedures have been
developed (5). Wright and Mellon made a spectrophotometric
study of the peroxyvanadic acid complex, in the visible region (8).
Weissler utilized the peroxyvanadic acid complex in the visible
region for the simultaneous spectrophotometric determination of
vanadium, titanium, and molybdenum (7).

In an investigation of the acidic peroxymolybdate complex (6),
it was found that peroxyvanadic acid also exhibited maximum
absorbancy in the ultraviolet region. Therefore, this study was
carried out in order to ascertain the suitability of the peroxy­
vanadic acid complex for an ultraviolet spectrophotometric de­
termination of small amounts of vanadium.

GENERAL EXPERIMENTAL WOKK

Apparatus. The absorbancy measurements were made with
a Beckman Model DU spectrophotometer equipped with an
ultraviolet accessory set, and l.OOO-cm. silica cells. The spec­
trophotometer was equipped with an ultraviolet-sensitive photo­
tube for high sensitivity in the 200 to 625 mu region of the spec­
trum. The reference cell contained a reagent blank solution con­
taining the reagents used, unless otherwise stated.

Solutions. A standard vanadate solution was prepared by
dissolving l.1475 grams of pure ammonium metavanadate in 50
m!' of concentrated sulfuric acid and diluting to 500 m!' with re­
distilled water. One milliliter of this solution contained l.00 mg.
of vanadium. The perchloric and phosphoric acids used were,
respectively, 72 and 85% reagent grade. The hydrogen peroxide
used was 3% analytical reagent grade. Other acids used were
C.P. reagent grade.
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Reference Cell. The significance of the proper selection of the
reference solution was studied. Figure 1 shows the absorption
spectra obtained using a solution containing the reagents as the
reference solution. Figure 3 shows the absorption spectra ob­
tained using redistilled water as the reference solution. A
marked difference in the shape of the resulting curves in the ultra­
violet region was noted. Therefore, it seems desirable to utilize
a reagent blank solution in the reference cell, so that a true ultra­
violet absorption spectrum of the peroxyvanadic acid can be ob­
tained.

Acid Concentration. The effect of various concentrations of
perchloric acid was determined using 100 p.p.m. of vanadium and
1 ml. of hydrogen peroxide in a final volume of 50 ml. It was
found that a minimum of 1 ml, and varying amounts up to 15 ml,
of perchloric acid have no effect upon the maximum absorbancy
measured at 290 mu, From this study, 5 to 10 ml. of perchloric
acid per 50 ml. of solution were deemed to he sufficient for attain­
ment of maximum absorbancy. The study of the effect of vari­
ous acids indicated that 10 ml. of either a 1 to 1 mixture of per­
chloric acid and sulfuric acid, or a 1 to 1 mixture of perchloric acid
and hydrochloric acid, have little effect. Small concentrations of
phosphoric acid were found to intensify the coloration and also
increase the absorbancy as measured at 290 m«. Very repro­
ducible readings were obtained using 10 ml, of a 1 to 1 mixture
of perchloric and phosphoric acids, but a gradual decrease in
absorbancy was noted. Unless otherwise stated, 10 ml, of per­
chloric acid were used.

Hydrogen Peroxide. The effect of various concentrations of
hydrogen peroxide was studied using 100 p.p.m. of vanadium and
10 ml. of perchloric acid in a final volume of 50 m!. It was found
that 0.10 to 1.5 m!. of hydrogen peroxide were sufficient to attain
the maximum absorbancy. A large excess of hydrogen peroxide
is known to diminish the color intensity (8). A decrease in
absorbancy was also found for measurement at 290 m« when a
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FIGURE !.

ABSORPTUlN SPECTRA OF PEROXYVAHAOIC

AGIO

REFERENCE. DISTILLED WATER

I. 120 p.p.m. YANADIUM
2.100 p.p.m.
3. 80 p.p.m.
4. 40 p.p.m.
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Table I. Interfering Diverse Ions
Amt. Error, % Permissible

Added, of Desired Amt.,
Ion Added sa P.P.M. Constituent P.P.M.

CbO(C,O.), - -- K,CbObC,O.). 100 +12.5 5
C.Il.O,-- (NIl.), .Il.O, 500 -9.0 150
C,Il,O,--- Na.C,Il,O, 360 -11.0 100
CroO,-- K,CroO, 115 -3.0 100
Fe+++ Fe,(SO.). 13 +35.0 0
MoO.-- Na,MoO. 4 +2.0 4
Ti++++ Ti(SO.), 100 +18.0 20
WO.-- Na,WO. 20 +10.0 10
NO.- NIl.NO. 300 +7.0 100

0.31-----\--+-'or---'d--t+--t+--f--t'-t---.....,.f---+-----;

0.1 f---+--..>.q---'~--I7L--+--::::::,......-1i='"'--=:l:----1

G 0.6f--.=.+-H--t---+---+--r-1:__---"~+--_j

~

~
~
'" O'5f-;--+---'r-tH---t----+--/--t--"""+----1

o.2f---+r--\.--l---\~~-b'L..-+___:rC1::::::=-..d----l

0.4f-\-T-+----'r-T1\---+---f-*--r~:__-~+_--_1

large excess of hydrogen peroxide was added. Therefore, 1 ml.
of hydrogen peroxide in a final volume of 50 ml. is sufficient for
attainment of maximum absorbancy.

Diverse Ions. The effect of various diverse ions was studied
using 100 p.p.m, of vanadium. Absorbancy readings were taken
at 290 ml" in order to determine any changes in the maximum
absorbancy. A negligible error was obtained with 1000 p.p.m,
of acetate, aluminum, ammonium, borate, bismuth, cadmium,
calcium, cobaltous, cupric, chlorate, chloride, lithium, magne­
sium, malonate, manganous, mercuric, nickelous, oxalate, plum­
bous, stannate, sulfate, silicate, sodium, zinc, and zirconyl ions;
and with 500 p.p.m. of fluoride and thiocyanate ions. Table I
lists the interfering ions and their effect. The permissible amount
of titanium and dichromate is much larger for absorptiometric
measurement in the ultraviolet region than in the visible region
(8).

Compensating Blank. In the study of the effects of such ions
as nitrate, ferric, molybdate, titanic, and tungstate it seemed
advisable to utilize a compensating blank containing these ions.
The compensating blank solution contained the same concentra­
tion of acid, hydrogen peroxide, and diverse ion as the solution
placed in the unknown cell. This technique of external compen-
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Tahle II. Effect of Compensating Blank
(Absorbancy of 100 p.p.m. vanadium as peroxyvanadie acida at 290 mIL is

0.680 and at 460 mIL is 0.522)

Amt. A
Added, bsorbancy

Ion Added as P.P.M. At 290 mIL At 460 mIL

MoO.-- Na.MoO. 100 0.683 0.526
Ti++++ Ti(SO.h 100 0.681 0.485
WO.-- Na,WO. 100 0.682 0.520
NO. - NH.NO. 200 0 .700 0.524
Fe+++ Fe, (SO,j, 13 0.838 0.522

a Data have been thoroughly checked. The abnormal effect of nitrate ions
may be due to the formation of nitrous acid or nitrogen dioxide. The anom­
alous effect of ferric ions may be due to catalytical decomposition of peroxy­
vanadie acid to pervanadyl ions, which exhibit slightly greater absorption
than peroxyvanadic complex.

sation would cancel any absorption effects due to these diverse
ions. Table II lists the effect of using a "compensating" blank
solution.

The data in Table II show that the measurement of absorbancy
at 290 m,.. using a compensating blank is very much superior to
measurement at 460 m« when titanium is present. Furthermore,
the interference due to molybdate, titanium, and tungstate ions,
which was observed when the absorbancy was measured at 290
mu, can be minimized by using a compensating blank. The
elimination of the interferences due to ferric, molybdate, and
tungstate ions by use of a compensating blank solution when
absorbancy is measured at 460 m,.. is also significant.

DISCUSSION

This study has presented the ultraviolet absorption spectra of
the peroxyvanadic acid complex. A characteristic absorbancy
maximum wall found at 290 mu, heretofore unmentioned in the
literature. In the study of the diverse ions it was found that a
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greater concentration of titanium and dichromate ions can be
tolerated in the ultraviolet than in the visible region. Further­
more, the utilization of a compensating blank solution minimizes
interferences in amounts of 100 p.p.m, of the tungstate, titanic,
and molybdate ions.

RECOMMENDED GENERAL PROCEDURE

Sample. Procure a representative sample of the material and
subject it to the necessary preparative treatment. Weigh, or
measure by volume, a sample containing an amount of vanadium
such that the final solution contains not more than l.00 mg. of
vanadium per ml. of solution. Make this solution just acidic to
litmus with perchloric acid and dilute to a definite volume in a
volumetric flask.

Desired Constituent. Transfer a suitable aliquot of this pre­
pared solution to a 50-m!. volumetric flask and add- 10 m!. of
perchloric acid and sufficient redistilled water to bring the
meniscus to the mark. Add 1 ml. of 3% hydrogen peroxide and
mix thoroughly. Use a compensating solution, depending upon
the material being analyzed, in the reference cell. Measure the
absorbancy at 290 m« in l.OOO-cm. silica cells.
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Determination of Pentoses
Effect of Varying Proportions of Components of Bial's Color Reagent

GAIL LORENZ MILLER, RICHARD H. GOLDER, AND ELIZABETH ESHELMAN MILLER

Institutefor Cancer Research and Lankenau Hospital Research Institute, Philadelphia, Pa,

Bial's color reagent has heen applied to the deter­
mination of pentose nucleic acids in tissues. Al­
though rn arry compositions of the reagent have heen
proposed, no investigator has dernonatruted what
differences, if any, lllay result under the different
conditions. To ohtain the rnost favorahle results
with the test, a study of the variables involved was
Imporfarrt, When the concentrations of orcinol,
iron, or hydrochloric acid in the reagent are in-

FOR the qualitative detection of pentoses Bial (2,3) described
a reagent composed of orcinol, ferric ion, and hydrochloric

acid. When heated with this reagent, pentoses give a greenish­
blue color. For quantitative applications of the test, more recent
investigators (1, 4-8) have used various modifications of Bial's
reagent, which are outlined in Table 1. No data are readily
available, however, to show the effects of changes in the com­
position of the reagent. The present study was, therefore,
carried out to provide a basis on which to choose the best condi­
tions for the test. Ribose nucleic acid was selected as the most
suitable pentose-containing test material because of interest in
its determination in different tissues.

creased, the color intensities increase to rraaxtrrra,
then decrease. The color develops rnore rapidly at
high than at low levels of orcinol or hydrochloric
acid, hut changes only slightly when ferric ahrm is
varied. Increases in the levels of each corn.ponent
also produce increases in the blanks. On the hasis
of the results ohtained, the different proportions of
the cornporrerrts used hy previous investigators could
he evaluated and the moat favorable ones chosen.

METH~D

Pure orcinol was used throughout the tests, because impure ma­
terial produced low color intensities and turbidity. It was ob­
tained by recrystallizing 1 part of commercial Coleman and Bell or
Mackay orcinol from 20 parts of benzene. Merck reagent ferric
alum was used as the source of ferric ion (5). The hydrochloric
acid used was Baker's analyzed and contained approximately 44
grams of hydrochloric acid per 100 m!. The ribose nucleic acid
used as the test substance was obtained from Schwarz Laborato­
ries.

Reagents containing different proportions of the components
were made up from suitable stocks of ferric alum in hydrochloric
acid, to which weighed samples of solid orcinol were added just
before the tests were carried out. ·The stock ribose nucleic acid
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hydrochloric acid on the amount of color developed with ribose
nucleic acid are shown by the contour maps of Figure 1. Each
map represents a surface which relates concentrations of orcinol
and ferric alum to color intensity. The different maps show the
surfaces obtained at different levels of hydrochloric acid. All
data of this set were obtained with a constant period of heating
of 30 minutes. Horizontal cross sections show that with in­
creasing concentrations of orcinol, the color intensities rise, then
fall; vertical cross sections show that increases in ferric alum
produce a similar effect; and data taken from each map at con­
stant levels of orcinol and iron reveal that increases in hydro­
chloric acid also lead to a rise, then a fall, in color intensity.

The plateaus on the surfaces signify the conditions where the
color intensities are maximal and where they are least affected
by changes in the concentrations of orcinol and iron. Optimum
proportions of the components may, therefore, be judged on the
basis of the maximum colorimeter readings, indicated by crosses on
the graphs. They may be seen to be different at different levels of
hydrochloric acid. The maximal color intensities increase with

300
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x
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x
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10 20
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Contour Maps of Surfaces Relating Concentrations of Orcinol and Ferric
Alum to Color Intensity at Different Levels of Hydrochloric Acid
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Ordinate levels for Dare 3.0, 2.0, 1.0; for C, 0.3, 0.2, 0.1 gram of ferric alum per 100 m!.
Grams of hydrochloric acid per 100 m!.

A. 17.6
B. 22.0
C. 26.4
D. 33.0

Levels of color intensity are indicated at intervals of 50 units of colorimeter reading. Numbers inserted in contour
lines are guides to magnitudes of readings. Numbers in parentheses are maximum readings, positions of which are
shown by crosses. Points corresponding to conditions of other investigators are: • Mejbaum. 0 McRary and

Slattery, and Brown. 0 Militzer. t::. Albaum and Umbreit, + Drury. .

Figure 1.

RESULTS

The effects of changes in con­
centrations of orcinol, iron, and

McRaryand A1baum
Slattery, and

Reagent Meibaum and Brown Militzer Umbreit Drury

Orcinol 0.50 0.15 0.147 0.476
Ferric alum o 0.15 0.10 0.44 0.142
Hydrochloric acid' 22 26 26 21

a Based on final mixtures of sample plus reagent.
b Or ferric chloride calculated as ferric alum.
c Calculated on basis of 44 grams of hydrochloric acid per 100 ml.' in con­

centrated hydrochloric acid.

solution was made up to contain 1 mg. per m!. in water. The
amount of ribose nucleic acid solution used in the tests was kept at
0.1 ml., and the final volumes of reagent plus test substance were
brought to 2 ml, The concentrations of the orcinol in the final
mixtures were varied to give nine different levels, up to 3 grams
per 100 ml.: the ferric alum, at eight levels, up to 3 grams per 100
ml.; the hydrochloric acid, at four levels, from 17.6 to 33.0 grams
per 100 m!. For measurements of the rates of color develop­
ment, tests were made at six
different periods of heating,
up to 60 minutes.

The reactions were carried
out in 10 X 100 mm. tubes,
selected for optical uniformity.
The mixtures were heated in a
constant-level water bath (9)
kept boiling by means of a
heating mantle. They were
then cooled in another water
bath at room temperature, and
their color intensities were
measured in a Klett-Summer­
son photoelectric colorimeter
with the aid of a No; 66 filter.
Blanks were also run and zero
adjustments were made with
unheated blanks. An adapter
was constructed to accommo­
date the tubes in the colorim­
eter.

The colorimeter responded
more sluggishly with the small
10' X 100 mrn. tubes than with
the standard colorimeter tubes.
Furthermore, it showed a linear
response only for amounts of
ribose nucleic acid up to 0.04
mg., whereas the response of a
Beckman Model DU spectro­
photometer, used for compara­
tive purposes, was linear up to
0.16 mg. or higher. These
limitations in application of
the Klett-Summerson instru­
ment did not, however, affect
the interpretation of the data
of this study, although they
should be given consideration
when more precise analyses are
required. The varying re­
sponse of different photoelec­
tric colorimeters in the orcinol
test has also been noted by
McRary and Slattery (6).

To present most effectively
the considerable amount of
data thus obtained, they were
plotted in the form of contour
maps. First, two-dimensional
graphs, relating each variable
alone to color intensity, were
drawn, and data obtained from
cross sections of these were
then used to locate the con­
tours.

Table I. Compositions of Bial's Reagent Used by Different
Investigators

Concentrations of Reagents", Grams per 100 M!.



A . 0.047 gr a m of ferr ic alum a nd 21 grams of hydrochl ori c acid per 100 ml,
B . 0.476 gr am of orcinol and 21 grams of hydrochlor ic acid
C. 0.047 gram of ferric alum and 0.4 76 gra m of orcinol

Le vels of co lor in tensity indicated at intervals of 50 unit s of colorim et er reading. Nu mbers
inse rte d in co ntou r lin es are guides to magnitudes of read ings.

10 20 01 02 0 3 20 2.S 3 0
CRA J1S ORCIN OL CRAJ1S FERRIC A LUJ1 CRAJ1S H CL

PER 100 J1L PER 100 J1L PER 1 0 0 I1L

Figure 2 . Co n t o u r Map!! of Surfaces Obtained When Two Corrrporren ts
Arc Held at Optimal Concentrations and Third Co m po ncn t and Timc

of Heating Arc Varicd
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an increase in hydr ochlor ic ac id concentration, provided the level
of ferr ic a lum is a lso increas ed.

T he effect s of changes in orcinol, iron, and hydr ochlori c ac id on
the rate of co lor development ar e exemplified by th e contour
maps of Figure 2. Only a limited study of th ese effects was
carrie d out, becau se a complete st udy would hav e requ ired the
red etermination at several different heating per iods of every point
on which the maps of Fig ure 1 were based. In obtaining the
data of Figure 2 it was assumed, for reasons discussed below, that
D rury 's cond it ions (Table I ) were optimal; on this bas is it was
simple to tes t the effects of varying each component while th e
remaining components were held constant at their respect ive
ass umed optimum levels. Vertical cross sections of the conto ur
maps show that the color dev elops mu ch more rapidly at high
th an at low levels of either the orcinol or th e hyd rochlori c acid,
bu t that it changes on ly slightly when th e ferri c alum is va ried.
Horizon ta l cross sections sho w that, except at the shor test
periods of heating, an increase in the concentration of each con­
stituen t caused a rise, then a fall , in t he amo unt of eolor de­
veloped. This confirmed th e previous findings of Figure 1,
which were based on only a 3D-minute period of heating.

The effects of changes in orcinol, iron, an d hydrochloric ac id on
the color intensities of the blanks were a lso found to be significant .
Thus increas es in the levels of each of th e constituen ts cause
increases in th e color inte nsities of t he blan ks, and th e effects
are roughly addit ive. At the lowest levels of the con st it uen ts ,
the colorimete r read ings of the blank s a re about 4; at the high est ,
about 60.

DiSCUSSION

Id eal conditions for the pentose t est would be those which
bring abo ut the most color, the least sensitivity of t he color to
small changes in the conditions of the test, the most rapid de­
velop ment of color , and th e lowest blan k reading. It is clear
from the data given t hat not a ll of th ese criteria can be met at
the same time, an d tha t a compromise must be made. The rela­
tive color intensities which a re obtained with the reagents of th e
different previous investigators are indicated, as closely as possible
within the limits of th e da ta , by ap propr iate points on the contour
map s of Figure 1. Those obtain ed with Drury 's reagent are th e
highest , a lthough most of th e others are compara ble, except for
Militzer 's, which are definitely low. The propor t ions of the or­
cino l an d iron which were used do not , however, in an y instance
produ ce the maximum possible color intensit ies.

The condi tions used by Drury appear better than those of
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Mejbaum or Albaum an d Umbreit beea use they
not only produce more color but al so require less
iron . The use of less iron was based on a rec­
ommendation of Ogur as quoted by Drury (5).
Drury' s condit ions may even be fav ored over
th ose which give the maximu m color, as indi­
cated by the cross on Figure 1, B. Drury's con­
diti ons require less iron and mueh less orcino l,
and hav e been found to pro duce a lower blan k
rcad ing-nam ely, about 8, compar ed with a read­
ing of 20 for the con dit ions giving the maximum
color . T he slightly lower amount of eolor and
slightly lower rate of color development under
Drury 's conditions ar e, for pra ct ical purposes,
insignificant.

Drury's conditions also appear better t han
those of McRary an d Slattery because the la t ter
require a smaller volume of sample th an of
reagent, owing to the use of higher hydrochloric
acid levels, whereas th e former provide for equa l
volumes of sample and reagent . The disadv an­
tage of having to use a smaller volum e of sample,
which applies to all the conditions of Figure 1,
C an d D, as well as to those of McRary and

Slattery, null ifies the adva ntages of higher eolor int ensities an d
more rapid color developm ent which the high concentrat ions of
hy dro chlor ic ac id otherwise make possib le. T his is not ser ious, if
the test sample contains sufficient pentose. The use of larger pro­
portions of the sa mple than of the reagent , as is possible at the low
hydrochloric acid level represen ted by the conto ur map of Figure
1, A , is of no fur thcr advantage, however , because of the decreased
color in tensities which are obtained under these condit ions.

Dou bling of the heat period from 30 to 60 minu tes, under
Drury 's conditions, causes an increase in color in tensity of only
4%. The shor ter period should, th erefore, suffice for routine
measurements of r ibose nucleic ac id, pro vided the un kno wn
and st andard ar e treated iden tically. In Drury 's procedure, as
previously in Albaum and Umbreit's, the or cinol is convenient ly
mad e up in a lcohol and is added to the hydr ochloric ac id and
ferric alum in this form. I n specia l experimen ts the presence of
a lcohol was found to have no effect on the results other tha n
di lution and the slight redu ct ion in th e effect ive conce ntrat ions
of the components of the reagent.

It may finally be conc luded th at the levels of each of the
components of Biul 's reagent for pentoses hav e, in gene ra l,
marked effects both on t he intensity of color an d on t he rate of
color development ob ta ined in thc test . Furthermore, t he
present data provide a firm ba sis for choosing Drury' s condi t ione
as the most fav orable for carrying out t he t est.
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Microscopic Analysis of Benzene Hexachloride
CLAUDE J. ARCENEAUX

Ethyl Corp., Baton Rouge, La.

A microscopic s t u d y of the crystal habits of five
isomers of benzene hexachloride was made in order
to develop simple qualitative methods for identifica­
tion of each isomer as well as a rapid quantitative
method of determination for high -y-benzene hexa­
chloride. A melting point depression method (% im­
purity = 1.77 X melting point .d ep ression in 0 C.)
designed for use with a micro hot stage was devel­
oped. For concentrations of 90 to 100% -y-benzene
hexachloride, s in gle determinations may be dupli-

THE insecticidal activity of benzene hexachloride (1,2,3,4,5,6­
hexachlorocy clohexane) has been attribute d to the gamma

isomer. Commercial " techn ical benzene hexachloride," how­
ever , is composed principally of five stereoisomcrs (alpha, beta,
gamma, delta, epsilon ); hence, quan titative methods of analysis
for all of th ese isomers have been of interest. The commercial
produ ction of lindane (99 % gamm a ) further emphasizes thes e
analytical needs, because additiona l methods are requi red for
use in evaluat ing and sett ing specifications for th is insecticide.
These requirements are being met by contributions in the fields of
infrared spectroscopy (3), partition chromatograph y (J , 5, 12),
polaro graphy (~), and chemical analysis (8) .

The purpose of th e present investigation was to supplement
the available methods of benzene hexachlorid e ana lysis by the
application of chemical microscopy and fusion techniques to de­
velop qualitative methods of analysis for each isomer, and to pro­
vide a rapid and accurate means of ascerta ining the purity of ma­
te rials used for standards in infrared analysis. The development
of a rapid and simplified method of determining the purity of high
-y-benzene hexachloride for use as a control analysis for lindane was
an additional aim of thi s investigation. The initial step was a
study of puhlished crystallographic data , undertaken for th e
purpose of obtaining possible practical applications of this knowl­
edge.

APPARATUS

The polarizing microscop e used throughout thi s work was the
Bau sch & Lomb Model MA instrument, and all photomicro­
graphs were taken with a Bausch & Lomb Model L photomicro­
graphic camera.

For microm elting point determinations as used in this study, a
Kofler hot sta ge (Arthur H. Thomas and Co.) is recommended.
This instrument has a variety of uses, bu t is designed primarily
for micromelting point determinations (7). The thermomete rs
used for this instrument are calibrated in terms of melting points
of sharply melting pure chemicals. This eliminates the need for a
calibration curve. Furthermore, the use of a hot st age in deter­
mining melting points ena bles the opera tor to observe other
chang es, such as a tendency toward sublimat ion, etc., which occur
in th e crystal fragm ent as th e temperature is elevated toward the
melting point.

CRYSTAL IIABITS OF BENZENE HEXACHWRIDE ISOMERS
RECRYSTALLIZED FROM SOLVENTS DIRECTLY ON

MICROSCOPE SLIDES

Examination of the crystallographic data obtained by Daasch
(3 ), shown in Table I, reveals interesting diagn ostic characteris­
tics of the various benzene hexachloride isomers. The isotropic
character of the beta isomer distinguishes it from all others and
provides a possible semiquantitative as well as qualitative means
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cated with a precision of ±lo/e impurity. Supple­
menting this method with qualitative fusion pattern
studies and comparative melting point observations
has improved its accuracy. A system of application
of simple fusion techniques has been demonstrated
and used for purity determinations of the tetra­
chlorobenzenes as well a s for a-, ~-, and -y-benzene
hexachloride. These techniques may find useful
application in purity determinations of other
organic-crystalline material.

of determination. It is also obvious that the alpha isomer may
be determined qualitatively by observing appare nt optic angle
(2V). This, however, necessitates th e proper orientation of th e
crystals for obtaining interference figures. The similari ty of the
crystal st ructure of the gamma and delt a isomers is rather marked,
but the very high birefringence of delta may provide a qualitative
means of distinguishing between the two.

Table I. Crystallographic Data

Al(f.arent Refract ive
ptic Bire- Index

Isomer Typ e Sign Angle fringenc e Range

Beta Isoaxial '-t' 30· None 1.630
Alpha Biaxi al M edi um 1. 60 - I. 626
Gam ma Biaxial + 65 ° Medium 1. 60 -1.635
Delt a BIaxial + 75" i le.:aiu'::,gh 1. 576-1. 674
E psilon Biax ia l + 1. 60 - I. 635

Crystals of the isomers may be obtained simultaneously from a
concentrated benzene solution of crude benzene hexachloride di­
rectly on a microscope slide by recryst allization at slightly below
room temperature (Figure 1). When examined between crossed
nicols of the polarizing microscope, the lar ger crys tals show var­
ious degrees of interference colors, but th e smaller triangul arl y
shaped crystals black out completely. These are obviou sly
crystals of bet a . A rough estimate of the beta content of a ben­
zene hexachloride sample may thus be obtained by microscopic
inspection.

The pure beta isomer recrystallizes very easily from concen­
trated benzene solut ion into well-shaped isotropic crystals (Fi g­
ure 2), which often show tri angular symmetry , and appear color­
less in plane polar ized light.

Figure 1. Photomicrograph of Crude Benzene
Hexachloride
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Figure 2. Beta C rystals Obtained by. Eva po ratio n
of Co ncen trated Benzene Solu t io n Di rectly 011

Microscope Sli de

Figure 3. a-Benzene Hexachloride Recrystallizcd
from Benzene Solution Directly an Microscope Slide

Well-defined crystals of the alpha isomer (Figure 3) grow very
easi ly on a microscope slide from a concentrated benzene solution
of the pure isomer. T he individual crys tals are mainly prismati c,
appear colorless in plane polari zed light, and show a medium or­
der of int erference colors when viewed between crossed nicols.

The epsilon isomer crystallizes fairl y easily from a concen ­
trated benzene solution of the pure isomer , and appears in two
crystal habi ts (Figure 4). One form shows pri smati c crystals
very similar to alpha crystals. T he other form shows a six-sided
symmetry. Both types of crystals may appear together, and
both appear colorless in plane polarized light. The birefringence
of these crystals is very similar to th at of th e alpha isomer.
These observations regardi ng the epsilon isomer are in agreement
with that made by Kauer (6) .

T he ext remely high birefringence of the delta isomer is dif­
ficult to demonst rate with on-the-slide preparations. However,
well-shaped crystals of delta (Figure 5) may be obtained
from a benzene solution of the pure isomer on a microscope slide
by slow evaporation of th e solvent . luJ predicted from the crys­
tallographic data, t hese crystals show a very high order of inter­
ference colors when viewed between crossed nicols. Rapid
evaporation of a solution of thi s isomer from most solvents will
yie ld a typical pat tern of spherulites (Figure 6). This cha ra c­
teristic habit provides a quick way of iden tifying the delta cuts
when this isomer is prepared chromatographically (12). This
phenomenon may ofte n be distinguished with the naked eye .

As in th e case of delta, it is equally difficult to obtain well­
shaped crys ta ls of gamma on a microscope slide. However , when
th e solvent' is allowed to evaporate slowly, this isomer crysta l-
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Iizes from concentrated isopr opy l alcohol solution of the pure
isomer in the form of plates, tablets, and sometimes rods (Figu re
7). By rapid evaporation from its most common solvents,
gamma crystallizes in typical tr eelike pattern s or dendrites
(Figure 8). As in the case of delta, this habit provides a qu ick
way of indent ifying the gamma cuts when preparing this isomer
by partition chromatography (12). T his habit may also quite
often be seen with the naked eye.

FUSION STUDI ES O F 1'-, 0-, AN D a-BENZENE H EX ACIILORID

The beta and epsilon isomers are not included in these fusio n
studies because their crystals subli me very readil y . Under th e
usual cond it ions of fusion between a cover glass and slide, the
samples disappear complete ly without transformation to th e
liquid phase.

Figure 4. e-Benzene H exachloride Recrystallized
from Benzene Sol u t io n Directly on Microseope

S li de

Figure 5. Delta Crystals Obtained by Slow Evapora­
tion of Benzene Sol u t ion Directly on Microscope

Slide

The works of Kofler (7) and his school in Europe and the ef­
forts of McC rone et al. (9- 11) in this country have resulted in a
reviv al of interest in th e use of fusion methods in identification of
organi c crystalline material. These meth ods permi t rapid analy­
sis with small quantit ies of material and requ ire lit tle spec ialized
training to ' perform the operations after th e ini tial fusion data
have been determined.

T he techn ique employed in this study for preparing samples for
obtai ning fusion patterns is rath er simple.

A few milligrams of th e material pla ced betw een a slide and
cover glass are gradually hea ted with a. microflame until the
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to evalua te qualitatively the purity of a preparation by inspec­
tion of the fusion pattern. T he principal valu e of fusion pattern s
in quantitative analys is is in determining whether a sa mple con­
ta ins 99% or more gamma, thus pr ovid ing a rapid cont rol method
for lindane.

Bowen and Pogorelskin (2) have pub lished a meth od for deter­
mining the gamma conte nt sof crude benzene hexachloride, base d
on the effect of impurity on freezing point depression. In thi s
investigation the quant itative effect of impurity on melt ing point
depression was used to develop a method of pu rity det erminat ion
for lindane.

materia l melts . Th e cover glass is pressed down to obtain a th in
film of the melt und er the cover glass, and held until t he ma ter ia l
begins to crystallize. Observations are made between crossed
Nicols at low magnificati on (30X to 90 X) . To ensure uni­
formi ty of sampling for both micromelting point determi nations
and fusion prepara tions, a few gra ms of th e sample are melted by
gradual heating on a hot plate in a porcelain crucible. The
molt en materia l is mixed by stirring and a few drops transferred to
a microscope slide . After t his material solidifies, it is scraped
from the slide and crus hed in a micro mortar for use in the deter­
minations .

Figure 6. Ii- Benzene H cxachloride Obtained by
Hapid Ev a po r a t io n of Sol ve n t
1I1u foOtrntin g t.ypt c a! s p h e ru li l ic h abit

Isomer

Gamma

D elta

Alpha

Table II. Fusion Data

M icro­
me lti ng

Point. 0 C. R e mark.

114 M el ts with slig ht te ndenc y toward su blimation ;
th ree poly morphic forms crystalliz e from fusions ;
recrystall izes on sp onta neous cooli ng; form III
cryst alli zes in rods of low b ir efr in gen ce : form II
grows slowly with herringbone patte rn; form I
grow s from me lt by seeding (highly bir efri nge n t
rod s)

138 M elts wit h sligh t tendency to wa rd s ub lima t ion ;
defin ite softening of crysta l occu rs at 134 0 C.;
loses birefri ng ence at 138 0 C. ; recryst alli zes
from melt in thin rods of very lo w birefringence

160 M elts WIth s t rong tend ency toward sublimat ion ;
tra nsition to well-shaped rods occ urs befo re
melt ing; recry stalliz es from melt in spheruli tes
of medium birefringence (yellow. brown, and
dull red )

T he fusion data for gamma, delta, ami alpha (shown in Table
II ) were intended for use in ident ifying these pure isomers by
simple procedures and not in tended as a tab le of complete fusion
data . McCrone (11) reports fusion data of the gamm a isomer in
agreeme nt with those given for gam ma in T able IT.

Figure 7. 'Y- Bcn zenc H cxaehloride Hecryslallized
from Isopropyl Alco h o l So l u ti o n on Microscope

S lide

Since the gamma isomer recryst allizes in three different poly­
morphic forms (Table II ), it is difficult to apply conventional
fusion methods of pur ity determinat ions. However, the general
appearan ce of the gam ma pattern after recrystallization from th e
melt is fairl y rep rodu cible when the fusion operation is per­
form ed in the ma nner described abo ve.

T he final fusion pattern of the pure isomer shows the herr ing­
bon e effect (F igure!J ) due to poly morphic form I I. T his pheno m­
enon is obse rved only in prepnrations containing over 99%
gam ma, As the puri ty decreases th e pattern loses its regularity
and assumes a more fibrous appea ra nce (Figures 10 through 12).
A study of synthet ic samples in th is manner enables the operator

Figure 8. 'Y-Benzene H ex achloride Ohtained by
Hapid Evaporation of So fvc n t

Illustrating t ypical d endritic h abit

Figure 9. Pure Gamma Fusion Showing thc
Herringhonc Effect Duc to Polynlorphic For-m II
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this isomer in most organic solvents. The presence of beta in a
sample is usually detected during the fusion opera tion by the
milky app earance of th e melt .

The working curve (F igure 13) shows th e qu antitative effect of
impurity on melting point depression of high -y-benzene hexa­
chloride [least squares lines: % impurity = 1.77 X (114 - ap­
parent melting point in 0 C.)). Single determinations may be
du plicated wit h a precision of ± 1% impurity. T his provides a
rap id meth od of estimating the purity of high -y-benzene hexa­
chloride based on micromelting point depression , which may be
checked simultaneously with a qualitative fusion pat te rn study.
In this/ manner gamma concentrations from 90 to 100% may be
satisfactorily estimated at 1% intervals, and th ese resul ts com­
pare favorably with those obtained by infrared analysis (Table
III ). A complete det ermination including a fusion preparation
and micromelt ing point determination requires less tha n 20
minutes' tim e.

T he ab ove method has been designed pri marily as a control
method of analysis : however, the accuracy may be improved by
taking an average of several melting point determinations.
Furthermore, the purity of a sample may be more accurately

6

- LEAST SQUARES
LINE

( "I. IMPURITY' 1.77 X MELTING
POINT DEPRESSION. · C.)

IREPRODUCISILITY ~I% IMPURITY I

6

4

5

9

10 .-----,.-----,.-----,.-----,.-----,r--

8

Fi gure Ll , 98.5 % G a m m a F usio n

Figure 10. 99.5 % Ganl.lna Fusion Still Showing
the Herringbone Effect with Le ss Regularity of the

Pattern

Micromelting point st udies were made wit h synthetic samples
of high -y-benzene hexachloride containing pure alpha as the im­
purity since th at isomer is most likely to be the predominant im­
puri ty in lindane. The effects of delta, epsilon, and beta on
micrornelt ing point depressions were also investigated. Delta
and epsilon produce essenti ally the same effect as alpha, but the
presence of bet a yields erra t ic results. This effect is not too
serious since the beta isomer will norm ally be removed early in
the process of concentrating gamm a from crud e benzene hexa­
chloride by most procedu res, owing to the relative insolubility of

Figure 13. Working Curve
Each point represents the average oC s e vera l

dctenninatioD8

Com.parative Analyses
Wt. % Ga mma

Micro-
melti ng poin t Infrared
fusion me t ho d method

97
98
98
95. 5
95
95

100
100
100
100

96
98
99+
96
95
96
99+
99+
99 +
99 +

Table III.

Sample

1
2
3
4
5
6
7
8
!l

10

Figure 12. 95% Gamma Fusion
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Figure 16 . Pure Delta Fusion (Crossed Nicols)

report , and has provided qualitative means of detection for each
of th e benzene hexachlorid e isomers. It has demonstrated a sys­
te m of app lication of simple fusion techniques for purity deter­
minations of high -y-benzene hexachloride, thus providing a con­
t rol met hod of analysis for lindane. Adaptations of this meth od
have been successfully used in this laboratory for puri ty deter­
minations of the tet rachlorobenzenes lIS well as a- and o.-benzene
hexachloride. These tech niques may also find app lication in
pu rity determinations for numerous othe r organic crystalline
material.

Figure 14. Simultaneous Hot Stage Observation o f
Controls and Unknowns on Same Slide

CONCLUSIONS

This investigation has provided an independen t approach to
th e study of benz ene hexachloride analysis. It has incorporated
a study of the micr oscopic characteri sti cs of all th e isomers in one

estimated by direct comparison with syntheti c sampl es of known
composition on the same slide (Figure 14). For this purpose a
slide is divided in quadrants by a glass ma rking pencil, and as
man y as three controls may be observed with one unknown.

The fusion patterns obtained with pure a- and pure o.-benzene
hexachloride (Table II, Figures 15, 16) are typi cal and reproduci­
ble. In the presence of impurities (in th e form of other isomers)
smaller and mor e irregularly shaped spherulites, which usually
show brigh ter interference colors, appear in th e alpha fusion
pattern (Figure 17). The fusion pattern of impure delt a also
shows a marked increase in birefringence togeth er with wider and
more irregular plates (Figure 18).

From th e above data, it appears that the met hod of micromelt­
ing point depression and fusion pattern study may also be used
for determining the puri ty of a - and o.-benzene hexachlorid e, as
has been demonstrated for gamma.

,Fo u r sRrnplcs o f crystalline rnaterial at same t empeeut.uee. 1..
'n o t yet Dlelted; 2., completely melted; 3, beJ:tinnin~ to so f te n
.arou n d the edges ; 4 ., at its m eltin", point. Liquid and so li d

phases are in equilibriunl

F igure 17. 950/0 Alpha Fusion (Crossed Nicols)
Showing Smaller and More Irregularly Shaped

Spherulites

:Fig u r e 15. Pur e a-Benzene Hexachloride F usion
(Crossed N icols) Figure 18 . 95% Delta F usion (Crossed Nicols)



VOL U M E 23, N O. 6, J U N E I 95 I

ACKNOWLEDGMENT

The author wishes to thank Robert Herzog for his helpful sug­
gestions and his assistance in evaluating the data, George Calin­
gaert for his suggestion in the use of controls in micromelting
point observations, and J. V. Tokos for conducting the infrared
analyses.

LITERATURE CITED

(1) Aepli, O. T., et al., ANAL. CHEM., 20, 610 (1948).
(2) Bowen, C. V., and Pogorelskin, M. A., ius; 20, 346 (1948).
(3) Daasch, L. W., tua; 19, 779 (1947).
(4) Dragt, C., tus.. 20, 737 (1948).

911

(5) Harris, T. H., J. Assoc. Offic. AUT. Chemists, 32, 684 (1949).
(6) Kauer, K. C., etal., Ind. Eng. Chem., 39, 1335 (1948).
(7) Kofler, L., and Kofler, A., "Mikromethoden zur Kennzeichnung

Organisher Steffe und Stoffgemische," Innsbruck, Universi­
tatsverlag Wagner, 1948.

(8) LaClair, J. B., ANAL. CHEM.,20, 241 (1948).
(9) McCrone, W. C., et al., tus; 18, 578 (1946).

(10) tue., 21, 436 (1949).
(11) ius; p, 882.
(12) Ramsay, L. L., and Patterson, W. I., J. Assoc. Offic. AgT.

Chemists, 29, 337 (1946).

RECEIVED December 1, 1950. Presented before the Division of Analytical
Chemistry at the 117th Meeting of the AMERICAN CHEMICAL SOCIETY,
Houston, Tex. '

Microdetermination of Carbon and 'Hydrogen
A Statistical Study of Factors

C. L. OGG, C. O.WILLITS, CONSTANTINE RICCIUTI, AND J. A. CONNELLY

Eastern Regional Research Laboratory, Philadelphia 18, Pa,

A collaborative study of the microdetermination of
carbon and hydrogen was conducted to find an accu­
rate method suitable for adoption by the Association
of Official Agricultural Chemists. The results were
analyzed statistically to determine the effects of dif­
ferent variables on the accuracy and precision of the
method. Of the twelve factors considered, those
which affected the accuracy of the carbon values
most were the size of the sample and the treatment

T HE micromethods for carbon and hydrogen in general use
today and their semirnicro modifications are all based on the

catalytic combustion of the organic material to form carbon diox­
ide and water, followed by the absorption and weighing of these
two products. Although the principle of the methods is the
same, the details of the procedures vary from laboratory to labora­
tory.

A collaborative study was undertaken to determine which of
these variations should be included in a standard method for the
Association of Official Agricultural Chemists. Twenty labora­
tories participated in this study and performed 115 carbon and
hydrogen analyses on nicotinic acid (sample 1) and 95 on
benzylisothiourea hydrochloride (sample 2). Each analyst was

the absorption tubes received before being weighed.
None of the factors. however, had much influence on
the precision of the carbon values and on the accu­
racy and precision of the hydrogen values. This
statistical analysis indicated that certain details of
the carbon and hydrogen method should be elimi­
nated, that others were not necessary, and that a more
simplified procedure than is often used should pro­
duce more accurate and equally precise results.

asked to perform the analyses by his own method under his nor­
mal working conditions and to report all values obtained. De­
tails of the procedures used were obtained from each laboratory
by a questionnaire designed to give uniform and fairly complete
information.

Analysis of the questionnaires showed that for a number of
steps in the procedure two different techniques were used. This
made possible a simple division of the data for statistical treat­
ment. Thus, all the data could be classified as micro or semi­
micro, depending on the' sample size, or be grouped according to
whether or not some treatment or particular modification of the
apparatus was used-for example, were the absorption tubes
wiped; was the choking plug omitted?

Table I. Data from Collaborative Study of Carbon and Hydrogen Analysis

Absorp- 0, Aapir- Mechani- Balance
Micro tion 0, ated with Electric cally Quartz Lab Adjacent

Samples Tubes Replaced Choking Mariette Silver CuO-Pt Sample Operated or Vvcor Air-Condi- to
Col1ab. No. (2-10 Mg.) Wiped with Air Plug Bottle Alone Catalysts Burner Burner Tubes tioned Furnace

0 X X X X X X
2 X X X

10 X X ? X X X X X
12 X X X X X X X X
13 X X X X X X
17 X X X X X
23 X X X X X
24 X X X X X X X X
27 X X X X X X X
28 X X X X X
31 X X X X X X X X X
35 X X X X X X
39 X X X X X X X X X
40 X X X X X
41 X X X X X X X X
44 X 'X X X X X X X X
45 X X X X X X X
46 - X X X X X X X
49 X X X X X X X X X
50 X X X X X X X X X X

X Analyst employed procedure listed at head of column.
- An!'lyst employed alternate procedure.
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Tahle II. Data frorn Collaborative Study of Carbon and Hydrogen Analysis

o

o
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o

•
•
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••o
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o
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o
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o

8

Oxygen aspirated with Mariotte bottle
VS. pressure only to force oxygen through
system

Use of silver alone to remove sulfur
oxides VS. silver plus lead chromate

Copper oxide plus platinum catalyst
VS. all other combinations used

Electric sample burner VS. gas burner
Mechanically operated sample burner

VS. manually operated burner
Quarts or Vycor combustion tubes VS.

borosilicate glass and other heat-resist­
ant tubes

Analyses conducted in air-conditioned
laboratory VS. analyses from non-air­
conditioned laboratory

Balance located adjacent to furnace
irrespectiveof air-conditioningvs. balance
in air-conditioned balance room

• NICOTINIC ACID

• 0 BENZYL~ISO-THIOURE*

HYDROCHLORIDE

•
•
•
•

••

•

•

ABSORPTION ABSORPTION
TUBES TUBES
WIPED NOT WIPED

Effect of Wiping and Not Wiping
Absorption Tubes .

•

o
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To determine whether or not there
was any marked difference in accuracy,
the carbon data obtained with micro- and
semimicroprocedures were plotted (Fig­
ure 1) as suggested by Tukey (2). In-

spection of this simple plot of the deviation of the means from
the theoretical values readily shows that the micro values were in
general higher than the semimicro. Student's t test (1) was ap­
plied to these data to determine if this apparent difference was
really significant.

t = oX • I nanb (na + nb - 2)
." (na + nb) (SaX2 + SbX2)

where oX = Xa - Xb (difference between means
of two groups)

na = No. of values in group a, micro
nb= No. of values in group b, semimicro

SaX2 + SbX2 = 2:(Xa - Xa)2 + 2:(Xb - Xb)2

The t value calculated from these data was 2.24 and the critical
to.ooobtained from the table of t values was 2.03. The difference
between the two means, therefore, was critical at the 95% level.
This indicates that semimicromethods will produce more accurate
results than microprocedures, if the data were representative and
not biased by other variables.

Hydrogen Data
Sample 1 Sample 2

X log .' n X log .'
4.10 2.3636 8 5.44 2.4150
4.21 1.9823 3 5.57 2.0607
4.68 2.1818 8 5.90 2.2900
4.10 0.0000 2 5.48 1.1139
3.98 1.4314 3 5.35 2.4786
4.27 1.9031 2 5.68 2.7619
3.97 2.0828 4 5.41 2.5092
4.16 1.7853 3 5.56 1.3010
4.09 1.4314 3 5.44 1.2304
4.04 2.1644 3 5.46 2.4065
4.06 1. 9912 3 5.37 2.3856
4.22 2.3118 5 5.51 2.2672
3.95 1.9085 4 5.35 1.9685
4.09 1. 8633 4 5.48 2.0569
4.37 1.9912 4 5.77 1.8573
4.20 1.4314 3 5.53 1.4314
4.17 1.6232 10 5.56 1.9294
4.32 1.7559 3 5.68 2.1239
4.12 2.5391 17 5.42 2.6253
4.11 2.0934 3 5.61 1.3424
4.09 5.47

n

8
4
8
2
3
8
3
3
3
3
2
8
4
4
5
4
8
6

21
8

•
+0.5

0

0 to.4
0

• ~

• 0
>-" +0.3It:
0
l&J
:r....

Sample 2

X log.'

47.38 1. 2788
47.32 1.8751
47.43 2.7803
47.72 0.6990
47.68 0.8451
47.44 1. 5051
47.42 2.5079
47.51 2.1790
47.48 1. 4914
47.39 2.6702
47.55 2.5966
47.51 3.8899
47.42 2.5276
47.58 1.4472
47.66 2.0253
47.14 1. 5682
47,59 2.4456
47.45 2.3032
47.55 2.3201
47.53 2.5786
47.40

SEMIMICRO
SAMPLES

n

8
3
8
2
3
2
4
3'
3
3
3
5
4
4
4
3

10
3

17
3

• NICOTINIC ACID
o BENZYL-ISO-THIOUREA

HYDROCHLORIDE

o

Carbon Data

•

MICRO
SAMPLES

•

0

0
0

••• 8•• 00
0

••• 00• 0.. §
0

•

X log.'

58.47 2.6201
58.44 2.4771
58.75 2.6739
58.75 1. 9294
58.99 1.4914
58.64 2.3201
58.53 2.0682
58.64 1. 7160
58.57 1. 7076
58.61 2.7202
58.40 0.6021
58.52 3.8790
58.70 2.7084
58.62 1.5563
58.92 1. 7853
58.73 1.9912
58.64 2.5551
58.66 2.1847
58.73 3 .0249
58.67 2.1430
58.53

Sample 1

-o.s

-0.3

n

8
4
8
2
3
8
3
3

'3
3
2
8
4
4
5
4
8
6

21
8
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Figure 1. Effect of Sarrrple Size on Carbon
Results
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Collab.
No.

o
2

10
12
13
17
23
24
27
28
31
35
39
40
41.
44
45
46
49
50
Theory

Tables I and II show those variables whose effects were com­
pared and a summary of each collaborator's data. In these ta­
bles, n is the number of analyses reported by each analyst, X is the
mean of his values, and log S2 is the log of the variance of his data.
Each collaborator was asked to report all the values he obtained,
after his method had been proved satisfactory by analysis of a
standard compound of his choice. All data received were used in
calculating the X and log S2 values.

In the 12 columns showing the different variables studied, X
means that the analyst employed the procedure listed at the head
of the column, whereas - marks the alternate procedure.

Following are the procedures listed in Table I plus the alter­
nates with which they were compared:

Micro samples (2 to 10 mg.) VS. semimicro samples (10 to 20
mg.)

Absorption tubes wiped before being weighed vs. not wiped
Oxygen in absorption tubes replaced with air before weighing

VS. oxygen not replaced
Use of a choking plug in exit end of combustion tube VS. omit­

ting this plug
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TUBES WIPfD TUBES NOT WIPED

Figure 4. Effect of Wiping Tubes and
Replacing Oxygen

2.31

2.58

2.53

2.24

2.38

2.16

1.67

tea-led.

1.94

justing the data to eliminate the effect of either of these variables
also made the other variable not critical. Therefore, rather than
attempting to select the more important variable, the data were
adjusted to eliminate the effect of both. The median deviation
of the mean from the theoretical value for the 14 carbon results

obtained by those who both wiped the
tubes and replaced the oxygen was
+0.20%. The median for those who
did neither was +0.11 %, and for those
who performed either one or the other
operation it was +0.06. This latter value
should logically fall between 0.20 and
0.11 %, and the fact that it did not may
mean that there was an interrelationship
between the two variables or that the
value was low by accident. Regardless
of this, it can be concluded with reason­
able certainty that the effect of both wip­
ing the tubes and replacing the oxygen
was to cause the results to be high by
approximately 0.10%. To adjust fOI
this effect 0.10% was subtracted from the
values obtained by those who performed
both operations. These adjusted data
were then re-examined to determine il
any of the previously noncritical differ­
ences would become significant. How-
ever, the only effect of any importance

as the t value for the difference between means was greater than
te.,s. No significant differences in the accuracy of the carbon
values were found between the alternate procedures for the re­
maining nine variables listed in Table 1.

The question arOS6 as to whether or not the two apparently
critical variables biased the micro data for the other variables, so
that no critical differences appeared when in reality some actually
existed. To determine this, the effect of the two variables which
appeared to be important (wiping the absorption tubes and re­
placing the oxygen) had to be at least partially eliminated by
adjusting the data. Figure 4 shows that there was considerable
overlapping of the data for these two variables; seven analysts
both wiped the tubes and replaced the oxygen and only three each
used the other three combinations of these two variables. Ad-
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Table III.

Carbon Micro samples (2-10 mg.) 34 +0.12 0.6149
Semimicro samples (10-20 mg.) 6 -0.01 0.0384

Absorption tubes wipeda 22 +0.15 0.4073
Absorption tubes not wiped? 12 +0.07 0.1630

Oxygen replaced with aira 20 +0.17 0.4233
Oxygen not replaced with aira 12 +0.05 0.0800

Tube wiped and O. replaced 14 +0.21 0.1695
Tubes not wiped and O. not replaced 6 +0.09 0.2325

Micro sampleae 32 +0.09 0.4846
Semimicro samples 6 -0.01 0.0371

log "
Oxygen replaced with air 20 1.87 7.148
Oxygen not replaced.with air 18 2.33 8.227

Using only micro values, the effect of wiping or not wiping the
absorption tubes before weighing was analyzed by this same
procedure. Figure 2 shows a plot of the data, and on inspection
it appears that wiping has a tendency to cause high results.
When the t test was used to determine the significance of the dif­
ference, the calculated value was 1.67. Thusthe difference was
significant at the 90% but not at the 95% level.

Figure 3 shows the values obtained when the oxygen in the
absorption tubes lI'as replaced before weighing and when it was
not replaced. The difference that can be seen here is significant,

Hydrogen Oxygen replaced with air
Oxygen not replaced with air

~;~~~~ea~fj~:ted(Mariotte bottle)

a Micro data only used in calculations.
b Micro data corrected by subtracting 0.10 from values obtained when tubes were wiped and oxygen

replaced with air.

Because there was a significant difference between the micro
and semimicro values, it seemed desirable to eliminate the effect
of this variable from subsequent comparisons. Therefore, the
values obtained using micro samples were treated separately, so
that the effect of the other variables on the accuracy of the carbon
values could be determined without bias due to the sample size.
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was on the micro-semimicro comparison and this was to reduce
the difference, as only micro values were lowered by adjustment
of the data. The t value using the adjusted data was 1.94, which
is still critical at the 90% but not at the 95% level.

The t values of importance for the whole study and the data
necessary to calculate these values are shown in Table III.

In addition to the effect on accuracy, it was desired to know
the effect of the variables on the precision of the results. A
method for doing this, suggested by Tukey (2), consisted of deter­
mining the variance of each analyst's carbon values, taking the
logarithm of these, and applying Student's t test as if they were
means. When this test was applied to the carbon values, only
one significant difference (95% level) in precision appeared. As
11 separate tests were made, one would be expected to appear
critical about half [1-(0.95) 11] of the time. This critical difference
was for oxygen in the absorption tubes replaced with air before
weighing as compared with not replacing the oxygen. The cal­
culated t value was 2.16 as against a critical value of 2.03 at the
95% level. This particular variable apparently had the greatest
effect on the accuracy and on the precision of any of the variables
evaluated. While replacing the oxygen caused significantly bet­
ter precision, it also caused significantly poorer accuracy, showing
that the two criteria by which data are judged are not the same
or related, even when working with a large number of values.

Information concerning the effect of the variables on the
accuracy and precision of the hydrogen data was also desired.
The same tests were applied to the hydrogen data as to carbon.
None of the variables appeared to have a significant effect on the
accuracy of the hydrogen determination, although two variables
affected the precision. One, as in the carbon study, was.whether
or not the oxygen in the absorption tubes was replaced with air
before weighing, and the other was whether pressure plus aspira­
tion with a Mariotte bottle or pressure alone was used to drive
oxygen through the combustion train. Table III shows the cal­
culated and critical t values for these variables.

CONCLUSIONS

The purpose of the study was to determine which combination
of techniques should produce the best carbon and hydrogen re-

ANALYTICAL CHEMISTRY

suIts. To do this, it was necessary to arrange the desired objec­
tives of a good method in the order of their importance. The
following order was used:

Accuracy of carbon results
Accuracy of hydrogen results
Precision of carbon values
Precision of hydrogen values

In addition to these objectives, such items as the complexity of
apparatus and technique, the number of determinations possible
per apparatus per day, amount of the analyst's time spent per
analysis, and the possibility of simultaneous operation of two
apparatus were also considered. With these objectives and con­
sideration in mind, a study of the result led the authors to con­
clude that the carbon and hydrogen procedure should include the
following: electric furnaces with mechanical operation, quartz or
Vycor combustion tubes with a filling of copper oxide plus plati­
num catalysts and silver wire or ribbon, no choking plug, pressure
only for oxygen flow; no treatment of the absorption tubes other
than to allow them to equilibrate before weighing; and use of
samples weighing 10 to 15 mg. if possible.

Directions for a method including these features were written
and submitted to a number of collaborators, so that the conclu­
sions drawn from this study could be tested. The results will be
published in a referee report to the Association of Official Agricul­
tural Chemists.
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METHOD

Reagents. Stock Standard Arsenic Solution. Dissolve 0.1320
gram of arsenic trioxide in 50 ml. of distilled water and 0.50 ml.

T H E most satisfactory method for the determination of
arsenic in biological materials appears to be a combination of

wet sshing with sulfuric, nitric, and perchloric acids, oxidation to
pentavalent arsenic with various oxidizing agents, and the
development of molybdenum heteropoly blue arsenic complex
with ammonium molybdate and hydrazine sulfate (1-14-).

An investigation to develop a more accurate and sensitive
method for the determination of micro quantities of arsenic in
samples containing less than 0.1 microgram of arsenic with a
sensitivity of 0.01 microgram was undertaken when it was evident
that the literature contained little information for normal arsenic
content of body tissues such as serum, kidney, liver, and muscle.
Arsenic levels in normal urine have been reported from 2.8 to 7.8
micrograms % (6,11,14-). Claims have been made that arsenic
is not present in whole blood of humans (6, 14-) and horses (12)
but others found 6 to 25.5 micrograms % in normal whole blood
of humans (9, 13).

Microdetermination of Arsenic and ·Its Application to
Biological Material

GEORGE R. KINGSLEY AND ROSCOE R. SCHAFFERT

Wadsworth Hospital, Veterans Administration Center, Los Angeles, Calif.

of 70% sodium hydroxide. Neutralize with 0.50 ml. of 70%
sulfuric acid and dilute to 100 ml. in a volumetric flask. One
milliliter of this solution equals 1.0 mg. of arsenic.

Working Standard Arsenic Solution. Dilute 1 ml. of stock
solution to 100 ml. in a volumetric flask with distilled water for
photometer (Coleman Model r N o. 14) standardization (l rnl. =
0.010 mg. of arsenic). Dilute 1 ml, of stock solution to 500 ml, in
a volumetric flask with distilled water for photometer (Beckman
Model DU) standardization (1 ml. = 2.0 micrograms of arsenic).

Stock Iodine 0.02 N Solution. Dissolve 2.54 grams of iodine
and 8 grams of potassium iodide in 25 ml. of distilled water.
When solution is complete, dilute to 1 liter in a volumetric flask.
Store in a dark bottle.

Working Iodine Solutions, 0.002 Nand 0.001 N. Dilute 10
ml. and 5 ml, of stock solution to 100 ml. in a volumetric flask with
distilled water.

Ammonium Molybdate (1 % in 5 N sulfuric acid). Add 70 ml,
of concentrated sulfuric acid to about 300 ml, of distilled water.
Dissolve 5 grams of ammonium molybdate, (NH.)eM070 2• .4H20 ,
in the warm acid mixture. When solution is complete, cool and
dilute to 500 ml. in a volumetric flask with distilled water.

Hydrazine Sulfate (0.15%). Dissolve 0.3 gram of C.P. hydra­
zine sulfate (N2H•.H2SO.) in about 150 ml. of distilled water and
then dilute to 200 ml.
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sulfate and mix. Place in a boiling water bath for 10 minutes.
Cool, and make photometric measurements as directed.

Calculations. General formula. concentration in micrograms
per 100 ml, equals K (2 - log % transmission).

Mter the hydrochloric acid digest was cooled to room tempera­
ture, the addition of 10 ml. of concentrated hydrochloric acid and
water to the original volume of the digest before the start of
digestion gave the best reaction when 2 mI. of 15% potassium
iodide and 0.5 ml. of 40% stannous chloride were added and
allowed to stand 15 minutes before the start of the distillation of
arsenic as arsine. Apparently the addition of potassium iodide
is not necessary for the complete recovery of naturally occurring
arsenic from animal fluids and tissues as complete recoveries were
obtained in its absence. Complete recovery of trivalent arsenic
added as (3-aIn.i.q0-4--hydroxyphenyl) dichloroarsine hydrochloride
to serum was also obtained when potassium iodide was
omitted. However, only about 50% of pentavalent arsenic

EXPERIMENTAL

Digestion of Specimens. Wet digestion with sulfuric, nitric,
and perchloric acids for the complete oxidation of the sample Wail
not necessary for full recovery of arsenic from various animal
tissues. A simple preliminary digestion of 5 grams of sample
with 20 ml, of distilled water and 10 ml, of concentrated hydro­
chloric acid in a 125-mI. Erlenmeyer flask for 15 minutes was
established as the optimum condition for the arsenic distillation.
Solid tissues such as muscle, heart, kidney, and liver were emulsi­
fied by mixing one part of tissue with 4 parts of distilled water in
a Waring Blendor for 10 minutes. Liquid tissues such as serum
and whole blood were digested directly.

If the digestion of the specimen with the dilute hydrochloric
acid was carried out under a reflux condenser instead of an open
flask, less than 50% of arsenic added to or present in the specimen
could be distilled from such a preparation. Hydrogen sulfide
and other compounds containing mercapto (-SH) groups are
retained by the reflux condenser to combine with the arsenic and
prevent its distillation. The same loss of arsenic occurs if
hydrogen sulfide is bubbled into the open flask during digestion.

-125 mi. ERLENMEYER
FLASK No.5000
PYREX EMXOT

:·:·:···········.-15mm.C.FRITTED DISK
FUNNEL No. 36060
FUNNEL PYREX

12mm. 0.0. TUBE

T 24,
140

12mm.
No.39533
TUBE,
PYREX-

T
4

t
6

+3
COARSE ~
FRITTED T
GAS DIS-
PERSION 10. 5
CYLlNDE\ em.

f ~J
3mm.t....k2~

em.
Figure 1. Arsenic Digestion and Distillation Apparatus

Potassium Iodide. Prepare a 15% solution in distilled water.
Prepare fresh before use.

Stannous Chloride. Prepare a 40% solution in distilled water.
Prepare fresh before use.

Hydrochloric Acid. Concentrated C.P.
Zinc, Mossy. C.P. Use pieces weighing 0.7 to 1 gram.
Lead Acetate. Prepare fresh saturated solution.
Standardization. Add to 2.5 ml. of 0.002 N iodine solution

in a cuvette, 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.8, and 1.0 ml, of
appropriate working arsenic standard solutions for Beckman
Model DU or Coleman Model No. 14 photometer standardiaa­
tion. Dilute to 5 m!. with distilled water. Add 0.5 ml. of ammo­
nium molybdate, mix, and then add 0.2 ml. of hydrazine sulfate
and mix. Place in boiling water bath for 10 minutes. Cool,
Read at 830 mit with the Coleman or 865 mit with the Beckman
spectrophotometer with water blank set at 100% transmission.
Color is stable for 24 hours.

An accurate and sensitive method for the determina­
tion of micro quantities of arsenic in samples con­
taining less than 0.1 microgram of arsenic with a
sensitivity of 0.01 microgram was developed for the
measurement of normal arsenic content of body
tissues for study of arsenic exposure. A normal
range of 3.5 to 7.2 micrograms %of arsenic in serum
and 4.6 to 20.6 micrograms in 24-hour urinary ex­
cretion of arsenic was found in normal human adults.
This investigation indicates that an accurate.
sensitive determination of arsenic in biological
material can be made simply with the apparatus
described without preliminary oxidative digestion
and that arsenic is probably not firmly bound in
biological material. A constant normal range of
arsenic content of biological material was estab­
lished for interpretation of results obtained on
individuals or animals exposed to arsenic.

PROCEDURE

Procedure for Specimens Containing Less Than 15 Micro­
grams of Arsenic. (Specimens of normal body fluids and tissues
containing less than 7 micrograms of arsenic may be measured
more accurately with the Beckman Model DU photometer if
the arsenic is distilled into 2.5 ml. of 0.001 N iodine and the
color developed with 0.25 ml, of molybdate solution and 0.1
ml, of hydrazine sulfate reagent.) To 5 mI. of serum and 20
mi. of distilled water (or 25 ml. of urine) in a 125-mI. Erlenmeyer
flask (Figure 1), add 10 ml. of concentrated hydrochloric acid
and 2 glass beads, Mark total volume on flask. Digest slowly
(to prevent excessive foaming) for 15 minutes on a 350-watt
Cenco cone heater. Cool to room temperature. Add 10 ml. of
concentrated hydrochloric acid and dilute to volume of first diges­
tion with distillation water. Add 2 ml, of 15% potassium iodide
and 0.5 ml, of 40% stannous chloride. Allow to stand for 15
minutes at room temperature. Stopper into a ground-glass
standard-taper (lubricate with distilled water)flask a 15-mm. coarse
fritted-disk funnel (No. 36060 funnel, borosilicate glass) con­
taining a small piece of cotton saturated with lead acetate solu­
tion (three drops) to absorb the hydrogen sulfide evolved.
Stopper a bent, fritted gas-dispersion cylinder (l2-mm. coarse
No. 39533 tube, borosilicate glass) into the ground-glass standard
taper of the fritted-disk funnel and lubricate with distilled water.
Quickly add 2 to 3 pieces of mossy zinc and allow gas to bubble for
1 hour through the fritted gas-dispersion cylinder into 5 ml. of
0.001 N iodine in a photometer cuvette immersed in cracked ice.
Add 0.5 ml, of ammonium molybdate solution and 0.2 ml. of hy­
drazine sulfate (mixing after each addition) to the iodine solution.
Place in a boiling water bath for 10 minutes. Cool and read
against blank set at 100% transmission. Use 865 mit light trans­
mission if Beckman Model DU is used, or use P-5 filter and 830
mit light transmission for Coleman Model No. 14. Blank is pre­
pared by running 25 m!. of distilled water through the above pro­
cedure.

Procedure for Specimens Containing 15 to 40 Micrograms of
Arsenic. Continue as directed in previous procedure but bubble
gail into 10 ml. of 0.001 N iodine for 1 hour and then add 1.0
ml, of ammonium molybdate and mix Add 0.4 ml. of hydrazine
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added as the sodium salt of N-(phenylglycine amide) p-arsonic
acid or as arsenic acid was recovered in the absence of potassium
iodide.

The addition of 1 mg. of phosphorus as orthophosphoric acid
or 1 mg. of silicon as sodium silicate to the digest produced no
increase in arsenic blanks.

Distillation of Arsenic. A simple combination digestion and
distillation, all-borosilicate glass apparatus (Corning Glass Co.)
with a hydrogen sulfide trap was designed for arsenic determina­
tions by the new method (Figure 1). Three pieces or less of
coarse mossy zinc weighing together 2 to 3 grams gave the desired
rate of evolution of hydrogen gas. If the mossy zinc is too finely
divided, objectionable foaming occurs. Various distillation
times at room temperature were tried from 15 minutes to 2
hours; 1 hour was satisfactory inasmuch as no differences were
observed between 1- and 2-hour distillations.

STANDARDIZATION OF BECKMAN AND COLEMAN
SPECTROPHOTOMETERS

Standardization curves for the Beckman and Coleman spectro­
photometers are given in Figure 3. A fairly linear curve is given
by the Coleman up to 30% transmission using 830 mu light trans­
mission and 5 m!. of 0.001 N iodine absorbant, The standardiza­
tion curves for the Beckman are linear to 35% transmission using
865IL light transmission. The Beckman spectrophotometer is
2.5 times as sensitive at 35 to 100% transmission as the Coleman
instrument when an equal volume of 0.001 N iodine absorbant is
used; this sensitivity may be doubled again by halving the
volume of the absorbant (Figure 3). The sensitivity of the
Beckman instrument was further increased to 0.005 microgram
of arsenic at O.OI-mm. slit by substituting Duodlal, Model R,
No. RlOL for the sensitivity knob (Helipot Corp., South
Pasadena, Calif.). The absence of linearity below 35% trans­
mission with the Beckman instrument may indicate that
arsenic at higher concentrations tends to form a more colloidal
molybdenum blue complex through which linear transmissions
of 865 mIL light is more critical than at 830 mIL (Figure 3).

concentrations. Blank determinations on reagent-grade reagents
gave 96 to 97% transmission with the Beckman and 98% trans­
mission with the Coleman spectrophotometer. According to the
manufacturer, the reagents-mossy zinc, hydrochloric acid, and
sulfuric acid-which were used contained 0.000001 % arsenic.
Stannous chloride contained 0.0002% arsenic; analytical data
for the arsenic content of the other reagents could not be obtained
from the manufacturer.

98.0"
9&.2"
90.2"

104.0 b
102.0 b

98.6 b

96.0 b

92.5 b
90.0 b

87.5 b
100.0:
87.5
98.0"
97.3"
93.5"
87.3"

100.0"
100.0"
96.1"
95.7"
85.5"

102.8 b

102.2 b
104.0:
98.5

100.0:
93.4
89.5:
86.5

Arsenic
Added. Total Arsenic Found

7 7 7%

Beckman Model DU Spectrophotometer

(2.5 ml. of 0.001 N iodine absorbant)
1.0 1.25
2.0 2.25
5.0 5.05
7.0 6.95

10.0 8.75

(5 ml. of 0.002 N iodine absorbant)
0.1 0.37
0.2 0.47
0.5 0.76
0.7 0.93
1.0 1.24
2.0 2.11
3.0 2.93
4.0 3.70

Coleman Model No. 14 Spectrophotometer

(5 ml. of 0.001 N iodine absorbant)
0.25 0.51
0.50 0.76
0.75 0.99
1.00 1.21
2.00 2.10
3.00 2.95
4.00 3.75
5.00 5.25
6.00 5.50

10.00 10.05
15.00 14.85
20.00 19.05
25.00 21.95

(10 ml, of 0.001 N iodine absorbant)

20.00 19.85
40.00 38.65
50.00 45.25

Recovery of Different Amounts of Arsenic
Added to 5 MI. of Serurn

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

0.26
0.26
0.24
0.24
0.24
0.26
0.26
0.26

0.25
0.25
0.25
0.25
0.25

Arsenic
in Serum,

7

0.25
0.25
0.25

a 00 to 4- C.
b 20° to 25° C.

Table I.

DEVELOPMENT, PHOTOMETRIC MEASUREMENT, AND
STANDARDIZATION OF MOLYBDENUM BLUE COLOR

Light transmission ranging from 610 to 725 mIL (6, 11) was
used for photometric measurement of arsenic heteropoly blue
complex until Sultzaberger (1.4) obtained maximum absorption
of the colored arsenic complex at 840 mIL light transmission.
However, an investigation of Boltz and Mellon (1) showed that
maximum density of the arsenic complex could be changed by
variation in the concentration of the chemical reagents in the
development of the color and the kind of reductant used. The
absorption curve may also be influenced by the ratio of arsenic
to excess molybdate as a larger excess of molybdate forms penta­
valent molybdenum ions which change the absorption curve at
the blue end of the spectrum.

Under the conditions for developing molybdenum blue color
with arsenic distilled from biological material as described herein,
it was discovered that the maximum light absorption of this
colored complex occurred at 865 mIL (Figure 2), as measured with
the Beckman Model DU spectrophotometer at different arsenic

550 600 ~O 700 750 eoo sse 900 950 1000
WAVE LENGTH MILLIMICRONS

Figure 2. Spectral Teansmittancc of 0.2 to 2.5
Micrograms of Arsenic

Reaction mixture of 5 mI. of 0.001 N iodine, 0.5 IllL of 1% am­
mo.nhrm m.olybdate in 5 N sulfuric acid, and 0.2 mI. of 0.15%
hydrazine sulfate in l-cIIl. cell of Beekarraer Model DU spectro-

pbotoenetee, O.02-DJ.:m.. slit

The ammonium molybdate reagent was made up in 1 to 10
N sulfuric acid to test the effect of pH on the development of the
molybdenum blue color. Increasingly higher blanks were given
at normalities below 5 N. Optimum color development with a
low blank occurred at 5 N. Although blanks remained constant
at higher normalities, less molybdenum blue color was developed.
The proportion of ammonium molybdate and hydrazine sulfate
used was similar to that reported by Case (2).

RECOVERY EXPERIMENTS

Table I indicates the limits of the amounts of arsenic added
as arsenious acid to serum which can be measured by the Beckman
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a 865 m" light transmission.
b 830 m" light transmission.

Table III. Com.parison of Methods for Arsenic Deter­
m.ination in Blood Serum and Urine of Adult Patients

(Photometric measurements made on Coleman spectrophotometer)

'ArsenicinUrinea,"Y/24Hours Arsenic in Serum b, "y %
Sample Chaney- Kingsley- Sample Chaney- Kingsley-

No. Magnuson Schaffert No. Magnuson Schaffert

Table II.

Sample
No.

1
2
3
4
5
6
7
8
9

10

Cmnparison of Spectrophotom.eters for Serum.
Arsenic Determ.inations

(5 ml.'of 0.001 N iodine absorbant)

Serum Used, Arsenic, "I %
MI. Beckman s Coleman b

2 5.2 5.1
2 6.2 6.2
2 4.2 3.9
2 6.1 6.2
2 5.2 5.1
2 5.2 5.3
2 5.9 6.2
5 7.6 7.9
5 4.2 4.5
5 6.9 6.7

bromide at the start of distillation to ensure distillation of arsenic
in pentavalent form (9), and the addition of 3 ml. instead of 2
ml. of 1 N hydrochloric acid to the molybdate solution for color
development to prevent the reduction of ammoniu~ molybdate
which was believed to be the cause of high blanks (10) with this
method. The following two suggested modifications (4) were
used:

(a) The digestion reagents were combined into a single mixture
of 125 ml. of C.P. concentrated sulfuric acid, 85 ml. of 70% per­
chloric acid, and 290 ml. of C.P. concentrated nitric acid. This
mixture (20 ml.) was used for the digestion of each 5-gram sample.

(b) Potassium chloride (15.75 grams), 6.00 grams of potassium
bromide, and 5.00 grams of hydrazine sulfate were used in the
reducing reagent for the digest.

The sensitivity of the Chaney-Magnuson method was also
increased by diluting the distillate to only 10 ml. A 5-ml.
aliquot of the distillate was treated in the same manner as de­
scribed previously by adding 0.5 ml, of ammonium molybdate,
0.2 ml. of hydrazine sulfate, and heating on a water bath for color
development.

COLEMAN SPECTROPHOTOMETER # 14o-<X><><)

BECKMAN SPECTROPHOTOMETER DU ...----

1 80 70 1 6.7 7.0
2 110 105 2 5.6 5.1
3 37 39 3 6.7 6.2
4 43 37 4 3.9 3.7
5 90 84 5 4.5 4.2
6 24 22 6 5.1 5.1
7 64 60 7 4.5 4.2
8 11 11 8 3.6 3.4
9 15 18 9 3.1 3.4

10 9 9 10 4.2 4.2
11 36 38 11 5.3 5.1
12 14 14 12 2.3 2.3
13 42 38 13 4.2 3.7
14 10 9
15 22 27

Av. 40.5 38.8 4.6 4.4

a 25.ml. urine specimen used.
b 5-ml. serum specimen used.

Table IV. Com.parison of Methods for Determ.ination of
Arsenic in Fresh Beef Tissues

Kingsley-Schaffert. Chaney-Magnuson,
"1% "1%

Tissue Spec. I Spec. II Av. Spec. I Spec. II Av.

Muscle 14.0 14.7 14.4 15.7 13.5 14.1
Liver 3.0 3.0 3.0 3.0 3.0 3.0
Kidney 5.7 5.2 5.5 6.0 5.0 5.5 3 4 5 6 7 8 9 10 II

GAMMA OF ARSENIC
12

and Coleman spectrophotometers when arsenic is distilled into
different amounts of 0.001 N iodine absorbant at room and ice­
bath temperatures. Recoveries of 95% or more were obtained
with the Beckman spectrophotometer for 1.5 micrograms at room
temperature with 5 ml. of 0.001 N iodine absorbant and 7 micro­
grams at 0 to 4 0 C. with 2.5 ml. of 0.001 N iodine absorbant.
Good recoveries on larger amounts of added arsenic up to 15
micrograms were obtained at 0

0
to 4 0 C. with 5 ml. of 0.001 N

iodine absorbant with the Coleman spectrophotometer; re­
coveries were further increased to 40 micrograms when 10 ml.
of 0.001 N iodine absorbant were used. The higher arsenic
concentrations gave molybdenum blue solutions too dense to be
read directly with the photometer but gave quantitative pro­
portionate values when diluted with various amounts of dis­
tilled water up to 1 part in 100 parts of water. No change was
noted for several hours in the light absorption of these dilutions.

Although light transmissions of 865 ml" could not be used in
making readings with the Coleman spectrophotometer of the
arsenic molybdenum complex, arsenic analyses of serum com­
pared favorably with those obtained with the Beckman spectro­
photometer (Table II).

COMPARISON OF CHANEY-MAGNUSON AND KINGSLEY­
SCHAFFERT METHODS

The Chaney and Magnuson method was used in this investiga­
tion as a method of comparison for the determination of arsenic
in serum, urine, and body tissues. The arsenic distillation
method of Chaney and Magnuson (3) which has been widely
used hat; had two suggested modifications-the use of potassium

Figure 3. Relation between Arsenic Concentration in
Sam.ple and Per Cent Transm.ittance

Comparison of the Kingsley-Schaffert and Chaney-Magnuson
methods for the' determination of arsenic in urine and serum are
shown in Table III which indicates good agreement. As simple
digestion with hydrochloric acid was used in the new method,
some difficulty in releasing arsenic from solid tissues was ex­
pected. However, preliminary emulsification of tissues in water
with a Waring B1endor was sufficient for hydrochloric acid to
free all arsenic as shown by the good agreement of the new method
with the Chaney-Magnuson method in the determination of
arsenic in beef tissues (Table IV).

NORMAL RANGE OF ARSENIC IN FLUIDS, TISSUES, AND FOODS

Twenty-four hour excretion of arsenic in the urine of normal
adult males averaged 10.6 micrograms % (4.6 to 19.8 micrograms
% as shown in Table V); for females the average was 12.8
micrograms % (5.2 to 20.6 micrograms % as shown in Table VI).
The normal fasting serum levels averaged 5.1 micrograms %
(3.5 to 7.0 micrograms %, Table V), in males; in females the
average was 5.4 micrograms % (3.5 to 7.2 micrograms %, Table
VI). The partition of arsenic in whole blood and serum is given
in Table VII with an additional comparison with the Chaney­
Magnuson method. Apparently the arsenic content of the red
cell is two to three times that of serum which roughly approxi­
mates the difference in their protein content. The arsenic
content of various human tissues was consistently lower than that
of serum or red cells as shown in Table VIII.
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SerumArsenrc}% ­l\ UrineArsenic )' Z4hr.----·
I 'Mg. Arsenrc per ....
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Partition of Arsenic in Hurrran Seruln and
Whole Blood

Seruln and Urinary Arsenic of Adult Male
Patient Receiving Arsenic
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Figure 4.

Table VII.

Sample 24-Hour Urine, "I Spec, I Spec. II
No. Spec, I Spec. II Av. (5 ml.) (2 ml.) Av.

1 9.7 10.0 9.9 4.2 4.2 4.2
2 14.2 13.8 14.0 3.4 3.5 3.5
3 8.4 8.6 8.5 5.6 5.6 5.6
4 10..9 11.1 11.0 5.6 5.5 5.6
5 4.6 4.6 4.6 5.6 5.8 5.7
6 14.0 14.4 14.2 4.8 4.8 4.8
7 19.8 19.8 19.8 3.9 4.0 4.0
8 5.6 5.3 5.5 5.6 5.5 5.6
9 4.6 4.8 4.7 5.6 5.6 5.6

10 18.5 16.0 17.3 6.1 6.2 6.2
11 13.6 14.1 13.9 3.9 4.2 4.1
12 8.3 8.9 8.6 4.8 4.6 4.7
13 5.0 5.3 5.2 4.4 4.6 4.5
14 3.5 3.5
15 4.9 4.9
16 4.0 4.0
17 5.9 5.9
18 6.3 6.3
19 7.0 7.0
20 5.0 5.0
21 5.6 5.6
22 4.2 4.2
23 4.5 4.5
24 5.2 5.2
25 5.6 5.6
26 7.0 7.0
27 5.6 5.6
28 5.2 5.2
Over-all a v. 10.6 5.1

Table V. Blood Serum and 24-Hour Urine Arsenic Levels
of Norlnal Adult Males

(Photometric measurements made with Coleman Model
No. 14 spectrophotometer)

Blood Serum, "I %

Table VIII. Arsenic Content of Fresh Tissues Obtained
at Autopsy of Human Males

"Photometric measurements made with Beckman Model DU spectro­
photometer.

b Photometric measurements made with Coleman Model No. 14 spectro­
photometer.

Kingsley-Schaffert, Chaney-Magnuson
Method, "I % Method, "I %

Whole Whole
Specimen Serum blood Serum blood

Polycythemia male 7.2 12.3 7.2 11.9
Normal female 3.7 10.0 3.6 10.3
Normal male 4.2 5.5 4.1 5.6
Normal male 5.1 9.8 5.0

Tissue, 'Y %
Sample Kid- Thigh

No. Diagnosis Age ney Liver Heart muscle Brain Lung

1 Hypertension 40 3.4 3.2 a:i 1.8
2 Hypertension 50 3.1 3.4 4:33 Carcinoma of lung 60 3.7 3.9 3.7 3.7
4 General arteriosc-

lerosis myocard ial 41 2.6 3.1 2.4 3.7 2.6 2.9
infarction

5 Pulmonary tuber- 60 2.6 3.1 2.9 3.1 2.6 2.6
culosis

6 Arteriosclerosis 51 2.6 3.0 2.6 5.8 2.4 2.9
7 Bronchopneumonia 50 2.9 3.1 2.8 4.0 2.5 2.9

Sample 5 mi. of
No. serum"

1 2.8
2 2.5
3 3.1
4 3.6'
5 2.5
6 2.0

Blood Serum Arsenic Levels of Nozmul Adult
Rabbits and Guinea Pigs

Arsenic in Guinea Pig
Serum, "y %Arsenic in Rabbit Serum, "I %

Sample 2 mi. of 5 mi. of
No. serum" serums

1 2.8 2.8
2 1.1 1.4
3 2.8 2.8
4 0.6 0.6
5 5.0 4.5
6 3.9 3.5

Table X. Arsenic Content of Sorne Food Material
llim "1%

White bread 1 .9
Whole wheat bread 1. 8
Milk 1.3"
Canned asparagus I .0
Tomato 1.0
Orange 1.1
Egg 1.3
Peach 1. 2
Cabbage 1.2
Potato (white) 1. 0
Squash 1.1
Beef meat (fresh) 5. 6
Beef liver (fresh) 2. 6
Tap water 2.5"

" Volume per cent.

Table IX.

Blood Serum, "I %
Sample 24-Hour Urine, "I Spec. I Spec. II

No. Speo. I Spec. II Av. (5 ml.) (2 ml.) Av.

I 11.2 11.4 11.3 4.2 4.0 4.1
2 8.4 9.0 8.7 3.7 3.8 3.7
3 6.3 6.7 6.5 5.6 5.5 5.6
4 5.2 5.2 5.2 3.4 3.5 3.5
5 11.1 11.6 11. 4 7.0 7.3 7.2
6 20.8 20.4 20.6 5.6 5.8 5.7
7 20.0 20.0 20.0 4.5 4.7 4.6
8 18.5 18.5 18.5 3.9 4.0 4.0
9 14.2 13.2 13.7 6.2 5.9 6.1

10 8.4 9.3 8.9 4.5 4.5 4.5
11 20.4 19.6 20.0 7.0 6.7 6.9 '
12 8.3 8.9 8.6 4.8 4.6 4.7
13 4.5 4.2 4.4
14 6.7 6.9 6.8
15 7.0 7.0
16 5.6 5.6
17 5.6 5.6
18 6.3 6.3
19 5.6 5.6
20 7.0 7.0
21 4.2 4.2
22 6.3 6.3
23 4.2 4.2
24 6.3 6.3
25 6.0 6.0
Over-all a v. 12.8 5.4

Table VI. Blood Ser-um and 24-Hour Urine Arsenic
Levels of Norrrral Adult Fernales

(Photometric measurements made with Coleman Model No. 14
spectrophotometer)

The arsenic content of rabbit serum, although varying over a
wide range, averaged about the same as that of the guinea pig,
but both were lower than that of man (Table IX). The arsenic
content of some food materials is shown in Table X.

A study of arsenic in sea animals indicated that 90% of the
arsenic was associated with proteins (5). The present investiga­
tion indicated that 88% of the naturally occurring arsenic in
serum is precipitated with the proteins by trichloroacetic acid,
and 100% with zinc or cadmium hydroxide. Only 5 to 10%
of 0.1 to 1.0 microgram of arsenic added to 5 mI. of serum is
precipitated with the proteins by trichloroacetic acid but 90 to
100% is precipitated by zinc or cadmium hydroxide. These
data indicate that the arsenic present in serum is bound for
the most part to proteins. This finding has been reported by

, others (7).

EFFECT OF SMALL DOSES OF ARSENIC ON BLOOD AND URINE
ARSENIC LEVELS

The effect of small doses of arsenic (Fowler's solution), from 1
to 12 mg. per 24 hours, upon serum and urine levels was studied
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in a patient with myelogenous leukemia before, during, and after
administration over a period of 25 days (Figure 4). During
this whole period the serum arsenic levels, although showing a
tendency to increase after arsenic administration, ranged from
3.5 to 7.0 micrograms % which is within the normal range. The
24-hour urinary arsenic increased from 5.6 micrograms before
medication to 500 during medication, and was still elevated
(30 micrograms) 10 days after the last administration of arsenic.

LITERATURE CITED

(1) Boltz, D. F., and Mellon, M. G., ANAL. CREM., 19,873 (1947).
(2) Case, O. P., Ibid., 20, 902 (1948).
(3) Chaney, A. L., and Magnuson, H. J., IND. ENG. CREM., ANAL.

ED., 12, 691 (1940).
(4) Chaney, A: L., and Magnuson, H. J., private communication.
(5) Gorgy, S., Rakestraw, N. W., and Fox, D. L., J. Marine Research

(Sears Foundation), 7, 22 (1948).

919

(6) Hubbard, D. M., IND. ENG. CREM., ANAL.ED., 13,915 (1941).
(7) Hunter, F. T., Kip, A. F., and Irvine, J. W., Jr., J. Pharmacol,

Exptl. Therap., 76, 207, 221 (1942).
(8) Maeohling, E. H., and Flinn, F. B., J. Lab. Clin. Med., 15, 779

(1930).
(9) Magnuson, H. J., and Watson, E. B., IND. ENG. CREM., ANAL.

ED., 16, 339 (1944).
(10) Maren, T. H., ius; 18, 521 (1946),
(11) Morris, H. J., and Calvery, H. 0., Ibid., 9, 447 (1937).
(12) Reyes, E. A., Rev. quim.farm. (Santia(Jo, Chile), 4, 2 (1947).
(13) Satterlee, H. S., and Blodgett, G., IND. ENCl. CREM., ANAL. Eo.,

16,400 (1944).
(14) Sultzaberger, J. A., Ibid., 15,408 (1943).

RECEIVED September 15, 1950. Presented before the Southern California.
Section of the American Association of Clinical Chemists, Los Angeles,
Calif., May 1950. Reviewed by the Veterans Administration and published
with the approval of the chief medical director. The statements and con­
clusions of the authors are the result of their own study and do not neces­
sarily reflect the opinion or policy of the Veterans Administration.

Microdetermination of Fluorine in Solid Halocarbons
R. R. RICKARD, FRANCES L. BALL, AND W. W. HARRIS

K-25 Plant, Carbide and Carbon Chemicals Division, Union Carbide and Carbon Corp., Oak Ridge, Tenn.

During investigation of the structures of some labo­
ratory-synthesized halocarbons, the need arose for
rapid microanalytical determination of fluorine in
solid compounds which contained fluorine, carbon,
chlorine, and njtrogen, and, particularly, for a
method that could be used in the presence of ni­
trogen. A method for the microdetermination of
fluorine in. solid organic compounds containing
fluorine, chlorine, bromine, and nitrogen in ad­
dition to carbon has been developed. By decom­
posing the sample at 1100 0 C. in a stream of moist

TH E synthesis of high boiling halocarbona required pro­
cedures for ultimate determination of carbon, chlorine,

fluorine, nitrogen, sulfur, and hydrogen. Of the available pro­
cedures, those for fluorine were the least satisfactory with re­
spect to accuracy, precision, and time required for a single deter­
mination. This paper describes a rapid method for the deter­
mination of fluorine in solid halocarbons,

There are two aspects of the problem of fluorine determina­
tion in halocarbons-decomposition of the sample, and collec­
tion and determination of the liberated fluorine.

PREVIOUS WORK

Sample Decomposition. The methods of fluorocarbon de­
composition have been reviewed by Elving and Ligett (4).

Halocarbons containing fluorine can be quantitatively decom­
posed by prolonged digestion with sodium and liquid ammonia
at room temperature in sealed glass reaction tubes (13) or at
400 0 C. in an evacuated tube in much shorter periods of time (4).
Kimball and Tufts (11) found the sodium and liquid ammonia
treatment insufficient for many halocarbons and recommended a
bomb fusion with potassium at 550 0 C.

Teston and McKenna (20) used a direct combustion technique
in which the sample was burned in a stream of oxygen at 1000 0 C.
in a quartz combustion tube packed with platinum and crushed
quartz. Fluorine reacted with the quartz to form silicon tetra­
fluoride which was sorbed on activated alumina at 175 0 C. The
exact conditions necessary for quantitative sorption of silicon
tetrafluoride on alumina have not been definitely established.
Miller and McBee (14) obtained quantitative sorption at 650 0 C.
Horton and Kirslis (9) studied the reaction of silicon tetrafluoride
on alumina at various temperatures and found that quantitative
sorption requires careful preparation of the alumina.

Schumb and Radimer (18) described a combustion technique,

oxygen and determining the fluorine colorimetrically
with a standard ferric ion-salicylic acid solution,
200 to 1500 micrograms of fluorine can be deter­
mined with an average deviation of from 1 to 2%
a precision of 3.9% of the fluorine present on a
95% confidence interval. A determination of fluor­
ine can be made in 30 minutes in most instances.
The use of quartz, platinized quartz, or platinum
combustion tubes in the pyrohydrolysis of halo.
carbons caused no significant differences in the
amounts of fluorine that were recovered.

applicable to volatile organic compounds, depending upon pyro­
hydrolysis of the sample in a stream of moist oxygen in a platinum
combustion tube at noo o C. Milner (15) modified this pro­
cedure to permit analyses of volatile and nonvolatile compounds.
Gaseous halocarbons have been quantitatively decomposed using
steam by Cline and Westbrook (3).

Fluorine Determination. Methods for determining fluoride
have been reviewed recently by Rinck (16).

Fluorine may be determined gravimetrically as lead chloro­
fluoride (13), volumetrically using thorium nitrate (21), conducto­
metrica11y (8), amperometrica11y (12), or colorimetrically using
the bleaching effect of fluoride ion on meta11o-organic complexes
such as ferric ion-salicylic acid (5-7, 19).

The moderately high solubility of lead chlorofluoride makes the
use of this compound unsatisfactory for microdeterminations.
The thorium nitrate titration using alizarin red S as an indicator
is too insensitive for microgram amounts of fluoride. The fluores­
cent titration of Horton (10) can be used in the low microgram
region, but requires pure morin which was not available at the
time of this study. Langer (12) has titrated fluoride ampero­
metrica11y using thorium nitrate in concentrations as low as 5
micrograms per ml,

Colorimetric procedures employing various iron complexes are
extremely sensitive to fluoride when a spectrophotometer is
used to measure color density-for example, the method de­
scribed by Greenspan and Stein (7, 17) is usable in the fluoride
concentration range of 2 to 50 micrograms per ml. Fluoride
bleaches the wine-colored ferric ion-salicylic acid solution. This
bleaching action is caused by the preferential formation of sol­
uble fluoride complexes with ferric ions which no longer show the
color reactions of ferric ions alone.

EXPERIMENTAL

The experience in this laboratory with sodium or potassium
fusions in bombs has been that not all fluorocarbons can be com-
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Analytical Procedure. Organic samples weighing from 1
to 10 mg. were weighed into a platinum micro combustion boat,
which was then placed in the combustion tube approximately
7.5 em. (3 inches) from the furnace entrance. The receiver
containing 25 m!. of stock solution was then mounted on the
system, an ice bath was placed around the receiver, and then
steam was permitted to flow through the combustion tube.
The rate of steam flow was maintained at approximately 1 gram

per minute by the mercury bubbler, but could be
adjusted by varying the amount of mercury in the
bubbler. Heat from a burner was then cautiously
applied 5 em. (2 inches) in front of the sample and
as the sample hydrolyzed the burner was moved
toward the furnace entrance. The burning cycle
was repeated to ensure complete sample decom-
position. The receiver was removed from the
system and the solution cooled to room tempera­
ture. It was then transferred to a 100-m!. volu-
metric flask and diluted to volume with the p H
3.1 hydrochloric acid solution.

The absorbancy of this solution was considered
to be zero and the absorbancy of the reagent
blank (15 m!. of stock solution in a 25-m!. volu­
metric flask, made to volume with the pH 3.1
hydrochloric acid) was measured against the
sample solution at 530 mil. Fluoride ion concen­
tration was obtained from a calibration curve.

ICE BATH

SAUER EISEN­
ASBESTOS
JOINT

COMBUSTION
FURNACE

Figure 1. Pyrohydrolysis Assembly

MERCURY
BUBBLER

pletely decomposed without damaging the bombs and necessi­
tating frequent replacement. Fusion with sodium peroxide has
resulted in explosions. Of the procedures reviewed above, the
method of decomposition used by Cline and Westbrook (3) in
combination with the Greenspan and Stein (7) method of deter­
mination appeared most applicable to the compounds encoun­
tered.

The ferric ion concentrations in the reagent blank and the
sample solution differ. The ratios chosen need not be identical,
so long as a calibration curve is used, and it was found that the
ratio used here made the colorimetric determination more sensi­
tive.

The time for one determination was about 20 minutes, but
varied depending upon the ease of sample decomposition.

Presentation of Data. Data for the fluorine determination
in seven solid halocarbons, prepared 'by the Fluorocarbon Sec­
tion of this laboratory, are presented in Table I.

=0.2
=0.4

Combustion Tube

Platinum
Platinized quartz
Quartz

Platinum
Platinized quartz
Quartz

Platinized quartz

Platinized quartz

Platinized quartz

Platinized quartz

Tahle I. Deterrnrnat.lon of Fluorine in Solid Samples

No. of Fluorine, % Av.
Detns. Theo. Found Dav., %

10 17.3 17.1 =0.3
12 17.3 17.3 =0.3
10 17.3 17.2 =0.3

9 49.1 49.1 =0.5
9 49.1 49.6 =0.5
9 49.1 48.9 =0.5

2 10.6 10.4 =0.4

3 12.5 12.3 =0.2

3 21.5 21.3 =0.3

3 27.3 28.3 =0.1

27.3 i 27.8"

Platinum 3 10. 1 10 . 0
Platinized quartz 3 10.1 10.3

a Clark Microanalytical Laboratory, Urbana, Ill.

(CF,CFCl)n

C,HlINOCIF

CI6H"NO,F,

C,N,NO,F,

C,HJOO.F.

C,HIOO,F.

C.H,NOCIF

Compound

CIOH"NO,F,

Reagents. Sodium fluoride solution, 100 micrograms per m!.
Ferric ammonium sulfate, 0.007 M solution. Salicylic acid,
0.01 M solution. Hydrochloric acid, pH 3.1.

Apparatus. A pyrohydrolysis train was assembled as shown
in Figure 1. The mercury bubbler assembly and a filling funnel
were connected to the steam generator, which consisted of a
round-bottomed I-liter flask. A 500-m!. steam trap was placed
between the steam generator and the combustion tube. The
combustion tube was approximately 60 em. long and 10 mm. in
inside diameter and was made of quartz, platinized quartz, or
platinum. The portion of the tube which was within the com­
bustion furnace was packed with platinum stars. The combus­
tion furnace consisted of a steel shell lined with firebrick and as­
bestos, through which four 44 X 1 em. global' rods were placed.
A 220-volt power source gave an efficient operating temperature
of 1100 0 C.

The fluoride, which was absorbed in a borosilicate glass re­
ceiver joined to the combustion tube by a borosilicate glass de­
livery tip, was determined with a Beckman Model DU spectro­
photometer using l-cm, Corex cells. All weighings were made
with an Ainsworth keyboard microbalance.

Colorimetric Procedure. Fluorine was determined by measur­
ing the decrease in absorbancy of a standard ferric ion-salicylic
acid solution at 530 mil. This solution was made by adding 80 m!.
of the ferric ammonium sulfate solution to 90 mI. of the salicylic
acid solution and diluting to 1 liter with the hydrochloric acid
solution. The final pH was 3.1 ± 0.2 and this stock solution was
allowed to stand in a dark bottle for 24 hours before use. Greens­
pan and Stein (7) have shown that the absorbancy of the ferric
ion-salicylic acid solution is a maximum at pH 2.9 to 3.2 and
there is a very rapid decrease in absorbancy on either side of this
range. In practice it has been found that maintaining the pH of
the reference solution and of the sample within this range is the
most critical aspect of the determination.

The absorbancy of the stock solution compared with that of
distilled water at 530 mil was between 0.820 and 0.880 and re­
mained constant for at least a week. Figure 2 shows char­
acteristic absorption curves of a ferric ion-salicylic acid solution
for various fluoride concentrations measured against distilled
water.

Each new stock solution requires a calibration curve, as it was
found difficult to prepare different solutions with the same absorb­
ancy. The slopes of the curves are the same, however. This
may be due to variations in the purity of ferric ammonium sulfate
lots.

In contrast to most spectrophotometric methods, the sample
solution had a lower absorbancy than did the reference solution.
Therefore, the fluoride solution was set to zero absorbancy on the
spectrophotometer and the absorbancy of the reference solution
was measured against it.

The system does not follow a linear relationship between ab­
sorbancy and fluoride concentration.

To test the effect of different combustion tube materials, deter­
minations were made on two different compounds using a quartz
tube, a platinized quartz tube, and a platinum tube.

Statistical analysis of variances and covariances (1) of the
data presented in Table I showed no significant difference be­
tween any of the combustion tube materials in the fluoride analy­
sis. Accordingly, the data for each compound were considered
to have been obtained from the same combustion tube and calcu­
lations to establish the precision of the method were based upon
all the determinations for each compound taken as one set. The
data obtained are presented in Table II.

DISCUSSION

Pyrohydrolysis of Sample. The data in Table I show that
quartz, platinized quartz, or platinum combustion tubes may be
used without causing significant difference in fluoride recovery
However, it is desirable to use a quartz tube partially platinized
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A

or------------------,

Various fluoride concentrations measured against distilled
water

A. I X 10 -4 m.ole of fluoride per liter
B. 3 X 10 -of, mole of fluoride per liter
C. 6 X 10 -4 Olole of fluoride per liter

Interferences. Elements which act as reducing agents after
passing through the system may reduce ferric ions to ferrous
and act as interferences. Sulfur acts probably as a reducing
agent, causing an interference. Phosphorus compounds were
not investigated, but phosphate is known to complex the ferric
ion. When chlorine, bromine, and nitrogen were present in the
organic compounds no interference was observed.

Alkali and alkaline earth fluorides formed by hydrolysis of
metallo-organic compounds are not completely decomposed by
pyrohydrolysis (2, 17, p. 239) and, therefore, will interfere with
this method without modification. The modification consists
in bedding the sample in the combustion boat with uranouranic
oxide (UaOs) (3). Other colored complexes that are bleached by
fluoride, such as ferric-feeron (5), ferric-thiocyanate (6), and
titanic acid (19) may, in some cases, be substituted for ferric
ion-salicylic acid where specific interferences are present.
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Compound

CIOH"NO,F,
(CF,CFCl)n
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Figure 2. Characteristic Spectral Absorption
Curves of Ferric lon-Salicylic Acid Solution

-1.50

SO that the pre burn may be observed as samples must be vapor­
ized slowly to ensure complete decomposition during passage
through the combustion tube. Some samples may hydrolyze
more readily than others: hence each must be burned slowly
A carbonaceous residue in the receiver is considered evidence.
of incomplete combustion.

To ensure complete sample decomposition, any residue re­
maining in the platinum boat after the first burn was heated to a
red heat again, but the ferric ion-salicylic acid solution was kept
below boiling temperature to prevent its decomposition.

Liquid halocarbons are difficult to control during the vaporiza­
tion step in the heating cycle, because they distill through the
system too rapidly.
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NOTES ON ANALYTICAL PROCEDURES ...
Determinations of Small Amounts of Ammonia in the Presence of Hydrazine

ETHYL FORLAW WIEBKE

U. S. Naval Ordnance Test Station, China Lake, Calif.

5.41
2,39 8
1.46
0.27
0,27

6.53
6.47 \
6,60
4.16
2.49
0.77
0.76
0,72
0.43

NH,b
Found

%

N,H,
Added
Gram

0.4801"
0.3731
0.3458
0.3573
0.4137

0.2463 0

0.2463
0.2463
0,2463
0.2463
0.2463
0.2463
0.2463
0.2463

Determination of Known Amounts of AmnlOnia
in Ammonia-Hydrazine Mixtures

NH, NH, NH,·
Added Found Cal cd.
Gram Gram %

Hmi· um~ U!
00 . 000106269 00 . 00010672° 4. 16

. 4 '8 2 47

~:~~ll! ~:~~t!! ~:!~
0.02359 0.02337 5 46

~:~~~!i i:~~~! ~~ii
o 1.0000 gram N,H,.H,SO, added contains 0.2463 gram N,H,.
b Iff NH I I ted grams NH, X loom

/0 s ca cu a as grams NH, added + grams N,H, /0·

C Commercial anhydrous hydrazine samples.

Table I.

If aliquots are used, it is advisable to calculate carefully the
amount of sulfuric acid necessary to neutralize the sample and to
add only a slight excess, as sulfuric acid represses the solubility of
hydrazinc sulfate to a large degree. The presence of sulfuric acid
will not interfere with the determination of the hydrazine by ti­
tration with potassium iodate, although it may be necessary to
reduce the quantity of hydrochloric acid added in that determina­
tion (5).

Other synthetic samples were made from weighed portions of
recrystallized hydrazine sulfate and portions of a standard ammo­
nia solution.

Reagents. C.P. chemicals selected for low ammonia content
were used for all solutions.

The solution of copper sulfate contained 140 grams of cupric
sulfate pentahydrate and 100 ml. of concentrated sulfuric acid per
liter of solution. The Rochelle salt solution contained 242 grams
of sodium potassium tartrate tetrahydrate and 500 grams of po­
tassium hydroxide per liter of solution. Equivalent amounts of
potassium or sodium tartrate may be substituted for the Rochelle
salt if desired.

Other necessary reagents are 10 N potassium hydroxide, and
standard solutions of 0.1 N, carbonate-free, sodium hydroxide and
0.1 N hydrochloric acid. Methyl purple (commercial modified
methyl red) was used as the indicator because of its easily detect­
able color change.

Standard Procedure. A sample, of such size that upon final
dilution a 25-m!. aliquot will contain 0.25 gram of anhydrous
hydrazine, is weighed and dissolved in distilled water containing
sufficient sulfuric acid just to neutralize the hydrazine. Care
must be taken to protect the original sample from coming into
contact with air or oxygen.

One milliliter of concentrated sulfuric aci.s added to the 25­
ml. aliquot of the sample. Some hydrazine sulfate will precipi­
tate, and it is redissolved by boiling the sample gently for a few
minutes. As soon as the hydrazine sulfate redissolves, 15 m!. of
the solution of copper sulfate are added together with 4 m!. of con­
centrated sulfuric acid (cautiously). The mixture is placed in a
refrigerator (temperature approximately 50 C.) and allowed to
remain at least 4 hours. The sample is filtered while cold by means
of a medium fritted funnel and suction. About 50 to 75 m!. of a
cold 5% solution of sulfuric acid are used to transfer and wash the
precipitate.

The filtrate and washings are transferred to a 250-m!. Kjeldahl

EXPERIMENTAL

Because anhydrous hydrazine-ammonia mixtures and alkaline
solutions of the mixtures are rapidly decomposed by air, the sam­
ples must be handled by means of an appropriate technique until
acidified.

Some of the synthetic samples used for checking the method of
analysis were made from commercial anhydrous hydrazine (98.2%
N,H4). A portion was transferred to a small, weighed bottle in a
nitrogen-filled dry box. After weighing, the bottle was opened
under the surface of a dilute solution of sulfuric acid, to which was
added a definite amount of a standard ammonia solution. Indi­
vidual samples or aliquots of the acidified solution of larger sam­
ples may be used.

1N CONNECTION with studies on anhydrous hydrazine, it
was desirable to be able to determine small amounts of ammo­

nia in the presence of hydrazine. None of the methods described
in the literature was found to be entirely satisfactory.

Penneman and Audrieth (6) have described a method for deter­
mining both hydrazine and ammonia in mixtures by means of the
difference between the titration of the total basic constituents
with standard acid and the titration of the hydrazine with potas­
sium iodate.

A few preliminary experiments carried out in this laboratory
before publication of Penneman and Audrieth's article were un­
satisfactory, apparently because 0.1 N hydrochloric acid was
used rather than at least 0.4 N as recommended by them. This
method, although rapid, has the disadvantage that the ammonia
content is determined by difference.

Fuchs and Niszel (4) and Milligan (5) removed the hydrazine
from mixtures containing ammonia by oxidation with alkaline
cupric salts (Fehling's solution), and then distilled the ammonia
into a measured quantity of standard acid. This method de­
pends upon the removal of the hydrazine by oxidation to nitrogen.
Unfortunately, unless experimental conditions are more carefully
controlled than is practicable in routine analysis, small amounts
of ammonia are formed from the decomposition of the hydrazine
(1,2).

Experiments to determine whether a blank could be used to
correct for the traces of ammonia formed under routine operating
conditions showed that the blanks, although small, were not con­
sistent enough for accurate results. However, if most of the hy­
drazine is removed by precipitation, the small amount remaining
produces a negligible quantity of ammonia upon oxidation with
Fehling's solution. Consequently, satisfactory blanks are ob­
tained. The ammonia can then be distilled into standard acid
and titrated in the usual manner.

The hydrazine can be precipitated in an acidic solution by
formation of the sparingly soluble salt, CuS04.(N2H.)2S0•.
Curtius and Schrader (3) report a solubility of 0.871 gram per liter
at 10 0 C. for this salt. The solubility is repressed by sulfuric
~d. .

This is especially convenient, because a slight excess of cop­
per(II) sulfate is used as the precipitant for the hydrazine. Thus
one needs only to add Rochelle salt and potassium hydroxide to
form the Fehling's solution needed for oxidation of the unprecipi­
tated hydrazine and at the same time produce the necessary con­
dition for the distillation of ammonia.

922
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flask and diluted to approximately 150 m!. with distilled water.
Sixty milliliters of 10 N potassium hydroxide and 20 ml. of the

I Rochelle salt solution are mixed together and added as rapidly as
possible to the flask, which is immediately connected to a trap and
condenser. The condenser adapter extends below the surface of
a measured amount (about 25 m!.) of standard 0.1 N hydrochlo­
ric acid in the receiver.

After distillation of about 150 ml. of the flask contents, the con­
denser is rinsed, the receiver is removed, and the excess hydro­
chloric acid is titrated with standard base, using methyl purple
indicator.

"\'\<nen the Rochelle salt solutior. and, potassium hydroxide are
added, the formation of the blue copper tartrate complex serves to
indicate that the contents are alkaline. Shortly thereafter, some
copper(I) oxide will be formed from the reaction with the residual
hydrazine. If a large excess of potassium hydroxide is not pres­
ent, the contents of the flask will foam seriously during the distil­
lation. Blanks should be run using the reagents and ammonia­
free hydrazine.

A determination requires about 2 hours to run exclusive of cool­
ing time. It was usually found convenient to precipitate the
samples and allow them to remain in the ice box overnight.

RESULTS

Table I shows the results of the determination of known
amounts of ammonia in synthetic samples. The first series of
samples was made from weighed amounts of hydrazine sulfate
with ammonia added in the form of a standard solution. The
second series was made from weighed amounts of commercial an­
hydrous hydrazine and a standard solution of ammonia. From
Table I, the least significant difference for a mean of two deter­
minations is calculated to be "=0.03%.

Results of the blank determinations for several lots of reagents

923:

Table n. Blank Determinations
Series Aa Series B Series C Series 0
Reagents Reagents Reagents' Realents

N,H•.H,SO. NH. N,H•.H,SO. NH. N,H. NH. N.H. NHi
Gram Mo. Gram Mo. Gram Mil. Gram Mil.

1.0000 0.22 1.0000 0.37 0.4422 0.27 0.3443 0.16
1.0000 0.24 1.0000 0.37 0.3919 0.26 0.3895 0.24
1.0000 0.19 1. 0000 0.26 0.4167 0.27 0.3229 0.08
1.0000 0.26 1.0000 0.30 0.3154 0.32 0.4115 0.28

Av. 0.23 Av. 0.33 Av. 0.28 Av. 0.19
a Series refer to different lots of reagents.

are shown in Table II. If the blanks are higher than 0.5 mg. of
ammonia, it is well to select new reagents.
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Spectrophotometric Determination of Dihydrostreptomycin
DOROTHY J. HISCOX

Laboratory of Hygiene, Department of National Health and Welfare, Ottawa, Canada

STREPTOMYCIN may be determined spectrophotometrically
by measuring the maltol (4) formed by alkaline hydrolysis in

the visual (1, 2) or ultraviolet (5) range of the spectrum. In this
laboratory it is estimated by measuring the absorbance at 275
and 290 mIL of a solution of streptomycin, 1 N in sodium hy­
droxide, which bas been heated for 3 minutes at 100 0 C. and im­
mediately neutralized (unpublished). Dihydrostreptomycin
does not give the maltol reaction (3). In the ultraviolet region it
shows only end absorption even after prolonged treatment with
alkali.

When streptomycin is heated in acid solution, its ultraviolet
spectrogram, as determined using the Beckman DU quartz spec­
trophotometer, shows absorption maxima at 245 and 315 mIL with
a minimum at 285 mIL. When dihydrostreptomycin is treated
similarly, a single absorption maximum appears at 265 m«. The
extent of these maxima depends upon the normality of the acid
and the heating time employed. On refluxing solutions of strepto­
rnycin sulfate or the calcium chloride complex which are normal in
sulfuric acid, the maxima show their greatest absorbance after 30
minutes'treatment. On more prolonged heating the maximum at
U5 mIL decreases rapidly, while that at 245 m« broadens but does
.1Ot decrease significantly. When a similar solution of dihydro­
.treptomycin is refluxed, the maximum at 265 mIL requires 1.5 to 2
nours to reach its greatest value. After 30 minutes' refluxing an­
other absorption peak begins to appear at 220 mIL. Its position
shifts to longer wave lengths and its absorbance increases as the
refluxing time is lengthened. After 2 hours its position is at
227.5 me and it absorbance is greater than that of the 265 mIL

maximum.

To determine if use could be made of the maximum at 265 m«
for the quantitative estimation of dihydrostreptomycin witb the
mode of heating changed from refluxing on a sand bath to heating
in boiling water, solutions in which the concentration of sulfuric
acid varied from 0.25 to 5 N were heated from 30 minutes to 2
hours. When a heating time of 2 hours was used for a solution of
dihydrostreptomycin in 0.25 N sulfuric acid, the absorbance was
as great as in a 1 N solution refluxed for 2 hours. The secondary
absorption peak did not appear under these conditions. Figure I
shows the absorption spectra of solutions of streptomycin sulfate
and dihydrostreptomycin in 0.25 N sulfuric acid which have been
heated in boiling water for 2 hours. It was necessary to dilute
the solutions before taking readings in the Beckman spectropho­
tometer. The concentration of acid in the final solutions was 0.06
N. It is evident that the quantitative estimation of dihydro­
streptomycin is possible.

For the determination of dihydrostreptomycin the following
procedure is used in this laboratory:

In a 25 X 200 mm. test tube place an aqueous aliquot contain­
ing 1 to 3 mg. of dihydrostreptomycin. ~ake ~o a volume of. 3
mJ. with water. Add 3 mJ. of 0.5 N sulfuric acid. Insert a foil­
wrapped rubber stopper through which a 12-~nch (3O-cm.) piece
of glass tubing has been passed to serve as an air condenser. Heat
the tube in boiling water for 2 hours. Cool. Transfer the con­
tents to a 25-mJ. volumetric flask and make to volume with
water. Measure the absorbance of the solution at 265 and 380
mu. The difference in absorbance is proportional to the dihydro­
streptomycin present.
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702 733 104.4
701 685 97.7
736 697 94.7
690 751 108.8
696 700 100.6
742 741 99.9
676 668 98.8
775 760 98.1
739 746 100.9
765 772 100.9
807 798 98.9
825 793 96.1
798 811 101.6
792 770 97.2
793 741 93.4
736 752 102.2
731 755 103.3
733 712 97.1
737 696 94.4
834 764 91.6
696 742 106.6
791 770 97.3
790 756 95.7
697 710 101.9

Mean 99.5

Comparison of Methods for Determination of
Dthydrostreptomycin

Potency, Micrograms/Mg. Ultraviolet as %
Bioassay Ultraviolet of BioassaySample

54550
53827
54281
55278
50207
50323
50419
50381
55626
5038
5040
5072
50317
50318
50327
55245
55477
51051
51825
50830
50256
5020
55936
50513

Table I.

tivity of the method is less. A reading at 235 m« is useful as a
check on the identity of the compound.

In Table I results by the ultraviolet assay are compared with
those by the bioassay on twenty-four commercial samples of
dihydrostreptomycin. There is no significant difference between
the potencies obtained by the two methods, as the t value is 1.050.
The fourth column of the table lists the ultraviolet determinations
as per cent of the bioassay. The bioassay figures were determined
by Miss K. Fitzpatrick.
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Figure 1. Spoct.rogr-arns of Strepto­
rnycrn Sulfate and Dihydrostrepto­

rnycin

Heated in 0.25 N H 2SO. for 2 hours in boiling
water

Dihydrostreptomycin. 30 micrograms/ml. 0.06
NH2S0.

Dihydrostreptomycin. 90 micrograms/ml. 0.06
NH,SO.

Streptomycin Bulfate. 90 rnicrogralUsfm.l. 0.06
NH2S0.

With seventy-five aliquots containing 0.25 to 4 mg. of dihydro­
streptomycin a regression line was established using this proce­
dure. The equation of the line was Y = 104.011847 X - 0.4236
where X is the difference in absorbance and Y the micrograms of
dihydrostreptomycin in 1 ml. of the final solution. The correla­
tion coefficient was +0.9998 and the standard error of estimation
"=0.97.

Although one reading must be made at 265 m"" there is a
choice of wave lengths for the second reading; 380 mu was chosen
as being well within the horizontal part of the curve and yet not
too close to the upper limit of the ultraviolet range. Readings
may be made at 235 and 265 mu for the quantitative determina­
tion of dihydrostreptomycin, but the difference in absorbance is
not as great as with the two wave lengths chosen and the sensi-
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Quantitative Test for Nornicotine
WUIS FEINSTEIN AND EDWARD T. McCABE

Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, Beltsville, Md.

ANEW quantitative test has been found and developed for the
Nicotiana alkaloid, nornicotine. Nicotine fails to give any

similar color even when taken in amounts of 80 times that of nor­
nicotine. Anabasine develops a color only 80% as intense as nor­
nicotine when taken in an amount 80 times that of the nornico­
tine. Synthetic and natural nornicotines react quantitatively
like each other.

It was observed that nornicotine produced a very intense violet
color when added to an acetone solution of 1,3-diketohydrindene
if diisopropyl ketone was also present (1). The violet color, how­
ever, failed to appear with the usc of a new batch of diisopropyl
ketone. The old bottle of ketone had a cork stopper and an ex­
periment was set up to extract a new cork with the 'new ketone.
This cork extract caused the violet color to appear with nornico­
tine and the acetone solution of 1,3-diketohydrindene. Other
experiments showed that tannic acid, gallic acid, or p-hydroxy­
benzoic acid could be used to make the new ketone reactive.

The present method employs as reagents, acetone, diisopropyl
ketone, p-hydroxybenzoic acid, and 1,3-diketohydrindene. Us-
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ing p-hydroxybenzoic acid and omitting the diisopropyl ketone
allowed the violet color due to nornicotine to appear, but color de­
velopment continued even over 20 hours. Further experiments
showed that diisopropyl ketone (new) added to the reagents acted
as a reaction stabilizer and the violet color 1 hour after starting
the reaction was stable for over a I-hour period.

ANALYTICAL PROCEDURE

Reagents. Acetone, A.C.S.
Diisopropyl ketone, Eastman's P3244.
p-Hydroxybenzoic acid, Eastman's 1520, 2% by weight/

volume in diisopropyl ketone.
1,3-Diketohydrindene, Eastman's P3565, 0.3% by weight/vol­

ume in diisopropyl ketone.
Nornicotine.
Preparation of Standard Curve. Dissolve 0.0400 gram of nor­

nicotine in 500 ml, of acetone. Place 2, 3, 4, and 5 m!. of the re­
sulting solution in glass-stoppered flasks and add acetone to bring
to 5 m!. where necessary. Add to each flask 15 m!. of diisopropyl
ketone followed by 2 m!. each of the p-hydroxybenzoic acid and
1,3-diketohydrindene reagent solutions. Stopper the flasks,

925

shake to mix, and place the flasks in the dark for 60 minutes. De­
termine color density of the solution with the colorimeter, using a
No. 54 filter, and plot the readings against the concentration.

Figure 1 shows that natural and synthetic nornicotine react
alike. The same quantity of nicotine and anabasine gives very
little more color than the reagent blank.
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Determination of Formal Oxidation Potentials of
Ferric-Ferrous and Dichromate-Chromic Systems

Selection of Substituted 1,lO-Phenanthroline Indicators for Determination of Iron at Low Acidity

G. FREDERICK SMITH, University of Illinois, Urbana, Ill.

THE determination of iron in hydrochloric acid solution by
dichromate oxidation, according to existing procedures, is ac­

companied by irksome inhibitions. Diphenylamine-type indi­
cators, which are ordinarily employed, leave much room for im­
provement. Because the oxidation of iron by dichromate gives a
green solution due to the chromic ion, 1,1O-phenanthroline-type
indicators would be preferable. The formal potentials involved
have not been previously studied systematically, particularly in
the lower range. The problem is complicated by the low oxida- .
tion potential of the dichromate-chromic ion system, particularly
at low acid concentrations.

The present work has for its objective determination of the req­
uisite formal oxidation 'potentials and selection of suitable 1,10­
phenanthroline-type ferrous complex ions to serve as indicators in
the determination of iron by dichromate oxidation. The pro­
cedures described involve the use of 0.1 to 1.5 F hydrochloric
acid.

Previous Investigations. The study of polysubstituted 1,10­
phenanthrolines for use as oxidation-reduction indicators in the
form of their ferrous complex ions together with the determina­
tion of various pertinent physical constants has been made by
Brandt and Smith (1). The determination of iron by dichromate
oxidation in 2 F sulfuric or hydrochloric acid employing the 5,6­
dimethyl-1,1O-phenanthroline ferrous ion as indicator has been de­
scrihed by Smith and Brandt (3). Phenanthroline-type ferrous
complex ions for use as oxidation-reduction indicators are now
known which have color transition potentials covering the range
0.84 to 1.27 volts. The lower potentials, 0.84 to 1.10 volts, are
represented by the various methyl substituted types (1), and the
higher values, 1.10 to 1.28 volts, by the chloro-, bromo-, and nitro­
substituted types described by Smith and Richter (5). Applica­
tions in volumetric microdeterminations of iron, arsenic, calcium,
and the oxalate ion have been described by Smith and Fritz (.4)
and by Salomon, Gabrio, and Smith (2). Ferroin-type indicators
have not previously been known and available for use in the ti­
tration of ferrous iron by dichromate in 0.1 to 0.25 F hydrochloric
acid. The.dichromate titration of iron using a series of familiar
indicators has been studied by Stockdale (6).

DETERMINATION OF OXIDATION POTENTIALS

Solutions of known or determined concentration of ferric chlo­
ride and potassium dichromate of 0.1 N strength are required.
In addition, hydrochloric acid solutions of graded formalities of
0.1 to 4.0 with small increments of increase in strength between
0.1 and 1.5 F were to be prepared. Solutions of the indicators,
4,7-dimethyl- and 3,4,7,8-tetramethyl-l,1O-phenanthroline fer­
rous complex ions, which were 0.01 N are prepared by reaction of
weighed portions of the organic base with hydrated ferrous sul­
fate, addition of water to promote solution and complex forma­
tion, and dilution to calculated final volume. The ferric chloride
solutions were prepared as follows:

One-tenth molecular weight of ferric chloric hexahydrate was
dissolved in 8.245 ml. of reagent hydrochloric acid (specific grav­
ity 1.19, 37.5% hydrochloric acid) and diluted with water with
stirring. The solution thus obtained was transferred to a 1000­
ml. graduated flask, diluted to the mark, and thoroughly mixed.
The procedure was repeated with appropriate increase in added
hydrochloric acid to prepare approximately 0.1 N ferric iron in
0.25, 0.50, 0.75, 1.0, 1.5, 2.0, 3.0, and 4.0 F hydrochloric acid in
addition to the 0.1 F hydrochloric acid solution described.

Solutions' of the same hydrochloric acid formality were pre­
pared to serve for volume dilutions.

Solutions of potassium dichromate in 0.1 to 4.0 F hydrochloric
acid were prepared as follows:

Samples of pure potassium dichromate weighing 4.9035 grams
(0.1 equivalent weight) were accurately weighed and transferred
to 1000-m!. beakers, dissolved in water, and diluted to 800 to 900
ml. with water. With constant stirring the proper volume of re­
agent hydrochloric acid was then added (8.245 ml. for 0.1 F acid­
ity, 82.45 ml. for 1 F acidity, etc.). Finally, the beaker contents
were transferred quantitatively to a 100D-ml. graduated flask,
diluted to the mark, and thoroughly mixed. Solutions of potas­
sium dichromate above 1 F in hydrochloric acid form some free
chlorine upon storage and should be made up just before use.
The presence of a very low chlorine content willbecome evident
through the attainment of high results for the oxidation potential
of the chromate-chromic ion couple. For this reason the solutions
are prepared precisely as described to eliminate the presence of
free chlorine, and solutions more than a few hours old are dis­
carded.

The potential and potentiometric titration studies were evalu­
ated using an assembly of a Leeds & Northrup student potentiom­
eter and decade resistance box, Weston standard cell, and lamp
and scale galvanometer. The electrode system was a saturated
calomel reference electrode and a platinum wire indicator elec-
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Table II. Formal Oxidation-Reduction Potentials of Dleheomate­
Chrormc and Ferrous-Ferric Systerns in Various Strengths of Hy­

drochloric Acid

1.0

0.8

0.9

mITI

OXIDANT

Equivalence Point Potential

Oxidation of Fe ++ hy Cr,O, --
I. 0.5 FIICI

II. 0.1 FIIC1
III. 0.5 F 11,50.
IV. 0.1 F 11,50.

Arrows Jndtcate visual indicator transition point.
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higher than 0.88 volt because the reduced color
form (red) predominates in intensity over the
oxidized form, which is faint blue. This necessi­
tates a slightly higher potential to bring about
the maximum color change (Figure 1).

The vertical break in potential for the corre­
sponding oxidation of iron by dichromate in 0.1 F
hydrochloric acid, curve II is 0.85 to 0.91 volt.
For 0.1 F sulfuric acid the vertical break is 0.81 to
0.87 volt. These values call for the use of an
indicator of lower oxidation potential than that
found serviceable in 0.5 F acid concentrations, and
the ferrous sulfate complex of 3,4,7,8-tetra­
methyl-1,10-phenanthroline was applied, having
an oxidation potential of 0.85 volt. This indi­
cator gave excellent color transitions at points
indicated by the arrows in Figure 1. Here again
the color change was observed at a somewhat
higher e.m.f. These ferroins not only have the
proper visual oxidation potentials but have the
extremely favorable molecular extinction coef­
ficients of 13,800 and 14,000, respectively. These
values indicate a superior color intensity at a
minute indicator concentration with accompany­
ing negligible indicator correction. The reversi-

bility of the indicator color change is superior, as is the stability of
its reduced and oxidized forms. In actual test titrations its
performance was found to be as good as or better than that de­
scribed by Smith and Brandt (3) for the case of ferroin made from
5,6-dimethyl-1,10-phenanthroline when employed for the same
oxidation-reduction procedure at higher acid formalities.

1.08 1.10'

3.00 4.00

0.68 0.66

1.0015 1.'0034

o.8288 0 .'8656
0.8854 0.8966
0.8933 0.9053

0.7013 0.7023

SELECTION OF FERROIN-TYPE INDICATORS FOR LOW
ACID FORMALITIES IN OXIDATION OF IRON

(Values in parentheses are for sulfuric acid solutions)

Acid Formality 0.10 0.25 0.50 0.'75 1.00 1.50 2.00

Fe t t t-Fe " " system, volt 0.73 0.73 0.72 0.71 0.70 0.70 0.69
(0.68) (0.68)

i'. {)2 1.05Cr+++++"'-Cr+++ system, 0.93 0.96 0.97 0.99 1.00
volt (0.92) (1.08)

0.00
0.20

12.20
24.30
24.40
24.50
48.80

Typical data are given in Table I for the oxidation of iron in
1 F hydrochloric acid.

Data duplicating those given in Table I were taken for_nine
different hydrochloric acid formalities (Table II).

Graphical representation of the potentiometric titrations of fer­
rous iron by dichromate in 0.1 and 0.5 F hydrochloric and 0.5 and
0.1 F sulfuric acid is given in Figure 1.

trode. The single electrode potentials reported in this work are
believed to be accurate to within 0.01 volt. Magnetic stirring
was provided.

Determination of Formal Electrode Potentials. The solutions
of ferric chloride were reduced to ferrous chloride using the Wal­
den silver reductor. The initial 75 to 100 m!. of solution to pass
through the reductor were discarded and the required volume for
a given determination was collected in a clean dry beaker. Pi­
petted 25.00-m!. portions were transferred to titration beakers
and standardized after dilution to 150 m!. with water. The solu­
tions were fortified by addition of 50 m!. of cold sulfuric acid (1
volume of reagent sulfuric acid plus 1 volume of water), and ti­
trated by 0.1 N dichromate as oxidant with ferroin as indicator.
By this process the dichromate value of 25.00 m!. of the approxi­
mately 0.1 N ferrous chloride solutions was determined for each
solution at the various formalities of hydrochloric acid present.

In a typical procedure, exactly 25.00 m!. of approximately 0.1
N ferrous chloride in 0.1 F hydrochloric acid were transferred to a
400-m!. beaker and the sample was diluted to 150 m!. volume by
the addition of 0.1 F hydrochloric acid. Magnetic stirring was
provided and the ferrous iron oxidized by the addition of 0.1 N
dichromate which was 0.1 F in hydrochloric acid. The oxidation
procedure was carried out in four stages with potential determina­
tions at each separate stage. The initial potential was observed,
that at the point representing 50% oxidation of iron, that at the
equivalence point, and finally that at the point of·100% excess of
dichromate. The determinations were all made in duplicate.

Table I. Det.eerrrirrat.iorr of Forrnul Single Electrode Potentials
of Ferric-Ferrous and Diehrornate-Chrorrrie Systellls in 1 F

Hydrochloric Acid

(24.40 ml, of 0.1 N K,O.,O, are equivalent to 25.00 m!. of ferrous chloride sample)

Vo!. of Starting Potential Iron 50% Equivalent 100% Excess
0.,0, Ref. H, Electrode. Oxidized Fe t t r- Point e.m.f., 0,,0, e.m.f.,

M!. Volt Fe++ e.m.!., Volt Volt Volt
Soln. Soln. Soln. Soln. Soln. Soln. Soln. Soln.
12 12 12 12

0.5811 0.5851
0.5956 0.6043

An examination of Figure 1 shows that the vertical "break" in
potential for the oxidation of iron by dichromate at 0.5 F hydro­
chloric acid, curve I, extends over the range 0.86 to 0.93 volt.
The corresponding values for 0.5 F sulfuric acid, curve III, are
0.85 to 0.95 volt. The indicator selected for these titrations was
the ferrous sulfate complex of 4,7-dimethyl-1,10-phenanthroline;
the potentiometric transition potential in 0.5 F acid is known to be
0.88 volt. It was found to apply admirably and gave a sharp in­
dication of the equivalence point. The value of the e.m.f. at the
point on the titration curves indicated by arrows is in both cases

For the oxidation of ferrous to ferric ion employing dichromate
as oxidant in 0.1 F hydrochloric and sulfuric acid solutions, in the
region of the equivalence point, fully 0.5 minute must be allowed
between dropwise addition of oxidant. If this precaution is ob­
served, the visual color change of the indicator is sharp and re­
producible as well as precise and stoichiometric. The indicator
color transition is better defined in 0.1 F sulfuric acid solutions
than in the presence of hydrochloric acid, where the yellow color
of ferric chloride affects the color transition phenomenon.
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CONCLUSIONS

The selection of a ferroin-type indicator suitable for the oxidi­
metric determination of iron in 0.1 to 4 or 6 F sulfuric or hydro­
chloric acid is now possible. The proper ferroin dye base can be
selected to give a ferrous sulfate complex indicator with any oxi­
dation potential from 0.82 to 1.10 volts in increments of 0.02 to
0.04 volt (1). In every case the molecular extinction coefficient
is between 11,100 and 14,500 and therefore an intensely colored
indicator is assured. All selections give rise to complex indica­
tors of favorable instability constants. A potentiometric titra­
tion of the reaction in question is the only necessary prerequisite
to the selection of a suitable indicator. For every reaction condi­
tion, because of the marked change in oxidation potential of the
two half-cell reactions,Fe+++ + e: = Fe " ", and Cr+6 + 3e- =

Cr+3, a potential is defined at which the change in e.m.f. with
added increment of oxidant is the maximum. The oxidation po­
tential of the indicator selected should correspond precisely with
this value to provide maximum proficiency. The visual indi­
eation of indicator transition is somewhat higher than the poten­
tiometrically defined oxidation potential (0.05 to 0.06 volt). This

value is not of sufficient magnitude to require a correction blank
in titrational macroprocedures.

Potentiometric study of the oxidation of ferrous iron in 0.1 F
perchloric acid has shown that the two half-cells involved give the
following formal potentials:

Fe+++ + e- = Fe " " (e.m.I. = 0.735 volt)
Cr++++++ 3e- = Ce+++ (e.m.f, = 0.84 volt)

At these values the equivalenee point break is practically.neg­
ligible (0.01 to 0.02 volts), and the determination of iron under
these conditions is impossible.
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Ultramicronitrometer for Use in Determination of Nitrogen in Mineral Oil
WOLFGANG KIRSTEN, Institute of Medical Chemistry, University of Uppsala, Swede':';

AND

BIRGIT WALLBERG-OLAUSSON, A. Johnson & Co., Oil Refinery, Nyniisharnn., Sweden

errors from the manner of reading are compensated, as the blanks
are read in the same manner.

As the quantities of nitrogen are very small, special attention
must be paid to possible errors. The dry ice in the thermos flask
should be of good quality and a blank without copper oxide should
be run after every filling of the flask in order to check it. With
the present apparatus the value of the blank lies at about 0.002 to
0.003 ml. of nitrogen, when the dry ice is of good quality. The
copper oxide in the capsule should be used only once. Higher
and somewhat irregular values were obtained when the copper
oxide had been regenerated for further analyses, probably be­
cause of changes in the surface structure caused by the reduction
and reoxidation. With good reagents the total value of the blank

lies between 0.005 and 0.007
ml. of nitrogen.

/u The filling of the combus-
tion tube has to be reoxidized
after about ten analyses by
leading a stream of oxygen
through the hot apparatus
for about 2 hours. After the
tube is kept at working tem­
perature (1000 0 C.) for 1 hour
in the carbon dioxide stream
it can immediately be used
again for the analysis of com-
pounds containing nitrogen
not bound to oxygen. After
one analysis of mineral oil so
much nickel oxide has been
reduced that the tube can be
used also for analysis of
samples that give off nitro­
gen oxides during combus­
tion.

When the quantity of mer­
euryon the bottom of the

Figure 1. Ni tromerer nitrometer has increased after

I N THE course of the analysis of mineral oils, high values of
nitrogen were frequently obtained with the common Dumas

apparatus due to incomplete combustion. These difficulties were
readily overcome by using the modified Dumas method de­
scribed by Kirsten (1, 2). However, the quantity of nitrogen in
the analyzed oils was so small that it was impossible to get good
readings with the common micronitrometer. As it was difficult to
burn larger samples than about 60 to 70 mg. of motor oil because
of the formation of tar and hard-burnt carbon in the capsule, a
new nitrometer was constructed which allows the measurement
of smaller quantities of nitrogen than the type commonly used.
The nitrometer is shown in Figure 1.

The graded part is a capillary with a length of ca. 140 mm. and
a capacity of 0.2 ml.; 83 is a three-way stopcock with one connec­
tion to the leveling bulb, aI, which is filled with mercury. Stop­
cock 8, leads from the bottom of the nitrometer. The leveling
bulb, az, is filled with potassium hydroxide.

PROCEDURE

The capsule is filled with copper oxide grains up to the
ground joint. The grains are covered with a layer of copper oxide
powder. A 50-mg. sample of oil is weighed into a platinum or
nickel boat and the boat is filled with copper oxide powder. The
capsule is kept in a horizontal position and the boat is put inside
the ground joint of the capsule by means of a pair of tweezers,
The capsule is then turned upright and a mixture of copper OXIde
grains and powder is poured upon and around the boat until the
ground joint is filled. Then the rest of the capsule is filled with
copper oxide grains. Apparatus and nitrometer are now swept
with carbon dioxide. Residual nitrogen is taken out from the
nitrometer by raising az and turning 83 in such a manner that the
nitrogen passes out into a funnel, u. After closing 83, az is lowered,
a, is raised, and 83 is turned so that mercury from a, passes down
the graded capillary and some drops fall down to the bottom of
the nitrometer. Then 83 is closed and a, is placed upon the table.

The capsule with sample is put into the apparatus and the
sweeping and combustion are carried out (2). The nitrogen of the
sample is accumulated under the mercury. After sweeping, 83

is opened cautiously, so that the mercury slowly passes up and
partly into a,. The nitrogen follows the mercury up into the
graded part of the capillary. Then 83 is elosed and the quantity
of nitrogen is read after 20 minutes. When reading, the length
between the two menisci is taken for the calculation. Possible
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Table I. Analyses of Mineral Oil
Weight of Nt,
Sample, Normal Pressure N Found,

Oil Mg. and Ternp., MJ. %
A 42.7 0.0022 0.006

45.9 0.0023 0.006
B 40.3 0.0020 0.006

41.7 0.0020 0.006
C 40.2 0.0023 0.007

44.5 0.0027 0.008
D 44.0 0.0027 0.008

42.4 0.0026 0.008
47.3 0.0027 0.007

E 45.5 0.0036 0.010
40.7 0.0036 0.011

F 39.3 0.0033 0.011
41.2 0.0032 0.010

G 47.6 0.0040 0.011
41.2 0.0040 0.012

H 42.3 0.0065 0.019
41.8 0.0074 0.022
42.6 0.0081 0.024
41.6 0.0083 0.025

K 40.5 0.0089 0.028
43.5 0.0098 0.028

L 38.5 0.1624 0.527
38.0 0.1647 O. ,,42

All analyses were carried out by one of the authors (B. W.).

several analyses, ~ is raised and the excess of the mercury is
allowed to flow out by opening 8(.

When the amount of barium hydroxide specified by Pregl (3) is
added to the solution of the potassium hydroxide available to the
authors, an excess of barium hydroxide goes into solution, and
when the liquid is used in the nitrometers this excess is pre-

ANALYTICAL CHEMISTRY

cipitated as barium carbonate. This can be avoided by using less
barium hydroxide, but in this case the liquid seems to retain a
tendency to foam. Satisfactory non foaming'potassium hydroxide
was obtained by dissolving the quantity of barium hydroxide
specified by Pregl (3) in the solution and precipitating the excess
by adding some dry ice. After the precipitate has settled, the
liquid is decanted and filtered through a sintered-glass funnel, or
still better centrifuged. When the gas bubbles in the nitrometer
tend to stick to the mercury, a trace of carbon disulfide is added
to the potassium hydroxide in the leveling bulb and the latter is
shaken. After a few minutes the carbon disulfide has dissolved
and is washed down into the nitrometer. A thin layer of a black
precipitate is formed on the mercury, which effectively prevents
the sticking of the bubbles. The stopcocks or stoppers of the
nitrometers should be lubricated only with vaseline and never
with silicone grease, as the latter seems to cause foaming.
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Modified Vacuum Fusion Apparatus for Determination of Oxygen, Hydrogen, and
Nitrogen in Certain Metals

A. F. TORRISI AND JEAN L. KERNAHANl

Transformer & Allied Product» Laboratory, General Electric Co., Pittsfield, Jl1ass.

THE vacuum fusion method for the determination of hydro-
gen, oxygen, and nitrogen in metals has been modified to in­

crease its rate of output. This should enable this valuable method
of analysis to receive more widespread use. The changes sug­
gested are in the construction of the apparatus rather than in the
theoretical principles of the method. With these revisions the
vacuum fusion apparatus becomes a more easily assembled piece
of laboratory equipment, less expensive to construct and to main­
tain than the basic apparatus described by Alexander, Murray,
and Ashley (1).

Three major structural changes were made:

A melting chamber similar to that introduced by Guldner
and Beach (2) was substituted.

Ground-glass joints were located at strategic points throughout
the apparatus (note Figure 1) to facilitate assembling, repairing,
and cleaning of the equipment.

Two measuring systems were attached to the single melting
furnace and the pumping system. Each is a complete unit, con­
sisting of a mercury diffusion pump, oxidizing furnace, trap, and
calibrated volume. This enables one operator to analyze twice
as many samples per day as with the ordinary single-unit system.
This important cost- and time-saving feature makes the vacuum
fusion method a more practical tool for many laboratories.

To facilitate the most advantageous use of laboratory space
and equipment, the apparatus has been installed on a small table
(3.5 X 2 X 2.5 feet) on casters which enable the equipment to be
rolled to the less easily moved 5-kv.-amp. oscillator. In many
laboratories, several other kinds of vacuum equipment must be

1 Present address, Chemistry Department, Cornell Univeraitv. Ithaca,
N. Y. Figure 1. Schematic Diagran1
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run for varying periods of time, depending on the demand for a
particular type of analysis with only a single oscillator.

The melting furnace described by Guldner and Beach un was
modified, although the important features of this chamber-ease
of maintenance, visibility of interior, and simple cooling-have
been retained. In place of the borosilicate glass outer chamber, a
clear quartz envelope was installed to give complete assurance
that this part of the assembly will withstand the hot zone sur­
rounding the crucibles in the inner quartz thimble. This quartz
envelope was fitted with joints to connect it to the measuring sys­
tems and to the sample loading arm. Rather than use costly
graded seals at these points, Vycor joints, which can be sealed
directly to quartz, were utilized and these were waxed to the
joints of the rest of the system.

The large three-way stopcock, 89 (Figure 1), connects the fur­
nace area to either of the two measuring units. The most time­
consuming part of the analysis is the cycling, freezing, expanding,
and measuring of constituent gases. Doubling this part of the
equipment virtually doubles the output per day by the same
personnel. The actual melting of the sample is a short proce­
dure; consequently only one furnace is needed. In addition,
only one set of vacuum pumps is used by which both measuring
units are evacuated. With such a setup, a complete analysis of
about ten samples for hydrogen, oxygen, and nitrogen can be
made in an 8-hour day.

From the schematic diagram (Figure 1) it can be seen that
each measuring unit consists of a high speed pump, P, and P2, a s­
liter volume, V, and V2 , a cold trap, T, and T2 , a copper oxide
furnace, E, and E2, and connecting stopcocks. Opening stopcock
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8'0, which leads to the oil diffusion pump, P a, serves to maintain
a vacuum on the furnace tube, F, when 8 9 is in the "off" position.
Stopcock 8 11 serves to let air either into the furnace area alone or
into the whole system. Thermocouple gage glass envelopes,
G" G2, and Ga, are located so that a continual pressure reading can
be obtained in the furnace area and the measuring systems. With
a little experience, the analyst can tell by the gage reading when
gases are fully oxidized after cycling, when gases are at equal
pressures after coming to room temperature, etc. Final pressure
readings are taken on the McLeod gages, M, and M 2•

Ground-glass joints, J" J 2, J'5, were located to en-
able one to assemble the apparatus with the greatest ease and the
least amount of glassblowing. Another advantage of these loca­
tions is in the repair and cleaning of sections, which are easily re­
moved from the system with no glassblowing necessary. The
number and locations of these joints can be varied to suit indi­
vidual needs. High vacuum stopcock grease such as Apiezon L
was used on the stopcocks. Apiezon wax W was used on the
ground-glass joints.

With these suggestions, the authors believe that any laboratory
can utilize this versatile vacuum fusion apparatus with the least
outlay of space, time, and cost. The double measuring system
alone cuts the cost of operation in half, while the use of ground­
glass joints and the recommended combustion chamber further
reduce the cost of assembly and maintenance.
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Improved Procedure for Extraction of DOT in Milk
H. D. MANN AND R. H. CARTER

Bureau of Entomology and Plant Quarantine, United. States Department of Agriculture, Beltsville, Md.

THE determination of DDT in milk by the colorimetric
method described by Schechter et al. (,.0 is a lengthy process;

it is advantageous to introduce every time-saving device possible.
The procedure heretofore used in this laboratory in carrying out
the method has included as the first step four successive treat­
ments of the milk with ethyl alcohol, ethyl ether, and petro­
leum ether (Skellysolve B), to extract the butterfat as described
by Carter (1). It is then necessary to remove the solvent from
the extract by evaporation, after which the residue is taken up in
chloroform for further treatment with sulfuric acid. Recently
the observation was made that the addition of glacial acetic
acid to milk curdled it and caused the butterfat to rise to the top,
and that the subsequent addition of a buffer salt prevented the
formation of emulsions during extraction with chloroform. As a
result, the procedure described herein has been developed, which
eliminates the time-consuming extraction of the milk with ethyl
alcohol, ethyl ether, and petroleum ether.

REAGENTS

Acetic acid, glacial, C.P.
Potassium acetate, C.P.
Sodium Sulfate-Sulfuric Acid, Dissolve 100 grams of C.P.

anhydrous sodium sulfate in 1 liter of C.P. concentrated sulfuric
acid (specific gravity 1.84) with the aid of heat, and cool to room
temperature.

Fuming Sulfuric Acid-Concentrated Sulfuric Acid. A mix­
ture of equal volumes of fuming sulfuric acid (20 to 30% sulfur
trioxide) and concentrated sulfuric acid (specific gravity 1.84).

Sodium bicarbonate, 5%.
Technical chloroform, redistilled.

PROCEDURE

Shake 50 grams of milk, which has been thoroughly mixed
before sampling, in a 500-mI. separatory funnel with 35 ml. of

glacial acetic acid until the butterfat rises to the top. Add 45
grams of potassium acetate (a 50-ml. beaker full) and shake well.
Now extract the solution with 150 ml. of redistilled chloroform.
(A mechanical extraction apparatus is a time and labor saver in
both this extraction and the sulfuric acid extractions to follow, 3.)
After the layers have separated, filter the chloroform solution
through a plug of cotton held in a large glass Gooch crucible
holder resting in the neck of another 500-ml. separatory funnel.
Extract the sample with another ISO-mI. portion of chloroform
and filter into the same funnel as before. The chloroform in this
funnel contains almost all the butterfat and the DDT, and it is
analogous to the first funnel in the Schechter sulfuric acid pro­
cedure. Filter a third extraction with 150 ml. of chloroform
through the same plug of cotton but into another 500-ml. sepa­
ratory funnel. This funnel is similar to the second or lower fun­
nel in the Schechter sulfuric acid method.

To make the method more sensitive a slight modification has
been made in the Schechter sulfuric acid procedure. Extract
the chloroform solutions successively with (1) 75 ml, of sodium
sulfate--sulfuric acid, (2) 75 ml. of sodium sulfate--sulfuric acid,
(3) 75 ml. of fuming sulfuric acid-concentrated sulfuric acid, (4)
75 ml. of fuming sulfuric acid-concentrated sulfuric acid, and (5)
75 ml. of sodium sulfate-sulfuric acid. Drain each acid wash
(lower layer) from the first funnel into the second funnel and
finally into a I-liter Erlenmeyer flask to be discarded. After the
extractions have been completed, combine the chloroform solu­
tions in the upper funnel. Drain off any acid that settles out
before the chloroform solution is filtered through a plug of cotton
held in a large glass Gooch crucible holder resting in the neck of
the cleaned lower funnel. (If the stopper is kept in the neck of
the upper funnel during this filtration, the level of the liquid is
regulated so that it requires no attention.) In the lower funnel
wash the chloroform solution with a sodium bicarbonate solution
and again filter through a plug of cotton into a 500-m\. Erlen­
meyer flask with a standard-taper 24/40 joint. Wash the bi­
carbonate solution remaining in the funnel with two successive
30-m\. portions of chloroform, which are also run through the
plug of cotton into the Erlenmeyer flask. Complete the analysis
as described by Schechter et al., but use Clifford's (2) suggestion of
heating the sample in a drying oven at 100 0 C. for 1 hour before
developing the color.
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DISCUSSION

The method of extraction of the milk differs from the procedures
described by Schechter and Carter in that the solvent employed
(chloroform) is later used during the sulfuric acid extraction,
thereby eliminating the ethyl ether-petroleum ether-alcohol mix­
ture entirely and reducing by one third the over-all time con­
sumed.

With the amounts of reagents described in the acetic acid­
chloroform procedure, emulsions which do not break in 2 minutes
will be formed only rarely. If an emulsion is formed, the addi­
tion of 1 or 2 m\. of acetic acid will separate the chloroform
quickly.

The chloroform solution is highly buffered, but the buffer is
removed along with some fat during the first sodium sulfate­
sulfuric acid extraction.

The complete procedure, starting with the extraction of the
milk sample, was tested by adding 0.0, 20.0, 50.0, and 100.0 micro­
grams of pure 75-25 p,p'-o,P' DDT in duplicate to 50-gram

0.07 0.08
0.05 0.10
0.42 0.40 0.36 0.31
0.43 0.37 0.37 0.28
1.00 1.01 0.93 0.92
1.05 1.00 0.99 0.91
1. 93 1.90 1.87 1. 81
1.89 1. 88 1.83 1. 79

Table I.
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78
70
92
!ll
91
90

% Recovery
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samples of milk. A comparison with
the ethyl ether-petroleum ether-ethyl
alcohol extraction method was made by
extracting with ethyl ether-Skellysolve
B as described by Carter (1), 50 grams
of milk to which had been added the
same amounts of DDT as above. The
acetic acid procedure, when applied to
milk containing as low as 0.40 p.p.m.,
gave an easily discernible characteristic
blue color. The blue color is obtainable
in either procedure at 0.20 p.p.m., but

the accuracy is questionable. The results of these analyses are
given in Table 1.

Blank milk from the same sample will vary from 0.04 to 0.12
p.p.m., the results depending upon the amount of interfering
substances left unremoved. Correcting for the higher blanks
in the ethyl ether-petroleum ether-alcohol procedure resulted
in low percentage recovery for the OAO-p.p.m. sample.

The results indicate that the acetic acid-potassium acetate
treatment gives fully as good recovery as the longer ethyl ether­
petroleum ether-ethyl alcohol extraction procedure.

90
93
93
99
94
92

Acetic acid Extraction
procedure procedure

Corrected: P.P.M.

DDT Recovered

Acetic acid Extraction
procedure procedure

Uncorrected, P.P.M.
Acetic acid Extraction

procedure procedure

DDT
Added,
P.P.M.

o (blank)
o (blank)
0.40
0.40
1.00
1.00
2.00
2.00

Separation of Iron(lII) from Aluminum
HARRY TEICHER AND LOUIS GORDON

Syracuse University, Syracuse, N. Y.

SMALL quantities of iron are not easily separated from
aluminum prior to the gravimetric determination of alumi­

num.
Employment of a cation exchanger for the simultaneous

separation of iron(III) and aluminum, followed by selective
removal of the aluminum with sodium hydroxide, has been
reported by Lur'e and Filippova (6), although the data of Samuel­
son (8) indicate that this method results in some loss in iron.

Separation by precipitation with cupferron (.n leaves small
amounts of iron in solution. The ether extraction (1) of less
than 1 mg. of iron is not easily accomplished. There are not
sufficient quantitative data to appraise the chloroform extraction
of either ferric 8-hydroxyquinolate (3) or ferric cupferronate (2)
in the presence of aluminum. The use of the mercury cathode
often results in incomplete removal of iron (7).

By the method described in this paper, iron(III) is removed
as a negatively charged ferric thiocyanate complex ion on the
anion exchanger, Amberlite IRA-400A. It is necessary that this
strongly basic ion exchanger be converted to the chloride prior
to its use. This method serves to separate 1 to 2 mg. of iron
from up to 80 mg. of aluminum, so that the gravimetric deter­
mination of aluminum by precipitation as aluminum hy­
droxide is easily accomplished. The removal of iron in order
to employ colorimetric methods for trace quantities of aluminum
is being investigated.

MATERIALS USED

Ion Exchangers. Amberlite IRA-400 and Amberlite IRA­
400A were treated with 3 N hydrochloric acid and used to pre-

pare columns of ion exchanger approximately 25 em. in height
and 1.3 em. in diameter.

Pure Aluminum Solution. Aluminum metal, containing
0.5% iron, was dissolved in hydrochloric acid. After removal
of silica by filtration, ammonium thiocyanate was added in suf­
ficient q~antity to complex iron(III), the pH adjusted to 1.0,
and the Iron then removed by passage through a long column of
the ion exchanger. The eluate was evaporated to dryness with
aqua regia. This purified aluminum salt was used to prepare
solutions which were gravimetrically standardized by precipita­
tion of aluminum hydroxide, The precipitates of aluminum
oxide thus obtained were pure white, although analysis indicated
0.02% ferric oxide.

Other Materials. Ferric chloride (low phosphorus), analytical
reagent grade, was used to prepare solutions containing ap-
proximately 1 mg. of iron(III) per milliliter. .

Ammonium thiocyanate, reagent. grade, was prepared as a
3 M solution. The potassium salt can be used with equal
success.

EXPERIMENTAL

General Procedure. Except in a very few cases the ion
exchanger, previously treated with 3 to 4 N hydrochloric acid
to convert it to the chloride, was rinsed with 50 ml. of 0.3 M
ammonium thiocyanate, adjusted to pH 1.0 with hydrochloric
acid, prior to the introduction of solutions containing iron(IJI)
and aluminum. The solutions passed through the ion exchanger
were 0.0004 to 0.0008 M in iron(IIl) and 1.5 M in ammonium
thiocyanate, contained varying amounts of aluminum, and were
at pH 1. The presence of the ferric thiocyanate complex is indi­
cated by its reddish color on the yellow ion exchanger. After
passage of the solution, the column was washed with several por­
tions of 0.3 M ammonium thiocyanate. The aluminum in the
eluate was then gravimetrically determined by a standard pro-
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cedure (5) . The column was easily regenerated with 3 to 4 N
hydrochlo ric acid , so that it could be used again.

of increased dimensions, but it might be difficult to wash out
all aluminum salts .

Effect of Thiocyanate Concentration. Fo r solutions up to
0.0008 M in iron(III ), the concentration of am monium thio­
cyanate should be 1.5 M, alt hough this may vary between 0.5 M
and 2.0 M . Below 0.5 Ill, some iron may pass through the
column. The effect of ammonium thiocya na te concentration
abov e 2.0 M was not st udied .

I'ROC EDUR E FO R SEPA RATIO N OF m O N

Th e solution from which iron is to be removed may contain
up to 2 mg. of iron(III ) and up to 80 mg. of aluminum in a volume
of about 25 ml. and it should be at approximately pH I. It is
feasible to sepa rate larger quan ti ties of iron with correspondingly
larger columns of ion exchanger, but difficulty in qua ntitative
remova l of alum inum may be encountered .

Tah le I. Effect of F low Hat e o n Hesidual Iro n
Alumin um ta ken = 0 .0782 grn rn

I ron tak en = 1. 0 mg .

Tahle II. De te r mi n at ion of Aluminum in Absence of
I ron

N o. , Al T a ken AI Found D iffere nc e

I n 0 .01 76 0 .0177 + 0 . 1
,, " 0 . 01 76 0 .017;; - 0 . 1ah 0 .078 2 0 . 0784 + 0 . 2
4 b 0 .0782 0 .0783 + 0 . 1

" Colum n wa shed 15 tim e. wit h IO-ml. por-ti ons of 0 .3 M N H.CNS

(p I,} ~~~:,'m~ washed 20 ti mes with 10-1ll1. portio ns of 0.3 .If N IT,CNS
(p H 1.0 ) .

Effect of pH. At a pH of 1.0, sa tisfac tory removal of iron is
effected . While thi s value may vary slightly in either direction,
it should not be much higher, in order to pr even t pr ecivitntion of
fer ric hyd roxide and not much lower, else the ferr ic th iocyanate
complex will be removed from the column. A 1 N hydrochloric
acid solution will elute th e ferr ic thiocyanate complex.

The column was wash ed free of alum inum sa lts with 0.3 Jf
ammonium thio cyanate adjus ted to pH 1.0. At p l I 2.0, some
loss of alumi num was noted. At lower pH va lues tha n 1.0 it
is probable that there will he removal of the ferric thiocya na te
complex.

Differ en ceAl FoundAl T a kenFe T a kenN o.

Amborlite IRA-400A was treated with :3 to 4 N hy drochloric
acid to convert it to the chloride, and washed severa lt.irnes with
distilled water. A column of suitable dimensions was prepared ,
with the water slurry of ion excha nger. The usual precautiona ry
measure was followed to ensure a column in which passage of solu­
tion was not accompanied by channeling. Liquid level was never
allowed to fall below the top of th e column. T he column was fur­
the r t reated by passing 50 ml. of O.il M ammonium thiocya nate,
adjusted to pH I with hydrochloric acid, t hrough it at a flow rate
of 8 to 10 ml. per minut e.

An equa l volume of 3.0 III ammonium thiocyanate was added to
the solution containing iron (III ) and aluminum, then ad justed to
pH 1.0. This solut ion was passed at a flow rate of 8 to 10 ml. per
minute through the previously prepared ion exchange column,
and washed twenty ti mes with 100ml. portions of 0.3 il l ammo­
nium thiocya nate. Aluminum was determined dir ectly in the
combined eluates by precipitation as aluminum hydroxide.

T ahle III. Determina tion o f Al u m i n u m after Hemoval
of Iron o n Am he..Jite IH A- 40 0A

M g. Gram Gram M g.

l a 2 0 . 0 176 0 .0175 - 0 . 1
2 " 2 0 .0176 0 . 0 176 = 0 . 0
3 h 2 0 .0176 0 .0177 + 0 . 1
4 b 2 0 .0176 0 .0173 - 0 3
5 a 1 0 .041 4 0 .041 2 -0 .2
6" I 0 .0414 0 . 0411 - 0 . 3
7 ' I 0 .04 14 0 .0414 = 0 . 0
8 d I 0 .0782 0 .0780 - 0 . 2
9 d I 0 .0782 0 .0781 -0 .1m § 8:8m 8:m~ : 8:6

" Colu m n wash ed 8 t imes wit h Ie ml, of 0 .3 M KC N S ( p H 1.0 ) .
h Co lu m n was hed 4 times with 10 ml, of 0 .3 M K C NS ( p H 1.0 ) .
C Colu mn washed 15 ti mes wi th 10 ml, of 0 .3 M N H.CNS ( p H 1.0) .
d Colum n wash ed 20 t im es wit h 10 ml, of 0 .3 .If N H, CNS (pH 1.0) .

M g.

Fina l Iron Present
in Al as Im pur it y

%
0 .02
0.00;;
0 .002

Gram

Fe Found

M g.

0 .013
0 .003.5
0 . 00 14

Gram

Fl ow Rat e

MI./Mi n.

8-10
4 - 5

I
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Effect of Flow Rate. Th e effect of flow ra te on residual iron
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Results obtained in the presence of iron are shown in T ab le
III. Th e flow rate was 8 to 10 ml. per minute. Tw enty portions
of wash solution were necessary for th e quan titative removal of
t he larger quantities of aluminum from the column. It is prob ­
able that lar ger quantit ies of iron could be removed on columns
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4 5. Chrysene
Contributed b y JOlIN KRC, JR., Armour Research Foundation of Illinois Institute of Technology,

Chicago 16, Ill.

Figure 2. Orthographic Projection of Typical Tablet
of Chrysene from Ethyl Alcohol

c

8.34 A.

-b

I /I l

Very weak
0 .06
Very weak
0 .20
0 .05
0 .09
0 .03
0 .07
0 .06
0 .06
0 .07
0 .08
Ver y weak
Very weak
Very weak

Principal Lines
I /I, d

1.00 2 . 7 14
Very weak 2 .627
0 .1 5 2 . 552
0 .34 2 . 481
1.00 2 .3 51
0 .08 2 .2 58
0 . 53 2.153
0 .21 2 .090
0 .1 9 2 .072
0 .7 9 2 .011
Very weak 1. 944
Ver y weak 1. 883
Ver y weak 1 .857
Very weak 1 .7 41
Very weak 1 .731

d

11. 29
5 . 99
5 .68
4 . 94
4 . 77
4 .30
4 .1 5
3 . 76
3. 48
3 . 36
3 .2 4
3 . 19
3 . 02
2 .903
2 .838

a,

Cell D imension s. a = 25.0 A.; b = (U8 A.; c
(1 ).

Formula Weights per Cell. 4.

Figure 1. Crystals of Chrysene from Ethyl
Alcohol

Crossed Nicols

Structural Formula for Chrysene

EXCELLE NT crystals of chrysene can be obt ained from
ethyl alcohol solutions. Rapid crystallization favors the

pla t e habit , while slow crystallization fav ors the tablet or mas­
sive form . Figure I shows plat es of chrysene from et hy l alcohol.
Figure 2 is an ort hog raphic pro jection of a typica l tablet from
ethy l alcohol.

CRYSTAL MORPHOWGY
Crystal Syst em . Monoclinic.
Form and Habit. Massive or plat es lyin g on orthopinacoid,

100
1

showing clinodome , {Oll), and occasionally basal pin a­
coid, 1001J.

Axial Ratio. a: b :c = 4.04: I : 1.35.
Interfacial Angle (not a polar angle ). OIlAOll projection

on 100 = 73° .
Beta Angle. 115.8 ° (J ).
Twinning Pl an e. 100.

OPTICAL PROPERTIES
Refractive Indexes (5893 A. ; 25 ° C.). a ' = 1.616 ± 0.001

( in 100 plan e); a = 1.578 ± 0.001 ; (3 = 1.775 ± 0.005;
oy = 2.01 ± 0.02 (calcd. from a , (3, and 2V).

Optic Axial Angles (5893 A.; 25 ° C. ). 2H = 104 °; 2V =
84.5 ° (ealcd, from (3 and 2H).

D ispersion . T > v.
Optic Axia l Pl ane. OlD.
Sign of Doubl e Refra ction. Negative.
Acute Bisectri x. a.
Ex tinction. a A oy = 6° in ob tuse (3; a A oy = 10° in ob tuse

{J (J ).
Molecular Refraction (R) (5893 A. ; 25 ° C.) . .,ya{3oy

1.78 ± 0.01; R (caled.) = 73.0 ; R (obsd.) = 73.6.

X-RAY DI FFRACTION D ATA
Space Group. C~h (1 ).

Figure 3. Crystals of Chryscnc from Fusion
and Chrysene Sublimate

Crossed N icols
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Formula Weight. 228.27.
Density. 1.298 (flotation); 1.307 (x-ray).

FUSION DATA. Chrysene melts at 260° C. with slight decom­
position and with considerable sublimation. If cooled slowly
just belsw the melting point or rapidly at room temperature, it
crystallizes as highly birefringent crystals oriented preferentially
to give an off-centered Bx« interference figure similar to that ob­
tained on the 100 face of chrysene crystals from ethyl alcohol.
No polymorphs were observed during this study. Figure 3
shows chrysene crystals from the melt and chrysene sublimate.
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Physical Methods in Chemical Analysis. WaUer G, Berl, editor.
Volume II. xii + 640 pages. Academic Press, Inc., 125 East
23rd St., New York 10, N. Y., 1950. Price, $13.50.

The editor and the authors of the twelve chapters in Volume
II of this work have produced a worthy complement to Volume
1. Whereas the first volume dealt for the most part with methods
based on the interaction of matter and radiant energy, the present
volume is concerned with a wider variety of subjects: chro­
matography, radioactive tracer techniques, gas analysis by
thermal conductivity; vacuum methods, measurement of surface
tension and area of surfaces, magnetic methods, and four types
of electrical methods.

The aims and general organization of the material are the same
as before. The authors, carefully selected authorities in their
respective fields, have been eminently successful in presenting
their material in such a way that the nonexpert in a given field,
with a good background of chemistry and physics, may read
with understanding and acquire some degree of familiarity with the
principles and practice of the various physical methods of chemi­
cal analysis. Each author discusses the fundamental principles
and theoretical basis of his topic, describes apparatus and manip­
ulative technique, indicates known or probable practical
applications, gives consideration to the inherent accuracy', the
limitations, and the sources of error, and cites pertinent litera­
ture references.

The volume is well bound and printed on good quality paper,
with good type, and the illustrations seem to be exceptionally
well done.

PAUL K. WINTER

Spectrochemical Analysis. L. H. Ahrens. xxiv + 269 pages.
Addison-Wesley Press, Inc., Cambridge 42, Mass., 1950.
Price, $10.

This authoritative book is devoted entirely to the analysis of
rocks, soils, minerals, and related materials. The emphasis is laid
almost exclusively upon direct current arc methods of sample ex­
citation. It provides a comprehensive discussion of the theoreti­
cal principles and practical applications of this phase of emission
spectrochemical analysis.

In Part I the physical characteristics of the direct current arc
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are thoroughly discussed. The many factors which affect the
intensities ofspectrum lines excited in this source are described.
Especially well handled is the phenomenon of selective volatiliza­
tion; listing of the methods recommended for minimizing frac­
tional distillatiqn should be very helpful. The mode of operation
of spectroscopic buffers and the recommendations given for their
selection are well formulated.

In Part II the author draws upon his wide experience in geo­
chemical analysis for a discussion of methods of determining
traces of particular elements in rocks and minerals, One espe­
cially useful chapter is devoted to methods for the determination
of major constituents.

On unnumbered pages following the text are given tables of
wave lengths of the most sensitive lines of the elements, together
with the wave lengths of possible interfering elements. Values of
the ionization potential of the element and of the excitation po­
tentials of the most sensitive lines enhance the usefulness of the
tables.

An adequate bibliography is given, although this reviewer
would have preferred to see the references in footnote form near
the point of reference rather than collected alphabetically by
author name at the end of the text. Many of the tables lack
captions and thereby lose some of their value out of context.

NORMAN H. NACHTRJEB

X-Ray Studies on Polymorphism. Tei-Ichi Ito. 231 pages.
Maruzen Co., Ltd., P. O. Box Tokyo Central 605, Tokyo, 1950.
Price, $10.

One of the most promising signs of the rehabilitation of the
highest type of scientific research in Japan after defeat and several
years of isolation from intellectual contact with the rest of the
world is this book by the distiriguished professor of mineralogy
of the University of Tokyo. Trained as a student in the labora­
tories of Nigglisin Switzerland and of Sir Lawrence Bragg at
Cambridge, ·t6'toth of whom Ito gives warmest appreciation for
guiding him into "our beloved science in the making," he brings
to this contribution an expert knowledge of crystal structure
analysis. .

The book is not a text, but a collection of research papers on
experimental studies of mineral structures, with a central unifying
theme of polymorphism based on the thesis of submicroscopic
twinning in crystals. In 1938 Ito proposed the theory of twinned
space groups, obtained By superimposing a group of operations
called a twinning group onto one of the conventional 230 space
groups of Schoenflies. Thus adjacent unit cells may be brought
into twinned relationships by rotation, reflection, and gliding
(echelon, alternate, and complex) while maistaining the homo­
geneity. of the lattice as a whole. A twinned space group may be
identical With one of the 230 Schoenflies groups, but generally
it differs in the introduction of enhanced symmetry, experi­
mentally indicated by extra regularities of x-ray diffraction
spectra which arc not accounted for by usual space group criteria.
However, 'symmetry may also be degraded in some cases of
twinning by gliding. The polysymmetric synthesis may take
place on a smaller scale than the unit cell (internal twinning)
or a larger one (twinning en bloc).

Ito proceeds to attempt to show these types of twinning in the
polymorphism of pairs or groups of minerals subjected to de­
tailed single crystal analyses by accepted x-ray diffraction tech­
niques, including two-dimensional Fourier syntheses of electron
density contour maps. Examples are eudidymite and epidi­
dymite (HNaBeSi30s), essentially inner twins; the hexagonal
feldspar, e-celsian (BaAhSi20s) from which the structures of mono­
clinic and triclinic feldspars may be derived; the orthorhombic
pyroxene, enstatite, as a twin of monoclinic diopside instead of an
independent species; anthophyllite as a twinned tremolite;
zoisite [HCa2(AI,Fe)AhSia013) (space group Pnma) derived
strictly as a twinned form of epidote (space group P2t1m);
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boleite (26PbCi2.Z4CuO.9AgCI.27H20) with a complex space
group obtained by operating a twinning group on a cubic space
group; monoclinic wollastonite as a twinned lattice of a triclinic
form; two monoclinic forms of TNT representing polysynthetic
structures composed of rhombic cells; and moonstone, illustrating
twinning en bloc, with an intricate structure of three kinds of
monoclinic and one or more triclinic felspars existing side by side.
The evidence from these examples for submicroscopic twinning
as a potential crystallographic phenomenon seems convincing.

In an appendix' the author reports individual structures for
tourmaline, 'kotoite (Mg3B206) , Iieurite, antigorite, ludlamite
(a rare iron phosphate), and orpiment, together with a method
of indexing a powder pattern of a crystal regardless of its sym­
metry, a generalization of a mathematical procedure proposed in
1917 by Runge.

Ito writes in English with facility and he has illustrated his
structures with a considerable number of good diagrams. The
book is fairly well printed, though a leaflet of two pages is re­
quired for 33 errata. Crystallographers will find in this rather
highly specialized research compilation of the work of one man
and his associates a fearless experimental attack upon some very
complex mineral structures and a stimulating and not unreason­
able theory for interpretation and prediction. In most of the
very limited number of examples there is admittedly not an
ideal correspondence between twinning theory and experimental
results, because configurations will not coincide on reverse
twinning operations. But at least here is an idealized guiding
principle which may greatly simplify future work on the some­
times great complexities of nature's building plan.

G. L. CLARK
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Apparatus for Liquid-Liquid Extraction without Formation of

Emulsions. Frederic E. Holmes, Clinical Laboratory, Christ
Hospital, Cincinnati, Ohio.

sions.
Several devices provide more area of contact than the horizontal

interface, but may be otherwise unsatisfactory. The vertically
disposed interface formed by a heavier immiscible solvent flowing
down the walls of the extraction chamber (7) is inherently less
stable than the horizontal interface. Dispersal of solvent in
minute droplets by passage through many fine orifices, or by
vigorous stirring or shaking, makes possible practically unlimited
increase of interfacial area, but aggravates the difficulty of
separating the extract. On the other hand, the area of interface
between the solvent and the sample provided in the middle of the
spherical extraction chamber of the present apparatus is con­
siderably greater than the area of the corresponding plane of con­
tact plus that of the surface of drops of solvent rising through the
sample in a conventional extractor of the same capacity, even
when drops are forced to follow a spiral (5) or devious (3) path.

In an alternative form the round extraction chamber consists
of a standard short-necked round-bottomed flask with standard­
taper joint for attachment of a standard conden~er. An .ex­
tractor with capacity for 500 rnl. of sample requires a I-liter
flask. In both forms on extractors of 500-m!. capacity or less,
the side tube connecti~g with the boiler receiver is fused to the
chamber at a point such that solvent will overflow into it when
the level reaches 15 to 20 mm. above the mid-line. For extractors
of 3-liter capacity, the distance above the mid-line is doubled.

Depth of. the supernatant solvent is initially controlled by ad­
dition of water to the chamber. It may be adjusted by tipping

the extractor to raise or lower the side tube. When the aqueous
phase increases in volume through absorption of solvent, or wave­
like surges occur due to asymmetry in the stirring motion, the side
tube may be raised slightly. When circulation is smooth, the
side tube may be lowered to decrease the depth and volume of
the solvent pool and effect a more rapid turnover (2).

The apparatus may be tipped to decant off the last portion of
extract into the boiler receiver. Extracts too large to be handled
in a small evaporating dish may be concentrated without exposure
to oxidation, danger of fire, or risk of spattering, by raising the side
tube and distilling the solvent back into the chamber.

Batch extraction may be preferred when continuous extraction
results in accumulation in the extract of unwanted substances
which are slightly soluble in the solvent; substances such as
hippuric acid may interfere in the gravimetric determination of
fats. During prolonged batch extractions, the condenser pre­
vents loss of solvent. At the end of the extraction, the extract is
decanted into the boiler receiver. Solvent may be distilled back,
decanted over to wash the last traces of extract into that pre­
viously collected, and then concentrated in the apparatus without
danger of oxidation,fire, or loss.

The stirrers are made by sealing short pieces of soft iron.rod into
glass tubes which are tapered to form stubby or slender spindle"
15 to 35 mm. long for use with small or large volumes of aqueous
sample, different viscosities of solutions, and different curvatures
of the round extraction chambers. The magnet for actuating the
stirrers is mounted in a wooden block on the idling wheel of a
phonograph turntable. The speed is controlled by the wall thick­
ness of the rubber tubing placed over the shaft of the motor to
drive the idling whee!.

The performance of the extractor was compared with that of a
common type of laboratory extractor (Table I).

The conventional extractor consists of a cylindrical body with a
side tube connecting with the boiler receiver, the space below the
side tube serving as the extraction chamber. A condenser of the
type shown in Figure 1 hangs in the part above the side tube, and
a 7-mm. glass tube with funnel top conducts the solvent to the
bottom of the chamber, where it escapes through notches in the
flared end. The method used to measure rate of extraction was
suggested by that of Bewick, Currah, and Beamish (1). Time of
extraction of approximately 40% of the substance sought at equal
rates of reflux was taken as a measure of rate of extraction, and was
controlled by identical conditions of heating. Turnover of ether
was estimated by counting drops. Hippuric acid was introduced
in a solution of known concentration. The fatty specimen was
prepared by grinding together skim milk, casamino acid (Difco),
acacia, starch, soluble starch, olive oil fatty acids, olive oil
neutral fat, Turgatol 7, Permutit, and finally gradually increasing
amounts of water until a smooth paste and then a uniform thick
emulsion suspension were obtained. On direct titration, 10 ml.

Table I. Perforrnarrees of Extractors
Artificial Fatty

Substance extracted Hippuric Acid Specimen
Apparatus Conventional Present Conventional Present

Solute or sample, g. 0.087 0.087 10 ml. 10 ml,
NaOH in receiver, mI. 2 (0.1 N) 2 (0.1 1'1) 1 (1 N) 1 (1 N)
OaCls in receiver, ml.

650
5 (10%) 5 (10%)

Aqueous layer, ml, 600 625 675
Ether layer, ml. 100 100 75 75·
Estimated turnover,

250-350of ether, ml.Zhour 100-150 100-150 2.00-350
Aqueous layer, depth,

205 60 215 63lorn.
Interfacial areas, sq. em.

Estd.20 NoneSum of drops 8 None
Horizontal plane 28 120 28 120
Total 36 120 Estd. 48 120

Extraction of "40%,"
378 347 992 497min.

Ftgure 1

TH E apparatus shown in Figure 1prevents formation of emulsions
i~ liquid-liquid extractions, maintains an adequate area of in­

terface between the two solvents, and is simple in construction
and operation. It has been used for extraction by ethyl ether
of fats and fatty acids, of hippuric acid and barbiturates from
urine and other body fluids and from feces and ground tissues sus­
pended in an aqueous medium, and for extraction by benzene of
machine oil held in boiler feed water by emulsifying agents. The
process is similar to that in the conventional extractor, except
that the refluxed solvent, instead of passing through the aqueous
layer, flows across its surface.

Some specimens form
relatively stable emulsions
with the solvents. Even
large drops of solvent pass­
ing through an interface,
or slight turbulence where
aqueous and nonaqueous
layers flow around the shaft
of a stirrer, may produce
stubbornly persistent coarse
emulsions, or suspensions of
finely divided solids, which
are carried over into the
final extract. Washing or
settling chambers have been
used to promote separation
of such entrained matter (1,
4, 6, 8). However, use of
the horizontal interface
alone, and of the com­
pletely submerged, magneti­
cally 0 perated stirrer, pre­
vents formation of emul-
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were equivalent to 2.5 ml, of 1 N sodium hydroxide. Extraction
was continued until the phenolphthalein in the standard aqueous
alkaline solution in the boiler receiver became decolorized.
(Calcium chloride was used with the sodium hydroxide to form
the calcium soaps, which are not alkaline to phenolphthalein in
aqueous solution.)
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Use of pH Meters in Conjunction with Chromatographic Col­
umns. R. N. Jeffrey, Division of Tobacco, Medicinal, and
Special Crops, Bureau of Plant Industry, Soils, and Agricultural
Engineering, Beltsville, Md.

ON E of the drawbacks to the use of various chromatographic
procedures in the isolation of colorless substances, whether

the procedures are based on adsorption, partition, or ion ex­
change, has been the difficulty of determining which portion or
portions of the separated material contain the interesting com­
pounds. This is particularly true when a flowing column is used,
from which the solution is collected continuously. However,
this type of procedure has certain advantages in analytical
methods for the determination of compounds which can be
measured readily when relatively pure, but cannot be determined
accurately in the presence of some of the other constituents of
the original mixture. Quantities of material canbe used which
permit the accurate determination of the compounds separated,
and this is not always true when a single sheet of paper is used
instead of a column. The flowing column also has advantages
from a manipulative standpoint over the older procedure of ex­
trusion and separation of various portions of the solid material
in the column.

The best method of selecting a fraction from the flowing col­
umn which contains all of the desired compound without con­
tamination with interfering substances naturally depends on the
compounds being studied. When weak acids or bases are deter­
mined, the use of a pH meter with electrodes in the effluent
from the column assists in this selection.

In this laboratory the composition of cured tobacco leaves
grown using different cultural practices is being studied. An
effort is being made to determine separately each of the alka­
loids and the organic acids present in these samples. The quan­
tities of various ethel' substances in these complicated mixtures
affect the volume in which a given substance is eluted. Some
evidence has been obtained that a continuous indication of the
pH of the effluent assists materially in selecting a fraction that
will contain the maximum amount of the ingredient for which
the particular analysis is being conducted, with the minimum
amount of interfering substances. The use of pH values, as
such, applies only to water solutions, such as compose the
efHuents from ion exchange columns and partition columns in
which water is the solvent for the moving phase. In the more
common 'type of partition column, in which the solvent of the
moving phase is an organic liquid, variations sometimes occur
in the potential read on the pH meter as the effluent moves
through the cell, but these should not be referred to the pH scale.

The cell in use in this laboratory was made from a 50-ml. dis­
tilling flask. The neck was cut off 2 em. below and 1 ern. above
the side arm and the side arm was cut to a length of 5 ern. The
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bottom of this piece was flared slightly and the top made oval in
cross section, to allow the two standard 2.5-inch Beckman elec­
trodes to enter it while they are mounted in the usual way on the
door of the Model G meter. A small-diameter glass tube Wall
bent into U-shape, connected to the bottom of the ion exchange
column, and passed up through the hole in the bottom of the
Bakelite beaker holder, where it was inserted into a short rubber
stopper which fits the bottom end of the cell. The side arm Wall
bent downward about 2 em. from its end, which allows a 100-ml.
graduate to be placed under it, so that records of the volume
of effluent can be kept along with records of pH value, and the
graduate can be replaced when desired. The cell thus formed
has a net volume of 1.3 ml. when the electrodes are in place.

One can also obtain a commercial flow-type electrode assembly
or can make a flowing microcell modified from the one described
by Dietz [Science, 108, 338;9 (1948)].

Micro Still Pot Suitable for Column Calibration. T. J. Walsh
and E. H. Phelps, Case Institute of Technology, Cleveland,
Ohio.

TH E mostsatisfactorymethod of measuring the efficiency of a dis­
tillation column is to take spot samples of the column overhead

and pot liquids while the column is operating at equilibrium eon­
ditions on a test mixture of known properties. Securing a pot
sample from a microstill without disturbing the thermal equilib­
rium of the still is possible, using a hypodermic syringe with a 6­
inch needle attached permanently to the still pot.

u-+--+--- HVPOOE'UIIG
NEEDLE

fII!._-t---t__ CllPILLAllV
TIIBING

012
L...w...L....l.m

Figure 1. Syringe Attachment for Obtaining
Still Pot Samples

The hypodermic needle is inserted through a piece of capillary
borosilicate glass tubing before the tubing is sealed to the shoulder
of the still pot. In sealing, the glass flows around the needle
forming a tight seal. The seal may be ensured by flowing de
Khotinsky cement into the capillary above the glass constriction.

Outside the still pot, the needle should be long enough to ex­
tend beyond the insulating flask, The outer end is connected to a
l-ml. hypodermic syringe through a capillary three-way stopcock.
Samples as small as 2 drops may be taken by drawing a few
tenths of a milliliter of liquid into the syringe and discharging
through the third port of the stopcock. Excess material may be
returned to the still pot.

This arrangement also permits changing the still po~ composi­
tion without dismantling the still.
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Sorgent Constont Temperoture Botll
The 0.01 0 C. Sargent Constant Temperature Water
Bath, which is employed in many laboratories
throughout the world where a precise, reliable
thermostat is required, is now being supplied with
an improved relay unit and heating system. The
central heating and circulating unit of the bath is
now equipped with three cylindrical heating ele­
ments rated at 200,300 and 400 watts respectively.
The 200 watt heater is controlled by the No. 81835
mercurial thermoregulator through a thyratron
tube and saturable core reactor in the relay unit.
(The use of a saturable core reactor obviates the
difficulties commonly encountered with mechan­
ical relaying systems such as pitted contacts,
broken moving parts and freezing.) By means of a
control mounted on the panel of the relay the out­
put of this heater can be varied from the full 200
watts to approximatelyBfl watts, thus permitting
such adjustment of the heater output that positive
overshooting of the regulatory temperature is min­
imized. With the improved relay system this bath
can be adjusted to a precision of -+- .0050 C. when
operating in the vicinity of 25 0 C.

An autotransformer, adjusted by means of a

SARGENT

knob on the relay unit panel, permits the setting of
the 300 watt heater so that heat loss from the bath
is almost compensated and negative overshoot is
reduced to a negligible quantity.

The 400 watt heater may be used to quickly raise
the bath temperature to the desired operating level
or, in the case where sacrifice of some precision of
regulation is of no consequence, to permit opera­
tion of the bath at temperatures above 60 0 C.

In addition, the relay unit is equipped with a
master switch, a switch for each heater and a pilot
light to indicate that the circuit to the 200 watt
heater is closed. Maximum power consumption
1100 watts.
5-84805 WATER BATH-Constant Temperature,
0.010 C., Sargent. Complete with Pyrex jar, 16
inches in diameter and 10 inches in height; central
heating and circulating unit; constant level device ;
cooling coil ; No. 81835 thermoregulator and relay
unit with cord and plug for connection to standard
outlets. For operation from 115 volt 50/60 cycl e
circuits $250.00
5-81991 TUBE-Thyratron, Type 2050.
Each $ 4 .00
5-81992 LAMP-Neon Pilot Light. Each..$ 0.75
5-84845 VESSEL-Water Bath Jar,
PYREX Brand Glass. Each ~.~ $ 37.50

SCIENTIFIC LABORATORY INSTRUMENTS· APPARATUS · CHfMICALS
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS
M I C H I GA N DIVISION . 195 9 EAST JEFFERSON STR EET. DETROIT 7 , M IC H IG A N

S O U T HW EST E R N DIVISION. 5915 PEElER STR E ET , DA L LAS 9. T E X A S



24A ANALYTICAL CHEMISTRY

Do you want to save MONEY...
by cutting costs of laboratory operations?

Do you want to save TIME ...
that most costly of all laboratory assets?

Do you want to save MANPOWER ...
and still increase your laboratory output?

Within thirty days Coleman Instuments will announce the newest
of its time-saving, cost-cutting tools "Tools for the Laboratory."
The FIRST rational approach to high-speed Automatic Titration.
Watch for it. Try it yourself before you buy. See what reali stic in­
strumentation can mean to your costs and your ou tput.

Ask your Coleman dealer or write for Bulletin AB-223

COLEMAN Model 19 AUTOTRATOR*

' Trademark reg iste red U. S. Potent Office.



INSTRUMENTATION
Analog computers, already used in mass spectrometry and infared spectrometry,
can assume the dynamic role of process simulation, saving time and expense

" r/Il. H . M;;lIer

Figure 1. Elect ron ic Analog Co rnp u t er

AT L E AST t wo importan t meth ods
of instrumental analysis can

use analog compute rs to advantage.
These are mass spect romet ry and
infrared spect rometry. It may be
expected that as more of our instru­
mental methods continue to tu rn
out vast amounts of data, par ticu­
larly in the analysis of polycom­
ponent mixtures, the need for rapid
data assimilation will increase.

The automatic, or semiautomatic,
accumulation of analytical data has
already been extended to process
cont rol. Whereas plan t process
cont rol has heretofore largely im­
plied the control of temperature,
pressure, flow, pH, and a few other
variables, there has always been
the tacit assumption th at such con­
t rol will lead to an acceptable prod­
uct. Thi s has been justified in
t he majority of cases and it has
been successful to th e extent that

laboratory research, followed by
pilot plant experience, established
th e correct condit ions which the
plant instruments were then sup­
posed to maintain. The newer
approach analyzes the final product
or desired condit ion auto matically,
and controls the per tinen t va ri­
ables in t erms of actual rather than
predicted performance. This seems
very logical and sensible, but its
achievement is by no means simple,
especially in a complex multistage
process. Control engineers have
long contended with the difficulties
inherent in t ransfer lags, capac ity

.factors, and the influence of process
upsets. There are limitations to
what can be calculated in advance
and, indeed, one of the reasons for
pilot plant experimentat ion is
largely that of confirming 'small
scale research and revealing unsus­
pected sources of deviation, not

revealed either by experience or
calcu lation.

For a long tim e, it has been found
profitab le to set up models or ana­
logs of a real physical system , usu­
ally in te rms of an equivalent elec­
t rical network. Then, to the extent
that the elect rical components can
be made to simulate a variable,
faithfully , the elect rical network
can be subjected to an infinite vari­
ety of fluctu ations or forcing fun c­
tions, indi vidu ally or in combi­
nation, and the over-all effect can be
observed continuously. This ap­
proach has been very useful in heat­
ing and ventilating problems, in
aerodynamics, ballistics, and navi­
gation. App lication to plant process
control is equally feasible, and in
thi s connection, th e instrumental
analyst supplies part of the essent ial
information.

An analog compute r is by no
means restri cted to the role of ac­
cepting data and turning out an
"autopsy " of process failure. It
can assume the dynamic role of
process simulation and the designer
can then manipulate the "process"
in infinite variety with a continuous
indication of performance and at an
enormous saving of time and ex­
pense. Gian t aircraft are now being
" built , flown, crashed, and immedi­
ately restored to their original form "
-all in te rms of simulators of t his
nature.

Electronic A n a log Co m p uter

A recent example of this kind of
compute r is shown in Figure l.
It is the elect ronic analog computer
often referred to as the integro-

(Continued on page 26 A)
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to
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differential analyzer of IDA and is
manufactured by the Computer
Corp. of America, 149 Church St .,
New York 7, N. Y. IDA may be
used for qualitative and quantita­
tive dynamic studies in many
fields. It may be used to solve
linear differential equations with
constant coefficients up to the eighth
order. Eight initial condit ions other
t han zero may be set into the prob­
lem and varied by means of po­
tentiometers. By means of auxiliary
equipment, the computer can be
used to solve differential equations
of higher order than eight , differen­
tial equations with nonconstant
coeffic ient s, and nonlinear differen­
t ial equations.

Th e problem's analog is set up by
simple interconnections or a setup
board, one of which is shown in
Figure 1 behind the operator. Con­
nections are made with jumper wires
and scale-fact or resisto rs on push­
type binding posts. The setup
board is t hen sli~)nto place in the
compu ter and automat ically makes
all electrical contacts necessary for
th e solution of the problem.
Twenty high-gain , st able d.c. ampli­
fiers are provided which use both
positi ve and negative feedback.
These are extremely compact , iden­
tical , interchangeable, completely
closed and quickly replaceable plug­
in units. One of these is illust rat ed in
Figure 2. Each amplifier can be
used as an integrator, summer, or
sign changer, and the inpu ts are
easily set to any convenient multi­
plying factor. There are eight pre­
cision integrating capacitors of 1%
tolerance and 23 precision, lO-turn
helical potentiometers, eight of
which may be used as init ial condi­
t ion potentiometers.

The control panel has two knob s
for applying th e forcing function
and for starting or stopping the
computing process. Two other
cont rols select internal or exte rna l
forcing function and adjust its level.
The recorder and its control unit are
shown in Figure 1 (left and center,

respectively). The recorder is a
2-channel, direct-inking magnetic
oscillograph. All computed quan­
t ities and the forcing function are
automati cally available at the con­
trol uni t and any inputs or outputs
can be recorded by the oscillograph
two at a tim e. Any quantity can
be viewed on an oscilloscope, with
or without simultaneous pen re­
cording.

Figure 2. Am.plifier

This computer is very compact
and can handl e many problems
which previously required elaborate
and prohibitively cost ly installa­
tions.

Ba sic Instrumentation Report

The third quar terly report from
the Office of Basic Instrumentation
of the National Bureau of Standards
has been released. Each of these
reports is more interesting than its
predecessor and indicates a well­
thought out and important program.
"Ve referred, some time ago, to the
stimulating article in Science by the
director of the Bureau , wherein he
defined the science of instrumenta­
tion. Very short ly t hereafte r his
conclusions were implemented by
the establishment of the Office of
Basic Instrumentation. Under the
able direction of W. A. Wildhack
thi s group is studying fundamen tal,
long range aspects of instrumenta­
tion.



... another important function of photography

X-RAY DIFFRACTION

The story behind these x-ray diffraction

films may save you a lot of time and make

your work much easier. While they were all

made on Kodak Industrial X-ray Film, Type

K, and all show the same Debye-Sherrer­

Hull pattern of lithium fluoride, the one on

the far left was given a normal exposure of

one hour, and the other two only 15 mit/lites.

Although all three films were processed

for 5 minutes at 6SoF. in Kodak Rapid

X-ray Developer, the 15-minute exposure

under the third clip was intensified by a

recently developed technique-is usable

despite the short exposure.

Since this new intensifying process results

in increased graininess, its application is

limited to qualitative work where sharpest

definition is not required. But, where its use

is indicated, you'll find it a great time- and

trouble-saver. If you're interested, we'll

gladly give you detailed information on the

intensification of x-ray diffraction patterns.

Now available: For your convenience, your

Kodak X -ray Dealer now supplies Kodak

Industrial X-ray Film, Type K, and Kodak

No-Screen X-ray Film in I %"-wide unper­

forated 25' rolls. Eastman Kodak Company,

X-ray Division, Rochester 4, N. Y.

•••

To Make the Most

of Short Exposure Time
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T h is barometer is of the standard mercury well , or Fortin, type,
which is the type used in the United States W eather Bureau, an d
ot her laboratories for obser vat ions of th e high est accuracy. It consists
of a 6·mm heavy-walled glass tube, vacuum-filled with mercury, placed
open end down in a cistern of mercury. The tube and cistern ar e
supported and prot.ected by a brass tube in which two long slit s have
been cut 'near the upper end so as to show the top of the mercury
colum n within the lowe r an d upper limits of th e scale (61 to 81.j em) .
Fastened to the she ll alongside the slits are metric and En glish scales
with vernier plates, which are operated up and down by a rack an d
pinion. The metric reads to .05 mm while the inch ve rn ier reads to
.002 inch.

T h e portion of the casing opposite the cistern ha s a lar ger dia­
meter than the upper part and has also a glass.window at the mercury
level , so that a setting of the mercury surface may be made by a thumb
screw pushing against the flexible bottom of the cistern , thus raisin g
or lower ing the mercury in the cistern until it just touches the ivory
point, which is the zero of the scale . T his zero point is permanently
fixed to the ceiling of the cistern casing an d has, of course , been ac­
curately located so as to fit th e interval between 0 and the first gradua­
tion on the scale mounted on the upper casing, that is, at 61 em. The
ranges of the scales (61 to 81.3 ern and 24 to 32.7 inches) make th.e
barometer avai lable for elevations of approx imately 6000 ft . and for
points approximately 1,00 ft . below sea level.

T he scales are made of non -tarnishable 18 percent nickel silver,
polished and formed to the shell. The graduations are engine divided.

A doubl e-scale thermom~ter is mounted in the casing so that the
temperature of the barometer column may at all tim es be kn own . All
metal parts of the barometer are black-nickel finish . A mounting
board is available under No. 1220 as described below.

W O O D BACK O N LY, For Holding
Barometer N o . 12 18. Con sists of a woo d
board to which is at tached a brass bracket
to receive the ring in the top of th e
barometer, a ring with stead ying screws to
clamp about th e cistern, and milk-glass
reflectors, forming an opaque background
for reading the inst rument. Essential as a
permanent mounting for the barometer.

No. 12 20 . Each, $1 5.00

Complete as
described with
vacuum-filled

tube . without
wood back,

Each
$99.50

No. 1218.
Order Today - prompt shipment guaranteed,
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Humidity Indicator

The new humidity indicator offered by Andrew Technical
Service consists of a card measuring 6.75 X 1.88 inches. Its
vertical column contains seven color spots -which denote
relative humidities from 10 to 70%. Usable at temperatures
from 50 0 to 2000 F. , theHumigraph is said to be superior in
accuracy to inexpensive hygrometers at low and normal

. humidities. For small changes in humidity, the card re­
sponds in about 10 minutes. For a change of, 40%, the

. response time is about 30 minutes. Changes in humidity
cause the spots to tum color., The reading is made at the
top blue spot. The indicator may be used as an insert for
long-term packaging of materials affected by humidity
changes or in checking humidity without recourse to instru­
ments or charts. . . 1

Polyethylene and Vinyl Pump

The Vanton Pump Corp. has reported the availability of
its new P series of noncorrosive and noncontaminating

"flex-i-liner' pumps in which the
fluid transferred comes in contact
only with ' It polyethylene body
block and a vinyl flex-i-liner. The
pump is able to withstand the
extreme corrosive action of acids
such as sulfuric, hydrochloric,
nitric, and .'. hydrofluoric, as ' well
as caustics and other chemicals to
which polyethylene and vinyl are

, resistant . The design of this uni t
has eliminated su~h pumping
trouble sources as stuffing boxes,

packirig glands, shaft seals, check valves, and gaskets . .
An eccentric rotor mounted on a sealed-in ball bearing rides

inside and activates the molded vinyl flex-i-Iiner, creating a
squeegee action between the outside of the liner and the
inside of the 'polyethylene body block. Molded flanges on

, the liner seal off the fluid passageway from contact with any
of the moving parts of the pump . . As a result of this par­
ticular type 'of pumping action, high polymer slurries will not
be coagulated, nor will solids be removed from suspension.

The pumping action can be so closely controlled that even'
fresh blood can be passed through the pump without the
destruction of blood cells or coagulation.

Pump body blocks may be obtained in Bakelite or Bakelite
with graphite filler. Flex-i-liners made of natural rubber,
pure gum rubber, Hycar, Perbunan, or neoprene are avail­
able . At present, P series pumps are obtainable in capacities
up to 5 gallons per minute. Terminals are either drilled and,
tapped with 0.50- or 0.75-inch standard pipe thread, or
supplied with standard saran tubing fittings or hose con­
nections. The pump requires 'a 0.25-hp~ motor and can be
furnished either alone or completely mounted and connected
to a constant- or variable-speed drive . 2

Laboratory Ozonator

A new laboratory ozonator, Model T-23, has been intro­
duced by the Welsbach Corp. The instrument is intended

for use in testing the poten­
tial value of ozone as an
oxidizing agent in various
chemical ' processes, in

.phenol and cyanide destruc­
tion in industrial wastes,
and , in the reduction ' ,'of
tastes, odors, and color in
water purification. The

company produces an entire line of ozonators, which range
-in size from the new laboratory model to much larger units
which make possible the low-cost ' production of tonnage

' ozone. 3

Photomultiplier Microphotometer

A new photomultiplier microphotometer for the precise
measurement and comparison ·of light intensities from 20
mieromierolurnens to 20 lumens at selected wave lengths
has been devised by the American Instrument Co. It is
used in film densitometry,colorimetry, turbidimetry, fluor- '
ometry, light scattering, and other studies.

The instrument provides readings of densities from 0 to 9 ,
and phototube currents from 10-6 to 10-11 ampere. This
range can be extended with neutral filters. ' Fu ll-scale de-
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flections of the meter are given with photomultiplier (photo­
tube) currents of 0.01, 0.1, 1, and 10 microamperes. Pro­
vision is made for an additional position on the range switch
of 0.001 microampere full scale where this amplification is
usable. The meter indicates per cent tra nsmission, density,
and photocurrent microamperes directly without correction
factors. Any filter 2 inches square may be positioned in the
filter holder, either singly or in combinations up to 0.625
inch thick.

An outlet on the panel provides 10 mv. at 100microamperes
for the operation of a commercial recorder. The instru ment
may be operated from any 100- to 140-volt , 60-cycle source.
No batteries are needed. 4

Water Purification

The mixed-bed deionizing equipment offered by the Illinois
Water Treatment Co. will produce water containing less than
0.1 p.p.m. of dissolved solids and less than 0.02 p.p.m ,
of silica. A series of six packaged mixed-bed units is avail­
able in sizes ranging from 12 to 1000 gallons per hour.
Larger units are engineered to meet specific requirements. 5

Low-Temperature Distillation Analyzer

A new model automatic analyzer for low-temperature dis­
tillations offers increased accuracy as well as decreased time

per distillation. Manufactured
by Podbielniak, Ine., the instru­
ment has a temperature range of
-2000 to + 100 0 C., a pressure
range of atm ospheric pressure to
I mm, of mercury absolute, a
capacity of 0.5 to 100 ml., and an
accuracy of 0.1 to 0.5% .

The Brown Eleetronik str ip­
chart-type potentiometer incor­
porated in theassembly is available
with a second extrasensitive range
of 0 to 2 mv. As a result, the

sensitivity of temperature measurements is increased five­
fold. A high-capacity, high-efficiency, Super-Cool column
permits the analysis of samples at much faster rates and with
greater accuracy than previously possible. The tota l dis­
tillation time is reduced one half or more, even though larger
samples are taken to minimize holdup and other errors. In
this respect, the greatest time saving is realized on "dry"
gas samples because of the very high permissible "venting"
rates. Even though high rates may be obtained, liquid
holdup per plate is not increased and therefore small samples
may be effectively distilled.

ANALYTICAL CHEMISTRY

In this column, the distilling tube packing and kettle
are now separable and interchangeable with various sizes and
types of kettl es. This interchangeability is made possible
by a new type of glass wetting solder which remains vacuum­
tight indefinitely at liquid nitrogen temperatures. A tubu lar
thermocouple assembly having increased sensitivity is supplied
for distillate temperature measurement . This thermocouple
assembly appreciably reduces liquid holdup in the reflux
section of the column, thereby improving the sharpness of
separation.

A special rotameter is built into the gas ente ring line to
permit the measurement and control of high gas rates. All
stopcock manifold and manifold-connecting lines are made of
stainless steel. Rubber tubing connections to glassware are
eliminated thr ough the use of a special vacuum-tight seal.
All relays are elect ronic or of the hermetically sealed plug-in
type. Solenoids and other electr ical assemblies are provided
with special connections facilitating easy replacement . 6

Ketosteroid Determinations

Dajac Laboratories announces the ava ilability of 2-hy­
droxy-3-naphthoic acid hydrazi de, which is useful in histo­
chemical demonstration of active carbonyl groups, such as
those found in the adrenal cortex, ovary, placenta, and test is.
One application involves the reaction of the naphthol hydra­
zone precipitated in the tissues or cells with a diazonium
salt to form a brightly colored dye. Tissues stained in this
manner may be permanently mounted. The quantitative
measurement of ketosteroids from body fluids by colorimetric
methods has also been developed. 7

Pyrometer Supplies

A series of new pyrometer supplies has been developed by
Minneapolis-Honeywell Regulator Co. One of these prod­
ucts, a cast iron, closed-end protecting tube for molten
aluminum applications, feature s a service life several times
that of former models. The tube, which is built of dense
cast iron having a smooth outer skin, has a 1.94-inch outside
diameter and 0.81-inch inside diameter , and comes in lengths
of 12, 18,24, 30, and 36 inches. First shipments are scheduled
for about September 15.

A two-conductor , 24-gage copper-constantan thermocouple
wire has been developed for refrigeration applications. It
is insulated with moistureproof polyviny l chloride. Over-all
dimensions are approximately 0.05 X 0.09 inch. Field
tests show that the thermocouple has a temperature range
from -20 to +225 0 F., and where flexing does not occur, the
low limit is below -30 0 F.

A port able immersion, removable-tip thermocouple has
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111111111111111111111111111111111111111111111111111111III

Technical Data Department

ANALYTICAL CHEMISTRY

332 West 42nd Street

New York 18. N. Y.

PLACE

l e STAMP

HERE

--------------------------

Use this handy return card
to save yourself time. It
will bring information of
use to chemists and engi­
neers in laboratory, pilot
plant, and production. The
items listed in this special
section have been selected
by the editors of ANALYTI­
CAL CHEMISTRY for their
value and timeliness in
helping you to keep abreast
of the latest developments
in the field.



VOL U M E 2 3, N O. 6, J U N E 1 9 5 1

been developed for the measurement of molten steel tem­
peratures. The 'new model is credited with accurate read­
ings in 15 to 25 seconds of immersion time in molten steel
having a carbon content of 2.5% or more, throu gh a range
from 2400° to 2900° F .

Another development is a 20-gage JX and KX two-con­
ductor insulated extension wire, with standard LS.A. wire
color coding in both iron-constantan and Chrornel-Alumel
components . Each wire is insulated with enamel and
covered by moisture- and flame-resistant, wax-impregnated
asbestos. The two conductors are covered with a heavy
Fiberglas braid .

A I-in ch, I.P.S. protecting tube is being made as a standard
product for immediate shipment. The new tube has been
satisfactorily tested for thermocouple protection in heat
treating furnaces, salt and lead hardening baths, and gas
burners. A temperature of 1800° F. is the recommended
high measuring temperature for this tube. 8

Dehumidifler

The Abbeon Supply Co. has announced the development of
a new dehumidifier, Model DMS 4. This unit will dehumid­

ify any closed area of tight con­
struction up to about 8000 cubic
feet. The principle used is that
of an electric refrigerator. Mois­
ture-soaked room air is drawn
into the dehumidifier by a fan
located inside the unit. This air
is then passed over cold coils,
where its moisture is deposited
much as droplets of wate r form
on the outside of a cold pitcher

on a hot, humid day. This water then drips into a pan
for removal. The moisture collection pan may' be emptied
either by hand or by a hose or copper pipe connected for
automatic discharge of the condensate through a floor drain
or sewer.

Th e dehumidifier can handle air flows of 110 cubic feet per
minute. It is 17 inches long, 13 inches wide, and 15.5 inches
high, weighing 55 pounds. Price, $149.50. In large areas,
more than one dehumidifier or possibly larger units may be
employed to ensure the proper control of moistu re. 9

Manometer

A new, large-range absolute and differential manometer
designed to cover more than one atmosphere of pressure has
been introduced by the Emil Greiner Co. This large-range
instrument , said to possess the simplicity and high precision
of the company's small manometer, employs a silk screened
scale on saran. The temperature coefficient of expansion of
saran compensates for changes in mercury density caused by
room temperature variati ons. Other features of the instru­
ment include two rods for easy mountin g on a frame, a pro­
tective bracket for the stopcock, a metal rod to carry the
vernier, and a rigid aluminum casting to support the glass
assembly. 10

Cathodic Etcher

High-vacuum equipment for cathodic etching and for
studying metals by this technique has been developed by
Distillation Products Industries, a division of Eastman
Kodak Co. The unit is expected to be particularly useful for
investigating cold flow lines. The sample of the metal to be
studied is bombard ed with a glow discharge at low pressures.
The discharge is produced by positive ions passing between
an aluminum anode and the sample of meta l under test .

The advantage of this technique is that the etching is
produced physically rather than chemically, so that there is
less danger of oxides and other compounds being formed.
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Under ion bombardment, the grain boundaries areattacked
at a different rate than the main body of the metal. When
the cathodic etcher is used, the crystal shapes and other
characteristics of the meta l are often brought out with 'greater
clarity than is possible in an acid etch . The new apparatus
will be of value both in pure research and in production
sampling. 11

Portable Electric Oven

The Grieve-Hendry Co. has added Model PL-l to its line
of portable electric ovens. Inside measurements are 29 X
24 X 20.5 inches. The oven's four shelves provide room for
eight 2 X 12 X 23 inch drying pans . Products or materials
can be placed directly on the shelves if desired. The portable
feature, permitting the use of these ovens close to machines,
will eliminate considerable handling and hauling . The oven
operates on 110 volts.

Constru ction of the oven is all steel, with air-cell asbestos
insulation. Uniform temperature is provided th roughout
the oven by forced air circulation. A motor-driven fan
draws in fresh air and drives out the sta le air th rough specially
located vents. This prevents strat ification and makes the
oven practical for any dehydration or baking process. The
oven is capable of heating to 225° F. in 15 minutes. Price,
$92.50. Other temperature and shelving arrangements
available from $79.50. 12

Metallograph

The metallograph offered by F. T . Griswold Manufactur­
ing Co. makes possible the rapid structural ana lysis of metal

samples and other substances.
A large assortment of objective ,
ocular , and projective lenses are
avai lable. These are parfocal,
parcentered, and coated on all
air-glass surfaces. The range of
magnification is from 25 to 2000
diameters. The instrument oc­
cupies a tab le space of less than
12 X 12 inches. Over-all height
is 18 inches. The staging tab le is
approximately 8 inches in diam­
eter, so that fairly large samples
can be examined. The table has

tee slots for clamping the sample if required.
The technician can observe the sample through binoculars

or on a ground-glass screen without changing his position.
Photographs may be taken on 35-mm. 1'011 film by merely
swinging the image from the ground glass to the camera. 13

Warning Label

A convenient means of labeling radioactive hazards,
chemicals, and containers is announ ced by Nuclear Inst ru­
ment and Chemical Corp. This is a pressure-sensitive tape
on which the radioactivity symbol and the word "radio­
activity" have been printed in magenta on a yellow back­
ground (the approved radiati on warning colors) The tape
is arranged for small pieces to be torn off and attached to
any surface. Each complete design is 1.5 inches long. The
roll is 1 inch wide and can be used on a standard holder. 14

Thermometer

A new thermometer, Model 8689, is now available from
the manufacturer, Tagliabue Instruments Division, Weston
Electrical Instrument Corp . Its corrosion-resistant stai nless
steel case imparts to the new model a degree of protection
unusual in an instrument of this kind. The scale of the
instrument is large, clear, and easy to read. It can be
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obtained in five different ranges extending from -40 0 to
+400 0 F. The arched "b ows" and flanged edges of th e case
provide the greatest possible ang le of vision consistent with
th e best protection of the glass tube. The open spaces
around the bulb ensure maximum air circulation for true ­
value readin gs. A special feature of the thermometer is the
removable scale and tube unit for easy replacement of a
broken tube. Thi s feature also permits th e convenient inter­
change of var ious scales even though only one case is used. 1S

MANUFACTURERS' LITERATURE

Liquefler. Technical bulletin 20-A discusses the propert ies
of Azite 900, a liquefier which is of partic ular interest .to
manufact urers and converte rs of paper because of its capacity
for reducing the viscosity of colloidal solutions of certa in
materials such as starches and proteins, its tendency to
stabilize th e viscosity of these same materials, its effect in
retarding th e growth of bacteria, and its ab ility to improve
the heat stability or performance of acid ic paper or paper
exposed to acid conditions. Booklet is revision of one
originally prepared in 1945. American Cya namid Co. 16

Testing Instruments. A 32-page booklet gives details on
reeording gravit ometers (with or without controller), dead
weight gages, gas gravity balances, high pressure consistom­
eters, moistu re tester for gases, vapor pressure bombs,
manometers, and thermomete rs. Refinery Supply Co. 17

Insulated Panels. New prefabri cat ed insulated panels suit­
able for the erect ion of hot or cold walk-in rooms are subject
of 2-page bulletin. Panels may be used in building rooms
with controlled temperatures from -100 0 to + 200 0 F. and
relative humidities from 20 to 95%. Bowser Inc. 18

Laboratory Apparatus. New issue of company house
organ, Precisionomics, describes automati c distillation appa­
ratus, mercury relays, water baths, burners, heaters, stills,
and a B.O.D. cabinet for low tempe rature testing of sewage
and waste. Prec ision Scientific Co. 19

Electrochemical Measurements. Measurement of pH, oxi­
dation-reduction potential , and elect rolytic conduct ivity in
industrial control systems is covered in 2-i-page bulletin .
Fu ndamental prineiples of electrochemical measurements, as
well as final cont rol elements for automatic control systems,
are outl ined. Minneapolis-Honeywell Regulato r Co. 20

pH Control. New 12-page catalog ent itled "Precise pH
Control and Water Tests" describes company's glass color
standa rds, pocket and sta ndard comparators, testers, re­
placement parts, and accessories . Hellige Inc. 21

Laboratory Equipment. Spring issue of Genco News Ghats
describes laboratory trip scales, rain gages, cent r ifuges, tem­
perature recorders, opt ical cells, sodium are, immersion oils,
and other apparatus. Centra l Scient ific Co. 22

Resins for Adhesives. An IS-page booklet evaluates resins
for use in rubber, cellulosic, and water-soluble adhesives.
Properties are given for 17 resins. Acid number, bulking
value, index of refraction, specific gravity, viscosity, and other
properti es are listed. Hercules Powder Co. 23

Analytical Balances. An 8-page pamphlet illustrat es and
describes analytical balances, Westphal specific gravity bal­
ance, and pan balances man ufactured by Reyers and Zoon.
Livingston Commercial Corp. 24

New Products. Publication gives details on helium and
hydrogen liquefiers, oxygen plan ts, helium refrigerators,
liquid oxygen pumps, low pressure gas holders, air coolers,
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and research electromagnets . Company's engineering, re­
search, and development services are discussed. Arthur D.
Little, Inc . 2S

Infrared M icrospect rometer. Spring issue of Instrument
News features art icles on infrared microspectrometer and
new transverse panoramic camera. Perki n-Elmer Corp. 26

Hexachlorophene. Compreh ensive bibliograph y on hexa­
chlorophene contains abstracts of 51 scientific all(~ .trac.le
art icles and 19 pat ents. Compound is used as a germicide 1II

soap and syn thetic dete rgents . Sinda r Corp. 27

Respirator. A 2-page bullet in CR-~6 describes redesig~ed

respirator featuring a new type of nuneral wool filter which
requires less than half the filter area and offers only half the
breathin g resistance of previous models havin g th e same
dust- collect ing efficiency . The cushion-type face piece is
soft and pliable and assures a gas-tight seal for a wide range
of facial contours. Mine Safety Applian ces Co. 28

Photochlorinations. An 8-page illustrated booklet pro­
vides informat ion on photochlorinati ons and a proposed
syste m for continuous-flow operation. Hanovia Chemical
and Manu facturing Co. 29

Optical Parts. Lenses, prisms, reflectors, and miscellaneous
optical parts are discussed in l fi-page brochure . Crys ta l
quartz lenses and condensers, as well as lenses, prisms, and
plates of fused quartz, are described. Bausch & Lomb
Optical Co. 30

Research Laboratory. The labora tory of the Aluminum
Co. of America at Eas t St. Louis, Ill., is described in l -l-page
illustrated booklet, which also discusses the products th at
Aluminu m Ore Co. provides for indu stry. Aluminum Co.
of America. 31

Instrumentation. A nontechnical account of the role of
instru mentation in everyday life is provided in l2-p age
pamphl et . Aviation, past euri zati on, fire contro l, communi­
cation, and atomic energy are briefly covered. Weston
Electr ical Instrument Corp. 32

Chart Recorder. A -l-page bullet in explains how up to six
permanent records of indust rial processes may be obtained
on a single st rip chart recorder. The accuracy of the de­
flection-type measuring circuit and the simple chart-printing
mechanism are described. An open view of th e instrument
illust ra tes the arrangement of the basic recorder assemblies.
Wheelco Instrument s Co. 33

Metallograph. Well-illustrated 20-page booklet covers the
operatio nof the Balphot meta llograph. The photographic unit,
motor-driven carbon are, ribb on filament , zirconium oxide
concentrated arc, visual light source, filters, and Magna­
Viewer are discussed. Bausch & Lomb Optical Co. 34

Viscosity Measurement. New brochure describes inst ru­
ments that provide an instanta neous meth od of measurin g
viscosity. Featured are the single-float, two-float , auto­
sampling, eylindro-plunger, close-coupled, and remote­
recording inst ruments. F ischer and Porter Co. 3S

Shock Resistance. The basic concept s involved in design­
ing for shock resistance are explained in comprehensive bulle­
t in. The influence of weight , energy storage, st ress concen­
tr ati on, and residual compressive stress is discussed, and in­
formation is given on means of preventing functional diffi­
cult ies caused by shock. The Barry Corp . 36

Plastic Tubing. Pamp hlet provides information on Alanol
plastic tu bing th at is said to have a flex life 14 to 16 t imes
that of rubb er and may be used within a temperature range
of -30 0 to + 190 0 F . Th e tubing, avai lable in sizes ran ging
from 0.12- to l.O-inch inside diameter, is clear, nontoxic, and
will withstand steam sterilization. Couse and Bolten Co. 37
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24142 Spectrophotometer - Quartz, Model DU
(Beckman No. 2400)

IMMEDIATE DELIVERY . . . The Beckma n Quartz
Sp ect rophotometer is a precisio n instrument w ithin
reach o f the average laboratory, eq ually suited for
rout ine analysis or exacting research. The w ave­
length scale is o ne meter long. Full accuracy guaran­
teed from 22 0 mi llimicrons in the ultra-viol et region,
thro ugh the entire visible range and in the red-infrared
to 1000 mi llim icro ns. It is eq uipped wi th two photo­
tubes, one having maxim um sensitivity in the red ­
infrared regio n and the oth er havinS,maximu msensitivity
in the blue-ultraviol et region . Waveleng th settings

33A

are reproducible to 0 .05 millimi cro n in the ultravio let
and to 0 .5 millimicron in the infrared . M easurement s
may be mad e on gases, liq uids and so lids. The regular
ce ll compartment accommodates liquid or gas cells
w ith absorption paths of 10 mi llimeters or less. Four
standa rd 10-mm light path liqu id absorpt ion cells o f
Corex are regu larly supp lied in a four-p lace ce ll ho lder.
An Ultraviolet Accessory Set can be supplied for
measurements below 320 mi llimicrons.

Each $1200.00

24636 Spectrophotometer-Infrared, Beckman Model
IR-2S
PROMPT DELIVERY . . . For organic arid ino rganic analysis,
structu re and spa tia l re lation ship studies, react ion rates and
mechanisms, and id e ntification o f compone nts in mixtures. Basic
d esign is similar to that o f the popula r M odel DU Spectro ­
photome ter . Simp lified o perating features incl ud e: e limination
o f zero dr ift an d no n- linear ity through the use o f chopped
rad iatio n and an A C amp lifie r; d irect cal ibration o f the mon o­
chromator in wavele ng th uni ts to e limina te refer ence co nver sio n
char ts; cal ibratio n o f the rad iatio n measureme nt d ial d irectl y
in both perce nt transmittance and ebso rbsnc v units to avoi d
un necessary calcu latio ns; constructio n in se parate co mpa rt­
ments, per mitting rapid mod ificatio n or future modern izat io n;
d ual gas ce lls independently filled and positioned wi tho ut
removal from thei r compartme nt. M onochromator w ith sodium
chlo ride optics has d irect read ing w avelength scale 1.0 to 1 5
microns . Au to matic scanning and reco rd ing acc esso ries are
availab le . Wave leng th se ttings are re pr odu cible to better
than 0 .001 micron (in 10 micron reg io n) .

Each S4200 .00

24561 Spectrophotometer-Glass Prism, Model B
(Beckman No. 12000)
IMMEDIATE DELIVERY . . . This Beckman instrume nt offe rs
accu racy, speed and simp licity - at a lo w pr ice . It features
d irect read ing ab so rbance and tran smittan ce scales . .. high
resol utio n . . . high w ave leng th accu racy . . . red -sen sitive and
blu e-sen sitive p ho to tubes for w ave le ngth range 320-1 00 0
millimicr ons .. . inex pensive samp le ce lls . . . 4-positio n cell
ca rriage for faster readings . . . o pera tion d irect from 1 1 5 vo lt
50/60 cycle line . . . and many ot her impo rtant fea tures .

Each ' S695 .00

ALSO A V AILABLE - Beckman Model IR-2T Infrared
Spectrophotometer wi th sin gle-beam d irec t transmittancy re­
co rdi ng. Fo r full information on an y of the se mod e ls, write ,
wi re, ph on e or tel e typ e Dep t. AC-6, the W ILL o ffice-ware­
hou se nearest yo u.
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Order from your dealer or from us. Write for Bulletin HV.303.

PRECISE . . . Coleman Buffer s are accurate, because they are
always fresh . These dry tablets can't deter iorate and change
pH as liquids do . .. Certified Buffer Tablets are accurate to
0.02 pH at all times available from 2.00 pH to 11.80 pH
in steps of 0 .20 pH each tablet makes 100 ml of buffer.

CONVENIENT You can sto re a wid e range of Buffer tablets
in a small spa ce have fresh, accurate buffer always at hand.
ECONOMICAL Low initial cost , and freedom from spoilage
make Coleman Certified Buffer tablets the economical, depend­
oble way to use buffers.

For full details write for Bulletin AB-205

..ZIRCONARC"

Co m bines the concen­
tra ted lig ht of Western
Uni on arc bulb with our
fluori te co ated aplanatic
o ptica l system of hi¥hest
correct ion. Pract ically
harmless to living cul­
tures. Price $ 325.

Order from your dealer
or from us.

Write / or
Bulletin Z L- 32IS

PHOTOMICROGRAPHIC
LAMP

FALLING BALL PRINCIPLE

, . . .1

I.- ..'

T he falling tim e of the balI mult ipl ied
by ot he r ~iven facto rs shows abso lute
VISCO SUY In cen t rporses ,

HOEPPLER
VISCOSIMETER

T he Hoeppler Vis cosi meter pr o ­
vides a fast, accura te method of de­
termining the viscosity o f gases,
liqu ids, oils, plastics , syrups, visc ous
tars and dar k liquids. Fro m O°C
to 100 °C. Direct readin gs in cenri­
po ises (o r centistokes) . From 0.0 1
to 1,000,0 00 cen ti poises. Accuracy
to 0.1 % to 0.5 %. SmaII sample
(30cc) requ ir ed. Resul ts co nsis tent
and reproducible.

Jliscosit'l directly
in Centipoises ...

Designed to fill the growing need for
a precise, reliable and stable manual
polarographic instrument . . . will
measure all the fundamental charac­
teristics of a dropping mercury
electrode system (such as half -wave
potentials and diffus ion currents) in
absolute terms and with high preci­
sion . Such a calibra ted instrument
is of utmost import an ce in routine
work when complet e waves are not
obtained. It may also be used as an
accurate potentiometer wherever an
elect rometer is not necessary. ONLY
instrument with all these features:

• 25 tu m helical potent iometer ac­
cura te to O. I %, rea ding to one
mill ivolt with a span voltage of
2.5 v. - an d to double thi s value
at a span voltage of 5.0 v.

• Self-contained stan da rd cell and
standard resistors for calibrating.

• Low resistan ce galva nometer with
sensit ivity approximating 0.005
microamperes pe r millimeter.
Multiple shunt from I x to 300 x.
Scale length : 320 mm.
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FOR DETERMINING THE SURFACE TENSION OF
FLUIDS BY THE DROP METHOD

Combines operating simplicity with
variable sensitivit y and a very high
order of accuracy over a wide range
of concentrations. Features include :
Outstanding performance: requires
only 10.0 ml sample, detects down to
0.1 ppm (2x10-3· Meq jL.) of potas­
sium, even lower for sodium.
Precision Design: eliminates build-up
of salts and inside of burner surfa ce;
stainless steel atomizer needles pro­
vide uniform orifice for stable opera­
tion. Built-in air-pressure regulators
with indi cating gauges for positive
and accurate control,
Sloping Panel - easy to read: dur­
able all-met al case with gray hammer­
tone finish. 28" x 18" x 16" high .
Convenience of operation: all com­
ponen ts within easy reach . Atomizer
accessible for manipulation and
cleaning. Easily connected to air and
gas services.
Low maintenance: simple internal
DC circuit - only external connec­
tion requ ired is for galvanometer.
Wide application: in the fields of-

Agricultural chemistry
Chemical industry and education
Food technology & water treatment
Clinical and medical routine

testing and resear ch.

New York 16, N. Y.

Complete in Wooden Case $40,00
Single Tubes $10.00

The Hellige-Traube Stalagmometer is the most ac­
curate and convenient apparatus for determination of
surface tension by the drop method. The apparatus
consists of 3 accurately calibrated glass tubes, one for
small quantities of viscous fluids, the other two for small
and for large quantities of thin liquids.

WRITE
FOR

CATALOG
No. 1210

95 Madison Ave.

Mod . 402EF for determination of ViI. B, and B.

Also
Colorimeters Densitometers
Reflection Meters Smoke Meters
Glossmeters Vitamin A Meters

Continuous-Flow Colorimeters
Write for Literature Prompt Delivery

PHOTOVOLT CORP.

LUMETRON
Photoelectric COLORIMETER and FLUORESCENCE METER

A high precision instrument of unusual
flexibility for all tests involving ...

TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

INCOR.POR.ATED

3718 NORTHERN BLVD.. LONG ISLAND CITY t. N.V.

HELLIGE

HELUGE- TRAUBE

STALAGMOMETER
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. ~ 5~ ~,:7aM,lJ~/

( TEST· STUDY· CONTROL

VISCOSITY
As Simply, Quickly and Easily
as Taking Temperature Readings

Just a flick of a switch , then read the Brookfield dial,
and you have your viscosity determination in centi­
poi ses. The whole operation, includ ing cleaning up,
usually t ak es less than a minute.

Available in a variety of models suitable for ex­
trem ely accurate work with both N ewtonian and
non-Newtonian materials, Brookfield Viscometers are
portable and plug in any A.C. outlet - can be used in
Lab , Plant or both.

Write today for fully illustrated catalog showing
Brookfield Viscometers adaptable to any viscosity
problem from less than one to 32 ,000 ,000 centiPo~

BROOKFIELD COUNTER-ROTATING ~~I I' :1 9
MIXER - Tw o concentric, oppositely rota- , ' ,; ~<
tin g shaf ts, propeller equipped and driven by . ' ~:
two motors, produce an annular flow an d up .3 ~

to 48,000 scisso r-like cu ts/minu te. E nab le ex- I " ~ !~
ceptionally fast, effective and efficient labo- I

ratory mixing , Not a "stirrer." Wri te Cor 0;,...... >:.0
Brookfield MIXER brochure. 0 0 0

ENGlNHlING LAaOIATORJES, INC.

Z7Z ' Porlu Sl, Stourhlon, Mass.

, , EC 0 N'-O MY' ,

FORCED DRAFT OVEN
Thermostatically controlled from 35 °C to 200°C,

1°C differential.

SAVES

SPACE

AND

DRYING

TIME

No. 130 3

Check these Features for Economy and Value
Model No. 1303

• Polished Stain less Steel finish to prevent corrosion.
• Faster Drying due to forced circulation.
• Gr eater Uniformity of Temp erature .
• Save valuable table space.
• Heating elements operate at bla ck heat.
• Heavy duty 14 H.P. Blower motor insures continuous, smooth

operation .
Inter ior Size 14 " wide-II " deep-II Yz" high. Price $197.50.

SPECIAL EQUIPMENT FOR SPECIFIC PURPOSES
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LUMETRON Photoelectric Colorimeter MOD. 401
for accuracy, ease, and speed of operation
in colorimetric and turbidimetric analysis

Write for Bulletin #409 to

With built-in stabilizer of high efficiency

For use with tubes and precision cuvettes

With sliding tube carrier and sealed photocell

For operation from power line and battery

In rigid metal housing with Plexiglas cover

For Production Control

Analytical Laboratories

Educational Institutes

Price, complete with 6 color filters $158.-

95 Madison Ave.
PHOTOVOLT CORP.

New York 16, N. Y.
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!Vcuu.
1950

ANALYTICAL CHEMISTRY

•••••

•

177 reagents described. starting with
acetic acid and ending with zinc sulfate.

IMPORTANT properties and acceptable
limits of usual impurities given for each
reagent.

CONVENIENT space for your notes pro­
vided throughout the book.

APPROVED test method for each prop­
erty and impurity given in detail.

TOTAL page count of 416 includes 30
pages of introduction and other perti­
nent material.

Price of the book in cloth binding . . . . . $5.00 postpaid.

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

•

••••••••••••
~..••............................•.................••.••••.••..•••.•••..••....•.......••..••..........•..•.....•..•........

SEND ORDERS TO:

SPECIAL PUBLICATIONS DEPARTMENT
AMERICAN CHEMICAL SOCIETY

1155-16th Street, N.W., Washington 6, D.C.
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At any load 1 mg. cha nges th e
rest point a min imum of 2.5 di ­
visions in accord an ce with esta b­
lished practi ce.

H OWE VEII •• • Sensit ivity alone
does not determine quality in an
Ana lytical Balance.

THIS BALANl;E
IS SENSITIVE TO

Y20 m g.

I N A BALANCE
REPRODUCEABILITY Is QUALITY.

• Care fully designed and seaso ned beams

• Well engineered ar restm ent mechanisms

• Exact and kn owledgeable adjustment

THESE CREATE REPRODUCEABILITY

It is our keen awareness of th is quality fac­
tor which GUARANTEES th at Voland Balances
will meet Federal Requirements. as shown in
Voland published performance specificat ions,

mean

MODEL 640-D $415.00

W
Capacily:200gms. Serui ti. ily: 0.05 mg.on eech pan

HAT
does
this

32 RELYE A PLACE. NEW ROCHELLE, N. Y.

See your Laborotorv
ApporatUll Dealer for

Details.

••

Here's a complete line of

laboratory heating equipment

. . . designed and built to fit

the exacting standards of

accuracy needed in precise

laboratory work. Accuracy,

rugged construction and de ­

pendability are built into all

Lindberg equipment - from

giant industrial furnaces to the

small hot plates for lab use.

Write for complete details on

specifications, sizes and appli­

cations of individua l units iR the

Lindberg laboratory Line.

2440 West Hubbard Street
Chicago 12, Illinois

High Frequency
Carbon Determino'o,

G-IO

rugged .
accurate .
dependable.
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precisely measure
gas pressures in

the MICRON RANGE

Even untbout knowing tbe composition of a gas you can
accurately measure its pressure in the 0-150 micron range by
using the Consolidated Model 23-105 Micromanometer.
Pressure changes of a fraction of a micron can now be
determined.

Using the Consolidated Micromanometer,gas composition
becomes unimportant. Pressure readings are entirely inde­
pendent of the fact that gas might be air, a condensable
vapor, or an unknown mixture. Because of this, special
calibration charts for each gas are eliminated.

Model 23-105 is ideal for measuring static pressures in
high vacuum stills and crystallizers; or for measuring the
pressure of gases of unknown or variable composition. The
instrument is furn ished as a complete unit readv for installa­
tion in any vacuum system.

Consolidated Model 23-105

MICROMANOMETER
Writ e for your free
copy of this inlormatire
booklet. A sk for
Bulletin CEC-1819·X IO

CONSOLIDATED ENGINEERING
Corporation

Analytical Instruments • for Sci ence and l ndustry
300 N o. Sierra Madre V illa ~ Pasadena 8, Calijorni«

ANALYTICAL CHEMISTRY

FOR EXACTING
TECHNICAL APPLICATIONS
VITREOSIL* (vitreous silica)

tubing possesses many

characteristics you seek. A

few of its properties are:

Chemical and catalytic

inertness. Usefulness up to

1000 °'( and under ex­

treme thermal shock.

Homogeneity and free ­

dom from metallic impuri­

ties. Unusual electrical

resistivity. Best ultra-violet

transmission (in transmis­

sion quality).

VITREOSIL tubing avail­

able promptly from

stock in four qualities.

TRANSPARENT· SAND SURFACE
GLAZED· SATIN SURFACE
Stock sizes transparent up to
32 mm. bore, opaque to 4V2"
bore. Available for prompt
shipment. Larger diameters
can be supplied on special
order.

(an be had in all nor­
mal lengths.

Send for Bulletin
No.9 for specifica­
tions and prices.

THE THERMAL SYNDICATE, LTD.
12 East 46th St.,New York 17, N.Y.
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As Simply, Quickly and Easily
as Taking Temperature Readings

FARRAND
PHOTOE LECTRIC

• • • fI statenwnt re /Je u t cdly s u b ­
.",t tl n t in t e d by Scien t is t.s w h o se
lI a l ll- e S u-il l g la d ly b e fU Tllisl.ed
on r Cf/u e s '.o

PRECISION OPTICS, ELECTRONIC
AND SCIENTIFIC INSTRUMENTS

FARRAND OPTICAL CO., Inc.
BRONX BLVQ. and EAST· 238th STREET' NEW YORK 70, N. Y.

"an infinitely dependab le instrument"

Provides stability and linear respo nse over a wide range
of sens itivities for measurement s of extremely low con­
centra tions in Micro or Macro volumes of solution .

Suitabl e for all fluorometr ic methods of analy sis : Thiamin,
Riboflavin, Estrone, Estradiol, Folic Acid , Benzopyrene,
Atabrine, Porphyrins , Chlorophyll, drugs, oils, metal
complexes, organic and inorganic compounds, etc .

BULLETIN #803 ON
REQUEST

$ga ~,.rdrn,lJ~/-

If you would like to see how the
Broo kfield Viscometer wor ks, we will be
happy to a rra nge a d emon stra tio n in your
community. All yo u have to do is se nd us
a postca rd say ing you ar e int erest ed.

LABORATORY SUPPLIES, Inc.
81 Reade Street· New York 7, N. Y.

J ust a flick of a switch , then read the Brookfield dial ,
and you ha ve your viscosity det ermin ati on in centi­
poises. T he whole operat ion , in cluding cleaning up,
us ually takes less tha n a minute.

Available in a variety of m od els suitable for ex­
tremely accurate work with bo th N ewton ian a nd
non-Newtonian m a terials , Brookfield Viscometers are
portable and plug in any A.C. outlet - can be used in
Lab , Plant or both. .

W rite to day for fully illustra ted catalog showing
Brookfield Viscometers adaptable to any viscosity
pro bl em from less than one to 32 ,000,000 centipoises.

A DEMONSTRATION WI LL PROVE
ITS VALUE IN YOUR OPERATION

PALO
formerly Palo~M"en, Inc .

• TEST· STUDY· CONTROL

- VISCOSITY

KLETT
OF FINE

MADE
BY

MANUFACTURING CO.
177 EAST 87TH STREET
NEW YO R K .•... N. Y.

GLASS ABSORPTION CELLS
QUALITY

Complete Electrophoresis Apparatus
SCIENTIFIC APPARATUS

Klett-Summerson Photoelectric Colorimeters ­
Colorimeters - Nephelometers - Fluorimeters- .

Sio-Colorimeters - Comparators - Glass Stand- KLETT
ards - Glass Cells - Klett Reagents
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Kansas City, Mo.

12 capacity d ige stion and dis­
tillation unit with 3 heat con­
trol and the rmo-water control
for distilla tion. One of many
sizes and model s ava ilable .

CHEMICAL AND ENGINEERING NEWS

Send for rate schedule and a copy of "Here's
Help."

LOOKING FOR A
POSITION?

Executives Chemists .•• Chemical Engineers •••
Managers Teachers • • . Sales . .• Research

"La bconco" Kieldahl apparatus has a lot of exclusive
features for safety, speed and durability. The com­
pleteness of the eledrical equipment is an example of
this "built-in" high quality. Constant improvement in
design, and the constant addition of extra features
have made "La bconco" Kjeldahl the leader in this field .

1 and 2-Branch circuit panels with front removed.
New" push-matics" provide automatic tripping under
overload or short circuit. A flip of the finger resets
them. This new safety feature
is another Labconco "first!"

WHAT'S "UNDER THE COVER"
OF "LABCONCO" KJELDAHL?

Employment Information

332 West 42nd St. New York 18, N. Y.

Largest circulation of all magazines in the field;
broadest industrial coverage-the weekly news­
magazine of the chemical world--and with low
cost for your announcements.

An effective way to contact prospective em­
ployers in the chemical process industries is open
to you through the "Employment Information"
columns of CHEMICAL AND ENGINEERING NEWS.

3-Magnetic contactor, operated
from digestion timer (51. Just set
the timer and go about your
work-your digestions automati­
co lIycut off at the proper moment!

4-Magneticcontactor, operated
from pushbutton station (61. Just
push a button-off goes all cur­
rent to your distillat ion appara­
tus. Another "La bconco" safety
feature! Write today-to the
Kjeldahl people-for pictures ,
prices, users ond complete details!

LAB 0 RAT 0 RY CON STRUCTI 0I Co.
1115 Holmes St.

• EASY TO GRIP
• HARDNESS OF 9

(Moh's Scale)

.COMPLETELY
VITRIFIEDAND
NON-POROUS

• POLISHED
GRINDING

SURFACES

Available in a
variety of sizes.

.A New Vesign
by COORS

MADE OF
A LUMINUM OXIDE

CROSS SECTION : Sh~ing rubb er

ring inset in base . . .

The e xclusiv e Non-Skid Fe ature

which prevents slipping and

olso prevents morring of furniture tops
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Now available in new, light weight safety frames and also
in clip-on style.

PARR Glassblower's Goggles have special didymium filtering
lenses which absorb only the objectionable yellow glare
always present in glassworking operations. With these gog­
gills, the wearer can clea rly see the flame and the distinct
outline of incandescent glass, unobscured by the yellow
sodium glare. Case included with each pai r.

Ask your PARR Dealer, or write the
facto ry for full information.
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PHOTOVOLT Line-Operated

Electronic pH METER

A truly universal precision instrument
o for accurate pH read inss in laboratory and factory use
o for operation with any types and deslsns 01 electrodes
• for pH tests, titration, and oxidation-reduction potentials
o with 7" scale Irom pH 0 to 14, without rove"al or switchins
o lully stabilil ed , for AC line s 90-275 volts 50-60 cycles
• for continuous operation, also adaptable for recording
o available with protective wooden housins for portability
o IUlnished with shielded sla .. eleclrode, also available with

shielded compartment for unshielded miclo-electrodes

Hermetically sealed amplifier for reliable service in humid atmospheres.
M inimum grid current for accurate measurement of non-aqueous sampl es.

W,ite '0' Bulletin n 10 to

PHOTOVOLT CORP.
95 Madison Avenue New York 16, N. Y.

EBERBACH --I NSTRU-tlOUNT
vibration damping instrument-mount

This non-magnetic base is designed for supporting delicate
mechanical, optical or electrical instruments. It absorbs
frequencies as low as 10 cycles per second; for optimum
vibration damping load should be 20 to 10 pounds. This
non-ferrous reinforced concrete platform with black wrinkle
finish is mounted on 4 Lord multi ple shock absorbers . It
weighs 50 pounds and measures 22/1 by 12/1 by 37.l/l high .
A threaded insert in rear center of the platform holds a
support rod. No. 78-902 Instru-Mount is $32.50. No.
78-903 aluminum support rod 18" long is $1.25.

~~ CORPO'RATION
Ann ABBOB,mICH.. .., .............
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•No. 900-3

•

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.

•

===KLETT SCIENTIFIC PRODUCTS===;l

Klett . . . .
Photometers~

Ktett-g~

THE UL ADAPTER FOR THE LV
MODELS OF THE BROOKFIELD
VISCOMETER

A SPECIAL ATTACHMENT THAT
MAKES POSSIBLE EXTREMELY
PRECISE MEASUREMENTS IN
ULTRA-LOW VISCOSITY RANGES

THE UL ADAPTER CONSISTS ES­
SENTIALLY OF A CYLINDRICAL
SPINDLE MOUNTED SYMMETRI­
CALLY WITHIN A CONCENTRIC
TUBE. WHEN ATTACHED TO LV
MODELS OF THE BROOKFIELD VIS­
COMETER VISCOSITIES WITHIN
THE RANGE OF 0 TO 10 CENTI­
POISES , REPRODUCIBILITY
WITHIN .02 CENTIPOISES IS OB­
TAINABLE.

VISCOSITY READINGS
IN THE RANGE OF
0-10 CENTIPOISES.

NOW

WRITE PHONE SHERWOOD 2-1123

FOR ADDITIONAL INFORMATION.

ELECTROPHORESIS APPARATUS. BIO -COLORIMETERS
GLASS ABSORPTION CELLS. COLORIMETER NEPHELOM­
ETERS • GLASS STANDARDS. KLETT REAGENTS

•

K lett Manufacturing Co.
179 EAST 87 T H ST R EE T, NEW YO R K, N. Y.
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•
In Order to Serve You )Iore Efficiently-
we have now consolidated our manufacturing plant, labora­

tories, sales and executive offices, in one la rge, modern, build­
ing at

KEENE, NEW HAMPSHIRE
•

where all correspondence, orders, shipments will be handled.

The selection of this location was due mainly to the ample supply of ve ry pure water for treating

and processing our analytical Alter papers, to the dustfree atmosphere and the clean, reliable
New England labor.

We hope that we shall have the pleasure of serving you from Keene and assure you of our best

attention to your individual requirements.

CARL SCHLEICHER & SCHUELL CO.
Analytical Filte r Papers of High Q ua lity-Industrial Filter Papers to Meet All Requ irements of Plant
Proces sing Work-Specia l Papers for Use in Biological Procedures-Ultra Filte rs fo r the Filtration
of Collo ids, Albume n, Bacteria , Virus-Specia l Membranes for Dialys is, Os mosis and Osmotic
Measurements in Molecula r Weight Determinations.

KEENE, NEW HAMPSHIRE

"SGA" AUTOMATIC BURETTES
.,(/ tu/J,H. 01 the d-iopc.oc/z JeUu.eM­
~ ri-HUUUf-t 01~J l«jud!

Only when in ac t ua l use does a solut ion eve r rem ain in an SG A Auto­
matic Bu rette. I t a lways returns by gravity to th e reser voir bottle ;
thus, never becom es contamina ted.

SGA bu rrettes are prec ision grad ua ted-gua ra nteed within tol erances
set by the National Bureau of Standa rds. M ad e of " Pyrex" brand glass ,
th ey' re convenient to use .. . s imple to ope ra te .

Illu strated ar e two typ es-J-715 for ac ids, J -740 for alka li so lut ions .
They differ on ly in th at J -HO is eq uipped with dryin g tubes at eac h open-
ing to t he air. Ask for complete informati on .

Burelle Graduated Bottle J-715 J-740
C a p a ci t y I n t e r vals C a p aci t y ~ Co m p lete Complete

2 ml. 0.02 mI. 1000 m I. 24 /40 $17.55 $19.15
5 " 0.05 " 1000 " 24 /40 17.55 19.15

10 " 0.05 " 1000 " 24 /40 17.55 19.15
25 " 0.1 " 1000 " 24 /l0 18.55 20.30
50 " 0.1 2000 " 29 /42 20.65 22 .60

100 " 0.2 ,. 4000 " 29 /l2 27.55 29.80

Available in amberized finish at slight extra cost; also in micro capacities.

J-715
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Certified Buffer Solution
for your pH Meter ... at

$1.88 per liter!
Each Coleman Certified Buffer Tablet
makes 100 ml of FRESH liquid buffer
solution . . . for calibration of ANY
pH meter!
Tablets keep indefinitely. Order a
few vials . .. any pH value from 2.00
pH to 11.80 pH, in !!teps of 0.20 pH­
specify Cat. No. AN12.
Per Vial of 12 tablets $2.50
Per Box 6 Vials (same pH) $13.50

AN INVITATION
to Invest in the future. This Directory will
offer you the high est return on your expend i­
tures. lnvestlsete now, by w riting to:

REINHOLD PUBLISHING CORP.
330 W. 42nd St., N. Y. 18

HYDRION
pH

TEST PAPERS
Set H-2Q--AII-purpose Set-provides an
assortment of 22 test papers; in plastic
dispensers; Range pH 0.0 to pH 14.0

The

pH

Set

Every

Chemist

Needs

Set H-20. complete $20.00
Detailed leaflet AC on request

R. P. CARGILLE

(_~~~rty~~ __~~~~~~~~

VABNITON PLASTIC PAINT
Resistant to nearly all inorganic concentrated
acids, alkalis, and salt sclutlons, Non-Flam­
mable - Requires no primer. Shipped via
Parcel Post. Write lor literature.

7 PI. can black $7.85

~ ~~. b,~s~r~k~ner $7 : ~~
f.a.b. Burbank, Calif .
VARNITON CO.

416 N. Varney 51. Burbank, Calif.

LABORATORY SERVICES
• Vitamin assays
• Mineral determinations including

fluorine and other trace elements of
nutritional importance

• Evaluation of unknown comrounds
for insecticidal, fungicida, and
bactericidal properties

• Phenol coefficient determinations
• Food bacteriology
• Fat and oil constants
• Spectrophotometric analyses

Write lor details
WISCONSIN ALUMNI

RESEARCH FOUNDATION
P.O. Box 2059 Madison 1, Wisconsin

LABORATORY

SUPPLY CENTER

• tulvertising rates

Maximum space - 4' per Directory

per publication issue

Inche s u sed Rate
within one per

year inch

96 $8.25

48 8 .50

24 8 .75

12 9.00

10.00

Total Directory inches per vear ale based on Direc­

tory space used in all ACS publications.

Agency commission: 15 %. Cash discount,
2% -10 days, net 30 days.

ANALYTICAL CHEMISTRY
Advertising Department

332 W. 42nd St., New York 18, N. Y.

ANALYTICAL CHEMISTRY

THE NEW ARISTOCRAT

CENTRIFUGE'h. Outstanding Achievement
in a """oratory Centrifuge

One of the most compact centrifuge1
ever designed-bowl, motor, rheostat,
tachometer and timer are ENCLOSED
in handsome floor model cabinet. All
eennels and indicators mounted on a
single recessed panel in front. It's mod.
erate price and economical maintenance
make it the outstanding value of them all

Available in 2 sizes
Write Dept. A for illustrated folder

PHI LLIPS·D RUCKER
ST. LOUIS, MO.

Want more basic facts on

the Process Industries

and the magazines which

serve the field most effec-

t ivel y P Send for our

Data Sheet file, It will

giveyou all pertinentdata

on markets, circulation,

rates, readership, etc.

Write to: Promotion De-

partment , Reinhold

Publishing Corporation,

330 West 42nd Street,

New York 18, N. Y..
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Their mechanical accuracy gives
you a laboratory tool with very high ratios
of capacity to sensitivity, and capacity
to overall accuracy.

Gravimetric methods are fundamental

SPECIFY AINSWORTH

Balances and Weights
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All laboratory equipment in the new

S. C. Johnson & Son, Inc.

Research and Development Tower

was furnished by

One section of Harrrll torr-equtpped Research Tower at Johnson Wax plant, Racine, Wisconsin

For work·designed laboratory it's H..a.m.i.l.t:.o-, of ceurse!

Two R vers, W sconsin



How to get best results with Glass Volumetric
Apparatus ...describedin tills new lJoox

A s a service to scicu tilic au d clinical labo­
ra tories, Kimble C lass after months of
developuieu t and res earch has p rep ared a
new and iuform at ive book, " T he Care am i
H an dl ing of Class Volumetr ic Ap para tus ."

Sonic of th e subjects of vital in te rest to

laborator ies are : a shor t histo ry and ex­
planation of the me tr ic sys tem ~f weights
and measures ; how to clean apparatus;
how to read the meniscus; ho w to fill and
emp ty flasks, cylinders, bur ettes, pipettes ;
C\ r<l\·ime tric ca libra tion; ca lcu la tio n of

volume of a glass vesse l fro m ap paren t
weight o f liquid; volum etric calibra tion .

If you will mail the coupou below,
Kimble will be happy to se ud yo u, without
cos t or obliga tion, your co py of th is in ­
form at ive book.

r---------------------------------------~l Kimble Class, Division of Oweus-fllinois Glass Company I
I Toledo I , Ohio I
I !:leasc send Ill Y copy (~r the .1l ~W Kimble b()()~ , I
I . Th e Care and Handling of Class Volumctnc Appara tus." I

I Name I
I I
I Address I
I I
I City State [

KIMBLE D~~O~~~, "':;~ ~~,~:~;,~ ,~;:, :,~ • !
~---------------------------------------~



Monochromatic light is becoming increas­

ingly important in research and quality con­
trol studies. Uses include spectrophotometry,
microscope i llum i nario n and direct irradia­

tion studies. Food industry uses monochro­

matic light advantageously in bacteria studies

.. . petroleum industry (or oi l sand studies.
To meet the increasing demand for an illu­

minator that will deliver a beam of high in­

tensity monochromatic light, Bausch & Lomb
announces the new Grating Monochromator,

with these important advantages:

• Linear dispersion

• Large relative apert ure

• Ext ra-wid e range (2 ,OOOA to lO ,OOOA,

with a peak intensity in the low U·V)

• Low cost

WRITE for complete i~formation and a dem ­

onstration to Bausch & Lomb Optical Co.,

609-6 St. Paul St., Rochester 2 , N . Y.

WBa sch & Lomb V~Monochromator


	Analytical Chemistry June 1951 Vol.23 No.6
	Contents
	Academic Trends in Analytical Chemistry
	Analysis by Electromigration plus Chromatography
	Techniques and Reagents for Paper Chromatography
	Analogous Nitro and Nitroso Compounds
	Mass Spectrometry of Heavy Hydrocarbons
	Particle Size Determination by Centrifugal Pipet Sedimentation
	Particle-Size determination in Radioactive Aerosols by Radioautopgraph
	Infared Spectra of Phosphorus Compounds
	Titration of Dissolved Oxygen Using Acid-Chromous Reagent
	Colorimetric Estimation of Various Metal Derivatives of Sodium Diethyldithiocarbamate
	Spectrophotometric Determination of Nickel in Steel
	Spectrophotometric Determination of Nickel in Aluminum Alloys
	Simple Methylol determination
	Colorimetric Determination of Rosin and Rosin Esters
	Determination of Alpha- and Beta-Lactose in Dry Products of Milk from Rates of Crystallization
	Potentiometric Analytical Methods for Hydrazino Compounds
	Separating Asphalt into its Chemical Constituents
	Analysis of Mercuric Ion-Anion Mixtures
	Ultraviolet Spectrophotometric Determination of Vanadium
	Determination of Pentoses
	Microscopic Analysis of Benzene Hexachloride
	Microdetermination of Carbon and Hydrogen
	Microdetermination of Arsenic and Its Application to Biological Material
	Microdetermination of Fluorine in Solid Halocarbons
	NOTES ON ANALYTICAL PROCEDURES
	Determination of small Amounts of Ammonia in the Presence of Hydrazine
	Spectrophotometric Determination of Dihydrostreptomycin
	Quantitive Test for Nornicotine
	Determination of Formal Oxidation Potentials of ferric-ferrous and Dichromate-Chromic Systems
	Ultramicronitrometer for Use in Determination of Nitrogen in Mineral Oil
	Modified Vacuum Fusion Apparatus for Determination of Oxygen, Hydrogen, and Nitrogen in Certain metals
	Improved Procedure for Extraction of DDT in Milk
	Separation of Iron(III) from Aluminium
	CRYSTALLOGRAPHIC DATA
	Chrysene
	AIDS FOR THE ANALYST
	INSTRUMENTATION

