


















ANALYTICAL
CHEMIS'TRY

Volume 27-1955

Pu~lishedby the

AMERICAN CHEMICAL SOCIETY
1155 Sixteenth Street, N.W., Washington 6, D. C.

Director of Publicat.ions, Applied Journals, ACS

C. B. Larrabee

Editorial Director, Applied Journals, ACS'

Walter J. Murphy

Executive Editor: James M. Crowe

Science Editor

Lawrence. T. Hallett

Robert G. Gibbs
Stella Anderson
G. Gladys Gordon

Associate Editors

Procluction Manager

Joseph H. Kuney

Ber, ~.a Reynolds
Charlotte C. Sayre
Ruth Cornette

Assistant Editor: Katherine I. Biggs

Editorial Assistants
Betty V. Kieffer
Sue Jones
Ruth C. Laubach
Veronica O'Keefe
Fern S. Jackson

Ruth. M. Howorth
Lois J. Bennett
Marion Wilburn
Joyce A. Richards
Marjorie W'-Rynders

H. F. Beeghly

G. E. Boyd

A. a. Butler

Harvey Diehl

N. H. Furman

Contributing Editor: Ralph H. Muller

Advisory Board

W. W. Hilty

D.N. Hume

Robert Kunin

S; S. Kurtz, Jr.
H. A. Liebhafsky

J. J. Lingane

O. D. Shreve

V. A. Stenger

P. W. West

J. H. Yoe

Sheets of errata for 1955, arranged so that they may be clipped out and pasted over the i'ncorrect material, are available
without charge from the Reprint Department, American Chemical Society, 1155 Sixteenth St., N.W., Washington 6, D. C.



AMALYIICAL CHEMI·SIRY
'ALTER J. MURPHY, Editor

The Analyst and IUPAC
THE trite sayinb "science is international and knows

no geographial boundaries," has been employed
so frequently we lesitate to use it again in comment on
the Internationallnion of Pure and Applied Chemistry.

How better can~he universality of science, including
chemistry, be desribed than by tnese words? The
analyst has a numer of very special reasons for being
vitally interested h the welfare of the union. Much
of what we do rejuires a high degree of exactness,
perhaps more than nost other branches of chemistry or
physics. This is jus another way 01 saying that precise
measurement is the hief objective of original analytical
research. Indeed, inall areas it is ~portant that we as
analysts continue todevelop intenational understand­
ing and agreement.t is importarl. to further advances
in pure science as wel as in intenational trade.

In traveling abou the country and talking with
chemists and chemica engineer1)' we find an abysmal
ignorance on the partof many IJlembers of the pr,ofes­
sion concerning the "\\wk and cbjectives of the union
and its frequent confeences, depite the fact that the
largest union conferece ever ield took place in the
United States in 1951 following the Diamond Jubilee
Meeting of the AMERIO.N CHF;\fICAL SOCIETY.

We strongly suspect the cHef reason for this con­
d~tion is the union's 1;ck oHunds, which makes it
extremely difficult to pbliciie properly its activities
here and abroad. To renedy this situation, IUPAC is
endeavoring to raise, though voluntary contributions,
the sum of $30,000 a yea- tomake possible the employ­
ment of a full-time paid :ecjetariat in Paris. American
chemists are being askedtoraise $5000 of this sum-a

.modest figure when we c)!Sider the total membership
of the chemical professiorin this country.

The National Researc) Council is, of course, the
official U. S. contact witIIUPAC, not the AMERICAN
CHEMICAL SOCIETY. NRJ suggests the desirability of
small contributions ($5.0011' more) from a large number
of chemists and chemicl engineers. Contributions
may be sent to IUPAC Fnd, U. S. National Commit­
tee of IUPAC, Divisionof Chemistry and Chemical
Technology, National Rsearch Council, Washington
25, D. C. ContributioJli t~ date, so we are inform~d,
have been most encoura,tin~, but the goal of $5000 for
this year can be reachedon1y' if more chemists are will­
ing to back their belief h thdnternationalism of science
with a modest sum of n'one).

American analysts siouldbe aware of the fact that

1

the Analytical Section of IUPAC is one of the most
active, perhaps the most active group in the union.
r. :\1. Kolthoff of the University of Minnesota and, as
everyone knows, intensely interested for years in
building up closer liaison between the analysts here and
abroad, is president' of the Section on Analytical Chem­
istry. Through his personal efforts, along with the
work of other internationally minded analysts in
various parts of the world, the program of the section
has been revitalized and promises to bring to fruition
many projects which have lain fallow for too manyyears.

The 18th conference of the union will be held in
Zurich, July 20 to 28, 1955, together with the 14th In­
ternational Congress of Pure and Applied Chemistry,
which will feature organic chemistry. Our readers will
recall that at the congress in New York in 1951, it was
decided to discontinue congresses covering the broad
spectrum of pure and applied chemistry and to devote
each congress (to be held every two years instead of
every four) to some one or twO' fields of specialization.

The reason advanced for this decision was the dif­
ficulty of finding adequate housing in- many European
countries desirous of acting as hosts to IUPACand con­
gresses. We were not in accord with that decision then.
We still believe' that by proper advance planning,
housing difficulties could be solved.

However, this is neither the time nor the place to ad­
vance the pros and cons of the two meeting approaches.

.Kolthoff is also chairman-elect of the ACS Division of
Analytical Chemistry and he is, therefore, in a peculiarly
advantageous position to explore the possibility of
staging, within the next couple of years, alarge congress
of analytical chemistry in the United States.

Gazing into the crystal ball for a moment-we sug­
gest that analysts seriously investigate the possibility of
such cooperative action that would assure the success of
an international meeting in the U. S. in 1956, 1957, or
1958. For one year it should be possible to make the
annual Louisiana State University Analytical Sym­
posium, the annual Summer Analytical Symposium of
the Division of Analytical Chemistry, and the annual
Pittsburgh Analytical Symposium, sponsored by the·
Pittsburgh Section of the ACS, all part of a huge inter­
national meeting.

How better could analysts focus further attention on
the present stature of the field in this country than by
staging such an' impressive event? Much planning,
much hard work would be needed, but th\..many and
varied tangible and intangible benefits to lle derived
should constitute powerful stimuli.



Infrared Absorption of the Aldehydic C-H Group
SHRAGA PINCHAS

Weizmann Institute .fScience, Rehovoth,/srael

Koeppl (21) regarding the 1;390 em. -1 Ramm band (which ap­
pears in the Raman speetm of all the aldehyres) and is therefore
adopted here rather than that of Morris} The polarity of
this bond is probably responsible for the intelsity of this band.

The assignment of the 27l0-cm. -1 ban1 rather than the
2800-cm. -1 band [which appears in the casi of other aldehydes
at about 2820 cm. -i-e.g., Pozefsky and Cfggeshall (28)] as the
fundamental (0=) C-H stre.tching frequClcy, is supported by
the fact that its i~tensity, in the case of aiphatic aldehydes, is
usually higher than that of the already stong 2800-cm. -1 band
[see the curves of Pozefsky and Coggeshal (28) and Thompson
and Harris (30)]. '

The mean value of 2795 cm. -1 for the 0=) C-H stretching
frequencies in glyoxal (13) as well as th;' value of 2800 cm.- 1

for this stretching frequency in perfluordcetaldehyde (17) also
seems to show that the normal value of the::O=) C-H frequency
is much less than 2800 cm. -r, as an appeciable increase in this
frequency can be exp~ted in these al&hydes. This increase
would seem to be the reiult of the strong mgative inductive effect
of the other carbonyl troup or the fluO"ine atoms, which sup­
presses the polarization of the carbon)! group responsible for
the lower (O=)C-H stretching frequelcy in aldehydes.

Pozefsky and Coggesh~ll (28) observef these bands in a carbon
tetmchloride solution of acetaldehyde ,t 2724 and 2830 cm.-1

They also found similar bands in the folowing aldehydes:

These authors concluded therefore Lhat the characteristic al­
dehyde bands at about 2720rmd 2820 cn. -1 are due to a resonance
between the formyl C-H ,tretehinglevel and that of the first
overtone of the symmetrical eH, bendng vibration which appears
at 1380 cm. -1, assuming both levels b be responsible for original
frequencies at about 2780 cm.-1

They admit, however, thatbenzalrehyde, although devoid of a
methyl group, still shows these banG at the usual places. Tet­
rahydrofurfural (18), I-naphthaldelvde, 2-naphthaldehyde, and
salicylic aldehyde (16) all show this dmblet clearly, although none
of them contains a methyl group. ); seems, therefore, that these
bands must be assigned as abo1e-namely, the 2720-cm.-1

band to the aldehydic C-H str)tching and the 2820-cm.-1

band to the overtone of the aldlh}dic C-H bending vibration.
The bands observed in some caSiS at about 2780 cm. -1 seem to
be related to the 2778-cm. -1 bond found by Thompson and
Harris in acetaldehyde and ascrib'~l by them to a combination of
the symmetrical CH. bending freqlency at about 1355 cm. -1 and
the formyl C-H bending frequenv at about 1405 cm. -1 (Morris,
1414 cm. -1).

It is thus seen that apart fron special cases--e.g., formalde­
hyde (two aldehydic hydrogen atms) and glyoxal (a doubling of
the formyl group)-the aldehyd~ so far investigated in the
2800 to 2600-cm. -1 region appea to show their formyl C-H
stretching frequency in the narroli, range of 2700 to 2730 cm. -1

In the light of the assumed polar dlaracter of the formyl C-H
bond (32) however, drastic chaugei can still be expected in this
stretching frequency in the case a"aldehydes with substituted
groups which are known to p~sseiS a strong electronic effect.
It is significant that accordin~ toLinnett's calculations (23),
the value of the force constani of bis bond is, in units of 105

dynes per cm., 4.43 in formaliehycl\ and 4.37 in acetaldehyde
but 4.48 in chloral and 4.67 in }enzaUehyde [this value seems to

Various aldehydes, suhstituted henzaldehydes in par­
ticular, were D1easured 'n the 3000. to 2600-CIn. -1 re­
gion. The aldehydic C--H group usually ahsorhs at
about 2720 CIllo - 1, hut in the case of SOIlle orthosuhsti­
tuted henzaldehydes this hand rises considerahly.
This effect is tentatively attrihuted to a new kind of
hydrogen bonding involving the polar aldehydic hydro­
gen atOln. Other chara(:teristic hands in this region
were also ohserved and their origin is discussed. These
hands are of Illuch value in elucidating the structure
of suhstituted henzaldehydes.

ACCORDING to Linnett's calculations (23), the force con-
.A stants of the aldehydic C-H bonds in acetaldehyde and
formal~ehyde are appreciably lower than those of the C-H
bonds in both saturated and unsaturated hydrocarbons. This
fact is attributed to the strong polarity of the carbon atom
in the aldehydic group, which :is assumed to polarize the C-H
binding eleetrons, thereby increasing the ionic chamcter of this
bond and decreasing its strength (32). The chemical behavior
of aldehydes as compared with ketones also suggests that this

, bond'is somewhat weak . It'carrthereforebe' expected that all
. the infrared absorption bands due to the C-H stretching of the
O=C-H groups will be at a :lower frequency, relative to the
parallel C--H stretching bands of the corresponding olefinic
groups, C=G-H. Indeed, it was found that while theC-H band

~
of the C=CHR groups (R = alkyl) appears at about 3020 em.-1

(10), it appears at 2710 cm. -1 in tetrahydrofurfural (18). This
is in accord with the fact that while the symmetrical C-H
stretching band of the C=CH2 !,'TOUp is found at 2979 cm.-1

in propylene (10), it occurs at 27'80 cm. -1 in formaldehyde (26).
Similarly, this band appears in glyoxal (in the emission spectrum)
at 2757 cm. -1 (13). The C-H frequency of the R 1R.R.C-H
group is shown at 2890 cm:-1 (10) and that of a

R.

"0
RIR26--H

group at 2980 em. -1 (18).
Acetaldehyde also shows a strong fundamental absorption band

at a.bout 2710 em. -1 (25) [Thompson and Harris (30) report a
triplet at 2688, 2704, 2732 em. -1]. This band appears in the
Raman spectrum at 2732 cm. -1 (21). Although Morris (25)
attributed thill band arbitmrily to the symmetrical stretching
of the methyl group and the strong band at 2788 cm. -1 [Thomp­
son and Harris (30) give 2758,2778, 2800 cm. -1] to the aldehydic
C-H group, Thompson and Harris' assignment (30) of the 2710­
em. -1 1?and to a C-H stretching other than the symmetrical
one, due to the methyl group, is more likely. This C-H fre­
quency seems t\il belong to the stretching of the formyl C-H
bond, as can be judged by comparison with the band at about
2710 cm. -1 of tetrahydrofurfural and many other aldehydes and
the much higher frequency of even the symmetrical stretching
of the methy I group, especially in oxygenated hydrocarbons (28).
Thompson and Harris' other assignment or'the band at about
2800 cm. -'-1 to the first overtone of the formyl C-H bending
vibration appearing at 1405 cm. "1 (Morris 1414 cm. -1) also
seems to be correct. [This assignment of the 1405-cm. -1 band
is in accordance with the similar conclusion of Kohlrausch and

2

Propanal
Butanal
Isobutyric aldehyde
Isovaleric aldehyde
Heptanal

2718
2718

, 2712
2715
2716

2772
, ....

2783

2816
2818
2810
2820
2820.2863

2897
2882
2876
2878
2873
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have been calculated from the frequency of the Raman band
attributed by Linnett to the aldehydic C-H stretching. This
stretching is, however, at about the normal frequency (2720 em. -1)
in the infrared s;-Jectrum of benzaldehyde (16, 28)]. It seemed
desirable therefor ~ to study the aldehydic C-H frequency in
various substituted benzaldehydes. Such an investigation was
undertaken and the results obtained are summarized in Table
I, with data on some other aldehydes.

EXI'ERIMENTAL

Most of the measurements were carried out with a Perkin­
Elmer infrared spectrophotometer, Model 12C, equipped with a
rock salt prism. Some were made with a Beckman spectropho­
tometer, Model IR-2. The materials were mainly of commercial
origin. Most of them were of the Eastman Kodak White Label
grade. When this grade was not availabie, lower grades were
used, but only seldom was a special purification undertaken.

2-Methylbenzaldehyde (o-toluic aldehyde) was synthesized
according to Hass and Bender (15).

4-Cyanobenzaldehyde and 4-carbamidobenzaldehyde were
synthesized as described by Bergmann and Pinchas (5). The
synthesis of 2-ethoxy-l-naphthaldehyde is described in detail

"in the literature (9). .

DISCUSSION

Aliphatic Aldehydes. All the aldehydes investigated (Table
I) show the 271D-cm. -1 band in the narrow range of 2695 to 2720
em. -1, whatever is the length of the aliphatic chain and whether
it is branched in a position", or fJ relative to the formyl group
or not. All these aldehydes show the second characteristic
band in the region of 2810 to 2830 em. -1, although very often
only as a shoulder on the CH2 and CH3 bands at about 2900 em. -1

The band appearing sometimes at about 2580 em. -[ seems to be
related to that found in acetaldehyde at about 2550 em. -1 (30)

3

and is probably due to some combination or overtone vibration.
This may be the first overtone of the frequency of about 1300
em. -1 observed by Kohlrausch and Koeppl (21) in the Raman
spectra of many aliphatic aldehydes as well as by Thompson
and Harris (30) in the ipfrared spectrum of acetaldehyde (at
1295 em. -1) and by Barnes et al. (3) in the infrared spectra of
formaldehyde and methacrolein. This band was found in
isovaleric aldehyde at about 1305 em. -1 (. = 37) and in butanal
at about 1290 em. -1 (. = 11). The region of 1260 to 1310 cm.- 1

was also assigned by Colthup (7) to the absorption of aromatic
aldehydes and, indeed, various benzaldehydes show a strong
band in this region (3, p. 80). If it is further assumed that
this band at about ~300 em. -1 in aldehydes is due to the wagging
of the aldehydic hydrogen atom (while that at about 1400 cm.-[
is due to its rocking), then this band is analogous to that found at
1297 em. -1 for propylene, which was assigned by Wilson and
Wells (33) to the =CH wagging in this molecule. The various
benzaldehydes (including benzaldehyde itself) measured in this
region by Barnes et al. (3) all show two strong bands in this
region, at about 1300 and 1400 cm.-1

In the two instances in which an additional band appelj,fS at
about 2650 em. -1 (Nos. 3 and 4), an isopropyl gro.p is present
in the absorbing molecule. Attention is also drawn to the rise
in the intensity of the CH2 and CH3 bands as the molecular
weight of the aldehydes increases.

Benzaldehydes. A survey of the results for the benzaldehydes
shows immediately that these may be divided into two groups:
(1) the aldehydes that absorb at about 2730 em. -1 and'(2) those
that absorb at about. 27.60.cm.:-1 . The first. group includes. a
variety of aldehydes, different in their electronic structure one
from the other-e.g., p-dimethylaminobenzaldehyde (No. 20)
and terephthaldehyde (No. 19)-and still the frequency of about
2730 em. -1 remains almost the same for all the members of this
group, being only slightly higher than the usual aliphatic fre,.
quency of 2710 em. -1 The second group includes only ortho-

Table I. Infrared Absorption of Aldehydes in 3000- to 2600-Cnt.- 1 Region
(Cell thickness 2 mm. and solvent 1 mL of carbon tetrachloride unless otherwise stated. Corresponding molar

absorbancy index, in liter mole -1 em. -I, in parentheses after each frequency)

Weight,
No. l\-Iaterial G. Band Frequencies. em. -1

Aliphatic Aldehydes
1 Propionaldehyde 0.008 2710 (16.5) 2810 (16) 2900 (13) 2970 (13)
2 Butyraldehyde 0.008 2710 (20) 2820 (19) 2890 (24) 2960 (32)
3 Isobu tyric aldehyde 0.016 (2580) 2650 (12.5) 2710 (13) 2810" (16) 2890" (34) 2960 b
4 Isovaleric aldehyde 0.010 (2585") 2645" (17) 2705 (18) 2825" (24) 2890" (43) 2970 (56)
5 2-Ethylbutanal 0.008 (2580") 2625" (17) 2695 (24) 2810" (28) 2890" (55) 2980 (86)
6 Heptanal 0.009 2710 (16) 2820" (22) 2885 (54) 2970 (72)
7 2-Ethylhexanal 0.010 2710 (26) 2830 (32) 2900 (51) 2980 (73)

Substituted Benzaldehydes
8 Benzaldehyde 0.013 2670 (19) 2730 (26) 2820 (32)
9 2-Chloro- 0.014 2635 (6) 2760 (10) 2890 (21)

10 2-Methyl- 0.024e, d
26'50 (5)

2725
2760'(7) 2890 '(17)11 2-Nitro- 0.010 ...

12 2-Methoxy- 0.010 ... 2760 (8) 2860 (27) 2950 (20)
13 2,6-Dichloro- 0.028 ... 2760 (6) 2870 (12)
14 2-Hydroxy-3-

methoxy- 0.012 ' 2740 (13) 2865 (38) 2990 (25)
15 3-Nitro- 0.010 2640 (2) 2725 (15) 2830 (22)

2865'(24)16 4-Nitro- 0.010' 2725 (12)
2820'(49)17 4-Hydroxy- 0.005' 2730 (40)

18 4-Cyano- 0.001 2720 (39) 2830 (52)
19 4-Formyl- 0.022e. d, ,

2650'(8)
2735

2830 '(40) 2940 '(36)20 4-Dimethylamino- 0.010' 2740 (26)
21 4-Carbamido- 0.010 '

(2590) 2635 (4) .
2730 (11) 2855 (21)

2950'(16)22 4-Methoxy- 0.030 2730 (18) 2820 (18)

Various Aldehydes
23 Chloral 0.02 2650 (v.w.) 2680 (v.w.) 2850 (7) 2930 (1)
24 Tiglaldehyde e, d 0.018 2710 (14) 2790 (18)
25 Cinnamaldehyde 0.029 2730 (16) 2820 (17)
26 Alpha-n-amyl-

cinnamaldehyde 0.013 2655" (25) 2710 (26) 2830" (36) 2885 (61) 2970 (88)
27 2-Ethoxy-l-naph-

thaldehyde --0.01 2745" (w.) 2790 (15) 2890 (40) 2960 (24)

" Shoulder.
b Very broad and very strong.
e In 0.5-mm. ceiL
d Not measured at ends of region.
, In 1 mL of chloroform.
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rB'ubstituted benzaldehydes-but for o-toluic aldehyde and per­
haps also 2-hydroxy-3-methoxybenzaJdehyde, all the orthoalde­
hydes reported here. 2-Ethoxy-l-naphthaldehyde (No. 27)
should also be included in this group.

The constancy of the aldehydic fr~uency in the first group
seems to mean that in spite of the variations in the extent of
the polar character of the carbonyl group, brought about by the
conjugated aromatic ring and its various Bubstituents [which
very much affect the stretching frequency of the carbonyl
group (4»), the strength of the adjacent C--H bond does not

A. Functional part of o-chlorobenza.ldehyde
B. Functional part of o-chlorophenol

H C(=O)

/\ H 0

liiB' 110'

f
I f
I "0··0.. 'PA] I 120' Car
I I
I 0.5 /
I I

120' 1.--- 120'
0CI Car C/ Car

3270 cm.-'

t
2760

0.5 L-. -----...:t~28=.7:.:0::..---...J

2400 cm.- I

0.3

0.4

w
u
Z
<l:

~ 0.2
o
In
/Xl
<l:

WAVE NUMBER

Figure 4. Absorption of 2,6-DichIorobenzaldehyde
in C-H Region

Cell thickness. 2 mm.
Concentration. 0.028 gram plus 1 ml. of CC4

0.1

A B
Figure 3. Structural Models

A. Functional part of o-nitrophenol
B. Functional part of o-nitrobenzaldehyde

A possible explanation of this phenomenon seems to be that in
all these orthoaldehydes which show an unusual high C-H
frequency there exists a new and unusual kind of hydrogen bond­
ing between the aldehydic hydrogen atom, which according to
Walsh (32) possesses a partial positive charge (in contradistinc­
tion to an ordinary hydrogen atom bound to a carbon atom),
and a nucleophilic acceptor in the ortho position, or near it.
Such an acceptor can be a chlorine atom which, for example,
forms hydrogen bonds in o-chlorophenol (31), etc., an etheric
oxygen atom (11), or an oxygen atom of a nitro group (2, 24).

It is true that the line joining the center of the aldehydic hy­
drogen atom to that of the chlorine atom in o-chlorobenzaldehyde
or to that of the etheric oxygen atom in the o-alkoxybenzalde­
hydes, appears from a drawing to scale (Figures 1 and 2) to form
a somewhat obtuse angle (101 ° and 94°) with the direction of the
C-H bond. It could, therefore, be argued that such a hydro­
gen bond, which is mainly electrostatic in its nature (29), would
have a component of attraction opposite to that of the valency
bond and hence would decrease rather than increase the energy
of the C-H stretching. But one has to take into account that a
hydrogen bond is brought about by an attraction between the
involved hydrogen atom and the lone pair of electrons belonging
to the acceptor (29) which usually is not symmetrically distributed

O(R)...
/...-,.,

/
,., 120' C ,.OA.]

H '940 ar\40

0.5

.~120' 0
(O'IC Car

Figure 2. Structural Model
of' Functional Part of an

o-Alkoxybenzaldehyde

B
Structural Models

A
• Figure 1.

change appreciably. This can partly be explained by the assump­
tion that the net positive charge on the carbon atom does not
rise in parallel to the rise (with conjugation) in the polar character
of the carbonyl group, as most of it is smeared out over the aro­
matic ring. There is therefore little possibility that this charge
will further weaken this bond. This constancy in frequency can
also be explained in part by the opposite effect of the partial
double bond character of the Car-CHO linkage, brought about
by the resonance between the ring and the carbonyl group. This
character becomes more
pronounced the stronger
the resonance, and be­
cause a double bond tends
to strengthen the other
bonds of the participat­
ing atoms (see 32 for a,n
analogous interplay of
.such effects), a stronger
opposite effect-to that of
the weakening of the
C-H linkage with higher
resonance and greater
,charge on the carbon
atom-is formed with a greater resonance. The effect of the
latter is thus damped and even overpowered and the strength of
the C-H bond in benzaldehydes rises somewhat as compared
with aliphatic aldehydes.

The higher values of the C-H frequency for the orthoalde­
hydes of the second group cannot be ascribed to electronic effects
of the substituents, as there is no difference in frequency between
so different aldehydes in this respect as o-an1saldehyde (No. 12,
2760 em. -1) and o-nitrobenzaldehyde (No. 11, 2760 em. -1).
Neither can they be ascribed to a steric interaction between the
ortho substituent and the formyl group, because such an interac­
tion would be expected to be stronger in the case of o-toluic alde­
hyde (No.. 10) than in the case of o-chlorobenzaldehyde (No. 9)­
the radius of the methyl group being greater than that of the
chlorine atom-and still o-toluic aldehyde behaves normally
(absorbs at 2725 em. -1) while o-chlorobenzaldehyde absorbs
only at 2760 em. -1 A molecular model also shows that there is
no steric interaction bet,ween the chlorine atom and the formyl
group in o-chlorobenzaldehyde; even in the ease of an o-methyl
group, Kadesh and WeUer (20) have found IllO appreciable inter­
action with the aldehydic group.
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Cen thickness. 2 mm.
Concentration. 0.030 gram plus I ml. of CCI.

w
u 0.4z
« •
CD
a:
0
If) tCD

2760«
0.6

2430 cm.- I 3180 em-I

Figure 6. Absorption of 2-Methoxybenzaidehyde
in C-H Region

Cell thickness. 2 mm.
Concentration. 0.023 gram plus I mi. of CCI.

t
2860

1.0

symmetry effect of the lone pair (which is probably strong in th~

-NO. group because of the partial double bond character of uk
N-O linkages there), will suffice to make the angle between the
hydrogen bond and the C-H bond in o-nitrobenzaldehyde acute,
while a far greater rotation (against the hydrogen bond) must be
applied to o-nitrophenol bl.fore this result is obtained in that case.

0.8

0.2

The fact that o-nitrophenol shows a decrease (24) in the O-B
stretching frequency, because of hydrogen bonding, while ir
o-nitrobenzaldehyde an increase in the C-H frequency is ob·
served, is therefore not amazing.

The lower C-H frequency of the ortho-substituted 2-hydroxy·
3-methoxybenzaldehyde (No. 14) may be the result of the for
mation of a (chelated) structure which leaves the C-H grOUI
free.

Besides chloroform (19) and its analogs (8), the only recorde<
cases in which (intermolecular) C-H...R bonding was observe<
seem to be hydrogen cyanide (27, p. 294) and acetaldehyde (1)

The observed photoisomerization of o-nitrobenzaldehyde tc
o-nitrosobenzoic acid (22) is in good agreement with the assump
tion of the existence of such a hydrogen bond in o-nitrobenzalde
hyde.

The second characteristic band of the aldehydic group a
about 2820 em. -1 also changes its usual frequency in the aIde
hydes of the second group. Here again the orthoaldehyde.
show higher frequencies and absorb at 2860 to 2890 em. -1 a
compared with 2820 to 2865 cm. -1 in the case of the first group
This rise can again be attributed to the effect of a hydrogel
bonding in the members of the second group.

'Figures 4 to 7 show some typical spectra of absorption in th
C-Hregion.

It is thus possible to determine with safety from its infrarec
absorption spectrum whether or not a group such as the nitr,
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Figure 5. Absorption of 4-Methoxybenzaidehyde
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(12). Because of the interaction of these electrons with the
aromatic ring in these aldehydes, it can be assumed that these
electrons are localized in its neighborhood. Their attraction
can, therefore, no longer be regarded as concentrated in the
centers of their respective atoms, but would seem to be directed
at an acute angle to the C-H stretching direction. This leads
to a higher energy content for the C-H stretching, since this
stretching becomes at the same time also a stretching of the
hydrogen bond; the higher C-H frequency in these aldehydes
is thus explicable.

Figure 1,B shows that the O-H...CI angle in the case of
o-chlorophenol is equal to about 118°., Therefore, even if a dis­
symmetry effect brings about a decrease of about 20° in this
angle, this angle remains obtuse. It is thus in agreement with
expectation that this phenol is known to show a decrease of its
O-H stretching frequency because of an internal hydrogen bond
(31').

Things are more complicated in o-nitrobenzaldehyde and 0­

nitrophenol. Although Pauling assumes (27) a coplanar con­
figu~ation for the latter, a drawing shows (Figure 3, A) that
the distance between the center of the near -NO. oxygen atom
and that of the hydroxylic oxygen atom is only about 2.4 A.
with this assumption. Remembering that even in the very
strongly hydrogen bonded dihydrate of oxalic acid, the 0-0
di,tance is 2.51 A., it seems that this assumption is somewhat
doubtful. A molecular model shows that o-nitrobenzaldehyde
also cannot be coplanar. In these compounds a moderate rota­
tion of the -NO. group about the C-N axis seems therefore
more likely. As will be seen from Figure 3,A, the O-H...0
angle is equal to about 140° in a coplanar o-nitrophenol molecule
and to about 63° if both the O-H and the N-O linkages are'
rotated 90° away one from the other. The corresponding C-H
...0 angle is, however, only 120° in the coplanar o-nitrobenzalde­
hyde molecule and 60° in the perpendicular rotational isomer
(Figure 3,B). It is thus clear that even a moderate rotation
about the C-N axis and the C"':""C axis, together with the dis-
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WAVE r~UMeER

Figure 7. Absorption ol~' Cinnan>aldehyde in
C-H Region

Cell thickness. 2 mm.
Concentration. 0.029 gram plus 1 ml. of CCI.

~l'OUp or an alkoxy group is situated in a position ortho to the
formyl group in an unknown aldehyde. . .

Various Aldehydes. Although chloral shows a weak band at
about 2680 ern. -', it seems to have its C-H stretching band at
about 2850 em. -'; this is also where it absorbs strongly in the
Raman spectrum (6), while there is tiO Raman band at about
2680 em. -, (such a band was, however,observed doubtfully in
the case of bromal). Judging from its weak intensity, the band
at 2680 em. -, seems to be due t<; dome overtone or combination
vibration (possibly the overtone of the Raman band observed
at about 1350 em. -1).

The very high frequency of the C-H stretching in chloral,
probably, cannot be explained only by the electronic effect of
the chlorine atoms (which suppresses the polarization of the
carbonyl double bond), as this effect brings about only a rise of
about 40 em. --, in the C=O stretching frequency [Cheng (6)
reports a Raman frequency of about 1770 em. -, in the case of
chloral; Grove and Willis (14-) report a C=O band at about 1730
em. -, in the case of aliphatic aldehydes]. The fact that per­
fluoroacetaldehyde, which from the point of view of the inductive
effect of its fluorine atoms is simibr (the inductive effect of the
three fluorine atoms being probably even stronger than' that of
the chlorine atoms) to chloral, shows this band at 2800 cm.-'
also suggests that the high value of 2850 em. -, must be attributed
in part to some other effect. Since the C-H stretching direction
in chloral is at a very acute angle to the line joining the center
of the hydrogen atom to that of the neighboring chlorine atom
(whatever is the structure of the ehloral molecule), it is tempting
to assume that here also a hydrogen bond between these atoms
is responsible for this extra rise in frequency. The very similar
high frequency of the corresponding Raman band of dichloro­
aeetaldehyde (6) is in accordance with such an assumption.

The probable lack of such bonding in the case of perfluoroacet­
aldehyde may be explained by the smaller radius of the fluorine
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atom, which does not allo.w an intimate interaction with the hy­
drogen atom. A similar phenomenon is to be found in the ,ease
of o-fluorophenol, which shows the smallest shift, of the OR
frequency, due to hydrogen bonding of all the o-halophenols
(24-); the ethylene halohydrins also behave analogously (kindly
pointed out by Abbott Pozefsky).

Tiglaldehyde, although «,t/-unsaturated, shows the character­
istics of the aliphatic aldehydes: two strong bands at about 2710
and 2790 em. -, Similarly, n-amylcinnamaldehyde also displays
these bands at about 2710 and 2830 em. -'; cinnamaldehyde,
however, shows the first band at 2730 em. -, as in the case of the
benzaldehydes. It seems that the alkyl substituent in the alpha
position to the formyl group in tiglaldehyde and amylcinnamal­
dehyde interferes with the conjugation of the-double bond or
the aromatic ring with the aldehydic group and therefore these ­
aldehydes absorb at 2710 em. -, rather than 2730 em. -, These
results show that even in extended conjugation, such as exist.~

in cinnamaldehyde, the frequency of the aldehydic G--H stretch­
ing does not change appreciably. The case of 2-ethoxy-l-naph­
thaldehyde can best be considered with that lilf the anomalous
orthoaldehydes mentioned above. However, its 2745-cm.- 1

shoulder may be due to a C-H band occurring at about 2730
em. -',' which might be expected of a possible free form in equi­
librium with the hydrogen-bonded structure.
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Application of Infrared Spectrophotometry to Quantitative
Analysis in the Solid Phase
ROBERT S. BROWNING, Sterling-Winthrop Research Institute, Rensselaer, N. Y.
STEPHEN E. WIBERLEY, Rensselaer Polytechnic Institute, Troy, N. Y.
FREDERICK C. NACHOD, Sterling-Winthrop Research Institut,e, Rensselaer, N. Y., and,
Rensselaer Polytechnic Institute, Troy, N. Y.

The pressed potassium bromide pellet technique has
been utilized as an aid in the quantitative determina­
tion, by infrared spectrophotometry, of two closely
related alkaloids, atropine and scopolamine. Diffi<,ul­
ties encountered in the use of the technique are dis­
cussed, as well 'as the precision to be expected from the
method of application described. Recoveries from
standard samples are satisfactary. Reasons for Illoder­
ate aCCl'lracy of the assay in the case of a complex com­
Illercial Illixture are discussed. Refinements of the
Illethod and further work are planned.

T HE simplicity and elegance of a recently introduced method
(22, 23, 25) which makes use of pressed potassium bromide

pellets as supporting media for the observation of infrared spectra
suggested its potential value as an aid in the quantitative deter­
mination of two closely related alkaloids, atropine and scopola­
mine, in a complex mixture. Present chemical methods for the
determination of small quantities of these alkaloids, while sensi­
tive, are not specific.

The principles underlying the use of photometric methods for
quantitative analysis apply with equal vigor to all spectral re­
gions (26). Measurements in the infrared, however, are hampered
by the introduction of certain practical problems not so evident
in the visible or ultraviolet. The nature of energy absorption in
the infrared connotes rather narrow spectral bands, while at
the same time, sources of infrared radiation are of relatively low
intensity. As a consequence, instruments designed to pass a
sufficiently narrow band of frequencies are complex.

The effect of the relatively broad band pass in present infrared
spectrophotometers on absorption measurements has been studied
at some length. Ramsay (20) has made calculations, utilizing
an assumed triangular function of energy over the slit width,
which indicate that for a ratio of slit width to band width (n)
of 0.5, the indicated absorptivities are of the order of 20% below
the true values. He suggests a method of integrating absorption
over the band to give useful results. Philpotts, Thain, and
Smith (18) ha~e examined the same problem, using a transmit­
tance function assumed constant between the limiting wave
lengths, and have conie to the conclusion that when n is equal to 1,
BeCl"s law will be obeyed. ' Observed values will be 15% below
true values and a 10% variation in slit width will cause a 3%
variation in observed calibration coefficient. While Ramsay
(20) feels that slit widths are of the same order of magnitude as
band widths, Philpotts, Thain, and Smith (18) suggest that n
is often greater than 1.

Robinson (21) has studied the same problem and come to a
similar conclusion; if n is equal to or less than 1, then Beer's law
will apparently hold for observed values. In addition, he has
examined the effects of errors in the 0 and 100% lines (largely
owing to noise and stray light) and suggested that errors from
these sources are minimized if readings are made between 20 and
60% transmittance.

Since, as stated, infrared' spectrophotometers are relatively
complex instruments, attention has been drawn to their ability
to yield constant, reproducible values. Fortunately, the instru­
ment used for the work described in this paper, a Perkin-Elmer
Model 21, has b~n discussed'in detail. Bowman and Tarpiey

7

(3) examined the reproducibility of readings obtained with their
instrument and examined some of the sources of error. They
concluded that the instrument was capable of reproducing ab­
sorbance values, over a period of several days, to approximately
4% (20' limits), but note that the average absorbance level shifts
to a degree necessitating regular running of reference samples.
They feel that difficulty in obtaining a 0% transmittance line
free of pen drift is a major source of absorbance level variations.
Hausdorff, Stemglanz, and Williams (9) feel that with the ampli­
fier in a condition of "stable unbalance" transmittance reproduci­
bility is within the manufacturers specification of ±0.25% for
day to day averages. Neither paper eXl'llicitly ml¥ltions varia­
tions in slit width but Bowman and Tarpley (3) note that the use of
a wire screen for a sample, instead of a polystyrene film, did not
effect precision. Childers and Struthers (5) have observed a
long-term standard deviation of 1.85% for the same instrument.

Despite these difficulties, infrared spectrophotometry has
successfully been applied to a variety of analytical problems.
While the petroleum industry has undoubtedly been most vig­
orous in the use of the technique, nevertheless a \'ariety of specific
applications 'in other fields exists. Parke, Ribley, Kennedy, and
Hilty (17) describe a methodJor the analysis of aspirin, phenace­
tin, and caffeine in tablets. A differential method of assay, which
has a potential application to the technique here reported, has
been described by Hammer and Roe (7), who claim an accuracy
and precision of ±O.I %.

Of particular interest is the report by Hausdorff (8) on the work
of Schiedt, describing the quantitative results obtained with
amino acids by making use of pressed potassium bromide pellets.
More recently, Jeusen (12) has demonstrated that this technique
is suitable for the quantitative analysis of sodium benzyl penicil­
lin.

The potassium bromide pellet technique, which has been de­
scribed in detail (8, 21J, 1J3, 25), has certain unique advantages,
among which is the relative freedom from background absorption.

Because of the unique advantages of this method of sample
prepamtion and the specificity of infrared absorption analysis it
was decided to attempt to apply the method to the quantitative
determination of the alkaloids atropine and scopolamine (hyo­
scine) as found in a commercial antinausea tablet. While these
two compounds can be separated and determined by chemical
means (27), the quantities presen~ in the tablet are small, and
the most suitable analytical method, which makes use of the
Vitali-Morin reaction, does not distinguish between the two
alkaloids. This reaction has been described a number of times
(1, 2, 4, 6) and its nature IS clearly understood (11). Briefly, the
alkaloid bases are nitrated with fuming nitric acid; an acetone
solution of the nitrated material is then treated with strong base
to yield a transient purple color. Since it is the tropic acid por­
tion of the moleeule whieh is nitrated, the reaction is clearly not
specific.

The infrared spectra of some of the alkaloids have been de­
scribed (13), with recommendations for quantitative assay (19),
and Washburn (28) has described a quantitative method for
either atropine or scopolamine in ointments. His method, which
makes use of a solution of the ointment in carbon tetrachloride,
does not apply to the simultaneous determination of both the
alkaloids in a mixture. No photometric method of this nature
has been found in the literature.



8 ANALYTICAL CHEMISTRY

INSTRUMENTS ANn APPARATUS

14-126 8 10

WAVELENGTH (MICRONS)

Figure 1. Infrared Spectra
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Spectrophotometer. A Perkin-Elmer Model 21
recording infrared spectrophotometer, Serial 106,
was used throughout the course of the work. The
following: instrument settings were maintained:
slit auto; resolution 927; gain 6; ~esponse 1;
Source amperes 2.8 to 3.0; speed 3; suppres­
sion O.

Pellet Die. The die, the design of which was
suggested by G. B. Hess of Chas. Pfizer and Co.,
was made of hardened tool steel. A modifica­
tion has been described by Merritt and Wiber­
ley (15). The dimensions of the main block are
approximately 5 X 5 X 7.5 cm. wide. The di­
mensions of the pellets produced are 5 X 20 mm.

Pellet Holder. The holder is a brass unit de­
signed to fit in the sample beam aperture of the
spectrophotometer.

Hydraulic Press. A Carver Laboratory press,
Serial 7733-5, 1D-ton capacity, was used to press
the pellets.

EXPERIME'lTAL
Top. KBr pellet
Botto:m.. Extract or antinausea eom.ponents" widlout the two alkaloids,

in,KBr pellet

Top. -- Scopolallline, 0.3% in KBr
- - - Atropine, 0.3 % in KBr

Bottom.. Absorbance curve of 50% w./w. II'lixture of atropine and scopolanJioe.
",,0.3%inKBr

0.st--------------------------1

14121086

WAVELENGTH (MICRONS)

Figure 2. Infrared Spectra
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the 0 and 100% transmittance levels had been checked. The
spectra were then scanned from 2 to 15 microns.

There was no decrease in energy transmittance when the pellet
holder was inserted in the beam. A fiducial mark was established
on the holder and instrument. Rotation of the empty holder
within several degrees of this mark in either direction had no
observable effect on transmission.

Absorbance values at various wave lengths for each of the three
atropine systems were plotted against the thickness of the respec­
tive pellets in a manner similar to that adopted for the graphs.
The plot for the 0.302% system indicated that Lambert's law
was obeyed. The 0.603 and 1.06% systems showed deviations
of increasing magnitude. These deviations were ascribed to the
excessive size of the atropine particles and a resultant loss of
energy by scattering, which would increase with concentration.
For this reason a portion of the 1.06% system was sieved through
bolting silk (200 mesh) and re-examined. The increase in absorp­
tivity was marked.

Because of the interest in the effect of particle size, a new series
of atropine systems was prepared by dilution of a 4.914% con­
centrate and screening through ZOD-mesh bolting silk after
grinding.

The potassium bromide used in these preparations was ground
in a glass mortar and sieved through a 23D-mesh standard sieve.
Subsequently it has been stored at 105° C. and has shown a
gradual decrease in the amount of contained water, judging by
the decrease in the intensity of the bands at 3 and 6 microns.
(A trace taken from this material shortly after its preparation
may be found in Figure 1.)
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Re\gents. Reagents used were atropine alka-
loid, Mallinc\:rodt U.S.P. XIII; scopolamine hy­
drobromide, Merck U.S.P. powder; chloroform,
Mallinc$.rodt C.P. reagent; and potassium
bromide, Baker and Adamson reagent, ACS
(excep1; as noted).

Procedure. PREPARATION OF POTASSIUM
BROMIDE PELLETS. Investigation was first di­
rected toward the production of satisfactory
pellets of potassium bromide alone. Baker's
reagent potassium bromide was used for this phase
of the work.

Reproducible pellets should be of the same
thickness and weight. Potassium bromide, ground
fine in a porcelain mortar and dried in a muffle
at 500° C., was weighed out in 10D-mg. portions.
The die was then inverted with the plunger ex­
tending upward through the body. A spacer was
inserted between the plunger base and the die
body in order to maintain position. The weighe€l
potassium bromide was pla'led in the cavity above
the plunger and smoothed with a glass rod. The
anvil was then placed in position and the entire
assembly was reinverted and placed in the hy-
draulie press. Pressure was applied with the
spacer removed. At the end of the assigned
time period the pressure was released, spacing
blocks were placed under the die body, and the
pellet was gently pressed out.

A "fill and smooth" technique was adopted.
The die was filled with the potassium bromide
containing the compound and the excess was removed with
a spa1;ula. Pressing time was standardized at 10 minutes and
the pressure at 100,000 pounds per square inch for the rest
of the work, since these conditions gave a reproducible pellet
with average weight (sixteen observations) of 0.1289 gram,
mean deviation of ±0.0105 gram, variance 0.000167 gram, stand­
ard deviation ±0.0129 gram, and standard error of the mean
±0.0032..

A crucial point in a determination of this nature is the measure­
ment of the quantity of material in the sample beam. With the
die used, this is perhaps best accomplished by measuring the
thickness of the pellets. Many of these pellets were tapered,
however. The effect of the taper on the measured absorbance
has been evaluated (24) and the error is small, but difficulty in
making the measurement remains.

PREPARATION OF CALIBRATION CURVES. It appeared that the
absorptivities of the alkaloid bases could most properly be deter­
mined by running several different concentrations at varying
thiclrnesses. Therefore, an experimental program calling for the
measurement of pellets made from three concentrations (approxi­
mately 0.3,0.6, and 0.9%) of each of the alkaloid bases in potas­
sium bromide at each of three thicknesses, was followed as nearly
as possible.

A 10.11% concentration of atropine base in the potassium
bromide for the pelleting tests was prepared by agitating the
alkaloid with the ground salt. This was diluted by adding more
salt to form mixtures containing 0.302, 0.603, and 1.06%, respec­
tively. Pellets were prepared from these and were inserted in
the pellet holder. The holder was inserted in the light path after
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Figure 4. Absorbance of 0.3, 0.6, and 0.9% Scopolamine in Potassium. Bromide
Pellets at Indicated Wave Lengths
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hours. It was then stored in a dry bottle. The mixture was not
dry, as scopolamine base is a liquid, but it was not difficult to
handle.

This 5.039% concentrate was diluted with the powdered
potassium bromide to 0.314, 0.648, and 0.912% scopolamine by
weight. Pellets and charts were prepared from this material
according to the procedureedescribed.

Superposed absorbance curves for atropine and scopolamine
may be found in Figure 2, which also illustrates the absorbance
curve of a 50% mixture. It was decided to confine attention to
the 5.80-, 11.66-, and 13.00-micron bands. The latter two are
reasonably discrete and should serve as appropriate points of

measurement for the quantita­
tive determination of the alka­
loids in a mixture. The 5.80­
micron band is a strong band,
common to both alkaloids, and
measurements at this wave
length might help to serve as
checks on the validity of results.
Washburn (28) made use of a
band at 11.21 microns for !peas­
urement of scopolalbine concen­
tration and of a band at 8.56
microns for' the determination
of the atropine. No reason for
his choice is given, other than
that these were convenient wave
lengths. It is clear that he did
not attempt to assay mixtures.

As it had become apparent
that the transfer of the alkaloid
from the sample under examina­
tion to the potassium bromide
was going to involve solvent
evaporation, it was decided to
regrind some of the 0.6% atro­
pine system with a few milliliters
of chloroform and retest it.
Again the absorptivities changed
markedly, although to a lesser
degree. For this reason the re­
maining 4.914% atropine con­
centrate was ground with chloro-
form in a glass mortar and the
mixture, after drying at 100° C.
for a few hours, was diluted with
the powdered salt to form 0.308,
0.624, and 0.914% systems.
These were run again.

Carefully obtained calibration
data for scopolamine yielded
indicated absorptivities of 3.69
± 0.16 (5.80 microns), 2.21 ±
0.09 (11.66 microns), and 0.58
± 0.06 (13.00 microns), and for
atropine, 3.46 ± 0.25 (5.80
microns), 0.241 ± 0.036 (11.66
microns), 1.14 ± 0.06 (13.00
microns).

To check the reproducibility
of this method of preparing the
atropine dilutions, portions of
atropine were weighed on a
microbalance into warmed
mortars. The appropriate quan-
tities of potassium bromide and
chloroform were added and the
mixtures were ground until dry
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A second set of curves was prepared from these new dilutions.
The results appeared to be in reasonable conformity with Lam­
bert's law.

Meanwhile a scopolamine concentrate had been prepared in the
following way: Scopolamine hydrobromide (0.1444 gram, equiva­
lent to 0.1000 gram of base) was weighed out and transferred to a
separatory funnel. Water (10 mI.) and 10% sodium carbonate
solution (2 mI.) were added and the suspension was swirled.
This was extracted with 4-, 3-, and 2-ml. portions of chloroform.
The pooled chloroform was diluted to 10.0 mI. and dried with
anhydrous sodium sulfate. In a slightly warmed mortar, 1.5077
grams of potassium bromide were flattened out and 8.0 ml. of the
chloroform solution were added. The chloroform was partially
removed in a vacuum desiccator and the mixture was ground
until dry and warmed at 60° C. under 50-mm. vacuum for several
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Figure 5. COlllposite Beer's Law Plot for Atropine

and then dried in the oven at 100° C. for about half au hour.
Four samples, of 0.610, 0.621, 0.565, and 0.708% concentra­
tion, were prepared in this way. Two pellets were prepared
from each of the four systems. Reproducibility was not un­
reasonable.

The corrections applied to the <tbserved absorbances were
based on the observation that the "absorbance" of the blank
potassium bromide pellets was a relative constant, independent of
the thickness of the pellet. This phenomenon, which has been
noted elsewhere (22, 23), makes eorrection a relatively simple
matter, if it is assumed that pellets made of the potassium bro­
mide-alkaloid syst.ems behave in the same way.

w
U
Z..
lD

~ ~

'"lD
...3

.6

• 5.80,.
.6 • 11.66)<

• 13.00.1'

Weigh accurately about 0.7 gram of ground tablet mixture and
transfer to a stoppered centrifuge tube. Add 10 ml. of water
and agitate vigorously for 5 minutes, then centrifuge. Decant
through a small No.1 Whatman filter paper into a separatory
funnel. (A vitamin B, separatory reaction vessel is idea1.) 'Vash
the filter paper with a few milliliters of water. (The solution
should at this time be slightly acid.) Wash twice with 2 m!. of
chloroform, discarding each wash. Add 1 ml. of O.IN sodium
hydroxide and extract the solution with 3.0 mI., then 1.0 ml. of
chloroform. Pool the chloroform and wash with 10 m!. of water.
Mter washing the chlorobrm, transfer it to a centrifuge tube,
dry it by adding anhydrous sodium sulfate, and centrifuge.
Take 3.0 ml. for the assay.

•

starch, lactose, magnesium stearate, and oil of peppermint.
To prepare the blank the oil of peppermint was ground in a
mortar with a portion of the lactose, adding more lactose while
grinding until the mixture was dry enough to sieve. To this
was added the remaining lactose and other ingredients, wit.h
grinding. The entire mixture, after thorough grinding, was
transferred to a bottle and well shaken.

After several attempts to devise a procedure which would ex­
tract the alkaloids from the powder but eliminate interfering
substances, the following method was adopted.

121.110

•
•

I .2 3 !l .5 .6 7 .6 .9
CONCENTRATION %

• 5.80/\
.11.66",/\
"13.00)'

•

.6

9
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.6.
w
~ .5
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lD
a::
o

'"lD
<t 3

where C = concentration of alkaloid, milligrams per gram;
b = pellet thickness, centimeters; and A = corrected'absorbance
at the indicated wave length. For notation see (10).

ANALYSIS OF KNOWN MIXTURES AND AN'lINAUsEA TABl,E'IS.

Two known mixture:! of the two alkaloid" were prepared from the
concentrates used to prepare the standards. Two pellets were
pressed :trom each system and the results were calculated on the
basis of Equations 1 and 2. The data show a mean recovery of
104% atropine and H8.2% scopolamine.

A mixture of the ingredients of the antinausea tablet with the
exception of the alkaloids was prepared to assist in testing extrac­
tion procedures. In addition to scopolamine hydrobromide
and atropine sulfate the tablets contain vitamin B2, vitamin B6,

niacinamide, Benzocaine, Luminal, and excipients, including

oy/T"blet
-Found Found ClaiIned

Scopolalnine 117 113 138
Atropine n2 117 84
Total :24!) 230 222

The absorbance curve of a pellet prepared in this way from the
blank mixture is shown in Figure 1. The chloroform solution was
handled much as described for the preparation of the scopolamine
standards: transferring the aliquot to a warmed glass mortar
containing a known weight of powdered potassium bromide
(in this case, about 0.12 gram), removing the bulk of the chloro­
form in a vacuum desiccator, grinding the remaining solvent with
the potassium bromide until dry, then drying for a short while in
a 100° C. oven.

Two commercial lots of tablets supplied by W. C. MacLennan
of Winthrop-Stearns, Inc., were examined in the same way.
Pellet traces appear in Figure 7. Results are as follows:

Data are collected in Table I.

.2

o .2.3.4.5.6.7.8.9 1.0 1.1 1.2
CONCENTRATION ".

Figure 6. Conlposite Beer's Law Plot for
Scopolanline

DISCUSSION

An examination of the results shows the relative error to be
high. Some potential sources of error have been noted, incluCling

(2)

(I)

C
_ 3.81 A'3'OO}L - A ll •66}L

a.tropi.ne -. 4.11 b

Plots of the corrected absorbance values for each alkaloid at
three concentration levels are shown in Figures 3 and 4. From
these, composite Beer's law plots for the two alkaloids were ob­
tained, as shown in Figures 5 and 6. For convenience, the data
were I~aken at an arbitrary thickness of 0.015 inch. The relative
distribntion of the points on the Beer's law plots is not. affected
by this selection.

Simultaneous equations for the absorptivity of the system at.
13.00 and 11.66 mierons were set up and solved in the usual way
(16), using the average values for indicated absorptivity (to
distinguish it from true absorptivity) obtained' from the collected
data.

The solutions to these equations foHow:

_ 4.75 A II •66}L -- A 13•OO}L

Cscopolamine - 9.9 b
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Traces 'of Extracts froIn COInInercial Antinausea Tablets
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mean of ±5.8%, in contrast to ±4.3% for the
same group on the basis of thickness.

A potential source of error in this method is
the presence of interference patterns in the
trace (see Figure 1, top). This phenomenon has
been note41 and utilized for the measurement
of cell thickness. It remains to choose the
appropriate pellet thiekness to eliminate the
difficulty.

Particle distribution should not be a signifi­
cant feature in this case, as Lambert's law is
obeyed fairly well for the standards (14).

The effect of partiele size, or, more accurately,
control of particle size, has not adequately been
investigated in this work. While this should
not be a significant factor with the liquid
scopolamine, it is planned to measure the par­
ticle sizes of the group of atropine samples re­
sponsible for the bad scatter on the composite
(Beer's law) plot, and in addition, measure, by

chemical means, the alkaloid concentrations of the same systcms.
Testing the recovery of known amounts of alkaloidfr...m a

blank should be deferred until the previous suggestiots have been
examined, but will, of course, be undertaken when other condi­
tions have been shown to be reproducible.
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0.230
0.180

0.207
0.132

0.213
0.163

0.198
0.123

6 6

WAVELENGTH (MICRONS)

Assay of Atropine-ScopolaDline Tablets

Tablet A Tablet B
0.7034 0.7370
0.1474 0.1600
0.0170 0.0202

Absorbance
11.661'

ObBvd.
CQrr. a

13.001'
Obsvd.
Corr. Q

Sample wt., g.
I,Br, g.
Pellet thickness, inch

Table I.

w 0.4
U

0.5Z..
m
a::
0
l/l 0.1m..

0.2

0.3

0.4

0.5
2

Figure 7.

the following: slit width variation, instrument reprodueibility,
pellet taper, particle distribution, and particle size. Others
arise in connection with the preparation of the sample-for ex­
ample, incomplete extraction of the alkaloid, loss on glassware
in grinding (this applies also to the standards), erroneous blank
corrections, interference pattcrns, and possible unknown factors.
The possibility of interaction between the alkaloid and the potas­
sium bromide is felt to be small, as is the possibility of damage
while pressing.

Slit width variation was felt to be insignificant in this case.
Variation in slit width was checked by observation of the slit
counter during operation. Values were observed to vary by less
than 1 micron, or less than ± 1% at 5.80 microns. Even during
a short period when a noisy detector amplifier necessitated slightly
lower resolution to compensate for increased noise the variation
did not exceed ±1.5% of the average at 5.80 microns. This is
well under the 10% limit, which, it was noted, would cause an
error of 3%.

a Corrections were applied on the basis of the absorbance curve of Figure
1, blank tablet mixture.

Instrument reproducibility leaves room for improvement but
generally is a minor source of error (3, 5, 9).

Pellet taper, already noted, is not highly significant in itself
(24), except that it impairs the accuracy of thickness measure­
ment.

Measurements on a nu~ber of pellets pressed under the same
conditions were examined to test the possibility that pellet weight
might be a better measure of sample in the beam than is the
thickness. The average deviation of the mean of the ratio was
nearly ±3%, a value judged to be somewhat higher than that
which could be accounted for by error in measurement of thick­
ness. To further test this point, absorptivities have been calcu­
lated on the basis of pellet weight for a group of scopolamine
pellets. Analysis of the data yield an average deviation of the



Quantitative Inlrared Determination 01 Trace Impurities in Solids
Using Fractional Crystallization Technique

Determination of Catechol and Resorcinol in Hydroquinone

(HARLETON C. BARD, THOMAS J. PORRO, and HERBERT L. REES

Color Technology Division, Eastman Kodak Co., Rochester, N. Y.

An analytical procedure was needed to detect the P9S­
sible isonleric intpurities, catechol and resorcinol, in
photographic hydroquinone at the 0.1 % level. The
combination of a fractional crystallization technique
plus the differential infrared spectroscopic ntethod was
applied successfully to :this problent. Using acetonitrile
as the solvent, the isonters were quantitatively deter­
mined at the 0.05% level and the lintit of detectability
was calculated to be 0.01 % for both iSOlllers. The frac­
tional crystallization technique is applicable to a wide
-..ariety of infrared analyses. It perlllits concentrating
of imp"rities relative to the major constituent and
thereby increases the sensitivity of infrared spectro­
scopic analyses.

I NFRARED spectrophotometric determinations of small
concentrations of impurities in solids by examination of

the sample dissolved in a suitable solvent usually have a
detectability limit of about 1 mole %. This limit is governed by
the weakness of the absorption bands of the impurities in the
presence of the absorption bands of the major constituent. One
method of extending this detectability limit is to concentrate
the impurity relative to the main constituent by fractional crys­
tallization. In general, it is possible to effect a manifold increase
in the relative concentration of the impurities in the solution
remaining after fractional crystallization of the major constituent.

Analysis by the fractional crystallization technique is appli­
cable to most solid materials provided the following requirements
can be fulfilled:

The solubility of the main constituent in the chosen solvent
at room temperature or below should be of the same order of
magnitude as that of the impurity.

The solubility of the main constituent must increase with
temperature.

No large portion of the impurity should be occluded by the
main constituent during crystallization.

The absorption spectrum of each constituent to be measured
must have a band which is not interfered with materially by the
absorption of the solvent, the main constituent, or any other
impurity.

This fractional crystallization technique is being used in a
number oi routine analyses in this laboratory,; however, only a
single example has been chosen to illustrate the general technique.

As a part of the examina,tion of photographic grade hydroqui­
none, it became necessary to determine quantitatively small
amounts of resorcinol and catechol (in the order of 0,1 %) in hy­
droquinone. These isomers are possible eonta,minants in some
hydroquinone manufacturing methods. After experimenting
with a number of solvents, the relative solubility of the isomers in
acetonitrile was found to be favorable. At room temperature
about 1.1 grams of hydroquinone, 6.5 grams of resorcinol, and
1.3 graIllB of catechol, each would dissolve in 10 ml. of acetoni­
trile. A comparison of the infrared absorption spectra of these
acetonitrile solutions and acetonitrile itself (Figure 1) showed
that the absorption bands of tbe solvent, catechol, or hydroqui­
none, do not interfere materially with the absorption band of

12

resorcinol at 10:4 microns. At 7.85 microns the catechol absorp­
tion band is nearly free from interference by resorcinol and
acetonitrile, but hydroquinone at the saturated solution concen­
tration in acetonitrile does contribute a sizable absorption. In
spite of the latter difficulty, the analytical method has a calcu­
lated detectability limit of 0.01% by weight of either impurity
in hydroquinone.

EXPERIMENTAL

Hydroquinone, 12.5 grams, was placed in a 5O-ml. Erlenmeyer
flask to which 15 ml. of acetonitrile were added. Solution was
obtained by heating the mixture on a hot plate and breaking
up the larger lumps with a stirring rod. The hot flask was then
stoppered and the solution cooled rapidly under cold water with
swirling. The precipitated hydroquinone (11.5 grams) was
filtered through a 50-mm. fritted disk, Buchner-type funnel into
a 50-mI. suction filter flask using a water aspirator. The precipi­
tate was then washed with two 2.5-mI. portions of acetonitrile.

The filtrate containing about 1 gram of hydroquinone was
evaporated on a hot plate with the aid of a glass bead until the
hydroquinone began to crystallize, at which time 0.5 mI. of aceto­
nitrile was quickly added to the flask to prevent the evaporation
from going to complete dryness. The hot flask was then stop­
pered and cooled rapidly under cold water. The precipitated
hydroquinone was filtered, using a water aspirator, through a
15-mm. fritted disk, Buchner-type funnel into a 15-m!. graduated
centrifuge tube which was contained in a filtering flask. The
precipitate was then washed with three O.5-mI. portions of a
cool, saturated solution of hydroquinone in acetonitrile. The
resulting filtrate volume (slightly greater than 2 mI.) was ad­
justed to 2 ± 0.05 mI. in the centrifuge tube by evaporating with
a stream of dry nitrogen.

Infrared absorption measurements on the filtrate were then
made in a O.I-mm. liquid absorption cell using a Baird recording
spectrophotometer. Compensation was provided by a saturated
solution of hydroquinone in acetonitrile in a O.I-rom. liquid eel,
prepared in exactly the same manner as the sample. The meas­
urements for catechol were made at the 7.85-micron peak and
those for resorcinol were obtained at the lOA-micron peak.

To eliminate the differences between the cells and also to
increase the analytical sensitivity, the differential method was
used (1). This required that the absorption (maximum absorb­
ance columns in Tables I and II) obtained with the sample solu­
tion in the sample cell and the compensating solution in the
reference cell be diminished by the absorption (minimum ab­
sorbance columns in Tables I and II) obtained with the solutions
exchanged but not the cells. To do this the 100% transmittance
line was adjusted to about 56%. The slits were opened slightly
for measurements at 7.85 microns. Caution was exercised
during the absorbance measurements to ensure that the number
of additions and withdrawals of solutions to and from each cell
was equal. .

Calibrating solutions were prepared by adding various known
quantities of the isomers to the standard sample (12.5 grams) of.
hydroquinone and carrying out the processing and absorbance
measurements using the above technique.

In order to determine the maximum recovery-that is, the
percentages of catechol and resorcinol which remain in the fil­
trate after following the fractional crystallization technique de­
scribed-the procedure was: A sample was prepared containing
12.5 mg. of each isomer in a 2-ml. saturated solution of hydro­
quinone in acetonitrile, and absorbance measurements were
made on these samples using the differential method. A com­
parison of these absorbance measurements with those made on
calibrating solutions subjected to the fractional crystallization
technique, indicated that the method allowed for a maximum
recovery of catechol and resorcinol of 82 and 84%, respectively,
at the 0.1 % level.

The hydroquinone, resorcinol, and catechol chemicals used in
this investigation were Eastman Kodak Co., white label grade.
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Figure 1. Infrared Absorption of Acetonitrile Solutions

A. O.I-mm. path length
B. O.l-mm. path length, 20 mg. per mI.

c. O.l-JDD'lo path length, saturated solution
D. O.l-mm. path length, 20 mg. per mI.
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Table I. Data Used to Calculate Forlllulas for
Deterlllination ofCatechol and R(:sorcinol in Hydroquinone

Added to HQ A, 7.85 "
% catechol ~7c) resorcinol Max. Min. A

(2)

(3)

(1)

II

I I I I

I
I
I

- I -I
I

.A -

'(
I -r- I
I
I
I

10.4
I : I I

0.1 % Resorcinol
in Hydroquinone

8 10

Length in Microns

I
I
I

7.85,
I

Wave

A 7-8. = aR7.85.CR + a07-8•.CO

AlD•• = aR10.••CR + aOlD·.·CO

7

Figure 2. Typical Absorption Curves

Used in calibrating data in Table I

0.1 % Catechol
in Hydroquillone
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O.l-mm. liquid cells with saturated unprocessed hydroquinone
dissolved in acetonitrile used as compensation.

Because each isomer interferes· in the analysis of the other,
an extension of Beer's law was used rather than empirical working
curves for determining the concentrations of the isomers in an
unknown sample of hydroquinone. Beer's law for a two-com-.
ponent system becomes:

Equation 1 can now be restated according to the authors'
analytical conditions as follows:

where AI.. is the total absorbance of the mixture of two materials
at a particular wave length and all.., a2h, Cl, C2 are the absorptivities
and concentrations of the corresponding components at the same
wave length. The analytical technique used to obtain the cali­
brating data in Table I provided for complete compensation of
hydroquinone absorption, and absorption due to hydroquinone
decomposition between the liquid absorption cells used in the
analysis. Therefore, the absorbances actually measured were
only those of catechol and resorcinol.

0.201
0.0042
0.008

Ll

0.196
0.207
0.198
0.201

0.000
0.004

Min.
A, 10.4"

Max.

0.009
0.040

Min.

RESULTS AND DISCUSSION

Catechol Determ~ations

0.10 0.270 0.230 0.040
0.05 0.339 0.167 0.172
0.00 0.409 0.101 0.308
0.10 0.428 0.089 0.339
0.15 0.530 0.018 0.512

A, 10.4 "
Max. Min. Ll

Resorcinol Determinations

0.00 0.252 0.231 0.031
0.05 0.297 0.196 0.101
0.10 0.342 0.161 0.181
0.10 0.350 0.149 0.201
0.15 0.409 0.112 0.297

Max.

0.432 0.097 0.:1<15 0.357 0.161
0.432 0.089 0.M3 0.347 0.140
0.420 0.092 0.:I:?8 0.347 0.149
0.426 0.078 0.3·l8 0.347 0.146

0.3:39
0.0076
0.015

Calculation of Analytical Tolerance, 20" Limits,
at 0.1 % [.evel

A, 7.85"

•

Sample

Saturated, unprocessed,
HQin CH,CN

ProcesIled HQ in CH,CN

0.10
0.05
0.00
0.10
0.15

Sample

• 1
2
3
4

Average
Std. dev., "
2"

Table I lists the results obtained from a series of calibrating
solutions. Measurements were made according to the procedure
outlined in the experimental section. Figure 2 shows typical ab­
sorption curves from which the data in Table I were obtained.
All the values listed in Table I are averages of duplicate analyses
except those obtained from solutions' containing 0.1 % of both
isomers which were averages of iour analyses. Table I shows
that there is a noticeable effeet. caused by resorcinol on the
eatechol determination at the 0.1 % level (0.040 absorbance unit)
and a similar effect of catechol on the resorcinol determination
at the same level (0.031 absorbance unit). This effect is sig­
nificant and can be shown by the ±2u limits which are appended
to the analytical data in Table II.

Table II.

Table III. Comparison of Absorbance, A, between Satu­
rated Hydroquinone Solution and Saturated Processed

Hydroquinone Solution both in Acetonitrile
A, A,

7.85" 10.4"

0.00
0.05
0.10
0.10
0.15

Table II lists the absorbances obtained from the analyses of
four different samples containing 0.1 % resorcinol and catechol
in hydroquinone (averages are listed in Table I). The standard
deviation (0") of each set of absorbances was calculated. Two
standard deviation limits were found to be ±0.015 for catechol
and ±0.008 for resorcinol at the 0.1 % level of each isomer. Using
these tolerances the absorbances listed should be reported to the
nearest hundredth of a density unit. It is assumed that the
tolerances associated with the absorbances at the 0.05 and the
0.15% levels are the same as those determined for the absorbances
at the 0.1 % level.

Table HI shows the absorbance effect of hydroquinone de­
composition products formed during an analysis. This effect
is significant but is also sufficiently reproducible to be canceled
out in the re$tilar procedure. All measurements were made in

Each of the values of the four absorptivities in Equations 2
and 3 were calculated from two independent sets of data (Table
I) at the 0.1 % level, using the measurements from solutions con­
taining 0.1 % catechol and 0% resorcinol in one case, and 0%
catechol and 0.1 % resorcinol in the other case. The results of
these calculations are shown in Table IV. These absorptivities
were used to calculate the absorbances expected at the 0.05%
and 0.15% levels of resorcinol and catechol if the isomers obeyed
Beer's law. A comparison of these calculated values, listed in
Table V, with the corresponding values experimentally obtained
(Table I) shows them to be the same within the experimental
error (20" limits) of ±0.02 for catechol and ±0.01 for resorcinol
as calculated previously. It can be concluded that, in the con­
centration range between 0.05 and 0.15%, resorcinol and catechol
in hydroquinone obey Beer's law.
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Table IV. Calculated Absorptivities frOID Equations 2
and 3 and Table I

LITERATURE CITED

(1) Robinson, D. Z., ANAL. CREM., 24, 619 (1952).

RECEIVED for review May 10. 1954. Accepted October 5. 1954. Presented
at the Conference on Analytical Chemistry and Applied Spectroscopy,
Pittsburgh, Pa.• March 1954.

Table V. COIDparison of Calculated Absorbances
(From average absorptivities of Table IV and Equations 2 and 3 with ob.

served values from Table 1)

10.4 Microns

A, 10.4 I'

Calcd. Obsd.

0.100 0.101
0.300 0.297

A. 7.85 I'

Calcd. Obsd.

0.170 0.172
0.510 0.512

7.85 Microns

%
Resorcinol .

inHQ

0.05
0.15

Method aR7.85 aC7.!3b aRlO.' aCIO.'

1 0.30 3.00 1.69 0.20
2 0.40 3.10 1.80 0.31

Average 0.35 3.05 1. 75 0.25

%
Catechol
inHQ

0.05
0.15

The method of analysis presented here would not in any way
eliminate the effects of other impurities which might be present
in a sample of hydroquinone (of unknown purity). If impurities
other than catechol or resorcinol were present, their effects wOll.ld
have to be determined at the wave lengths in 'qu~stion and
compensation would then be required for these ·effects.

To determine the percentages of catechol and resorcinol in a
sample of hydroquinone of unknown purity, the absorbances
are obtained according to the described procedure. These
absorbances and the absorptivities as calculated 'above are sub­
st~tuted in Equations 2 and 3, which are then solved for concen­
trations of catechol and resorcinol. It may be well to redetermine
the absorptivities of catechol and resorcinol periodically, since
they may vary with instrumental fluctuations.

There is one interference in the analysis for which the authors
have compensated in the procedure and which should be under­
stood so as to prevent needless difficulties. During the absorb­
ance measurements on a sample, a decomposition product(s) of
h)rdroquinone is deposited on the sodium chloride plates of the
liquid cells. As long as the number of contacts of these solutions
with each cell is kept the same, the above effect is eliminated.
This effect, though small, can become troublesome if it has not
been compensated for.

The estimated limit of detectability of the catechol and re­
sorcinol of hydroquinone using this method of analysis can be
determined by calculating the concentrations of both isomers
when the tolerances (±2". limits) are substituted in Equations
2 and 3. This calculation gives a 0.01 % limit for each isomer.
In other words, when this method of analysis. is used, 0.01% by
weight of either isomer should be detected in hydroquinone.
One way to obtain a lower limit of detectability would be to
iJD.crease the initial sample size. This, however, would probably
require an additional crystallization in order to obtain a final
2-ml. working volume. Another limiting factor would be the
greater quantity of decomposition products formed during the
analysis when a larger initial sample is used.

Spectrographic Analysis of Petroleum Products and Related Materials
L. L. GENT, C. P. MILLER, and R. C. POMATTl

Beacon Laboratories, The Texas Co., Beacon, N. Y.

A new IDethod for the preparation of saIDpIes in the
spectrographic deterIDination of relatively large quanti­
ties of IDetals and phosphorus in various IDaterials is
described. A sIDall amount of sample is burned on a
relatively large bed of graphite powder containing cop­
per oxide as additional buffer and internal standard.
After mixing, portions of this powder are tamped into
a shallow cratered graphite electrode and arced for 60
seconds in a direct current arc. Analytical curves are
constructed using the same technique on samples of
known composition. Used and unused lubricating
oils, additive concentrates, greases, sludges, a~d
deposits can be analyzed using this technique.

utilized a disk-shaped graphite electrode rotating through the
oil sample for the determination of phosphorus in unused oils.
Gambrill, Gassmann, and O'Neill (4) have used the same type
of rotating electrode for determining iron, lead, and additives
in used lubricating oils with good results. Hansen, Skiba, and
Hodgkins (6) described a method for iron in used oils in which
the sample is ashed directly in a specially designed electrode.

In order to analyze used oils containing insoluble materials,
a graphite powder bed method' developed by the autp.ors is
deemed more satisfactory and flexible than the meth()ds men­
tioned. In addition, other types of samples such as greases,
additive concentrates, sludges, and deposits can be analyzed with
the same general technique. The method is described for the
determination of relatively large quantities of metals present in
used or unusild oils.

SEVERAL spectrographic methods have been described for
the determination of metallic elements and phosphorus in

lubricating oils. Calkins and White (1) used red-hot graphite
electrodes immersed in the oil and spark excitation of the oil­
impregnated electrodes. For more accurate results, Clark and
others (3) have found that this technique should be used only
for the analysis of unused oils and that the standards and samples
should be of a similar nature. A porous cup method was used
by Gassmann and O'Neill (5) for the determination of additive
metals and phosphorus in unused oils. Later, they found (.4-)
that this method cannot be used for determining the total amount
of an element in used oils containing suspended solids because of
filtering action of the electrodes. Pagliassotti and Porsr-he (8)

APPARATUS

A Baird Associates 3-meter grating spectrograph and an
Applied Research Laboratories Multisource unit were used with
the settings given in Table I.

For the densitometry of plates, an Applied Research Labora­
tories microphotometer was employed. The photographic plates
used were Kodak spectrum analysis No. 1 plates developed,
washed, and dried in Applied Research Laboratories processing
equipment. Electrodes were made from '/,-inch high purity
graphite rods supplied by The National Carbon Co. The sample
electrode had a crater at one end 31a2 inch deep and 3/,6 inch in
diameter. The upper counter electrode was machined to a tip
'/s inch in diameter.
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Table I. Spectrograph and Source Unit Settings
Baird Spectrograph

Small crucibles were made of thin aluminum foiL The foil
was shaped into a small cup and the sample weighed directly
into it. With oil samples, a few tenths of a gram were burned
and the aluminum foil eup was then rolled into a ball, placed in
a cratered graphite electrode, and subjected to direct current arc
excitation. In general the sensitivity was not adequate and the
aluminum ball did not burn satisfaetorily in the arc.

The graphite powder bed method described below was de­
veloped to overeome these disadvantages.

PREUMINARY EXPERIMENTS

At first, the oil sample was burned in a small graphite crucible.
Tleis was fashioned from graphite rods O.5-inch in diameter.
It had v~ thin walls and a height of 0.5 inch. It weighed
about 0.7 gram and had two small holes opposite each other near
the top so that it could be suspended by means of a fine wire
during ignition. Mter weighing the oil into the crucible, a micro­
burner was used to ignite and burn the oil. Mter burning, the
crucible plus residue were then m:1de up to a definite weight
(0.900 gram) with graphite, and copper oxide was added as inter­
nal standard. The crucible was transferred to a mortar, crushed
carefully, and mixed thoroughly. Cratered electrodes were
tamped in this mixture and spectrograms recorded by means of a
direct current arc. Since the crushing and grinding of the
graphite crucible were time-consuming and tedious, other tech­
niques were tried.

3

.2

2

5

4

.3

o
~I
c( .9
ll: .8
>- .7
.....6

~.5

'".....4
Z

Mg.

Figure 1. Typical Analytical Curves

Table III. COIDparison of Spectrographic and CheIDical
Results

(Values .given are percentages)

Sample Type Method Elements
Mg Zn

Used oil Spec. 0.050 0.078
Chern. 0.048 0.072

Used oil Spec. 0.040 0.054
Chern. 0.035 0.056

Used oil Spec. 0.041 0.060
Chern. 0.043 0.059

Concentrate Spec. 0.40 0.88
Chern. 0.45 0.91

P Ca Ba Sn Pb

Unused oil Spec. 0.056 0.11 0.063
Chern. 0.053 0.11 0.065

Unused oil Spec. 0.036 0.16 0.028
Chern. 0.037 0.16 0.030

Used oil Spec. 0.12 0.12 '0.042
Chern. 0.12 0.12 0.037

Used oil Spec. 0.16 0.21 0.19
Chern. 0.17 0.20 0.20

Used oil Spec. 0.18 0.027 0.22
Chern. 0.17 0.029 0.20

Used oil Spec. 0.038 0.18
Chern. 0.040 0.21

Unused oil Spec. 0.043 0.051 0.060
Chem. 0.044 0.051 0.066

Used oil Spec. 0.063 0.066 0.13
Chern. 0.059 0.065 0.15

Na Ca Ph

Grease Spec. 1.2 0.16
Chern. 1.1 0.17

Grease Spec. 0.85 0.12
Chern. 0.70 0.12

Grease Spec. 0.39
Chern. 0.38

Grease Spec. 4.3
Chern. 4.7

P Pb Ba Zn Sn

Engine deposit Spec. 2.7 25 4.5
Chern. 2.3 25 4.1

Engine deposit Spec. l.8 25 2.4 0.82
Chern. 1.6 27 2.5 0.80

Engine deposit Spec. 54
Chern. 52

Engine deposit Spec. 51
Chern. 52

Engine deposit Spec.. 57 7.8
Chern. 52 8.0

2180-3600 A. (1st order)
13 mm.
50 r.ficrons
25 em. focal length to focus elec­

trodes on grating
10% transmittance filter in radi­

ation beam and 50% filters over
3345 A. Zn line and 2663.2 A.
Pb line

60 microfarads
400 microhenries
22 ohms
0°
10 amperes
60 seconds
3 nun.
Positive

Multisource Unit

Wave Lengths of Analysis Lines
Wave Length.

A.

3108.6
2779.8
2800.9,3345.0
2335.3,2347.6
2429.5
2823.2, 2663.2
2535.7,2553.3
3158.9
3302.3

Element

Copper (intern. std.)
Magnesium
Zinc
Barium
Tin
Lead
Phosphorus
Calcium
Sodium

Table II.

Spectral position
Grating aperture
Slit width
Quartz condensing lens

Filters

Capacitance
Inductance
Resistance
Discharge VB. charge
Output amperage
Exposure
Analytical gap
Sample electrode

PROCEDURE FOR GRAPHITE POWDER BED METHOD

Preparation of Standards. For the analysis of oils, base oil
stocks and additive materials are blended and chemically ana­
lyzed to make standards in the range desired. From these, pow­
der :3tandards are prepared as described in the analysis of samples.
Usually only one or two oil standard& are needed, since by.vary­
ing the weight of the oil burned, any number of powder stand­
ards can be made covering the desired range. From the per­
centage of each element in the oil standard and the weight
burned, the milligrams of each element in the powder standard
are calculated. These powder standards are then used to prepare
analytical curves. The milligrams of element per gram of powder
standard versus intensity ratios of element line to internal
standard line are plotted on log-log grs.ph paper. Several typical
analytical curves are shown in Figure 1.



VOL U ME 27, NO.1, JAN U A R Y 1 955 17

Table IV. Repeatability of Spectrographic Method'
(Analysis of blended oil standard)

Ba P Pb Zn
Detn. Blended, Found, Blended, Found, Blended, Found, Blended, Found,
No, % % Dill'. % % Diff. % % Diff. % % Diff.

1 0.30 0.28 -0.02 0.042 0.044 +0.002 0.076 0.077 +'l.001 0.036 0.040 +0.004
2 0.29 -0.01 0.046 +0.004 0.077 +0.001 0.036 0
3 0.29 -0.01 0.046 +0.004 0.072 -0.004 0.035 -0.001
4 0.27 -0.03 0.041 -0.001 0.075 -0.001 0.038 +0.002
5 0.28 -0.02 0.039 -0.003 0.075 -0.001 0.034 -0.002

Av. 0.28 0.043 0.075 0.037

For standards difficult to prepare by blending, such as additives
or greases, one or two chemically analyzed samples are sufficient
to prepare the powder standards as described.

Preparation of Graphite-Copper Oxide Mixture. As suggested
by Jaycox (7), copper oxide is used as internal standard, A
graphite-copper oxide mixture to serve as a matrix material is
prepared as follows:

To IOO-mesh graphite powder, enough 20% C.P. copper nitrate
solution is added to yield 75 mg. of copper oxide per gram of
final dry mixture. This is stirred well, dried first at 210 0 F.,
and then muffled at 1000 0 F. for 15 minutes to convert the copper
nitrate to the oxide. This mixture after thorough mixing is
ready for use. For convenience approximately 200 grams at a
time are prepared and kept dry. The actual amount of copper
oxide in this mixture is not critical, since the same graphite mix­
ture is used in preparing both the standards and samples.

Analysis of Samples. One grain of the graphite-copper oxide
mixture is weighed into a small po~celain crucible (00 tall-form
Coors). It is packed slightly by tapping the crucible and a
small indentation is made in the center of the mixture with the
bottom of a small test tube. After the oil sample is thoroughly
mixed and the crucible containing the graphite-copper oxide
mixture weighed, a suitably sized sample (usually 0.1 to 0.6
gram) is transferred by means of an eye dropper to the graphite
bed in the crucible and weighed to the nearest milligram. The
crucible is then heated slowly and the oil is ignited and allowed
to burn. The temperature is kept just high enough to burn off
all the oil. The resulting dry ffilxture is then thoroughly mixed
in the crucible, or it may be transferred to a dental amalgamator
and mixed in a matter of seconds. Portions of this mixture are
packed into the cratered electrodes by tamping the electrodes into
the mixture and arced for 60 seconds in a direct current arc. A
metallized quartz neutral filter having a transmittance value of
10% is placed in the radiation path and 50% transmittance filters
are placed in the cassette immediately in front of the plate in the
2663.2 and 3345.0 A. regions. These latter two filters serve' to
reduce further the densities of the lead line and the zinc line and
background. Usually three exposures of standards and samples
are made.

The exposed plate is developed for 4 minutes at 70 0 F. in East­
man Kodak developer D-19, placed in an acetic acid stop bath
for about 20 seconds, and fixed for 5 minutes in Kodak rapid
liquid x-ray fixer.

The transmittance values of the lines listed in Table II are
determined.

No corrections for background are made since it is extremely
low.' The per cent transmittance values are converted. to rela­
tive intensities by means of an emulsion characteristic curve.
A rotating 6-step sector (ratio 1 to 2) and a preliminary curve
suggested by Churchill (2) are used to obtain this curve.

From the intensity ratio of the element to copper and the
proper analytical curve, the milligrams of the element of interest
are determined. This value multiplied by 100 and divided by
the sample weight in milligrams gives the percentage of the
element in the sample.

DISCUSSION

The advantage of this technique in the preparation of samples
of lubricating oils is that the relatively high temperat~res en-

countered when an oil is taken to an ash in a muffle are avoided.
This minimizes the loss of the more volatile elements and pre­
cludes the fusion of any material to the crucible as may occur in
the ashing of some samples. In addition, less handling and trans­
ferring of the sample are required than if the ash technique is
used.

Although this method has been used primarily for the analysill
of oils, the same general technique has been applied to the
analysis of other materials-for example, additive concentra~s,

greases, engine deposits, and sludgell. In each case, ~e amount
of sample taken for analysis is governed by the concentration
of the element sought. With additive concentrates, greases,
and deposits, 2 to 20 mg. are usually sufficient. When analyzing
deposits, the sample is ground to a fine powder first and weighed
directly into the I-gram mixture of graphite and copper oxide.
This i~ then mixed thoroughly and portions are arced. When
working with such small samples, extreme cltre Ilhould be exercised
to ensure homogeneity.

In order to increase the sensitivity, 0.5-gram portions of the
graphite-copper oxide mixture have been used in the preparation
of samples and standards with satisfactory results.

ACCURACY AND PRECISION

Table III gives the data obtained on a variety of samples
analyzed both by this method and chemical means and indicates
th~ accuracy of the spectrographic procedure. From the 48
determinations, the average error is about ±1O% of the element
present, with one' determination showing a difference of 21 %
from the chemical result, one determination differing from the
chemical result by 17%, and three differing by 14%.

Table IV lists the results obtained on analyzing a blended oil
standard five times with this spectrographic technique and is
iIldicative of the repeatability of the method.
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Flame Photometric Determination of Strontium in Sea Water
TSAIHWA J. CHOW and THOMAS G. THOMPSON

Department of Oceanography, University of Washington, Seattle, Wash.

BAND-WIDTH INTERFERENCE

Studies were made to determine the extent of band-width
interference that might be caused by the presence of the major
constituents of sea water (chloride, sodium, sulfate, magnesium,
calcium, and potassium). Individual standard solutions con­
taining one of these ions were prepared and the emission inten­
sity of each was measured at wave lengths of 460.7 and 454 mI'•

The da1<a obtained are shown in Table 1.
As indicated in Table I, the chloride, sulfate, magnesium, and

potassium ions did not emit net light intensity at the wave length

Table I. Band-Width Interference of Major
Constituents in Sea Water

Interfering Ions Emission Flame Net
Con- Conen., Intensity Background Emission

stituents mg.-atom/I. at 460.7 mJ' at 454 mJ' Intensity

Chloride 833 3.0 3.0 0.0

Sodium 333 77.5 74.7 2.8
167 39.0 37.8 1.2
83 20.8 20.0 0.8
42 11.8 11.2 0.6

Sulfate 100 2.5 2.5 0.0

Magnesium 110 2.5 2.5 0.0

Calcium 20 13.7 3.0 10.7
16 11.7 3.0 8.7
12 9.4 3.0 6.4

8 7.4 3.0 4.4
4 5.2 3.0 2.2

Potassium 16.7 10.9 10.9 0.0
8.4 6.8 6.8 0.0

Strontium 0.18 98.1 2.5 95.6
0.09 49.6 2.5 47.1

plier phototube (No. 4300) and the modified flame attachments
(No. 9220). With the use of the multiplier phototube the response
of the spectrophotometer to a given light signal will be in­
creased at least 100-fold as compared to the ordinary blue­
sensitive phototube.

The strontium spectral line of 460.7 mM was chosen as the
wave length for the emission intensity measurement. Owing
to the continuous emission of the solvent, the flame background
must be subtracted from all strontium readings. The back­
ground intensity of the wave length of 454 mM was equal to that
of 460.7 mM and was unaffected by changing strontium concen­
tration. The difference in reading obtained at these two wave
lengths was used as a measurement of the light intensity emitted
by strontium. The sensitivity of the instrument was operated
at the counterclockwise position, so that the maximum detecti­
bility of the weak strontium line could be obtained. It also
permitted the use of a 0.02-mm. slit width which reduced the
flame background intensity and thus minimized the possible
band-width interference of other constituents. A warm-up
period of 15 minutes was employed before measurements were
made in order to attain the maximum stability in operation.
The atomizer-burner was thoroughly rinsed with distilled water
between each sample change. The stability of the instrument
was checked with standard strontium solutions at the beginning
and the end of each series of measurements.

A linear relation between the emission intensity and the
strontium concentration was obtained under the following operat­
ing conditions of the spectrophotometer:

.The purpose of the present investigation was to develop
an accurate and relatively shnple flanle photonletric
procedure for the analysis of strontiunl in sea water
and nlarine products. Factors which affect the inten­
sity of the light elllitted by strontiUnl were determined.
The band-width and radiation interferences of the
nlajor constituents of sea water we:re studied. Calcium
ions were the only ones which showed band-width inter­
ference. The chloride, sulfate, and nlagnesium ions
showed a negative radiation interference, whereas a
positive interference was given by the sodium, calcium,
and potassium ions. The "internal standards" tech­
nique was developed to eliminate the interferences
caus~d'by the fluctuation of the physical and chemical
i'roperties of the solution. Sea water samples collected
from vllrious oceans were analyzed for strontium. The
average strontium-chlorinity ratio was found to be
0.0048 ± 0.0002 where the strontiunl is expressed as
milligranl-ato:r:ns.

THE presence of strontium in sea water was first reported by
Sonstadt (11), who mistook the spectral lines of calcium and

strontium for those of rubidium and cesium but later corrected
the observational error (12). Dittmar (3) detected the element
spectroscopically in sea water, marine organisms, and boiler
scales. Makin (.1-) and Coppock (1) could not detect the element
in sea water. The first quantitative data on strontium was given
by Desgrez and Meunior (2) who reported 0.154 mg.-atom per
liter for the waters of the English Channel. Thompson and
Robinson (13) cite the data of Thomas and Thompson, who
obtained a value of 0.14.5 mg.-atom per kg., calculated for 19%
cWorinity fo:r waters of San Juan Channel in the state of Washing­
ton. Later results by Ramage (9) showed 0.456 to 0.470, by
.Noll (6} 0.080 .to 0.090, and by Vinogradov (14-16) 0.091 to
0.114 mg.-atom. per liter. Miyake (5) using the nitrate extrac­
tion method .found 0.164 mg.-atom per liter for the waters of the
Japan Sea. Smales (10) using a combination of flame photo­
metric and radioactive tracer technique, reported 0.103 to
0.126 mg.-atom per liter for five samples from the Atlantic Ocean..
Odum (7, 8) separated strontium and calcium from other salts in
the sea waters, previous to the arc and flame spectroscopic
analys'is, and obtained from the analyses of 160 samples of
Atlantic Ocean water an average of 0.093 ml~.-atom per liter
strontium calculated for waters of 19.38°/00 chlorinity. Odum's
data thus showed a strontium-chlorinity ratio of 0.0048.

CHEMlCAI.s AND EQUIPMENT

All chemicals used in the present investigation were of analyti­
cal grade and tested for traces of strontium. A stock strontium
solution of 6.00 mg.-atom per liter was prepared by dissolving
0.886 gram of strontium carbonate in a limited volume of hydro­
chloric acid, and then diluting to 1 liter. From Buch stock solu­
tions suitable aliquots were takeR and diluted for strontium stand­
ards. Other standard solutions of sodium chloride, magnesium
chloride, calcium chloride, potassium chloride, ammonium chlo­
ride, and ammonium sulfate were prepared. Polyethylene con­
tainers were used for the storage of standard solutions for short
periods of time in order to avoid possible contamination from
glassware. Tanks of hydrogen and oxygen were used as the
fuel.

.EXPERIMENTAL

The intensity of light emitted by strontium was measured
with a Beckman DU spectrophotometer fitted with the multi-
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Wave length
Selector
Phototube
Resistor
Slit width
Oxygen
Hydrogen

Strontium spectral line, 460.7 mJ'
Flame background, 454 mJ'
0.1
Multiplier phototube
22 megohms
0.02 mm.
15 lb. per sq. inch

4 lb. per sq. inch
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G Denotes approximate concentrations in sea waters.

Table II. Radiation Interference of Major Constituents
in Sea Water

of 460.7 mI" Light was emitted by sodium ions at this wave
length, but the interference could be corrected by subtracting
the flame background at 454 mI'. Calcium ions were the only
ones to show band-width interference at the wave length of 460.7
mI'.

A. O.O%oCI
B. 4.8%oCI
C. 9.5%oCI
D. 15.8%oCI
E. 19.0%oCI
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Figure 1. Calibration Graphs of StrontiUln in
Synthetic Sea Water

Aliquot parts of this water were diluted with distilled water in
order to secure solutions with different ranges in chlorinity.
Known quantities of strontium were then added in different
amounts and the net emission intensities determined at the wave
length of 460.7 mI'. The data are given in Table III and plotted
in Figure 1. Deviations in the slopes of the graphs demonstrate
that the emission intensity is not only a function of the strontium
concentration but also ·the concentration of other constituents of
the solution. Thus, calibration gral?hs would have to be con­
structed for waters of varying chlorinities when making strontium
determinations on samples of sea water. Such graphs' would
have to be frequently prepared during the analyses of a series of
samples because of the f1uetuations in the characteristics of the
flame photometer.

In order to seeure the most consistent results and to make the
determination independent of the chemical and physical condi­
tions of the solutions being analyzed, the use of "internal stand­
ards" was devised. The method was as follows: Equal volumes of
the sample of sea water to be analyzed for strontium were added
to a series of standard solutions containing different known quan­
tities of strontium. The emission intensity of the resulting solu­
tions was then determined at the wave length of 460.7 and 454
mI'. The resulting net intensity of the light was emitted by the
strontium in the standard plus the strontium in the unkriown.
If ther.e were any interfering substances existing in the solution,
they would affect equally the emission of light resulting from the
standard and the unkriown. The resulting net intensities were
plotted linearly against the concentration of the standard stron­
tium solutions which had been added to the unkriown. The line
intersecting the ordinate indicates the emission intensity of the
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0:0
2.5
5.0

10.0°
15.0
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0.0
37.5~
75.0

150.0
225.0
300.0

0.0
9.2

18.3
36.7
55.0°
73.4
91.7

110.0

0.0
1.0
2.0
4.0
6.0
8.0

10.0°

NaCI
MgC\,.6H,O
N""SO•. 10H,O
CaCh
KCI
NaHCO,

Interfering Ions

Sulfate

Magnesium

Sodium

ConeD"
Constituents mg.-atom/I.

Chloride 0 .0
49.0
98.0

146.0
192.0
550.0°

0.0
52.0

104.0
208.0
312.0
416.0°

Calcium

Potassium

RADIATION INTERFERENCE

The effect of radiation interference on the strontium determina­
tion by the presence of the various ions in the sea water was
studied. The emission intensities of the solutions containing
known quantities of strontium together with other ions were
measured and the amount of strontium recovered was calculated.
The data are given in Table II. The magnesium ions greatly
suppressed the strontium recovery, the deviation being propor­
tion'al to the concentration of magnesium. The presence of
sulfate ions gave low results and the effect was apparently inde­
pendent of the concentration. A slight deviation was observed
for the chloride ions. The sodium ions caused the strontium to
emit more light, giving a high strontium recovery. The calcium
ions produced positive interferences on the strontium analysis,
the effect being directly proportional to the calcium concentration.
A slight interference was given by potassium ions.

CALIBRATION GRAPHS FOR STRONTIUM DETERMINATION IN
SEA WATER

A synthetic sea water, free of strontium, containing all of the
major constituents in the proportions found in sea water and
having a chlorinity of 38.00%0, was prepared by dissolving stron­
tium-free chemicals in the following quantities in a liter of dis­
tilled water:
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Sr
'/00 CI

0. 00478
0. 00499
0. 00506
0.00472
0. 00480
0. 00470
0.00475
0.00502
0.00489
0. 00466

0.00484

0.00485
0. 00490
0. 00466
0. 00486
0.00475
0. 00481
0. 00454
0. 00492

0. 00479

0. 00476
0.004~
0. 00485
0. 00476
0. 00496
0.00487
0.004~
0. 00492
0. 00490
0. 00490

0.0048B

y

~

x: Sr CONCENTRATION OF UNKNOWN
Y: EMISSION INTENSITY OF UNKNOWN
b: SLOPE OF THE LINE

X: y
1)

'/'" Cl
(1952)

14.52
15.25
16.44
17.12
17.55
17.88
18.84
19.30
19.33
19.35

0.09 0.12 0.15

STANDARDS, mg.-ot.lL.

Figure 2. Determination of Strontium by
Internal Standards Method
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samples. Polyethylene bottles were used to'preserve the samples
on which strontium determinations were to be made. Consider~

able time elapsed before the analyses for strontium were made.
During this period slight evaporation occurred as is evidenced by
the two chlorinity values, one designated as 1952 being mad~
shortly after collection, and the other, 1954, determined when the'
strontium values were obtained. The evaporation does not affect
the validity of the ionic ratio, milligram-atom strontium per kilo­
gram of water to parts per mille chlorinity, but thestrontium con­
centrations determined may be from 0.001 to 0.002 mg.-atom too
high. Therefore, the actual strontium content of the waters in
situ for the Arctic and the Pacific were calculated for the several

o
10
20
30
50
75

200
500

1000
2000

Av.

0 10.14 18.03 0.088 18.13 0.088
5 10.12 18.06 0.089 18.15. 0.089

50 6.41 18,06 0.084 18.27 0.085
200 5.27 18,73 0.091 18,93 0.092
300 4.33 18.73 0.089 19.16 0.091
750 3.74 19.00 0,091 19.35 0.093

1000 2.90 19.01 0.086 19.35 0.088
2000 2.03 19.15 0.094 19.49 0.096

Av.

0 23.61 19.53 0.093
9

23:51
19.68 0.095

18 19.57 0.095
27 23.49 19.56 0.093
91 14.28 19.95 0.099

183 9.92 19.53 0.095
462 5.54 19.41 0.093
838 4.17 19.29 0.095

1028 3.96 19.37 0.095
1413 3.65 19.37 0.095

Av.

Depth,
Meter

Strontium Content of Sea Water from Various Depths in Several Oceans
Calcd. Sr, Sr,

Mg.- . '/'" Cl Mg.-
Atom/Kg. (1954) Atom/Kg.

0.070 14.85 0.071
0.076 15.62 0.078
0,083 16.79 0.085
0.081 17.37 0.082
0.084 17.92 0.086
0.084 18.31 0,086
0.090 19.35 0.092
0.097 19.50 0.098
0.095 19.61 0.096
0.090 19.75 0.092

Location

Beaufort Sea, Arctic
Ocean

Lat. 72° 14.4' N
Long. 155° 00' W
Sept. 14, 1952

Pacific Ocean
Lat. 49° 30' N
Long. 138° 14,5' W
July 7, 1952

Atlantic Ocean
Lat. 38° 57' N
Long. 71° 01.5' W
Sept. 24, 1952

Table V.

4:8 0.0
4.8· 30.1
4.8 60.2
4.8 91.0
4.8 119
4.8 150

9.5 0.0
9'.5 29.0
9.5 60.0
9.5 87.0
9.5 116
9.5 146

15.8· 0.0
15.8 30.0
15.8 58.0
15.8 85.0
15.8 113
15.8 142

19.0 0.0
19.0 13.0
19.0 27.0
19.0 40.0
19.0 55.0
19.0 69.0
19.0 83.0
19.0 112
19.0 139

Chlorinity,
'/00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Calibration Graph Data on Strontium
Net Emission
Intensity at
460.700"

0.0
16 ..0
32.5
47.1
63.7
79.2
95.6

129
160

Table IV. Results of Strontium Analysis
Interfering Ions, Mg.-Atom/L. Strontium, Mg.-Atom/L.
Mg SO. Na Added Found

0.0 0.0 0.0 0.090 0.089
0.0 50.0 500.0 0.090 0.088

91.8 91.8 500.0 0.090 0.087
0.0 0.0 0.0 0.120 0.118

91.8 91.8 0.0 0.120 0.120
0.0 50.0 0.0 0.120 0.122

Table HI.
Strontium

Conen.,
Mg.-Atom/L.

0.00
0.03
0.06
0.09
0.12
0.15
0.18
0.24
0.30

0.00
0.06
0.12
0.18
0.24
0.30

0.00
0.06
0.12
0.18
0.24
0.30

0.00
0.06
0.12
0.18
0.2'­
0.30

0.00
0.03
0.06
0.09
0.12
0.15
0.18
0.24
0.30

strontium in t,he unknown. An example is illustrated in Figure 2.
Since the graph in Figure 2 is a straight line, Y = a + bx, the
unknown strontium concen-
tration, x, is given by the ratio
of Y to slope of the line, when
a = O.

The validi~y of the internal
standards technique for elil'ni­
nation of interference from
some of the major constituents
of ~ea water was tested with
solutions of known concentra­
tions. The results are given
in Table IV.

DETERMINATION OF STRON­
TIUM IN SEA WATER

The method of internal
standards technique was ap­
plied to the analysis of samples
of sea water collected at vari­
ous depths Itt a station in each
of three oceans, t.he Arctic,
Pacific, and Atlantic. Table V
shows the locations of the sta­
tions, depths at which samples
were obtained, temperature of
the waters in situ, and the
Ghlorinity values determined
shortly after coUection of
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samples by' multiplying the chlorinity obtained at the approxi~

mate time of sampling by the ionic ratio.
The data show that strontium exists in the oceans in constant

proportions to the chlorinity expressible by the ratio 0.0048 ±
0.0002. The lowest ratio was obtained on the sample taken at
1000 meters in the Pacific Ocean. This depth is in the zone of
minimum oxygen and slight, anomalies for other constituents
have been observed.

ACKNOWLEDGMENT

The authors wish to thank C. A. Barnes of the University of
Washington, Seattle, Wash., for collecting samples of sea water
from Beaufort Sea, Arctic Ocean, and Francis A. Richards,
Woods Hole Oceanographic Institution, Woods' Hole, Mass.,
for collecting sea water samples from the Atlantic Ocean. The
authors also desire to express their appreciation for assistance
f110m the National Science Foundation.

21

UTERATURE CITED

(1) Coppock. J. B., Chem. News, 96, 212 (1907).
(2) Desgrez, M. A., and Meunier, Jean. Compt. rend., 183, 689

(1926) ..
(3) Dittmar. W .• Challenger Reports, Phys. and Chem., 1,9 (1884).
(4) Makin, J. S.. Chem. News, 77, 155 (1898).
(5) Miyake, Yasuo, BuU. Chem. Soc. Japan. 14, 55 (1939).
(6) Noll, W:. Chern. Erde, 8, 507 (1934).
(7) Odum, H. T .• Science, 114,211 (1951).
(8) Ibid., p. 407.
(9) Ramage. Hugh, South Eastern Naturalist and Antiquary, 38,

54 (1933).
(to) Smales. A. A., Analyst, 76, 348 (1951).
(11) Sonstadt. E., Chem. News, 22, 25 (1870).
(12) Ibid., p. 44.
(13) Thompson, T. G., and Robinson, R. J., Bull. Natl. Research

Council (U. S.), No. 85, 174 (1932).
(14) Vinogradov, A. P., Trav. lab. bioueochim.acad. sci. U.S.S.R., 3,

63 (1935).
(15) Vinogradov, A. P., Uspekhi Khim., 7, 639 (1938).
(16) Ibid., 13, 3 (1944).

REOEIVED for re,'iew June 14, 1954. Accepted October 5, 1954.

Spectrophotometric Determination of l-Naphthol in 2-laphthol
Utilizing Difterences in Reaction Rates
J. S. PARSONS, WILLIAM SEAMAN, and J. T. WOODS

American CyanamiJ Co., B~unJ Brook, N. J:

A spectrophotoUletric Ulethod for the deterUlination
of I-naphthol has been used in the range of 0.00 to
0.50% I-naphthol in 2-naphthol. It depends on the
faster rate of reaction of I-naphthol than of 2-naphthol
with a diazoniuUl salt. In the procedure a separation
of the two is Ulade by precipitating the 2-naphthol
froUl alkaline solution by addition of acid. The filtrate,
which contains the I-naphthol and a sUlall aUlount of
2-naphthol, is 'treated with diazotized 2-naphthyl­
aUline-5,7-disulfonic acid at a controlled teUlperature.
The absorbancy of the reddish color forUled is Uleasured
at 485 Ul,u after an exact tiUle of reaction. With the
conditions of tiUle, teUlperature, and acidity chosen,
only a slight aUlount .of 2-naphthol reacted. The
standard deviation was ±0.004% of I-naphthol for
s3Ulples containing 0.07 to 0.35% I-naphthol.

A REVIEW of the literature indicated. a number of tests
proposed for the detection or estimation of I-naphthol in

the presence of 2-naphthol, but none appeared entirely satis­
factory for the quantitative determination of quantities of the
order of 0.1 %. Callan (1) has compared the sensitivities of a
number of tests. He found of most interest as a quantitative
method in the range of 0.1 to 0.5% I-naphthol, a method pro­
posed by Liebmann (4), later modified by Prochazka (5) and
finaJly by Callan (i). These methods are based on the fact that
1- and 2-naphthols couple with diazotized p-nitroaniline to form
azo compounds. These can be separated by the solubility of the
alpha compound in sodium hydroxide. The beta compound is
insoluble. However, these methods have certain disadvantages
in that the'y involve a tedious extraction or evaporation and the
colored product has limited stability in sodium hydroxide solution.

This work was begun by studying a series of diazotized sub­
stituted aromatic amines to find a compound which would pref­
erentially couple with 1- and not with 2-naphthol in a high acidity
medium. The following compounds were studied: o-nitroani­
line, 2,6-dimethylaniline, 2-chloro-4-nitroaniliIie, 2,4-dinitrci-

aniline, m-nitroaniline, 4-methoxy-2-nitroaniline, 1-sulfo-4~nitro­

aniline, 2-methoxy-4-nitroaniline, 3-nitro-4-methoxyaniline, 2­
naph~hylamine-5,7-disulfonic acid, 1-naphthylamine-2-sulfonic
acid, 2-naphthylamine-I-methyl sulfonic ester, and 2-naphthyl­
amine-I-azobenzene. Of these none appeared specific for
I-naphthol; however, diazotized 2-napthylamine-5,7-disulfonic
acid was found to be the most promising coupling agent for
further study, as it reacted faster with 1- than with 2-naphthol
in acid medium. Furthermore, the azo compounds were com­
pletely water soluble, .which was advantageous for colorimetric
work. Although I-naphthol couples faster than 2-naphthol, it
was found necessary to reduce the amount of 2-naphthol present
for a feasible colorimetric method. This was done by dissolving
the sample in sodium hydroxide and then precipitating most of
the2-naphthol with acid, thus leaving some of the beta and all
of the alpha compound in the filtrate. Strongly acid conditions
were chosen for carryiNg out the coupling reaction so as to de­
crease the rate of coupling of 2-naphthol. Since only a small
amount of the I-naphthol present in the solution actually reacts
with the diazoniUl:n salt, the reaction is rate controlled. Hence,
the color produced is a function of time and temperature as well
as of concentration of I-naphthol. By controlling the acidity,
temperature, and time of the diazo reaction, a reproducible
method for l-:naphthol was obtained.

Examples of the use of differences in reaction rate for providing
new analytical procedures were reported recently· by Lee· and
Kolthoff (3).

APPARATUS AND REAGENTS

The Coleman Model 11 Uni~ersal spectrophotometer, the
Beckman Model B, or other direct-r@ading instruments are
recommended, as the measurements must be made while watch­
ing a stop watch. The Coleman Model 11 was used except where
otherwise noted.

Diazotized 2-Naphthylamine-5,'7.-disulfonic Acid. Technical
grade monosodium salt of 2-naphthylamine-5,7-disulfonic acid
is recrystallized from water several times with the addition of
decolorizing carbon until the produ'c1 is no m'ore than faintly
yellow. The reagent, dried in a steam oven, is then titrated



22 ANALYTICAL CHEMISTRY

with O.LV sodium nitrite to an external starch-iodide end point
so as to establish the amount of nitrite necessary for preparing
the reagent solution. It is undesirable to have an excess of
nitrite present in the reagent solution. An amount of reagent
equivalent to 0.325 gram of the monosodium salt of 2-naphthyl­
amine-5,7-disulfonic acid is dissolved in 25 ml. of 1 to 1 hydro­
chloric acid. The solution is cooled to at least 10° C. and
placed in an ice bath; 10 ml. of O.IN sodium nitrite are added
slowly with stirring. The solution is then diluted to 50 ml. with
ice water in a volumetric fla:sk and kept in an ice bath. This
reagent Elhould be made up fresh daily.

2-Naphthol. 2-Naphthol was purified by precipitating tech­
nical material from sodium hydroxide with acid several times
and then precipitating from benzene by the addition of heptane.
The purified 2-naphthol used in this work had a freezing point
of 121.40° C., with an estimated cryoscopic purity of 99.9 mole
%.

I-Naphthol. I-Naphthol was purified by recrystallizing tech­
nical I-naphthol first from benzene and then from carbon tetra­
chloride to a constant melting point. The material used in this
work had a freezing point of 95.2° C., with an estimated cryo­
scopic purity of 99.7 mole %.

PROCEDURE

~eigh IJlO gram of the 2-naphthol sample into a I25-ml.
Erlenmeyer flask and dissolve with 10 ml. (pipet) of IN sodium
hydroxide. Warm gently if necessary to dissolve, but do not
approach the boiling point. Then add 50 ml. of water and heat
to 70° to 80° C. Add slowly from a pipet 9.0 ml. of 1 to I
hydrochloric acid with constant swirling of the flask. Then cool
the mixture in an ice bath to 2 ° C. Allow to stand for 10 min­
utes, remove the flask from the ice bath, and filter at once into
a 250-ml. :suction flask on a 6.:>-cm. Buchner funnel through a
5.5-cm. No. 201 Reeve-Angel filter paper. Wash out the
Erlenmeyer flask with 5 ml. of iee water, cool the washings in the
Erlenmeyer flask in an ice bath, and when the filter cake is
practically free of liquid, add the cold washings to the cake and
suck through.

1.0

0.8

>-
~ 0.6
<I:
'"""o
~ 0.4

__-----BETA(0.5 NHCI)

10 20 30 40 50 60
TIME (MIN.)

Figure 2. Rate of Color Developm.ent

Preparation of Calibration Curve. A solution is prepared
containing 1 mg. of purified I-naphthol pel' milliliter by dis­
solving 1.00 gram of I-naphthol in 25 ml. of 3A alcohol, pouring
into a large volume of water, and finally diluting to 1 liter. Then
1- 2-, 3-, and 4-ml. aliquots of the I-naphthol solution are
added, respectivelYd

to 1· gram samples of 2-naphthol and the
samples are carrie through the regular procedure. The per
cent transmittancy is then plotted against per cent I-naphthol
on semilogarithmic graph paper. This serves as the working
curve. A new calibration curve should be prepared whenever
a new 2-naphthylamine-5,7-disulfonic acid is used.

Figure 1. Speetrophotom.etrie Curves

400 450 500 550 600
WAVELENGlH, MILLIMICRONS

Dilute the contents of the filter flask to 100 ml. and transfer
to a clean 12,Ij-ml. Erlenmeyer flaBk. Place the stoppered flask
in a bath maintained at 23 ° to 24 ° C. and when the solution in
the flask comes to the bath temperature, add 4 ml. of diazotized
2-naphthylamine-5,7-disulfonic acid from a 5-ml. Mohr pipet,
starting a stop watch as soon as the flow of diazo begins. Shake
the flask occasionally in the bath but do not expose the flask to
direct sunlight or other strong light. Remove the flask from the
bath after 13 minutes and transfer a portion to a 2 X 4 em. cell.
Place the cell in a Coleman Model 11 Universal spectrophotom­
eter containing a PC-4 light filter so that the light path is 2
em. Using distilled water as the reference liquid, at exactly
15 ± 0.1 minutes from the time the diazo reagent begins to flow
from the pipet read the per cent transmittancy on the galva­
nometer deflection scale with the wave-length scale adjusted to
485 m!'. Tlle per cent I-naphthol is read from a calibration
<:urve.

DISCUSSION

Color Reaction. The upper spectrophotometric curve shown
in Figure 1 represents the reaction product of I-naphthol and
diazotized 2-naphthylamine-5,7-disulfonic acid after a 15­
minute reaction in 0.5N hydrochloric acid. The lower curve
represents the reaction product of 2-naphthol-that is, the small
amountin solution not removed by precipitating with acid-and
the diazo reagent along with any color caused by the reagent
solution. This really amounts to a blank. These curves were
obtained by means of the General Electric recording spectro­
photometer using a high scanning speed. The spectrophoto­
metric readings for the method were taken at the absorption
maximum of 485 m!'. Measurements made at 485 m!' on various
concentrations of I-naphthol which had reacted with the reagent
for 15 and 30 minutes conformed to Beer's law. I-Naphthol
separated from plant 2-naphthol by the recommended procedure
gave a curve similar to that of Figure 1 with an absorption maxi­
mum of 485 m!'.

Acid Concentration. The marked effect of acidity on the rate
of reaction of I-naphthol with the reagent is shown by the 'curves
in Figure 2. These curves are for solutions containing 0.02,
0.1, and 0.5N hydrochloric acid and 1 mg. of,l-naphthol present
per 50 ml. Curve A shows that time has a greater effect on the
absorbancy with 0.02N hydrochloric acid than at the higher
acidity values. The effect of 2-naphtholleft in solution because of
solubility in 25 ml. of IN hydrochloric acid (diluted to 50 ml.
before adding the diazo reagent) is shown by the dashed line in
Figure 2. The reaction of the beta compound is about the same
in O.IN as in 0.5N hydrochloric acid but is much more appreciable
in 0.02N hydrochloric acid. Figure 3 illustrates the effect of
acidity on absorbancy for a given time period. Absorbancy is
plotted versus hydrochloric acid concentration for solutions con­
taining 1 mg. of I-naphthol per 50 ml. of 0.02, 0.1, and 0.5N
hydrochloric acid which were reacted with 2 ml. of reagent

I-NAPHTHOL

I~I

2-NAPHTHOL

0.4

0.3
>-v
Z
<I:
'""" 0.20
'"'"<I:
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1.2

:fable I. Effect of TelDperature

Effect of Light
I-Naphthol,

%
0.35,0.35
0.32
0.32
0.31,0.30

Table III.

Conditions

Lab. light
Dark
Daylight lamp
Sunlight

Interpolations of these data indicate that the temperature
must be controlled to ±0.5° C. in order for the temperature error
to be less than 0.1 mg. of I-naphthol (equivalent to 0.01 % for
the described procedure).

Reagent. The reagent concentration was kept constant at
7.7 X 1O-4M. This represents a 2.2-fold excess of reagent
over the stoichiometric requirement for 5 mg. of I-naphthol. It
is desirable to keep the excess of reagent at this value to prevent
2-naphthol interference. Actually, only a small fraction of the
total I-naphthol present reacts with the reagent in the 15- or
30-minute period.

Separation of 1- from 2-Naphthol. Although I-naphthol
couples faster than 2-naphthol in the acid solution, it was neces­
sary to reduce the concentration of beta to obtain the desired
sensitivity for alpha. This was done by dissolving a I-gram
sample of 2-naphthol in sodium hydroxide and precipitaling most.
of it by adding acid as described in the procedure. Results on
synthetic samples prepared from pJlre 2- and I-naphthols are
presented in Table II. A l.OO-gram sample of pure 2-naphthol
was taken. The alpha values in column 3 were corrected for the
absorbance at 485 mIL due to 2-naphthol (or blank) before reading
the milligrams found from a pure I-naphthol calibration Cl1l've.

Data in column 5 indicate an average recovery of 88%. On
dissolving and reprecipitating the 2-naphthol which was filtered
off from the synthetic sample containing 3 mg. of I-naphthol
according to the procedure, the recovery is raised to nearly 100%.
It was demonstrated by successive reprecipitations that a plant
sample containing 0.3% alpha gave essentially complete separa­
tion after two precipitations. It was decided to prepare the
calibration curve from synthetic samples using one precipitation
so that a correction for the unrecovered I-naphthol and for ab-.
sorption due to beta would be unnecessary. A plot of absorb­
ancy against percentage I-naphthol is linear up to 0.5% I-naph­
thol. The plot does not intersect the origin, since the 2-naphthol
correction is not made.

Effect of Heat. Heating (70° to 80° C.) in sodium hydroxide
before precipitation with acid indicated no decomposition of
I-naphthol. However, weak I-naphthol solutions which have
been standing in caustic solution for several days develop a.
coloration. Any prolonged heating at 70° to 80° C. should be
avoided.

05OA

I-NAPHTHOL

0.20.1 0.3
N Hel

Figure 3. Effect of Acidity
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for 15 minutes. The absorbancy attributable to the 2-naphthol
reaction is shown by the dashed line in Figure 3. A 0.5N
hydrochloric acid concentration was chosen for the method,
since the effect of small changes in acidity on the absorbancy
would be less critical and it would be easier to adjust the solution
to this hydrochloric acid concentration. Furthermore, 2­
naphthol interference and the effect of time should be less at
the higher acidity.

0.2 ~,
"­ ......---------------

Time. Time periods of color development of 15 and 30 minutes
were used, as the absorbancy readings at these time periods at,
485 mIL for various concentrations of I-naphthol would be within
the range of absorbancies corresponding to the alpha content
expected in the 2-naphthol samples of interest. Moreover, a
15-second error in time for a 15-minute period could be
made without significance. Although a somewhat higher sensi­
tivity could be obtained at 30 minutes of reaction time, the
15-minute period was chosen for the control method because of
the saving in time.

Temperature. The effect of temperature on the rate of color
development is shown by the data in Table 1. Values are given
for the reaction of 2 mg. of I-naphthol in 50 mi. of 0.5N hydro­
chloric acid for 15 minutes with 2 ml. of 0.02M reagent at the
temperatures indicated in column l.

Table II. Synthetic SalDples
Trans-

1- mittancy, Mg Found I-Naphthol
Naphthol, %, at (Corr. for Error, Recovered,

Mg. 485 MI' 2-) Mg. %
0.00 92

0':80 -'0:20 801.00 81
3.00 62 2.64 -0.36 88
4.00 53.5 3.68 -0.32 92

10.00 26 9.0 -1.0 90

Light Stability. Light stability studies using the conditions
indicated in Table III and with the analysis run on a plant sample
by the recommended procedure showed that sunlight and the
other variations 'from normal laboratory lighting give' slightly
lower results, but these differences are not significantly large.
Cis-trans isomerism is possible with azo compounds and light is
known (2) to affect the inner conversion of the cis-trans isomeric
forms of the azo compounds which may also have different ab­
sorption spectra.

Effect of Impurities. 2-Thionaphthol and {j,{j'-dinaphthyl
disulfide if present in technical 2-naphthol up to 1% will not
cause interference.. A further indication that only I-naphthol'

Temp.,
o C.

14-15
23-24
30-31

Trarismittancy,
%, at 485 MI'

62.5,63.0
52.0,52.5
41.0,41.5

Sample

1
2
3

Table IV. Reaction TilDe
I-Naphthol, %

I5-min. period. 30-min. period

0.21,0.21 0.21
0.30,0.30 0.29,0.29
0.35,0.34 0.35,0.34
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The authors are indebted to Robert Pasarela for obtaining
certain of the spectrophotometric curves, to Alfred Pollara for
purification of 1- and 2-naphthol samples, and to G. E. Gerhardt
and C. R. Witschonke for certain cryoscopic analyses.
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PRECISION AND ACCURACY

The results presented in Table V represent a variety of dif­
ferent samples of 2-naphthol from this laboratory as well as a
number of ot.her sources. The standard deviation calculated
for 14 samples run in duplicate was ±0.004% I-naphthol (ab­
solute). Some of the duplicate determinations were made on
different days. There is no evidence to indicate the occurrence
'of systematic errors.<0.01

0.307,0.308
0.333,0.334
0.070,0.069
0.098,0.092
0.217,0.228
0.257,0.261
0.347,0.348
0.207.0.218
0.165,0.155
0.261.0.262

Sample

1
2
3
4

Analysis of'2'-Naphthol Samples for I-Naphthol
I-Naphthol,

%
0.212.0.213
0.297,0.300
0.352,0.345
0.310,0.310

After purification
of sample "4

5
6
7
8
9

10
11
12
13
14

Table V.

is coupling is shown by the good agreement for plant samples
where the measurement was made at two different times as
shown in Table IV.

It is unlikely that other substances which might be present
woutd COUWe at the same rat.e as I-naphthol. Because the
I-naphthol reaction with the diazo depends upon t.he rate of
reaction, any catalytic effect would be serious. However, no
anomalous effects have been encountered during the past 3
years that the method has been in daily use.
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Spectrophotometric Determination of Bismuth with Sodium
Diethyldithiocarbamate
K. t. CHENGI, R~ ~. BRAY, and S. W. MELSTED

University oI/11ino;5, :Urbana; lit.

A simple sensitive procedure has been developed for the
spectrophotometric dete'rmination 'of bismuth in the
presence of other DletaIs by using a mixture of ethylene­
dia1tDinetetraacetic acid, cyanide, and ammonium
hydroxide. Such a lI1Iixture prevt,nts the metals other
than bismuth f~Dl forming colored complexes with
sodium diethyldithiocarbamate. The. maximum ab­
sorption of the bisDluth diethyldithiocarbaDlate com­
plex in carbon tetrachloride is at 370 mp. This wave
length is the most" sensitive, but large aDlounts of
mercury and lead. interfere. Howe\'er, the wave length
of 400 mp, which is less sensitive than 370 mp, is specific
for the bismuth complex. The proposed method
shouldl prove useful in deterDlining hiS'Dluth in alloys.

SEVERAL methods for the determination of bismuth have
oeen reported (2;3,5,6). However, none.is satisfactory with­

out separation of the interfering substances. Tompsett (8) and
LaCoste et al. (3) have reported that bismuth diethyldithio­
carbamate can be extracted into ethyl ether or chloroform and
that many elements interfere. Recently, Sedivec and Vas8.k
(7), Pi'ibil (4)" and Cheng and Bray (I) reported that when sodium
diethylditbiocarbamate and ethylenediaminetetraacetic acid were
used for the colorimetric determination of copper, only bismuth
interfered and the copper diethyldithiocarbarnate complex was
destroyed by the addition of cyanide while the bismuth diethyl­
dithiocarbamate was not. No practical application of sodium
diethyldithiocarbamate for the quantitative determinat.ion or"

1 Present address, Department of Chemistry. University of Connecticut,
Stons, Conn.

bismuth in the presence of other metals was found in the litera­
ture.

This investigation was initiated to develop a sensitiveandspecific
procedure for the quantitative determination" of bismuth in the
presence of other metals without separation. This method re­
quires the extraction of stable bismuth diethyldithiocarbamate
complex with carbon tetrachloride by adding a mixture of ethyl­
enediaminetetraacetic acid, cyanide, and ammonium hydroxide
to complex the interfering metals. The maximum absorption
of the bismuth diethyldithiocarbamate complex in carbon
tetrachloride is at 370 mIL. This wave length is. the most sen­
sitive to the bismuth complex, but large amounts of mercury
and lead interfere. However, a wave length of 400 mIL,
which is less 'sensitive than 370 m,", is specific for the bismuth
complex. Since this method is sensitive to 1 p.p.m. of bismuth
in carbon tetrachloride, it may be useful for the determination
of bismuth in alloys and biological material.

REAGENTS

Standard Bismuth Solution, 20.00 mg. of bismuth per liter
in 1 to 100 nitric acid. Prepare by dilution of a 1.0000 gram
per liter bismuth solution obtained by dissolving 1.0000 gram of
pure bismuth metal in 10 ml. of nitric acid and diluting to 1
liter with water.

Sodium Diethyldithiocarbamate Solution, 0.2% in water,
stored in a brown bottle (obtained from Eastman Kodak Co.).

Complexing Mixture. Fifty grams of disodium dihydrogen­
ethylenediaminetetraacetic acid (Versenate) and 50 grams of
sodium cyanide are dissolved in 1 liter of 1.5M ammonium
hydroxide (1 part of water to 10 parts of concentrated am­
'monium hydroxide, by volume).

Carbon Tetrachloride, reagent grade.



VOL U M E 27, N O. 1, JAN U A R Y 1 955 25

1.0.

500400 '

WAVE LENGTH (M~)

Figure 2; Absorption Spectra ~f Metal Diethyl­
dithiocarbamates
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other than bismuth, no yellowish coloration was found in the
carbon tetrachloride extract. However, mercury and lead were
not prevented from forming colorless complexes with sodium
diethyldithiocarbamate by adding ethylenediaminetetraacetic
acid, cyanide, and ammonium hydroxide. The colorless com­
plexes were extracted into the organic solvents. The curves
in Figure 2 indicated their absorption at wave lengths below 400
mI" Therefore, the selection of a wave length for measuring the
absorbance of the bismuth complex depends upon the amounts
of mercury or lead ~resent (Table I). The addition of tartaric
acid prevents the precipitation of hydroxides of antllnony and
beryllium.

pH. The solution being analyzed should be adjusted to
pH 7 to 10 in order to complex effectively the interfering' metals,
such as iron, nickel, copper, manganese, cobalt, and zinc.

Organic Solvents. "Carbon: tetrachloride,' chloroform, ethyl
acetate, . and isoamyl alcohol were employed. These solvents
were found to be good' for the bismuth diethyldithiocarbamate
complex; 10 mI. of 'carbon tetrachloride were sufficient to extract
the diethyldithiocarbamate co.mplex containing up to 0.3 mg. of
bismuth.

2
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RESULTS

The data for a calibration curve according to the above proce­
dure are given in Figure 1. The absorbance measurements
were made at 370, 400, 420, and 440 mIL, respectively, and obeyed
Beer's law. .

PROCEDURE

Preparation of Standard Curve. Transfer amounts of the
standard bismuth solution containing 0.00, 0.05, 0.10, 0.15,
0.20, 0.25, and 0.30 mg. of bismuth, respectively, to 125-m!.
separatory funnels. Add 10 m!. of the complexing mixture, 1
m!. of sodium diethyldithiocarbamate solution, and then exactly
10 m!. of carbon tetrachloride. Stopper and shake for 30
seconds. Filter. the separated carbon tetrachloride throngh
Whatman No.1 filter paper and measure the absorbance within
30 minutes with a-spectrophotometer at 370 or 400 mI'.

Application to Samples. If bismuth is not in soluble form, the
sample is digested with nitric acid or a mixture of nitric acid and
hydrochloric acid (5, 6). After digestion, the solution is treated
in the manner as for preparation of standard curve. The
amounts of ethylenediaminetet,raacetic acid, cyanide, and
ammonium hydroxide added depend upon the· amounts of inter­
fering metals present in the sample.. Because e"cess amounts.
of complexing agents do not affect the bismuth determination,
an excess of 10 to 20 m!. of the complexing mixture may be
preser,t.

Figure 1. Beer's Law Curves Measured
Different Wave Lengths

Amount of Reagent. One milliliter of 0.2% sodium diethyl­
dithiocarbamate solution was sufficient for reacting with less
than 0.5 mg. of bismuth. When more sodium diethyldithio­
carbamate was added to the solution containing large amounts of
mercury or lead, a heavy precipitate was formed. More di­
ethyldithiocarbamate was .not necessary, even though large
amounts of other metals were present. This is due to the fact

Foreign Metal
Added 370 m" 400 m"

0.537 0.344
0.538 0.345
0.652 0.342
0.545 0.345
0.538 0 .. 346
0.538 0.344
1.730 0.348

Amount,
Mg.

0.0
'1.0
1.0
5.0
1.0
1.0

100.0

. Determination of Bismuth in Presence of
Forei~Metals

(Bi. 0.115 mg. in 10 m!. of CClt) .

Absorbance

None
Cadmium
Mercury
Copper
Silver
Lead
Lead

Table 1.

The absorption curves for bismuth, mercury, lead, and silver,
determined by the proposed procedure, are shown in Figure 2.
The results given in Table I are an indication ofspecificity and
reproducibility of the method. The value for the lead-base
bearing metal is in good agreement with that certified by the
National Bureau of Standards:

DISCUSSION

Specificity. Previous publications (1, 4, 7) have indicated
that in the preseJ;lce of ethylenediaminetetraacetic acid, cyanide,
and ammonium hydroxide, only bismuth forms a yellowish
coloration with sodium diethyldithiocarbamate in certain organic
solvents. This is a specific qualitative test for bismuth. La­
Coste et al. (3) suggested measuring the intensity of the bismuth
complex at 370 mp, the maximum absorption wave length of
the complex, but pointed out that the interfering metals must be
removed. The curves in Figure 2 illustrate that the me!tsure­
ment at 370 mp for bismuth shows interference by. mercury and
lead, and that the measurement at 400 mp is specific for bismuth
but less sensitive than at 370 mI'. If excess amounts of the
complexing mixture were added to' the solution containing metals
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that the bismuth diethyldithiocarbamate eomplex is more
stable than other metal diethyldithiocarbamate complexes.

Anions. No interference was found from nitrate, sulfate,
chloride, acetate, perchlorate, phosphate, tartrate, and citrate
for the amounts of bismuth determined.

Stability of Color. The yellowish coloration of the bismuth
diethyldithiocarbamate complex in organic solvents--such as
chloroform, carbon tetrachloride, and ethyl aeetate--was found
not to be very stable, especially with respect to light. The
intensity of color gradually' decreased with time of standing
(Figure 3). When· the carbon tetrachloride "extract was allowed
to stand at room temperl1'ture for more than 1 hour, it became
turbid. Therefore, it is recommended that the absorbance
be measured as quickly as possible and that the unknown sample
be determined at the same time as the standard bismuth solu­
tions.

DETERMINATION 01' BISMUTH IN LEAH-BASE ALWY

Lead is one of the metal~ which commonly interfere with the
determination of bismuth by other methods (2, 6). In order to
test ~he reliability of the proposed method, the lead-base alloy
was selected!"

Alloy. The lead-base bearing metal sample tNBS 53c, con­
taining 10.20% antimony, 5.16% tin, 0.214% copper, 0.044%
arsenic, 0.0023% nickel, 0.0017% iron, and 0.093% bismuth)
was treated in the following manner:

A 1.0000-gram sample was dissolved in 20 m!. of 20% nitric
acid by warming on the steam bath. After cooling, 3 grams of
ethylenedia:minetetraacetic acid and 10 grams of tartaric acid
were added, followed by concentrated ammonium hydroxide
(about 10 m!.)to adjust the solution to pH 7 to 8. The solution
was then transferred to a 100-m!. volumetric flask and diluted
to volume with water. The solution was sometimes cloudy.
After being mixed thoroughly, an aliquot of 10 to 25 m!. of the
solution was pipetted into a separatory funnel, followed by 10
ml. of water, 2 m!. of 5% sodium cyanide, 1 m!. of 0.2% sodium
diethyldithiocarbamate, and 10 m!. of carbon tetrachloride.
The mixture was shaken for 30 to 60 seconds, and the Grganic
layer was filtered through a filter paper. The absorbance of
the extract was measured at 400 mIL, and the concentration of
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Figure. 3. Stability of Bismuth Complex

--Bi.nIuth, 0.20 nIg. per 10 nIl. of CC1,
- - - - Bi.nIuth, 0.04 nIg. per 10 nIl. of CC1,
o Wan length, 370 nIl'
!:l Wave length, 400 nIl'

bismuth was read from a calibration curve obtained in a similar
manner by the extraction of known amounts of bismuth.

The amount of bismuth in the alloy was found to be 0.093 and
0.095%. These two values are in agreement with the average
value of 0.093% as indicated by the National Bureau of Stand­
ards.
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Simultaneous Spectrophotometric Determination of Iron(II)
and Total Iron with 1,10-Phenanthroline
AUBREY E. HARVEY, JR" JIOHN A. SMART, and EDWARD S. AMIS

Department of Chemistry, UniveYsity of Arkansas, Fayetteville, Ark,

When 1,10-phenaIllthroline is added to a solution con­
taining both iron(II) and iron(III), a reddish orange
iron(II) complex and a yellow iron(III) complex form
immediately. The iron(II) complex has an absorbance
:rnaxin:mm at 512. mIL, at which wave length there is
little absorption .by the iron(III) complex. The two
co:mplexes have identical absorbance coefficients at
396 m .... A method is presented for the determination
of iron(II) and total iron in the saJD.e solution by simul­
taneous measurelllents of absorbau(,e at 396 mIL and at
512 m.... The liUhiting conc~ntratjonsfor interference
by 22 ,~ations and 14 anions are reported.

THE 1,IO-phenant,hroline complex wi1,h iron(II) was first
discovered by BIs,u (1). Walden, Hammett, and Chapman

(.n used the complex as an internal indicator in the oxidimetric
titration of iron with the eerie ion. A spectrophotometric de­
termination of iron dependent on the formation of the iron(II)-

1,10-phenanthroline complex was developed by Fortune and
Mellon (2).

The iron(II)-I,IO-phenanthroline complex, which is reddish
orange in color, may be oxidized to a blue complex. Upon stand­
ing, this blue complex changes to a yellow complex, which also
may be produced by complexing iron(III) and 1,1O-phenanthro­
line directly. Harvey and Manning (3) showed that this yellow
complex has a maximum absorbance at 360 mIL and a small but
measurable absorbance at 512 mIL. Above 380 mIL the absorp­
tion by 1,IO-phenanthroline is negligible.

In the method for the simultaneous determination of iron(II)
and total iron reported in the present paper, advantage is ·taken
of the difference in the absorption spectra of the reddish orange
iron(II) and the yellow iron(III) complexes which are formed
instantly on the addition of 1,IO-phenanthroline to a solution
containing these ions.

EXPERIMENTAL

Instruments. A Beckman quartz spectrophotometer, Model
DU, with 10-mm. silica or Corex absorption cells, was' used for
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spectrophotometric measurements. All measurements were
made at maximum sensitivity of the instrument.

A Beckman Model G pH meter was used to check the pH of all
buffer solutions. .

Reagent Solutions. Reagent grade 1,1O-phenanthroline
monohydrate was obtained from G. Frederick Smith Chemical Co.
'The reagent was dissolved in distilled water which had been
heated just to boiling. After it had cooled, the solution was di­
luted to the desired volume. A 0.1 % reagent solution was used
in forming the complexes for obtaining the complete absorption
curves. .A 0.3% solution of the reagent assured a sufficient excess
in preparing the standard concentration curves and analyzing
unknowns.

Standard Iron Solutions. The standard iron(II) and iron(III)
solutions were prepared by dissolving 7.0213 grams of reagent
grade ferrous ammonium sulfate hexahydrate, (NH.)2Fe(SO.)2.­
6H20, and 8.6337 grams of reagent grade ferric ammonium sulfate
dodecahydratc, NH.Fe(SO,)2.12H20, respectively, in freshly
distilled water containing 3 ml. of concentrated sulfuric acid and
diluting to a liter. .

The concentration of iron in each solution was determined
gravimetrically as ferric oxide, Fe203, and was found to be 1.000
mg. per ml. The concentration of iron(II) in the former solution
was determined periodically with eerie sulfate to avoid the use of
the solution after any oxidation had occurred. Working stand­
ard solutions were prepared by dilution of these stock sQlutions.

Buffer Solution. A 0.2M solution of potassium biphthalate
gave a buffer of pH 3.98.

intersection of the absorption curves of the iron(II) and iron(III)
complexes was desirable.

Two series of solutions were prepared containing, respectively,
6 p.p.m. of iron(II) and 6 p.p.m. of iron(III). 'The pH in each
series was varied in intervals of 0.5 units from pH 2.8 to 5.5.
Absorbance values for each solution were measured over the
wave-length range from 390 to 399 mI"

Table I shows that the wave length of intersection remained
constant at 396 mJ£ for all solutions within the pH range from 3 to
5. The middle of this range, pH 4, was used 'in establishing
standard concentration curves for the determination of iron(II)
and total iron.

Table I. Effect of pH on Wave Length of Intersection
Wave Length of

Intersection',·,
pH M~

2.8 395
3.0 396
3.5 396
4.0 396
4.5 396
5.0 ~6

5.2 397
5.5 398

2.0 ,---------------------------,

Absorption Curves. The absorption curves for the iron(II)
and for the iron(III) complexes were determined at several
concentrations of iron between 2 and 10 p.p.m. Absorbance
values were read at intervals of 5 mJ£ in the wave-length range
from 380 to'600 mI'. All of the solutions for absorbance measure­
ments were prepared by putting a suitable aliquot of the proper
standard solution into a 25-ml. volumetric flask, adding 10 m!.
of 0.1 % reagent solution and 5 ml. of potassium biphthalate
buffer. and diluting to the mark with distilled water.

FigUre 1 presents the absorption curves for the iron(II) and
for the iron(III) complexes at iron concentrations of 3, 5, and
10 p.p.m. The iron(II) complex absorption curves show a maxi­
mum absorbance at 512 mJ£, at which wave length there is little
absorption by thc iron(III) complex. The intersection at 396 mJ£
of all curves for equal concentrations of iron(II) and iron(III)
indicates identical absorbance coefficients for the two complexes
at this wave length.

These curves suggest the possibility of determining iron(II)
from the absorbance at 512 mJ£ and total iron from the absorbance
at 396 mI'. Iron(III) then could be determined by difference.

Studies of the Effect of pH. The meth()d of Fortune and
Mellon (2) gives a range from pH 2 to 9 for the determination of
iron(II). Harvey and Manning (3) showed that the iron(III)
complex was independent of pH over a range from 3 to 8. How­
ever, a study of the effect of change of pH on the wave length of

Absorption Curves of Iron-l,lO-Phenanthroline
COlllplexes

~tandard Concentration Curves. Solutions of the iron(II)
complex and of the iron(III) complex were prepared by adding
to aliquots of the desired stock solution, 10 ml. of 0.3% reagent
solution, and 5 ml. of buffer solution, and diluting to 25 m!. with
distilled water. The concentration of iron in each of the two
series of solutions ranged, in increments of 2 p.p.m., from 1 to
15 p.p.m. The absorbance of each solution was measured at both
396 and 512 mI'. The absorbance at 512 mJ£ of the iron(II) com­
plex in concentrations greater than 10 p.p.m. was too intense .to
be read in lO-mm. cells. The absorbance V8. concentration curves
at 512 mJ£ for iron(II) and iron(III), and a single concentration
curve at 396 mJ£ for both the iron(II) and iron(III) were all
linear over the concentration ranges measured. The slopes of
these three lines were 0.196, 0.004, and 0.054 p.p.m. -I, respec­
tively.

To establish the fact that the absorbances of. the two com­
plexes are additive at 396 mJ£, two other series of solutions were
prepared. In the first series, the total iron concentration was
held constant at 10 p.p.m. The concentrations of iron(II)
and of iron(III) were X and 10 - X, respectively. The value of
X was varied, in increments of 1 p.p.m., from 0 to 10 p.p.m. In
the second series, the iron(II) concentration was held constant at
5 p.p.m. while the concentration of the iron(III) was varied
from 0 to 10 p.p.m. in I-p.p.m. increments. The absorbance
of each of these solutions was read at 396 mJ£ and at 512 mI'.
In the first series, the absorbance at 396 m,.. was constant and
was identical to the absorbance at 10 p.p.m. read from the stand­
ard concentration curve for 396 mI'. The absorbance values at
512 mJ£, when corrected for the iron(III) interference at that wave
length, duplicated the iron(II) concentration curve at 512 m,...

In the second series, the absorbance values at 396 mJ£ checked
with those from the corresponding standard concentration curve
over the concentration range from 5 to 15 p.p.m., which was the
range of total iron concentration. Moreover, the readings at
512 m,.. checked with the value from the standard concentration
curve for iron(II) at 5 p.p.m. whl'ln suitable corrections were
made for iron(III) interference. Standard curves at 512 mJ£
should be prepared for both the iron(II) complex and the iron(III)
complex. The standard solution of iron(II) used for this purpose
may contain an excess of hydroxylamine hydrochloride. Be­
cause the absorbances are additive, the standard curve at 396 mJ£
may be obtained at the same time from the solutions of either
complex,

Stability of Iron(III) Complex. After a short time the con­
centration of the iron(II) complex increased in solutions which
contained both complexes with excess l,lD-phenanthroline.

620580

B.lron (III) Complex

o. lOp-p.m.

b. 5p'p'm.

c. 3p'p'm.

A.lron (II) Complex

o. lOp-p.m.

b. 5p'p'm.

c. 3p'p'm.

460 500 540
Wove length (m jJ)

420

1.2

1.6

0.8

Figure 1.
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Even solutions of the iron(IlI) complex acquired a reddish tinge
upon prolonged standing. To study the rate of the shift, two
solutions were prepared. One contained 10 p.p.m. of complexed
iron(III), and the other 5 p.p.m. of complexed iron(ll) and 5
p.p.m. of complexed iron(III). The absorbances of both of
these solutions were measured at 512 mj.l at frequent intervaIs
over an exten'ded period of time. No appreciable change in
abllorbance occurred for 30 minutes. Mter that time, the
change in readings was marked. The increase in absorbance
at 512 mj.l was greater for the mixture than for the iron(llI)
complex alone. After 15 days, the two solutions had approxi­
mately the same absorbance, indicating that an equilibrium be­
tween the two oxidation states had been reached. Further study
of this shift will be undertaken.

Interference of Diverse Ions with thEl Iron(ID) Complex. A
study was made of the effect of 22 cations and 14 anions on the
absorbance of the iron(Ill) complex at 39ti mI'. The cations were
present in solution as the chlorides or llitrates while the anion
solutions were of thll sodium or potassium salts. The concentra­
tion of iron(III) was held constant at 2' p.p.m. Aliquots of
iron(III) solution and of the solution of the ion to be tested were
placed in a 25-m!. volumetric flask, complexed with 10 m!. of 0.3%
reagent solution, buffered with 5 mI. of buffer solution, and di­
luted to the mark with distilled water. The absorbance then
was measured at 396 mj.l and the apparent concentration of iron
was read from the standard concentration curve. The results are
presented in Table n. The higher concentration of each diverse
ion, where two concentrations are shown ill Table II, or the single
value given is the same as the limiting concentration found by
Fortune and Mellon (,Iii) in their study of interferences with the
iron(II)-I,IO-phenanthroline complex. Barium and lead sulfates
were precipitated by the standard iron solution. A precipitate
formed in solutions containing molybdate ions when the complex­
ing agent was added. Precipitation also occurred upon the addi­
tion of the buffer to solutions containing thorium(IV) ions. Re­
ducing agents such as iodide, thiosulfate, and tin(II) reduced the
iron to form the iron(II)-l,lD-phenanthroline complex.

Calcium

Ion
Cations

Aluminum
Ammonium
Arsenic(IlI)
Cadmium

Nitrate
Nitrite

Oxalate

Sulfate

Table III. Analyses of Prepared SaD1ples
FoundG

ANALYSIS OF UNKNOWN SAMPLES

Solid mixtures of ferrous ammonium sulfate and ferric ammo­
nium sulfate were prepared by weighing each salt and grinding
them together in a mortar. The samples were sealed under an
atmosphere of nitrogen to prevent oxidation of the iron(ll),
and were issued to one of the authors as unknowns. The pro­
portions of iron(II) to iron(Ill) could not be calculated from
the weights of the components because oxidation and loss of
water of crystallization during grinding could not be prevented
entirely. However, the concentrations of iron(ll) and iron(III)
in each sample were determined independently of the method
under investigation as follows: Mter oxidation of an aliquot of
each sample with nitric acid, total iron was determined spectro­
photometrically by the method of Yoe and Jones (5) using the
red complex of Tiron and iron(III). The iron(llI) in another
aliquot was determined by reduction with an excess of potassium
iodide and titration of the resulting iodine with a standard solu­
tion of sodium thiosulfate.

Procedure. Weigh out a 300.D-mg. sample and dissolve it in
distilled' water slightly acidified with sulfuric acid. Dilute to
250 m!. in a volumetric flask. Each sample then should be
analyzed immediately without interruption.

Withdraw three I-mI. aliquots and place each in a separate
25-mI. volumetric Bask. Add 10 mI. of 0.3% 1,ID-phenanthroline
solution, buffer with 5 mI. of 0.2M potassium biphthalate solu­
tion, and dilute to the mark with distilled water. Read the ab­
sorbance of each solution at 396 mj.l and 512 mj.l as soon as pos­
sible and not later than 30 minutes after the complexes are
formed.

Calculation of Results. Determine the concentration of total
iron and the approximate concentration of iron(ll) from standard
concentration curves at 396 and 512 mj.l, respectively. Obtain
the approximate concentration of iron(llI) by difference. Find
the absorbance value corresponding to this approximate concen­
tration from the standard cut\'e for iron(Ill) at 512 IDj.l. Sub­
tract this value from the observed absorbance at 512 IDj.l to obtain

The limiting concentrations of cadmium, calcium, and cobalt
with the iron(llI) complex are one half of the values reported (2)
with the iron(II) complex. Interference from manganese and
from zirconium are considerably greater for the higher-valence
complex. Because ferric ions complex more readily with anions
than do ferrous ions, the anion interference in many casesis more
pronounced with the iron(Ill)-I,IO-phenanthroline complex.
Thus, the limiting concentrations for acetate, carbonate, citrate,
fluoride, nitrite, and oxalate are much lower than the corre­
sponding limiting concentrations with the lower-valence iron.
For all other cations and anions tested, the limiting concentra­
tions are at least as great as the concentrations permissible in
the'determination of iron(ll).

Parts per million b % of Sample
Sample Con- Method Method Diff. Method Method DitI.

No. stituent Ac Bd B-A Ac Bd B-A

Fe(total) 6.56 6.60 0.04 13.67 13.74 0.07
Fe(Il) 5.96 5.94 -0.02 12.42 12.37 -0.05
Fe(III) 0.60 0.66 0.06 1.25 1.37 0.12

2 Fe(total) 5.89 6.02 0.13 12.27 12.54 0.27
Fe~ll) 1.29 1.26 -0.03 2.69 2.62 -0.07
Fe Ill) 4.60 4.76 0.16 9.58 9.92 0.34

3 Fe (totsl) 6.61 6.48 -0.13 13.77 13.50 -0.27
Fe(II) 3.83 3.66 -0.17 7.98 7.63 -0.35
Fe(III) 2.78 2.82 0.04 5.79 5.87 0.08

4 Fe(total) 6.08 6.12 0.04 12.67 12.75 0.08
Fe(II) 1.69 1.66 -0.03 3.52 3.46 -0.06
Fe(III) 4.39 4.46 0.07 9.15 9.29 0.14

5 Fe~total) 6.95 7.00 0.05 14.48 14.58 0.10
Fe II) 6.53 6.52 -0.01 13.61 13.58 -0.03
Fe(III) 0.42 0.48 0.06 0.87 1.00 0.13

G Average values from 3 aliquots of solution of sample.
b Parts per million in 25 ml. of solution containing 1.2 mg. of sample.
c Method A. Total iron and iron(ll) determined with l,lO-phenantbro-

line. Iron(IlI) determined by difference.
d Method B. Total iron determined with Tiron and iron(Ill) by iodide-

thiosulfate pro·cedure. Iron(ll) determined by difference.

500 2.00
500 2.00
100 2.00
50 1.80
25 2.00

500 1.81
250 2.00

10 2.55
5 2.00

10 2.00
1,000 2.00

500 2.00
500 2.92

15 2.00
10 2.00

1 2.00
2 2.00

1,000 2.00
500 2.00
100 2.00

50 2.00
100 0.25

2 2.00

500 1.05
1 2.00

500 2.00
500 2.00
500 0.71

5 2.00
500 2.00

1,000 2.00
500 1.05

20 2.00
500 0.20

25 2.00
500 2.00
500 1.62

25 2.00
500 0.42

1 2.00
500 2.00

Linliting Concentrations of Diverse Ions with
2 P.P.M. of Iron(III)

Concn., Apparent Concn. of
P.P.M. Iron(III), P.P.M.

Table II.

Cobalt(Il)

Copper(ll)
Lithium
Magnesium
Manganese(Il)

Mercury (I)
Mercury(ll)
Nickel
Potassium
Strontium
Uranium
Zinc
Zirconium(IV)

Anions
Acetate

Borate
Bronl'lde
Carbonate

Chlorate
Chloride
Citrate

Fluoride
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the corrected concentration of iron(II) from the appropriate
standard curve. For the correct concentration of iron(III),sub­
tract the corrected concentration of iron(II) from the concentra­
t.ion of t.ot.al iron already determined. The results are not changed
appreciably by a second approximation.

In Table III, the analyses of 5 prepared samples determined by
the simultaneous spectrophotometric method with 1,1O-phenan­
throline are compared with analyses obtained by determining
total iron with Tiron and iron(III) with the iodide-thiosulfate
procedure.

In columns 3 and 4, results are expressed as parts per million
in a 25-m!. solution containing a '/250 aliquot of 300 mg. of the
sample. In columns 6 and 7, the compositions of the samples
are given in percentages. In method B, the values given for
parts per million of iron(III) were calculated from data obtained
from the iodide-thiosulfate procedure using 50-m!. aliquots of a
250 m!. solution containing 300 mg. of sample. Values for
iron(III) and iron(II) were gotten by difference in methods A and
B, respectively. Values for parts per million of total iron and
iron(U) in method A and for total iron in method B were ob­
tained directly from absorbance measurements.

The precision of the 1,1O-phenanthroline method was deter­
mined by measuring the absorbances Of solutions prepared with
0.5-, 1.0-, and 1.5-m!. aliquots of a solution of each sample.
Duplicate determinations were made, for each dilution. The
average precision was 1.5% for total iron and 2.3% for iron(II).
The maximum deviations were 5.4 and 5.3%, respectively.

Discussion. Table III illustrates that results of analyses by
the l,lo-phenanthroline method are in good agreement with
results obtained independently by a method involving accepted
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procedures of high accuracy. Comparison of results from these
methods is particularly advantageous because in one case iron(II)
is determined directly and iron(III) gotten by difference, whereas
in the other case'the determination of lron(lII) is direc~ and that
of iron(II) is by difference.

The concentrations of total iron determined with 1,1O-phenan­
throline are in close agreement with values obtained with Tiron.
This indicates that, although the absorbance coefficient of the
1,10-phenanthroline complexes at 396 mIL is relatively small,
absorbance measurements at this wave length give satisfactory
results for total iron. .

The method presented in this paper is to be recommended for
its simplicity. Two simultaneous spectrophotometric measure­
ments on the same solution are sufficient for an analysis. No
preliminary steps such as reduction, oxidation, or extraction of
the sample are necessary.
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Automatic Recording pH Instrumentation
J. B. NEILANDS and M. D~ CANNON

Department of Biochemistry, University of CaliFornia, Berkeley, Calif.

Titration at constant pH offers great potentialities for
following enzylllatic activity, but because of lack of
suitable instrulllentation, it has been elllployed only
for studies on certain hydrolytic enzyllles. The ap­
paratus described perlllits fully autolllatic deterlllina­
tion of both ionization constants and volullle of titrat­
ing fluid added as a function of tillle at constant pH.
Use of the instrulllent in enzyllle research is Illustrated
with acetyl esterase and lactic dehydrogenase. Auto­
lllatic, recording pH instrulllentation is particularly
useful for studying llletal chelation and for following the
course of many other chelllical reactions, both cata­
lyzed and tincatalyzed.

THE 'pH meter is probably the most fundamental and
.. useful electronic instrument to be found in the biochemical

laboratory. It also finds wide application in bacteriological and
chemical laboratories as well as in plant industrial processes.

Apart from simple measurements of the hydrogen ion concen­
tration of solutions, two research applications of the pH meter are
of paramount importance: the determination of the neutral
equivalent and the ionization constants (pKa . values) of unknown
compounds and the measurement of volume of titrating fluid
that must be added over a certain time interval in order to main­
tain a certain fixed pH. When the first of these techniques is
applied to an unknown compound, information is obtained on
the minimum molecular weight, the purity, and the possible struc­
tural features of the substance. The second application pro­
vides the data necessary for a kinetic ana,lysis of a vast number
of reactions, of both the catalyzed and uncatalyzed variety.

Both types of operation may, of course, be carried out man-
ually, and in fact vi~tuallyall of such wprk has been so performed.

·The use of automatic recording devices, such as those described
in this paper, greatly reduces the required experimental time,
increases the sensitivity of the methods, avoids the human error,
and makes it possible to follow reactions that are too 'rapid for
manual methods.

The instrument described is based on principles used by Lingane
(6) and Jac.obsen and Leonis (2). However, certain'modifications
have been made in the design of the titration cell and in the

· method of adding the titrating fluid. The utility of the instru­
ment in specialized biochemical problems, such as the study of
enzymes, has been demonstrated.

VARIABLE pH TITRATION

Apparatus. Figure 1 shows the titration cell in detail as weI!
as an outline of the other components of the system.

A '/'5,,-hp. synchronous Bodine motor is used to drive the
buret plunger. The slow shaft· speed of this motor is 6 r.p.m.

The gear box and clutch assembly are shown in Figure 2. The
slow-speed shaft of the motor is attached -via a Lovejoy coupling
to the fast-speed transmission shaft. The latter runs through
a hollow shaft which bears a l6.tooth and a 32-tooth gear. The
two shafts are connected with a keyway and the outside shaft

•may be slid back and forth over the inside shaft in order to posi­
tion either the 16- or 32-tooth gear. The slow-speed transmission
shaft carries a l20-tooth and a 100-tooth gear. One end of this
shaft protrudes through the wall of the gear box and is attached
directly to the clutch, which consists of a set of half nuts held by
spring tension to the threaded buret. drive shaft. Whlm the
motor turns, the fast and slow transmission shafts and the half
nuts .of the clutch are rotated. The clutch then pushes forward
the threaded buret drive shaft, which cannot rotate. When the
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CONSTANT pH TITRATIO~"

Apparatus. The instrument described in this paper can be
used for either the variable or constant pH type of titration. The
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Figure 2. Translllission and Clutch Assembly for
Variable pH Titration Unit

Buret speed. 25 microequivalents of IN NaOH per minute
Chart speed, 0.66 inch per minute

pH

Figure 3. Titration Curve of 50 Microllloies of
Pyridoxine Hydrochloride in 0.15M SOdiUUl Chloride

at 25° C.

conversion from one type of instrument to the other is made in
1 or 2 minutes by throwing one switch, changing the chart paper,
and exchanging the electrode connections.

The design of the authors' instrument follows that described
by Jacobsen and Leonis (2) in employing a milliammeter equipped
with contacts as the essential element controlling the addition of
reagent, which in both is added from a motor-driven micrometer
syringe. In the instrument of Jacobsen and Leonis the syringe
drive.is connected mechanically to the pencil ,which traces the
curve, whereas in the instrument described, syringe movement is
translated into a change in electrical potential which is suitable
to operate a standard potentiometric recorder.

For greater convenience and more efficient use of desk space
the equipment is assembled in two units (Figure 4). Those
elements to the left of the dashed line in Figure 4 bel.ong to the
syringe drive unit; those to the right and below the dashed line
pertain to the control unit. The titration cell is exactly the same
as that shown in Figure 1, except that an extra port is provided
in the plastic cover in order to permit the addition of reagents
while an experiment is in progress.

A. Fast-speed transmission shaft and gears
B. Slow-speed transmission shaft and gears
C. Buret drive shaft
D. Clutch
E. Connection to motor drive shaft

The rotation of the motor, M I , is transmitted to the micrometer
of a D.5-mI. Agla syringe by means of a yoke which permits the
necessary axial travel of the micrometer head. This yoke is
geared (5 to 1) to a 10-turn helipot, R I , which in turn is geared
to a cam that operates limit switches set to turn off the motor at
either end of helipot rotation. With this arrangement 10 turns of
the helipot equal5D turns of the micrometer, or full syringe travel.

In parallel with the motor-driven helipot is connected another
identical helipot. This is needed to obtain use of the full width
of the chart (electrical zero of the recorder is not at the end of the
recorder scale), and to make it possible to reset the pen to zero

____ F -.J TO pH AMPLIFIER
/ • G a RECORDER

B

.4. Motor
B. Gear box
C. Buret
D. Nitrogen inlet
E. Stirrer

Figure 1. Cell and !Experilllental Arrangelllent for
Variable pH Titration

F. Glass electrode
G. Reference electrode
H. Plastic cover
I. Cell
J. Constant-temperature water

16- !md 120-tooth gears are engaged, the half nuts rotate at
0.80 r.p.m. and when the 36- and lOG-tooth gears s,re engaged the
half nuts rotate at 2.16 r.p.m. These two speedEi deliver IN ti­
trating fluid at the rate of 50 and 135 microequivalents in 2 min­
utes. These quantities of titrating fluid provide, in 2 minutes, a
complete titration curve for substances with molecular weights of
200 or 70, respectively. A sample size of 10 mg. represents a
quantity which can be conveniently weighed on the analytical
balance and added directly to the titration cell. At the chart
speed used, a 2-minute interval is sufficient to give a l.33-inch
vertical trace of the pen.

The buret is a l.O-mI. Oilmont ultramicroburet from which
the manual crank has been removed and replaced by the automatic
drive described above. The buret may be rinsed and filled after
the clutch has been disengaged, by moving the threaded shaft
manually back and forth.

c-

The cell shown in Figure 1 is made by fusing together, by
means of a ring seal, two borosilicate glass cylinders, one 3.0 cm.
and the other 5.0 em. in diameter. An inlet and outlet tube is
placed in the outside compartment of the cell in order to provide
for the circulation of water from a thermostat. The cell is fitted
with a plast.ic cover which is permanently mounted to a ring
st..and. A platform which can be raised or lowered vertically
holdE the cell in place. During a titration nitrogen is swept
through the cell (not under the surface of the liquid) and the
sample is agitated vigorously with a variable-speed mechanical
stirrer. A sample volume of 5.0 mI. is just sufficient to cover the
tips of the buret and electrodes. The glass and reference elec­
trodes aTe Beckman microelectrodes Nos. 4990-29 and 4970-29,
respectively. .

The detecting device iEi a Beckman Model R pH meter-ampli­
fier with a temperature compensation element immersed in the
thermostat. The pH is recorded with a Minneapolis-Honeywell
recorder Model 153 XIIV-W5-28, using strip chart 5429-N.

Applitation. Figure 3 i3hows the titration curve for pyridoxine
hydrocWoride. The apparent ionization constants calculated
from this curve by published methods (9, 11) are pKal ' = 5.00
and pKa.' = 8.96. Both of these dissociation constants are
"spectrophotometrically operable" and have been identified as
the phenolic and pyridinium ionizations, respectively (1, 11).

In the coenzyme, pyridoxal phosphate, the cOl;re~ponding
constants have been found to be 4.14 and 8.69(11).. Therefore,
at physiological pH the heterocyclic ring nitrogen atom of this
important coenzyme bears essentially a full positive charge.

The variation in the pKa ' values calculated from duplicate runs
by accepted methods (9) is ±0.02 pH unit. Neutral equivalents
calculated from the type of curve shown in Figure 3 agree within
±2% of the theoretical. value.
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without reversing (and refilling) the syringe-a great convenience
and timesaver. Potential across these two helipots is obtained
from a l.5-volt battery through a potentio.meter, Ra, and a range.
switch, Sa. Raserves to make the potential correspond with the
range of the recorder and to adjust for changes in battery voltage.
The range switch, Sa, varies the ratio of pen movement to syringe
travel (amount of reagent added). For example, if potentiom­
eter Ra is adjusted so that 50 revolutions of the micrometer move
the recorder pen all the way across the scale with Sa in position 5,
turning Sa to position 4 gives full scale movement for 25 revolu­
tions; or to position 1, for 5 revolutions. A similar effect may be
obtained by varying the concentration of reagent, but this is not
easily done after a reaction is under way, while the mnge switch
may be shifted at any time that it seems desirable to alter the
slope of the curve.

The micrometer syringe which delivers reagent to the reaction
vessel is driven by a two-phase induction motor (Minneapolis­
Honeywell recorder pen-drive motor). This motor has certain
characteristics which make it particularly suitable for this use:
It is reversible; its speed can be. varied from less than 4 to 27

. r.p.m. (full speed) by a rheostat located as indicated. in the cir­
cuit diagram; and it can be stopped without any appreciable
coast by shorting the series-capacitor winding (n to m, Figure
4). The syringe drive motor is controlled through a three­
position lever switch, S.. In the reverse position, circuit c of this
switch shunts the rheostat so the motor will reverse·at full speed
without disturbing the forward speed setting on the rheostat.
Circuit a turns on the stirrer and circuit d the recorder chart
drive when S. is in the forward position.

The reverse limit switch, S., OPens one winding of the syringe
motor, whereas the forward limit switch turns off not only the

syringe drive motor but the conta~t relay meter control circuit,
the stirrer, and the recorder chart drive as well. This permits
leaving the apparatus unattended overnight with slow reactions,
as all the critical elements will be off when the reagent is ex·
hausted.

The contact meter relay, CMR, is a moving coil galvanometer
(milliammeter), bearing one contact on the indicating pointer,
and on either side of the indicating pointer an adjustable contact
which can be moved manually across the scale so as to set the
control point at any pH. It differs from that described by Jacob­
sen and Leonis (2) by having, in addition to the signal winding, a
locking winding in series with the meter contacts and connected to
an external power supply. Thus, as soon as the contacts touch
lightly, current commences to flow in the locking winding, aug­
menting pointer movement and closing the contacts firmly. The
adjustable contact is spring mounted, so that the pointer is pulled
in sharply one or two degrees on the make and kicked back
perhaps twice this distance when the locking circuit is broken.

The normally closed contacts of relay Y, serve to break the
locking circuit automatically and release the pointer. If the
signal (pH) has not changed so as to cause the pointer to recede
from the control point, the contacts will continue to lock in and
be released. The normally open contacts of Y, operate relay Y2,

which controls the addition of reagent by controlling the syringe
drive motor through making or breaking the connection n to m.
(The actual circuit is more roundabout, but tracing the connec-
tions will show that this is what is accomplished.) •

A meter relay is essentially a two-position devic~ Hm/ever,
the speed with which the pointer returns to the control point,
and consequently the rate of pull-in and release, are markedly
affected by. whether the signal is just at the controlling magni-

pH METER RECORDER

INPUT
FROM ELECTRODES {

T~AC LINE{=t==::::;~-l---+ ..,

TO STIRRER

Figure 4. Circuit l)iagralD of AsseIDbly for Constant pH Titration

MR.
Ms.
P,.
P,.

C,.
C,.
C., C•.
C,.
C•.
M •..

B. 1.5-volt dry cell
CMR. Contact meter relay (Symplytrol. Assembly Products, Inc., Chagrin

Falls, Ohio) 0-1 rna., with double adjustable contacts, isolated
signal and locking windings [no electrical connection between
signal (left) and locking (right) windings1

2-pfd., oil-filled
I-pfd., oil-filled
20-pfd., electrolytic
60-pfd.• electrolytic
120-pfd., electrolytic
Syringe drive motor (Minneapolis-Honeywell recorder pen drive

motor)
Recorder chart drive motor
Stirrer (Lindsay 12-volt d.c. model train motor)
Neon pilot (lit when syringe drive has reached forward limit)
28-volt filament pilot (lit when syringe drive is fully reversed),

green jewel
RI, R" R,. 100-ohm, lO-turn helipots
R" Ri. 5-ohm wire-wound compensating potentiometers
R., R,. 50-ohm, I-watt precision (1 %)
R.. 100-ohm, I-watt precision (1 %)
R.. 250-ohm, I-watt precision (1 %)
RIO. 25-ohm, 25-watt wire-wound rheostat
Rll. 1O,000-ohm, lO-watt wire-wound rheostat
R12. 50,000-ohm, '/.-watt

Ru .
Rl4.
RIS.
RIG, R17
RIB.
Rl9.
SR.
S., S,.
S,.
S,.

S•.
S•.
S,.
S•.

S,.
T.
X,.
X,.
Y•.
Y•.
Y •.

50-ohm, 10-watt wire-wound
3000-ohm, 10-watt wire7woJ.lnd, adjustable center tap
5000-ohm, 2-watt
1000-ohm, 2~watt

6800-ohm, 2-watt.
5000-ohm, 5-watt wire-wound potentiometer
Recorder chart drive switch
Toggle switche~,.·SPST

Range switch, I-circuit,: 5-position, rotary action
Selector switch, 4-circt.;it, 2-position rota.ry action (lom~.ted on

recorder case) ,. :
Syringe motor switch, 4-circuit, 3-position lever action
CMR switch, 3-circuit, 3-·position lever action
3-circuit, 2-position lever switch .
Forward limit switch, General Electric Switchette, snap action, 2-

circuit, one NO, other NC
Reverse limit switch (same as'S.)
Transformer, 117 to 24 volts
Selenium rectifier, 100 ma., 117 volts
Selenium rectifier, 500 ma., 26 volts
Relay, SPDT, 3000-ohm coil
Relay, DPDT, 10,OOO-ohm coil
Relay, SPDT 12,OOO-ohm coil, with roller-~pring snap action

contact~, giving wide differential between pull-in and drop-out
(Assembly Products)
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tude or somewhat greater. The circuit shown iin Figure 4 takes
advantage of this· change of rate of cycling to a.)hieve a degree
of proportional control. This is done by choosing values for C.
and .oJ. so that relay Y 2 has a slower break than relay Y I • Thus
as the cycling of the meter contacts and Y I becomes faster, Y 2
is·in the operated position a greater percentage of the time, until
it finally remains constantly in the operated position. In the
present instrument this is when the pH exceeds the control value
by about 0.05 pH unit.

. A further refinement is achieved by relay Y3, which operates
if relay Y 2 remains closed and speeds up the mot;or by shunting
RH • Relay Y, is made "slow operate" (by RIB, R19, and C.) and
ser:.v,es to distinguish between the pulsed and steady states of
Y 2• This is accomplished by the second set of eontacts on Y 2,

which shunt the capacitor, C., every time Y. passes from one
position to the other. RIO provides a. means of adjusting the in­
ten'al between the time Y. reaches a steady state and Y, operates.

In terms of the syringe drive motor (with switches set as in
Figure 4) this means that as the pH reaches and then exceeds
the control point, the motor which at first runs intermittently
will gradually turn a larger percentage of the time until it runs
continuously. If this continuous addition of reagent is not
sufficien:t to return the pH t,o the control point, then relay Y.
will operate, shunting R ll , and bringing the motor up to full speed.

Switch 8. selects which of the adjustable contacts (upper or
lower) of the contact meter relay is to be used for control. In
its eenter position it disconnects the contact meter relay con-­
tac~, and i~olates relay Y 2 from the motor so tha·t motor control
passes entirely to switch 8 5•

Switch 8, selects whether the ~yringe drive motor will turn
with relay Yt in the operated position (as set in Figure 4) or in
the unoperated position. With switches 8. and 8 7 it is possible to
set up the following situations:

A. pH decreasing (reaction Liberating H + ions) and syringe adding
alkali

1. Lower contact of CMR controlling. Switch 87 set so relay
y. permits motor to turn (adds alkali) in operated posi­

. tion. Alkali will be added every time indicating pointer
moves down scale to control point and locks m.Figure

- 5 obtained with this setting.
2. Upper contact of C1UR controlling. Switeh 87 set so relay

Yt permits motor to turn (adds alkali) in unoperated posi.
tion. Alkali will be added continuously until indicating
pointer moves up seale to control point and locks in.
Figure 6 obtained with this setting.

B. pH increasing (reaction absorbing H + ions) and syringe adding
acid.

l. Lower contact of CMR controlling. Switch 8, set so relay
Y. permits motor to turn (adds acid) in lUloperated posi­
tion. Acid will be added continuously until indicating
pointer moves down Ilcale to control point and locks in.

2. Upper contact of CMR controlling. Switc:h 87 set so relay
Y, permits motor to turn (adds aeid) in operated position.
Ac:id will be added e,very time indicating pointer moves up
scale to control point and locks in.
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throughout its entire course. Furthermore, it is apparent that
the rate is exactly proportional to the enzyme concentration.

. Blalik experiments with triacetin alone and with the enzyme
alone show zero uptake of alkali over the experimental period.

• In order to check the versatility of the instrument, an experi­
ment was carried out with a much more rapid reaction-Le.,
the reduction of diphosphopyridine nucleotide with lactate in
the presence of the enzyme heart lactic acid dehydrogenase.
In this case the reaction L(+)-lactate + diphosphopyridine
nucleotideox :;:::: pyruvate + diphosphopyridine nucleotidered.
+ H + also produces acid, since the strongly basic quaternary
nitrogen atom in the coenzyme is converted to a weakly basic
tertiary nitrogen atom. The titration fluid is again' 0.02N
sodium hydroxide, the temperature is 25° C., and.a pH of 9.50
is used as the control point.

Lactic dehydrogenase is crystallized from beef-heart muscle
by the method of Straub (7, 8, 10). A 2 X 1O-5M stock solution'
of the enzyme is prepared in 1O-2M phosphate buffer at pH 7.0.

The titration cell is charged with 1.0 mi. of 1.0M DL-sodium
lactate, 0.5 mi. of 1O-2M sodium diphosphopyridine nucleo­
tideox" and water to make a final volume of 5.0 mi. The nitro­
gen flow is started, the cell contents are adjusted to pH 9.55 as
before, and the enzyme solution is added with a micropipet. The
results are shown in Figure 6.

The' curve shown in Figure 6 is for' 2 X lO-·M lactic dehydro­
genase. It is apparent that a zero-order course is followed only
in the initial phase, after which the reaction revllrts to one of
higher order. From the equilibrium constant, 0.3 X 10-11

(7), it can be 'calculated that the reaction should cease after the
addition of 0.15 ml. of 0.02N sodium hydroxide. This volume of
titrating fluid corresponds to a scale deflection of 70 divisions
under the conditions used in the experiment shown in Figure 6.

DISCUSSION

The instrument described delivers titrating fluid from a buret
for the variable pH and from a syringe for the constant pH titra­
tions. The Gilmont buret is used because it can be readily
adapted for automatic drive. A syringe is used for the constant
pH titrations, because it is not desirable to allow mercury to come
in contact with a solution that is to be added to an enzyme-cata­
lyzed reaction.

The concentration of an enzyme in natural material cannot be
measured directly. However, from a quantitative measurement

Figure 5. Hydrolysis of Triacetin by Acetyl
Esterase of Orange Peel at pH 7.00 and 25° C.·

Full scale (100 divisions of the chart) is 0.22 m!. of 0.02N N ..OH.
Curve 1 obtained with 0,5 m!. and curve 2 obtained with 1.0 m!' of
enzyme solution. Chart speed is 0.66 inch per minute

Situations A2 and Bl are most suitable for fast reactions,
while Al and B2 are better for slow reactions, because they
avoid danger of overtitration :at the start. The latter positions
:also avoid wear on the CMR, as it operates onl~r when the reac­
tion causes the pH to pass the control point, whereas in situations
A2 and Bl the CMR is cycling at all tUnes except when the pH
moves the indicator away from the control point.

The variable pH titrations are recorded on Minneapolis-Honey­
well strip chart No. 5401-N.

Application. Figure 5 shows a recording of the hydrolysis of
triacetin by the enzyme ace1,yl esterase (4) using 0.02N sodium
hydroxide as titrating fluid at pH 7.00 and 25°.

The enzyme solution is prepared by grinding orange peel in a
meat grinder and expressing the juice. The press juice is clari­
fied by filtration through Filter-Cel and adjusted to pH 7.05.

The titration eell is charged with 2.5 mi. of 10% triacetin, 0.5
mi. of 2.5M sodium chloride, and distilled water to make a final
volume of 5.0 mi. Allowance is made for the volume of enzyme
solution to be added later. The contents of the eell are adjusted
t..o pH 7.05 with the 0.02N sodium hydroxide in the syringe, the
nitrogen flow is started, and the enzyme solution iis added through
the port-in the cell cover.

Curves 1 and 2 in Figure 5, which are for 0.5 and 1.0 mi. of
press juice, respectively, show that the reaction is· zero order
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Figure 6. Reduction of Diphosphopyridine Nu­
eleotide by Lactic Dehydrogenase of Heart at pH

9.50 and 25° ,C.

Initial concentrations. Sodium DL-Iactate, O.2M; diphos-
phopyridine nucleotide, lO-'M; crystalline heart lactic dehydro­
genase, 2 X lO-aM. Other conditions same as for experiment
described in Figure 5 .

of its activity, a figure proportional to the enzyme concentration
can be obtained. A spectrophotometric method, when appli­
cable, is undoubtedly the most convenient, sensitive, and accurate
way to assay an enzyme. For example, all pyridine nucleotide­
requiring enzymes, including the lactic dehydrogenase used in
the above experiments, are so assayed (8). Generally speaking,
however, it is not possible to devise a spectrophotometric assay
for the vast number of enzymes which catalyze hydrolytic reac­
tions. Acetyl" esterase (described above) and such important
enzymes as acetylcholine esterase fall into the latter category.
The use of constant pH titration as a means of assaying lactic
dehydrogenase has' been demonstrated here only to emphasize
that this technique is not restricted to hydrolytic enzymes.

The amino acid decarboxylases have been hitherto studied
almost exclusively with cumbersome manometric methods, but
there is no reason why such enzymes can!lot also be assayed by
titration (3). For instance, the decarboxylation of glutamic
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acidin the region of pH 5 will consume acid, since the glutamate
with a net negative' charge is converted to the net uncharged
aminobutyrate and carbonic acid. In this case advantage is
taken of the fact that the alpha-carboxyl group of the amino acid
is a much stronger acid than' carbonic. Thus, if the pH of the
experiment is carefully selected, the types of enzyme-catalyzed
reactions which can be investigated by constant pH titration are
almost unlimited.

Titration at ctmstant pH may be applied for a variety of un­
catalyzed reactions. Amino groups may be determined, in­
asmuch as a stoichiometric amount of acid is generated when
these groups are benzylated with reagents such as dinitrofluoro­
benzene (5). The alkaline decomposition of nucleoproteins such
as tobacco mosaic virus may also be followed quantitatively,
since this reaction liberates acid. The data in Figure 6 show that
the apparatus is useful for determining completeness.of reaction
and equilibria as well as for rate measurements.
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Determination of Easily Hydrolyzable Fructose Unils in
Dextran Preparations
C. S. WISE, R. J. DIMLER, H. A. DAVIS, and C. E. RIST

Nortbern Utilization Researcb Brancb, U. S. Department of Agriculture, Peoria, III.

Characterization of dextran preparations required
analytical lIlethods for sIDall alIlounts of free and COID­
bined fructose, present as iIDpurities or IDinor constit­
uent-units in the glucose polYlDers. A qualitative
procedure was developed 'to detect as little as 0.01%
free or easily liberated fructose in dextran saIDples.
The two quantitative colorilDetric IDethods which were
developed lIleasure, in addition, at least part of the
fructose in such coIDpounds as lIlelezitose and leucrose,
frOID which it is difficultly liberated. The IDethod
using a 1Il0dified anthrone reagent also is particularly
suitable for quantitative paper chrolDatography of
fructose. In both this and a IDodified resorcinol
IDethod the' color-forlDing power 'of glucose is liIDited
to about I/240th that of fructose. These qualitative

and quantitative methods should prove useful for ob­
taining inforlDation on the aIDount and relative ease'of
hydrolysis of fructose units 'in many' natural and en­
zYIDically synthesized products.

T HE glucose polymers known as dextrans are formed from
sucrose by the action of .micrOorganisms such as LeuCQTUJSWc

'mesenteraides or of enzyme solutions derived from cultures of the
organisms (4). The dextran preparations may contain fructose'
in any of several forms. Thus, levan, an easily acid-hydrolyzed
polymer of fructose, often is formed along with dextran (8) and
may remain as a contaminant during isolation of the dextran.
Free fructose or sucrose in the medium may be carried down with
the dextran. Because the disaccharide leucrose (5-D-glucopy-



ranosyl-n-fructose) has been obtained in the enzymic synthesis
-of dextran (1.4-), this and other difficultly hydrolyzed compounds
of fructose also are potential contaminants of dextran prepara­
tions. Finally, fructose units may be present in small amounts
as structural parts of dextran molecules-for example, as easily
hydrolyzed terminal fructosyl units (6) or as difficultly liberated
units carrying glucosidic linkages on one or more of the hydroxyl
groups. For fundamental studies of dextrans and their structures
it is essential, therefore, that analytical evidenoo be obtained on
the presence of fructose in dextran samples. .

To fill the need for methods of fructose determination adapted
to the research on dextran, one qualitative and two quantitative
methods were developed. These methods were devised with par­
ticular emphasis on the ability to measure amounts of fructose
below 1% of the dextran sample. They are based, in general,
on known procedures and principles, with modifications as neces­
sary to meet the speeific requirements of their proposed use. It
was particularly important to avoid interference from glucose and
its polymers.

QUALITATIVE CHROMATOGRAPHY PROCEDURE FOR FREE OR
EASILY LIBERATED FRUCTOSE.

The qualftative procedure was developed speeifically to de­
tect free fructose and its' easily hydrolyzed combinations, such
as levan or sucrose, in contrast to fruetose in more difficultly
hydrolyzed combinations such as leucrose (5-n-glucopyranosyl­
n-fructose, 14), melezitose, and possibly some dextran mole­
cules. The procedure provides for chromatographic identifica­
tion of the liberated fructose and gives evidence of the ease of
hydrolysis. In addition, quantitative determinations have been
performed by an extension of the method.

The detection of easily liberated and free fructose in dextran
preparations is based on paper chromatography of the ethyl
alcohol-soluble sugars formed by limited acid hydrolysis of the
sample. When free fructose only is to be detected, the hydrolysis
step is omitted. Under the conditions selected for hydrolysis
(0.2N sulfuric acid at 70 0 C. for 1 hour) the recoveries of fruc­
tose from sucrose and levan samples were over 90%, as measured
by quantitative paper chromatography. The hydrolysis of
dextran, however, amounted to only about 0.2 to 0.9%, as meas­
ured by reducing power expressed as glucose equivalent. . Even
so, suitable developing solvents and a selective spray reagent
must be used to avoid interference from glucose in the chroma­
tography step, especially when dextran samples containing only a
small amount of fructose--e.g., 0.5% or less-are being studied.

An improved spray reagent for the selective detection of fruc­
tose in the presence of aldoses on the paper chromatograms was
obtained by replacing the hydrochloric acid in the urea-hydro­
chloric acid reagent of Hough et al. (7) with phosphoric acid, as
suggested for several other reagents by Bryson and Mitchell (2).
The urea-phosphoric acid reagellt provides a better color differ­
entiation between fructose and glucose and excellent freedom from
background color on the paper, 9,8 compared with. the urea-hy­
drochloric acid reagent. Fructose gives a characteristic blue­
gray color, in sharp contrast to the light brown color given by
much higher concentrations of glucose. On standing overnight
and longer, the fructose spot becomes gray and then gray-brown,
but otherwise is stable. About 25 to 50 times as much glucose
is required to give as intense a spot as fructose if the heating period
is not too long. It is possible, aner development of the chromato­
gram, to detect as little as 4 'Y <If fructose in the presence of at least
100 times [L9 much glucose.

Mter the limited hydrolysis· of tile dextran sample, careful
control of the pH of the solutions is advisable to avoid alkaline
rearrangement of the glucose present to fructose. The use of
bromothymol blue as indicator together with neutralization of the
sulfuric acid with barium hydroxide permitted the pH to be held
easily at about 6.1 to 6.6. Earlier trials involving neutralization
with an excess of barium carbonate gave much less satisfactory
control of pH (see also 11). The indicator does not interfere
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with paper chromatography of the sugars, as its Rf value is nearly
unity in the developing solvent used.

Apparatus and Reagents. Thermoregulated water bath at
700 C.

Apparatus for paper chromatography (3, 9).
Solution of 0.2N sulfuric acid.
Approximately 0.4N barium hydroxide.
Bromothymol blue indicator.
Urea spray reagent made up as follows: To 100 ml. of 1M

phosphoric acid in water-saturated butanol (about 80% butanol
by weight) add 3 grams of urea, followed by about 5 ml. of ethyl
alcohol to eliminate the water phase which forms when the urea
dissolves. The reagent is stable for several months.

Procedure. To 5 grams, or less, of dextran sample add enough
0.2N sulfuric acid to give a 5% carbohydrate concentration and
heat the mixture at 700 C. for 1 hour. Neutralize the cooled
solution with approximately 0.4N barium hydroxide, using bro­
mothymol blue as an indicator. Add, with stirring, enough ab­
solute ethyl alcohol to give a solution which contains 85% alcohol
by volume. Remove the barium salts together with the pre­
cipitated dextran by decanting and centrifuging the solution.
Evaporate the supernatant solution in vacuo to dryness. When
low concentrations of combined fructose--e.g., below about
1% of the sample-are involved, a second alcohol precipitation
from a smaller aqueous volume may be neeessary to reduce further
the amount of partially degraded dextran, the presence of which
can cause elongation and streaking of the sugar spots on the
chromotogram. In extreme cases, where spot elongation still
has not been avoided because of remaining dextran or salts, the
fructose-containing area of a duplicate' chromatogram can be
eluted with water (3), the eluate evaporated to dryness, and the
residue rechromatographed.

Dissolve the dried solubles from the precipitation step in a
drop or two of water and transfer the solution with an ultramicro­
buret to a paper chromatogram, using patterns of contiguous
spots (3). Develop the chromatogram once or twice with the
butanol-pyridine-water (6 to 4 to 3) solvent mixture (9) and then
dry and spray with the urea-phosphoric acid reagent. After
drying the sprayed paper at room temperature, heat it in an oven
for several minutes at 100 0 to 110 0 C. The presence of fructose
is indicated by a blue-gray spot whose position corresponds to
that of a known sample of fructose on the same chromatogram.

For quantitative paper chromatography, perform the spotting
and eluting of strips containing the unknown as previously de­
scribed (3) and measure the fructose by the alcoholic anthrone
method described below. If the amount of fructose is small­
e.g., 50 to 100 'Y per strip-collect the eluate directly in weighed
test tubes, dilute with water to a weight of 2.00 grams and use
the entire quantity for one anthrone determination.

QUANTITATIVE FRUCTOSE METHOD USING
ALCOHOLIC ANTHRONE

The fact that fructose reacts more rapidly than glucose in the
color-forming reaction of the anthrone determination of total
carbohydrate had been noted in this laboratory (13) as well as by
KoeWer (10). This observation, together with experience previ­
ously gained (3) in the use of the anthrone reaction, prompted
studies leading to the present modification of the anthrone reac­
tion for the determination of fructose in free and most combined
forms.

The fructose procedure differs from the total carbohydrate
method in the use of a lower temperature (50 0

) and a lower con­
centration of acid in the reaction mixture, so that incomplete
reaction of fructose and very limited reaction of glucose occur.
Dilution of the anthrone-sulfuric acid reagent before use avoids
heat of mixing which would result in uncontrolled color formation.
The use of ethyl alcohol, instead of water, as diluent provides
a twofold advantage of a more intense color and avoidance of
precipitation of anthrone at the lower concentration of sulfuric
acid.

The alcoholic anthrone-sulfuric acid reagent is advantageous
in several respects. The small sample size required makes the
reagent suitable for the measurement of fructose by quantitative
paper chromatography, since 25 to 100 'Y of fructose suffices for a
determination. In the analysis of dextran samples, the small
sample size permits analysis of dextrans which give hazy solu­
tions without need for the corrective steps described for the re­
soreinol procedure below. For known mixtures the results were
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Table I. Typical Results on Known Mixturesa and
Fructose-Containing Sugars

Total Weight Fructose Found Recovery,
Combinations Sample, Mg. Mg. % % of Theory

Alcoholic Anthrone Method

Resorcinol Method

Dextran + fructose 203.0 0.377 0.186 94
Dextran + fructose 204.0 • 0.045 0.022 90
Dextran + levan 5,0 0,486 9.72 98
Dextran + levan 100.0 0.465 0.465 94
Raffinose.5H,Q 1.65 0.492 29.8 98
Sucrose 0.95 0.492 51. 8 98
Melezitose.2H,Q 1.50 0.178 11.9 36
Leucrose 0.95 0.010 1.0 2

a In all cases the dextran was a highly purified sample from Leuconostoc
mesenteroides NRRL B-512 pr.epared as described (8).

The procedure described by Gray (5) was used as a basis for the
present method. Ferric chloride was added to the hydrochloric
acid, as done by Bacon and Beli (1) in order to intensify the color
produced and minimize the effect of possible traces of iron in the
hydrochloric acid. The temperature at which the color-forming
reaction was conducted was lowered from 80° C., used by Gray,
to 50° C. This lowering of the reacting temperature, together
with a reaction time of 20 minutes, allowed a greater differentia­
tion between fructose and glucose in mixtures of the two. The
selectivity thus was increased threefold-Le., 240 parts instead of
80 parts (5) of glucose were required to give the same absorbence
as 1 part of fructose. Ice-bath cooling of the dextran solution
and reagents befo.re mixing was adopted to eliminate erratic
results attributed'to variable amounts of reaction before the timed
period of heating.

Application. of. the procedure to known mixtures containing
as little as 0.02% of fructose, sucrose, or levan in dextran gave
recoveries of fructose ranging from 90 to 100 ± 2%. The decrease
in accuracy with the lower percentages of fructose, shown in Table
I, tentatively is attributed to a lowering of the effective acidity
of the reaction mixture by the larger weights of dextran sample

. required for fructose contents below about 1%.

Apparatus and Reagents. The spectrophotometer, borosilicate
glass test tubes, and the water and ice baths are the same as for
the alcoholic anthrone method.

Hydrochloric acid, concentrated, specific gravity 1.18 to 1.19, to
which has been added 0.0124 gram of ferric chloride hexahydrate
per liter.

Resoroinol reaigent, consisting of a 0.1 % solution of resorcinol
in absolute ethy} alcohol.
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This factor will. vary somewhat from run to run, mainly be­
cause of variations in the time required to read the tubes and
also 1;>ecause of other variations in conditions. Therefore, a
fructose standard is included in each set of tubes to be heated.

Calculate the weight of the fructose in the dextran sample using
the absorbances, A, of the "unknown" dextran and the control
dextran sample:

Weight of fructose = K (A unknown - A control)

SAMPLE CALCULATION.
Absorbances.

accurate within ±2% for concentrations of fructose in dextran
at least as low as 0.04% (see Table I). In addition, the pre­
cision of the method was very good, as shown by the fact that
each of the values under column 3 of Table I is the average of
duplicates having an average deviation within 0.0003 or 0.0004
mg. of fructose.

Apparatus and Reagents. Spectrophotometer-e.g., Coleman
Model 11-adapted, if necessary, for use of the reaction tubes in
the cuvette carrier.

Borosilicate glass tubes, 18 X 150 rom., selected for uniformity
in spectrophotometric measurements.

Thermoregulated water bath at 50° ± 0.5 ° C. and ice bath,
with a suitable basket or rack for the test tubes.

Alcoholic anthrone reagent. To 60 ml. of absolute ethyl alco­
hol add slowly, with cooling, 100 ml. of concentrated sulfuric
acid. When the mixture is at room temperature, add 200 mg.
of anthrone. The reagent is ready for use immediately and can
be kept in a refrigerator (about 6° C.) for at least 3 weeks.

Procedure. Weigh samples of dextran up to 60 mg. (or trans­
fer up to 2.0 ml. of solution) containing the equivalent of 25 to
100 'Y of fructose or levan into the tubes. Add 2 ml. of water
or sufficient water to give a total of 2 ml. 'if a solution was used.
Include a fructose standard (60 'Y) and a reagent blank in each
run. In addition, if the fructose content is below 10%, have a
control for the dextrans consisting of a high purity sample of
the same type of dextran at approximately the same concentra-
tion. '

To each of the solutions, cooled in ice water, layer in 8 ml. of
the cold alcoholic anthrone reagent. Transfer the well-stirred
cold mixture's 'to the 50° C. water bath. After 20 ± 0.1 minutes,
return the tubes to the ice bath for 1 minute to cool the solutions
to a little below room temperature. Measure the absorbance
promptly at 620 mIL against the reagent blank. As the color
formation still is continuing slowly, the tubes should be read in
order from the first to the last, then from the last to the first, and
the average of the two rell-dings used. In making these readings
a uniform rate schedule should 'be maintained.

Calculation of Results. From the absorbance of the fructose
standard, calculate the factor for converting absorbance to weight
of fructose:

0,060 mg. of fructose 0.524
10 mg. of unknown dextran 0.599
10 mg. of control dextran 0.182

Calculations.

K = 0.060 = 01145
0.524 .

Fructose in unknown sample = 0.1145 (0.599 - 0.182)
= 0.048 mg. or 0.48%

Expressed as levan = 0.048 X 0.9 = 0.043 mg. or 0.43%

The K value under a given set of conditions is constant over
a wide range of absorbances in conformance to Beer's la.w, as
.shown in Figure 1 for the alcoholic anthrone reagent. A similar
1inear relationship was observed with the resorcinol-hydrochloric
,acid method described below.

QUANTITATIVE FRUCTOSE METHOD USING RESORCINOL

Initial studies on the determination of fructose in dextran sam­
ples were directed toward adaptation of the colorimetric Seliwan­
·off reaction using resorcinol in the presence of hydrochloric acid,
for which several detailed reports had appeared (1, 5, 12). The
modified method which was developed is described briefly here
'because of its apparent usefulness, in combination with the alco­
:holic anthrone method, for getting a partial differentiation be­
;tween easily and difficultly liberated forms of fructose in a sample..
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Procedure. The procedure is essentially th!" same as for the
alcoholic anthrone method, except that the sample consists of up
to 500 mg. of dextran (or up to 2.0 ml. of solution) containing
the equivalent of 200 to 800 'Y of fructose or levan, while the
fructose standard is 500 'Y. To each sample in 2.0 ml. of cold
aqueous solution is added 5 ml. of the cold hydrochloric acid fol­
lowed by 2 ml. of cold resorcinol reagent. The well-mixed solu­
tions are heated and cooled, and their absorbances measured as
for the alcoholic anthrone method, except, that a wave length of
505 mp is used. '

The calculation of results is similar to that for the alcoholic
anthrone method. If any of the solutions are hazy, haze blanks
must be prepared of those dextrans and the control dextran. For
a haze blank, the 2 ml. of resorcinol reagent is replaced with an
equal volume of cold absolute ethyl aleohol. The absorbances
of these solutions then are used as a correction as follows:

Weight of fructose = K (A unknown - A unknown haze
blank - A control + A control haze blank).

DISCUSSION

Glucose gives the same color reaction as fructose with the an­
throne or resorcinol methods but requires longer heating to attain
a similar absorbance. Under the conditions of limited reaction
described here, for either method, 1 mg. of fructose is equivalent
in 'Iiobsorbance to about 240 mg. of glueose.

This ve~ favorable ratio of color formation from fruetose and
glucose is achieved by restricting the extent of reaction. Thus,
heating for more than 20 minutes or at higher temperatures than
50° C. gives a higher absorbance per unit weight of either sugar.
However, the increase for glucose is relatively greater than for
fructose, so that more interference is obtained from glucose in
mixtures under such eonditions. The incompleteness of the color­
forming reaction, together with the low reaction temperature of
50° C., results in a slow continuation of reaction at room tem­
perature during the spectrophotometric measurements. Since
the absorbances of the reaetion mixtures in either method are in­
creasing at a rate of about 0.4% per minute at room temperature,
a set of tubes must be read twice and in a uniform manner from
first to last and then from last to first if highest accuracy is desired.
Any attempt to wait until the change in absorbance decreases or
ceases will result in greater interference from glucose and its

, polymers.
Both colorimetric methods measure at least part of the fructose

in combinations less easily hydrolyzed than sucrose or levan, as
shown by the results with melezitose and leucrose (5-D-glucopy­
ranosyl-n-fructose) (l.n, Table I, neither of which yields fructose
under the hydrolytic conditions of the qualitative chromato­
graphic procedure. The two methods differ significantly in the
extent to which they measure such formH of fructose, the alcoholic
anthrone reagent being the more effective. This difference
probably results, at least in part, from the ~eater hydrolyzing
powel' of the anthrone-sulfuric acid reagent, as has been indi­
cated by pl'eliminary estimates of the extents of hydrolysis of
dextran by the two reagents under the conditions of the fruc­
tose determination. Advantage can be taken of this difference
by using the resorcinol method where the measurement is to be
limited more nearly to the easily hydrolyzed fructose units and
employing the alcoholic anthrone method for obtaining more
nearly a "total fmctose" value. Even with the latter method,
however, only a minor part of the fructose units may be measured
in stmetures reacting like leuerose, whether present in impurities
or as part of the dextran molecule.

The use of a control dextran in the colorimetric analysis of
samples containing low concentrations of fructose is required to'
compensate for color formation from !~lucose liberated from the
dextran sample by the hydrolytic action of the reagent. The
measurement of fructose content, therefore, is relative rather
than absolute, in so far as the control. sample may be more easily
hydrolyzed (libera'Uon of glucose) or mIl,)' contain free or combined
fructose. The efl'ect of differences in r'3.te of liberation of glucose,
which probably would result from differences in the proportion
and kind of non-l,6'-glucosidic linkages, must remain well
below the equivalent of about 0.4% fructose in th'e sample, since
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this is the difference in color formation between glucose itself
(equivalent to immediate complete hydrolysis) and the blank
(equivalent to no hydrolysis of dextran).

The possible presence of fructose unitS in the control is a po­
tential source of greater difficulty. Free or easily hydrolyzed
fructose can be detected and measured by the chromatographic
procedure. Some indication of the presence of difficultly hy­
dro!yzed fructose units can be obtained from the total color
formation in the reaction of the control. The B-512 dextran
used as a control in the present studies gave absorbances equiva­
lent to about 0.06 and 0.25% fructose in the sample by the re­
sorcinol and anthrone methods, respectively. Preliminary esti­
mates of the extent of hydrolysis of this dextran sample to glucose
by these two reagents have suggested that approximately half
of this apparent fructose may arise from sources other than
glucose liberation. This dextran, however, contained not over
0.02% fructose in free or easily hydrolyzed form, as shown by
application of the chromatographic procedure described and com­
parison with known amounts of fructose on the chromatograms.

The possibility thus suggested that difficultly hydrolyzed fruc­
tose units, or sugar units giving comparable color reactions,
may be present in dextrans is given further support by observa­
tions on other dextran samples. Some highly purified, partially
degraded dextrans, for example, have given apparent fructose
contents, measured against controls, as high as 0.3%, although no
easilyhydrolyzed fructose units could be detected by the qualita­
tive procedure. The interpretation of such data must await
the results' of further studies of the chemical structure of dex­
trans.' These observations emphasize, however, that samples of
dextran to be used as controls should be selected on the basis not
only of tests by the qualitative procedure but also of determina­
tions of the actual amount of color, compared with reagent blanks,
produced in the quantitative procedures.

The extent to which other sugars may interfere in the deter­
mination of fructose was investigated. Only the ketohexose
sorbose gave an appreciable amount of color. The absorbance
developed in the resorcinol and anthrone methods was 52 and
74%, respectively, of that given by an equal weight of fructose.
Xylose gave only 0.4 and 1.8%, respectively. For either method,
densities below 0.5% were obtained with rnannose, arabinose,
and glucuronic acid.
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IIIse of Empirically Derived Correction Factors
Polarographic Determination of Free Cyanide in Presence of Sulfides
J. H. KARCHMER and MARJORIE T. WALKER

Humble Oil and Relining Co., Baytown, Tex.

A rapid polarographic method is presented for the deter­
mination of .free cyanide in the presence of complex
metaDocyanides and large anlOunts of sulfides to show
how empirically derived empirical factors can be
employed to correct systematic err~rs. -This pro­
cedure is based upon measurement of the anodic wave
produced by the cyanide ion at the dropping' m.ercury
ehzctrode. The bulk of the sodium sulfide, which pro­
duces an earlier wave and would interfere with the
cyanide determination, is l'emoved by treatment with
a slightly less than stoichiometrical amount of silver
nitrate. The cyanide ion losses, incurred by the pres­
ence of large amounts of the silver sulfide precipitate,
can be corrected by a series of correction factors de­
veloped in this study.

I N CERTAIN cases when no accurate methods are available
for carrying out a specified determination, it may be neces­

sary to employ a procedure which is known to contain inherent
systematic errors. In such a case, where the error can be mathe­
matically defined and predicted from a knowledge of the sample,
the use of correction factors may prove useful-for example, the
determination of free cyanide in petroleum refinery units pro­
ducing or fractionating light catalytic gases. This determination
is important, for the free cyanide is thought to be related to a
type of corrosion known as "hydrogen blistering" (1). System­
atically low results were observed when 61 synthetic samples,
containing various combinations of concentrations of con­
taminants, were analyzed for free cyanide using a polaro­
graphic method. These results were used as a basis to prepare a
series of correction factors. The application of statistical tech­
niques to the corrected values indicated that the use of correction
factors would be satisfactory for practical purposes.

The complicating factors found in the determination of free
cyanide in these types of refinery samples are the possible presence
of high concentrations of soluble sulfides and complex metallo­
cyanides (the free cyanide must be differentiated from the com­
plex cyanides because the complex cyanides are not thought to
cause hydrogen blistering).

The presence of large amounts of sulfides affects the accuracy
of the determination. In many methods of determining the
cyanide ion (5, 7, 9, 11) large concentrations of sulfide interfere
and if the sulfide ion is removed by precipitation as a heavy metal
sulfide en, appreciable amounts of free cyanide will be occluded
on the precipitate and hence low results will be obtained. The
presence of the complex metallocyanide prevents the use of a
precision acidic distillation technique-Le., those of Fisher !l;nd
Brown (3) and Serfass et al. (10)-for separating the free cyanide
ion from a heavy mctal sulfide because the metallocyanide co'In­
plexes (as the ferrocyanide ion, known to be present in some of
these samples) decompose to hydrocyanic acid on being heated in
acidic solutions (3, 7):

Recent work of Dodge and Zabban (2), in studying the vola­
tility of hydrocyanic acid, showed that at pH 6.5 simple cyanides
could be volatilized as hydrocyanic acid; at this pH complex
metallocyanides would not yield hydrocyanic acid. This work
indicates that development of an analytical method for detel'!:nin­
ing free cyanide ion may be possible.

In the absence of a developed procedure for analyzing these
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types of samples by distillation, it was decided to determine if the
free cyanide could be determined with reasonable accuracy
by employing a correction factor to compensate for the cyanide
lost by occlusion on the heavy metal precipitate.

DEVELOPMENT OF ANALYTICAL PROCEDURE

The polarographic method, although not as sensitive as a
colorimetric method, was employed for actually determining the
free cyanide because it offered one advantage--namely, that
the cyanide ion could be determined anodically in 'presence of
mode.rate concentrations of sulfide ion. In preliminary experi­
ments the sulfide ion concentration, which could betoleriJ,ted,
was found to be about ten times the cyanide ion c~ncentration,
providing the sulfide ion concentration in the polarographic cell
did not exceed 5 X 10-41111. For this reason complete removal of
the sulfide was unnecessary and the possible loss of cyanide ions
by complexation with excess metal 'ion, used in precipitating the
sulfide ion, was avoided.

The partial removal of the sulfides was effected by a potentio­
metric titration of an aliquot sample with silver nitrate solution.
The titration was stopped just short of the end point, so as to
avoid an excess of silver ions in the solution which may complex
with the cyanide ions. Although this procedure proved satisfac­
tory for samples coritaining smali amounts 'of sulfides or large
aI110unts of cyanides, low results were always obtairied on syn­
thetic samples when a large precipitate of silver sulfide was
present in the treated portion and if the cyanide concentration
was low. This dependence of the recovery of the'cyanide ion on
both the concentration of the cyanide and the weight of the silver
sulfide present suggested that the cyanide loss was the result of a
Freundlich-type adsorption. Although preliminary work indi­
cated that with pure solutions' Freundlich isotherm constants
could be 'obtained over a limited range, subsequent work on plant
samples indicated that this was not the only' factor responsible
f~l' the losses. For example, sodium thiosulfate and sodium bisul­
fite, "'hich could form by oxidation of the sodium sulfide present,
could interfere with the polarographic cyanide wave. Further­
more, other oxidation products of sodium sulfide are elemental
sulfur and sodium polysulfide which can react with the cyanide
to form a thiocyanate. Because the rate of oxidation of the so­
dium sulfide to the thiosulfate, bisulfite, or polysulfide is related
to th~ hyd~oxide ion, the [OH-j concentration of the original
'sample also becomes Ii variable that could influence the accuracy
of the method.

CORRECTION FACTORS

To determine the magnitude of these errors, a series of 61 syn­
th'3tic samples, containing varying amounts of sodium cyanide,
sodium thiosulfate, sodium hydrOJdde, and sodium sulfide, was
analyzed. ~or sodium cyanide. (Sodium ferrocyanide was not
included in the study because it has no effect upon the polaro­
graphic determination of the cyanide ion.) This series of samples

'WIIS run in a 3 X 3 X 3 X 2 completely randomized factorial
.design so as to yield pertinent statistical information. The sta­
tistical examination of these raw data reveals that the largest
effect was apparently due to the interaction of the sulfide ion and
the cyanide ion concentrations

i
and that the remaining interac­

tions were small. Since the su fide ion could be readily approxi­
mated, an attempt was made to correct for the losses of cyanide
ion due to the presence of sulfide ion. Therefore, another series of
synthetic samples was preparedcoritaining various sulfide and
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cyanide ion ratios to simulate conditions in given aliquots of
plant samples. From these values a series of correction curves
was obtained and these correction factors were applied to the
original 61 synthetic samples.

In preparing the synthetic samples sodium sulfide was prepared
from hydrogen sulfide and sodium hydroxide because available
commercial grades of sodium sulfide were contaminated with
small quantities of sodium thiosulfate. Although the samples
were blanketed with inert gas, no synthetic sample was allowed
to remain longer than 48 hours before being analyzed.

and sodium cyanide, in O.INsodium borate solution (adjusted to
pH 10.8) as the supporting electrolyte. For concentrations of
5 X 10-4M, the half waves are about -0.63 and -0.26 V8. the
saturated calomel electrode. Therefore the oxidation waves were
spaced sufficiently far apart to allow the formation of well-defined
waves. However, there were certain limits to the amount of
sulfide ion that could be present and to the ratio of the sulfide to
the cyanide ion. If these limits were exceeded the sulfide wave
would merge into the cyanide one. For this reason it was neces­
sary to study the effect of sulfide concentration upon the accuracy
of the cyanide determination and the changes,in the location of
the waves produced by the concentration. The effect of the
hydroxyl ion concentration was likewise considered.

During the studies with synthetic sodium sulfide samples the
amount of sodium thiosulfate that was present as a result of the
sulfide oxidation was found to be sufficiently high to interfere
with the accurate cyanide determination. Sodium thiosulfat.e hal'
a half wave of approximately -0.10 (Figure 2, C) which falls be­
tween the cyanide (Figure 2, B) and the hydroxide waves and is
close enough to the cyanide wave to cause trouble if it is present
in sufficient quantities.
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SULFIDE PRECIPITATE IN ALIQUOT AS MILLIGRAMS SULFIDE ION IN 250 ML.

Figure 1. Cyanide Ion Correction Graph 1.6

2A - SODIUM SULFIDE

Figure 2, A and B are idealized polarograms of sodium sulfide

IIISCUSSION OF POLAROGRAPHIC VARIABLES

The polarographic determination of cyanides is based upon the
fact that, when an increasing positive voltage is applied to the
dropping mercury electrode, an anodic wave is produced by the
oxidation of the mercury. In ions forming complexes or insoluble
compounds with the mercury, the anodic waves are shifted to
more negative potentials depending upon the solubility product
of the compounds or the dissoeiation constants of the complexes.
The anodic current, produced by the oxidation of the merc\lry,
is governed by the rate of diffusion of the anion to the electrode
surface and hence is proportional to the anion concentration in
the body of the solution.

While the half-wave potential of the cyanide ion is largely fixed
by the solubility product of mercuric cyanide, a further variation
in the half wave is due to the concentration effect. Kolthoff and
Miller (6) have found that the following equation is applicable
for predicting the· shift in half wave due to concentrations for
anions of j,his type:

The lower limit of detectability of the method using synthetic
samples is about 0.00125 gram of cyanide ion per liter in the
absence of appreciable quantities of sulfide. If the sulfide content
is 30.0 grams per liter, the detectability of the method is reduced
to 0.02 gram per liter, as the sample size has to be limited because
of the excessive sulfide concentration.

The series of samples used for the preparation of correction
factors was analyzed in a 5 X 5 complete factorial design using
0.5, 1.0, 2.0, 3.0, and 5.0 mg. of cyanide ion and 2.5, 25.0, 50.0,
100.0, and 750.0 mg. of sulfide ion. Two to five replicates were
analyzed on each sample with a total of 70 determinations. The
cyanide concentration of each sample was obtained according to
the proposed procedure. To obtain the fraction of cyanide re­
covered, the average of the replicates of each sample was divided
by the amount of cyanide present. The reciprocal of the fraction
recovered represents the correction factor or that valuEl by which
the amount of cyanide found has to be multiplied in order to ob­
tain the amount of cyanide originally present in the aliquot.

The calibration curve was prepared by plotting the correction
factors Hgainst the amount of cyanide ion found for a given
amount of sulfide in the aliquot. Figure 1 shows the correction
curves for 2.5, 25, 100, 300, and 750 mg. of sulfide ion. (Extra­
polations may be made for intermediate amounts of' sulfide
present.)
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Sulfide. Cyanide, and Thiosulfate
Ions with Dropping Mercury Electrode

Anion concn., 5 X 10 -'M
Supporting electrolyte, sodium hydroxide and boric

acid, adjusted to pH 10.8

0.8

Effect of Sulfide Ion Concentration. A well-defined sulfide
wave can be obtained at about -0.63 volt when the concentra­
ti~n is about 5 X 1O-4M. At concentrations significantly above
this value, the wave becomes irregular in shape and the apparent
half wave shifts appreciably to more positive voltages. The
irregular shape of the wave causes it to merge with the cyanide
wave. The erratic behavior of the sulfide is presumably due to
the coating of the mercury drops with a film of mercuric sulfide.

Because a cell CQncentration of sulfide in excess of 5 X 1O-4M is
undesirable, and the cyanide concentration in many samples is
several hundred times smaller than that of the sulfide, some of
the 'sulfide must be removed because the amount of cyanide in
samples containing the appropriately low concentrations of the
sulfide would not be detected on the polarograph. .This removal

(1)E t 0.05911 f'
1/, = cons ant - -2- og concn. 0 . allion
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thiosulfate is shown in Figure 2, C, as being -0.10 volt vs. the
saturated calomel electrode.

To study the effect of thiosulfate upon the cyanide determina­
tion a series of synthetic blends was prepared containing known
amounts of sodium cyanide and sodium thiosulfate. The results
are given in Table 1. When the thiosulfate ion concentration in
the cell is less than or approximately equal to 5.0 X lO-'M, the
accuracy is satisfactory. Higher concentrations of thiosulfate
produce lower cyanide results, or entirely prevent its measure­
ment by merging with the cyanide wave. Hence the presence of
more than 2.0 X lO-'M (cell concentration) thiosulfate forms
one of the limitations of the method. This restriction, however,
is not too serious, as this would correspond to a large amount of
thiosulfate in the original sample, and usually the sample can be
diluted so that the thiosulfa,te will be below the critical cell con­
centration. In the event the thiosulfate is unusually high and
merges with the cyanide wave, the analysis is of no value because
of the alteration in the position and shape of the polarographic
wave.

ANALYTICAL PROCEDURE

Apparatus. POLAROGRAPH, Sargent, Model XXI.
H-TYPE POLAROGRAPHIC CELL, fitted with calomel half cell

(8).
TITRATOR, such as the Fisher Titrimeter, equipped with stirring

motor and stand.
ELECTRODES FOR TITRATOR. Calomel electrode, Beckman

#4970; silver wire electrode, Beckman #1281-5; and glass elec-

Table 1. Effect of Thiosulfate on Cyanide DeterIllination
8,0,-- Added, CN-, Cell Conen., M CN- Re-
Cell Conen., M A.dded Found eovery, %

0.0 5.29 X 10-' 5.33 X 10-' + 0.8
2.60 X 10-' 1.06 X 10-' 1.04 X 10-' - 2.0
5.20 X 10-' 1.06 X 10-' 1.05 X 10-' - 1.0
1.04 X 10-' 1.06 X 10-' 1.00 X 10-' - 6.0
1. 04 X 10 -, 5. 29 X 10 -, 4.80· X 10 -, - 9.3
2.08 X lO~' 5.29 X 10-' 4.60 X 10-' -13.0
5.20 X 10-' 5,29 X 10-' a
1.04 X 10-2 5.29 X 10-' a

a Cyanide wave could not be measured, as it merged with thiosulfate wave.

The half-wave potential of a 5 X lO-'M solution of sodium
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Figure 3. Effect of Hydroxyl Ion on Cyanide
DeterIllination
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can be facilitated by selecting an adequate size sample, so as to
yield a cyanide concentrati~n in the cell of at least 1O-6M, and
potentiometrically titrating with 0.25M silver nitrate solution.
The titration is stopped just short of the inflection point, leaving
a small"amount of sulfide in the sample which, being below 5 X
lO-'M, will not interfere with the subsequent cyanide wave.

Effect of Hydroxyl Io.n Concentration. Figure, 2, B, shows the
beginning of the oxidation wave of the hydroxyl ion which is
present in the electrolyte. From Equation I itmay be observed
thl)t for every tenfold increase in the hydroxyl ion concentration,
the half-wave potential of that ion shifts approximately 0.03 volt
in a more negative direction; and conversely, for every tenfold
decrease in the cyanide ion concentration there is a 0.03-volt
shift of its half wave in a more positive direction. Thus, for sam­
ples of low cyanide concentration and high pH, there is a possi­
bility that the two waves may approach each other sufficiently
closely to make the measurement of the cyanide wave difficult.
For this reason it was decided to reduce 'the hydroxyl ion concen­
tration to as Iowa value as possible, so as to thrust its wave in a
positive direction. However, too Iowa pH is undesirable because
of the ease, with which sodium cyanide can be hydrolyzed to hy­
drocyanic acid and lost to the solution during the bubbling opera­
tion to remove dissolved oxygen. Calculation of the appropriate
pH of the equivalence point of sodium hydroxide and hydrocyanic
acid to yield a O.OlN solution of the salt revealed that this value
was 10.6. Therefore, some value slightly above this pH was
selected. In Figure 3 the effect of the hydroxyl ion on the cyanide
wave shows how the two waves tend to merge if the pH is too high.

To achieve the desired pH of 10.8 ± 0.2, the excess sodium
hydroxide in the aliquot is neutralized with a saturated solution
of boric acid beyond the equivalence point (pH 11.3 for O.lM
sodium orthoborate) to the desired pH.

Effect of Thiosulfate. In using a synthetic sample of sodium
sulfide and sodium cyanide with the pH of the solution reduced to
10.8, the hydroxyl ion oxidation wave seemed to begin much too
early and appeared on the shoulder of the cyanide wave: This
type of poorly defined cyanide wave was also found in some plant
samples, Upon investigation sodium thiosulfate was found to be
formed by oxidation of the sodium sulfide in presence of water:

2Na2S + 202 + H20 -+- Na2S20, + 2NaOH
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101

93

105

90

111

25.0

0.93

G./L. %
0.024 120
0.096 96

106 1.01

112 1.11

%
100
101
125
98

S--, 30 G./L.

1.0

1.06

1.12

0.021 105 0.020 100
0.018 90

0.080 80 0.09 90

0.023 115 0.021

0.100 100 0.090

G./L.

0.020
0.101
0.125
0.98

%
90
86

107

95

105

100

99
95

102

Degrees
of Mean

Freedom Square F

2 5.57329902 4098.28"
2 0.00049096 N.S.b
1 0.00003585 N.S.
2 0.00284124 N.S.
4 0.00052963 N.S.
2 0.00001724 N.S.
4 0.00239108 N.S.
2 0.00122452 N.S.
4 0.00104118 N.S.
2 0.00010758 N.S.
4 0.00135991 5.23'
8 0.00118260 4.55 c
4 0.00025063 N.S.
4 0.00019841 N.S.
8 0.00025996 5.04'
7 0.00005157
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0.020

0.099
0.095
1.02

95 1.07

102 1.05

1.0 25.0

CN- Found

0.95

1.02

0.106 106 0.095

0.020 100

0.090 90
1.101 101
1. 00 100

0.021 105 0.020 100

G./L.. % G.jL.

0.015 75 0.18
0.100 100 0.086

Table III. Analysis of Variance
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96

99

%
100
101

25.0

80 0.015

94 0.088

100 0.96

102 0.99

90 0.020 100
0.021 105

99 0.097 97
101
103 1.02 102
103

to about -0.1, which is the top of the cyanide wave. Measure
the height of the cyanide wave (Figure 4) which appears between
-004 and -0.2 volt. (The position of the half wave shifts slightly
as the cyanide concentration varies.) The earlier wave beginning
at about -0.8 is due to the sulfide which was allowed to remain
in sample. If too much sulfide has been left in the sample from
the silver nitrate titration, this wave will be irregular and large
enough to merge with the cyanide wave. In such a case, repeat
the determination, making certain that more of the sulfide is re­
moved. On the other hand when analyzing sulfide-bearing sam­
ples, if no sulfide wave is present, it may mean that too much
silver nitrate was added and hence the cyanide results may be
low. In such a case, repeat the determination.

Calculation. From the silver nitrate potenti9metric titration
approximate the amount of sulfide precipitate in the sample ali­
quot, using the following equation:

[8] -- in aliquot, mg. = vol. of AgNOa, ml. X
normality of AgNOa X 16 (2)

Calculate weight of cyanide ion found in sample aliquot:

[CN1- found, mg. uncorrected = current produced by sample X
volume to which sample portion diluted X wt. of [CN] - present
in standard, mg.jcurrent produced by standard X volume to
which'standard was diluted (3)

The volume to which the sample was diluted and volume to
which standard was diluted cancel, as the procedure recommends
that in both cases the volume be made up to 250 ml.

Knowing the amount of the sulfide precipitate and the amount
of the cyanide ion found, use the correction graph, Figure 1, to
find correction factor.

Calculate concentration of [CN] - in sample:

Sum of
Source Squares

CN 11.14659804
S 0.00098193
OH 0.00003585
820. 0.00568248
CN X S 0.00211851
CN X OH 0.00003448
CN X S20, 0.00956430
S X OH 0.00244904
S X S20. 0.00416474
OH X S20. 0.00021515
CN X S X OH 0.00543963
CN X S X S20. 0.00946082
CN X OH X S,O, 0.00100252
S X OH X S,O. 0.00079363
CN X S X OH X S20, 0.00207970
Error 0.00036100
Total 11 . 19062082

" Statistical significance at 0.1 % leveL
b Not significant.
C Statistical significance at 5% leveL

Ioo.O

1.02

0.018

0.099
0.101
1.03
1.03

0.016

0.094

1.00

G.jL. % G./L.

~.019 95 0.02
0.101 101 0.101

Cyamde Concentrations in Synthetic Sam.ples after Application of
Em.pirical Correction

S--, 0.1 G./L. S--, 3.0 G./L.
NaOH, G./L.

0.10

0,02

1.0

1.0

0.02

1.0

0.10

0.15

0.04

S20,--, CN-,
G./L. G./L.

0.0 0.02
0.10

Table II.
trode, Beckman Type E, forsodiumsolu-
tions in range of pH 9 to 14. .

NITROGEN GAH:, CYLINDER, AND BEG­
ULA'I'OR, oxygen-free, for bubbling sam-
ple to remove dissolved oxygen.

Solutions. Sodium hydroxide, 0.5A'.
Boric acid, OAM. Dissolve 12.36

grams of boric acid in about 250 of nearly
boiling water. Make up volume to 500
ml. with cool water. Adjust to volame
when solution reaches room temperature.

Silver nitrate, 0.25N.
Sodium cyanide stock solution, 0.2500

gram per liter of CN-. Dissolve 0.2466
gram of 95.5 weight % sodium cyanide
in 0..5N sodium hydroxide solution, and
make up to 500 ml. with the alkaline
solution. The true cyanide content of
each batch of sodium cyanide should
be determined by an argentimetric titra­
tion (5).

Procedure. CALIBRATION. Prepare
sodium cyanide stock solution contain-
ing 0.2500 gram per liter of CN-. Pipet
10 mI. of this solution into a 250-ml.
beaker containing about 25 ml. of 0..5N sodium hydroxide solu­
tion. Add about 100 mI. of water; adjust to an end point of
pH 10.8 wi~ boric acid; make up volume to 250 ml. with water.
Transfer a portion of the solution to the polarographic cell and ob­
tain polarogram. Use this standard to calculate concentration of
sample.

SAMPLE MA:-iIPULATION. Add 25 m!. of 0.5N sodium hydroxide
to a 250-ml. beaker, and pipet a portion of the sample into this
solution. The amount of sample selected should be governed by
the cyanide and the sulfide content--the object being to use an
amount of sample that contains a minimum of sulfide and yet
contains 0.25 to 10.0 mg. of cyanide. .

Ii the sulfide eontent cannot be estimated at this time, an
arbitrary amount of sample may be selected and this step re­
peated after the sulfide content has been approximated. Add
distilled water to bring volume to about 100 ml. and prepare to
titrate potentiometrically with 0.25N silver nitrate solution (or
any convenient concentration) using a silver sulfide and a calomel
electrode. Prepare silver sulfide electrode by immersing silver
electrode in a solution of sodium sulfide of any convenient con­
centration-such as, 5 ,grams of sodium sulfide per liter-until a
uniform black coating of silver sulfide is obtained. Insert elec­
trodes and stirring device into solution and conn~ctelectrodes to a
potentiometer, such as the Fisher Titrimeter (or the Beckman
Model G pH meter). Add silver nitrate solution slowly to remove
the bulk of the sulfide present. Plot the voltage readings against
volume of silver nitrate added after the addition of each incre­
mental portion ,and stop the titration at the beginning of the first
break in the curve. This will leave a small amount of sulfide ion
in the solution which does not interfere with the polarographic
cyanide wave; an excess of silver, however, would cause low re­
suUs. After the technique has become familiar, an actual plot
will not be nllcessary for the apprOlwh of the sulfide end point
will be indicated by the increasingly large changes in voltage per
addition of a unit volume of titrant. If the product of the volume
of silver nitrate, in milliliters, times its normality exceeds 46.8,
it is advisable to discard that portion of the sample and to select a
smaller aliquot of the sample so that the silver nitrate titer times
its normality does not exceed that value. Disconnect the silver
sulfide electrode from the instrument and remove from beaker.
Replace it with the glass electrode. (If instrument is a Beckman
Model G pH meter, throw switch on instrument so that dial will
read pH.) Add O.4iW boric acid solution until pH reads 10.8.
Allow bulk of precipitate of silver sulfide to settle, and transfer
solution to a 2IiO-ml. volumetric flask. Wash the precipitate re­
maining in the beaker with at least three changes of water. The
solution in the volumetric flask does not have to be perfectly
clear, for small amounts of silver sulfide have no effect on the
results. Make up volume to 250 ml. with water and mix. Trans­
fer a portion of this solution of an H-type polarographic eell hav­
ing a calomel half cell built in the cell and connected to the
sample-containing portion by a conventional agar plug. Insert
dropping mercury electrode into the solution and then bubble the
solution 5 minutes with nitrogen to remove dissolved oxygen.
Set dials on polarograph, so that an anodic wave can be recorded,
with the initial voltage being set at about -0.8 volt and the ap­
plied voltage across the cell increasing in a positive direction.
(For a Sargent Model XXI polarograph, flip the switches so that
they are on opposed, positive, and 3-volt span, and manipulate
the dials, so that voltmeters read 2.0 volts on bridge, and 0.8-volt
initial voltage.) Obtain polarogram over the range of -0.8 volt
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Table IV. Summary of Accuracy and Reproducibility
(Concentration of principal components, grams per liter)

Cyanide Ion
0.02 0.10

Sulfide Ion
1.00

0.10 3.00 30.0 0.10 3.0 30.0 0.10 3.00 30.0
. Av. CN- found, g./l. 0.018 0.019 0.021 0.097 0.096 0.097 1.01 1. 01 1.04

St. dev. (single det.), ± 0.0022 0.0022 0.0020 0.0047 0.0064 0.0141 0.0256 0.0407 0.0750
St. dev. from true value,

± 0.0025 0.0026 0.0023 0.0057 0.0073 0.0143 0.0261 0.0430 0.0840
% error 12.5 13.0 11.5 5.7 7.3 14.3 2.61 4.3 . 8.4

RECEIVED for review November 30, 1953. Ac­
cepted September 7. 1954.

Although the use of these correction faCtors does not yield re­
sults as precise as may be desired, the over-all method is suffi­
ciently accurate and precise to be usefully employed in plant con­
trol for many practical purposes.
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fallen to about one third of the original concentration in 25 days.
. Also, the sulfide ion concentration decreases. The sulfide was

thought to be slowly oxidated by air to a polysulfide which, in
turn,reacted with the cyanide to form a thiocyanate. Qualitative
tests for both the polysulfide and the thiocyanate have been ob­
tained on these samples which have been allowed to oxidize. This
emphasizes the importance of protecting samples from oxidation
and analyzing them as soon as possible.

0.076
0.230
0.63
0.46
1.07
1.45
0.17
0.035
0.040

1.15
0.65

1.17
1. 22

Tot. Cr-r-,
found

Table V. Analyses of Plant Samples
Grams per Liter

Sample Sulfide, CN-
Description Point No. found Found Added

Cat. cracker"condensate D-3-1 1 2.32 0.036 0.037
accumulator water D-3-1 2 2.68 . 0.046 0.187

D-22-1 3 8.2 0.15 0.46
D-22-1 4 7.5 0.17 0.28
D-2c2 5 10.4 0.81 0.38
D-2-2 5'" 10.4 0.81 0.77
B.S. 6 2.3 0.0 0.18
B.S. 7 4.2 0.0 0.037
B.S. 8 4.6 0.0 0.037

Depentanizer overhead D-23-1 9 10.0 0.41 0.93
accumulator water D-23-1 10 9.0 .0.37 0.37

Depropanizer overhead D-3-2 11 10.1 0.82 0.38
accumulator water D-3-2 12 10.9 0.91 0.46

" No.5' is the same as 5 except a different amount of NaCN was added.

Concn. of [CN)- in original sample, g./l. = uncorrected [CN)-
found, mg. X correction factorIsample aliquot, ml. (4)

EVALUATION OF RESULTS

Statistical Data on Synthetic Samples. The results of e:1ch of
the 61 samples (which contained all possible combinations of
three levels each of cyanide concentrations, thiosulfate concentra­
tion, and sulfide concentration, and two levels of sodium hydrox­
ide concentration) were multiplied by the appropriate correction
factor based upon the amount of cyanide and sulfide found in the
aliquot. The corrected values are reported in Table II. .

The analysis of variance (12), given in Table III, and the cor­
rected data in Table II show that the [CN)- variation is now
the only significant one. The 1'!% level of significance of [CN) X
[Sj X [OHj, the [CN) X [Sj X [S203], and the [CNj X [Sj X
[OHj X [~03j interactions, indicate that these interactions are
statistically, but probably not chemically, significant.

A summary of the results. showing the accuracy and reproduci­
bility of the over-all method, using the correction factors, is pre­
sented in Table IV.

Plant Samples. In the absence of any plant samples of known
cyanide ion content, the method was evaluated by adding known
amounts of sodium cyanide to' plant samples. The" results of
such a series obtained on 12 different samples from six sample
points are shown in Table V. Reasonable recoveries of the com­
puted amounts of cyanide ion were obtained. Some results, how­
ever, are low by as much as 17%. This procedure is believed to
be actually better than this method of evaluation indicates, be­
cause certain plant samples contain' some contaminant which
reacts with the cyanide ion. Because this reaction is not instan­
taneous but is partially dependent upon the concentration of the
cyanide ion, any increase in the cyanide ion concentration would
result in an equilibrium shift.

A sample of this type, in which some reactive sulfur types may
be present, is continually changing. To illustrate this instability
a typical sample of this type was selectcd and allowed to stand in
the' laboratory in a screw-top glass bottle for 25 days. Free
cyanide determinations were carried out periodically. The data
presented in Table VI show that the free cyanide content had
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Demineralized water, used exclusively in preparing all solu­
tions and samples, was prepared by passing ordinary distilled
water through a bed of Amberlite MB-3 resin.

Spectrophotometer Settings. The instrument settings used
for measuring the boron flame emission were as follows:

Individual operators should be aware that different burners,
even though of similar construction, will not necessarily reproduee
the tabulated luminosities for the operating conditions used
in this work. In particular, obstructions in or around the oxygen
orifice, often due to accumulating carbon deposits, will affect not
only the flow of oxygen but also the rate of aspiration of the
solution under examination. These factors will alter flame tem­
perature and therefore will affect both the flame background and
the boron luminescence. Consequently, the burner should be
cleaned frequently.

This study was undertaken to develop a flallie photo­
Illetric Inethod for boron and, in particular, to adapt it
to the BeckInan DC spectrophotollieter with the Model
9220 flaIne attachment and photolliultiplier unit. The
effects of acid and lllethanol concentration and of vari­
ou,. anions and cations COllI:rnonly associated with boron
upon the flame eDllission of boron in I to I llIethanol­
water solution were studied for the three prolliinent
oxide band systellIs: 492, 518, and 546 1lI1". The inter­
ference of Inany ele:ments was of sufficient llIagnitude
to necessitate llIaking a pseudo-background correction
by measuring the IUlliinosity at the :minillia or troughs
between the overlapping band systeulS of boron. COllI­
pensati€ID by this llDeans rendered interference effects
by lllan)' elelllents negligible. The flallle photollletric
~etho. is 1lI0re rapid than existing chellIical llIethods
and is cOlliparable in accuracy and pl·ecision to thelli.
OptillIU:rn range of applicability is 50 to 200 p.p.llI. of
boron. Sensitivity is within I to 3 p.p.llI., depending
upon particular phototube response.

Sensitivity control
Selector switch
Phototube resistor
Slit
Acetylene
Oxygen

5 to 6 turns from clockwise limit
0.1
22 megohms
0.030 mm.
5 pounds per square inch
8 to 16 pounds per square inch,

depending upon burner used

" For slit width of 0.03 mm.
b Relative intensities not reported by Singh (Hi), but found to be very

low in this work.
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53

75

200
30
10

5
3
3
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b
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fro:rn Methanol.

50

Oxide Band Systellis of Boron in FlaDles
ReI. Intensity

of Band System.
Min. Quantity

Easily Detectable,
P.P.M. of Boron"

345
452/454
471/473
492
518
545/548
577/580
603
620
639

Wave Length of
Band Maxima,

M"

Table 1.

Emissiop intensity, trans-
mittance scale units 5 12 34

a Boron concentration 100 p.p.ro. in all solutions.

Table II. Relative Elliissivity of Boron
Water Solutions"

Methanol present, ml./100
ml. total soln. 0 20

THIS investigation describes the application of the flame
I photometer to the rapid, routine determin"ation of boron.

The method should be of particular interest to those laboratories
that are eoncerned with borohydrides and other boron-containing
compounds. The flame photometric procedure offers a rapid
instrumental means of determining boron eompared to conven­
tional distillation methodB and is particularly applicable to the
processing of a large number of samples. The boron-containing
compound can be dissolved in an appropriate solvent and the
resulting solution aspirated directly into the Hame. Thus, all
preliminary decomposition:3, either by wet or ch'y methods, are no
longer necessary. A considerable saving in time results and
there is no longer any danger that part of the sample will be lost,
through either incomplete digestion or volatilization during the
preliminary decomposition "tep.

Determinations of boron by means of the green flame colora­
tion are discussed by Stahl (13) and applied to agricultural ma­
terials by McHargue (9), ~[cHargue and Calfee (10), Calfee and
McHargue (3), and Weber and Jacobson un. These workers
used either visual methods or photographic recording in conjunc­
tion with a spectrograph. It would be desirable to have a

'method available which would permit the use of modern flame
phot,ometers.

GENERAL EXPERIMENTAL WORK

Apparatus. A Beckman Model DU spectrophotometer with
Model 9220 flame attachment and photomultiplier unit was used.
The spectrophotometer has been described (.n.

An all-metal atomizer-burner unit, supplied with the flame
attachment, was used as the excitation source. The gases chosen
were oxygen and acetylene., largely because of availability.
However, the higher excitation energy available from the oxy­
acetylene flame, as compared with an oxygen-hydrogen flame,
was a. prominent consideration.

Reagents. A standard solution of boron, 1.00 m!. equivalent
to 1.00 p ..p.m. as boron, was prepared by dissolving 5.715 grams
of fresh crystals of reagent g1'3.de boric acid in demineralized water
and diluting ·to 1 liter.

A typical flame photometric standard solution, containing 100
p.p.m. of bO}'on, was prepared by pipetting out 10.0 m!. of the
first solution, adding (by pipet) 50.0 m!' of drum grade methanol,
and diluting to volume in a lOG-m!. volumetric flask with de­
mineralized water. For storage, all solutions should be trans­
ferred to polyethylene containers.

Characteristics of Boron in the Flame. Certain molecules
which can exist in the oxyacetylene flame may be excited to emit
band spectra, also known as molecular spectra. Such a molecule
is BzOy. The general characteristics of band systems are that they
arise from transitions between a few of the lowest electronic levels
of the molecule concerned. With each eleetronic level is as­
sociated a suite of vibrational levels, and with each vibrational
level is associated a suite of rotational levels. These latter two
transitions cause the emitted radiation to be spread over a portion
of the spectrum rather than being concentrated in a discrete line.
The radiation is centered about the wave length associated with
the electronic transition, with the energy of the bands degraded
either toward the red or the blue portion of the speetrum. Con­
sequently, the bands are not symmetrical about any center.
The fine structure is not observable with the dispersion obtained
from the optics of the Beckman spectrophotometer; rather only
the envelope is observed.

42
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Present. 200 p.p.m. of boron
Slit width, 0.030 mm.
Lower line is background of solvent alone

Emission in Scale Divisions
Ratio of
Emission

Dif- Boron at 518 m!'
Wave Wave ference, Pres- - Back-

length, length, 518 mIL - ent, ground to
518 mIL 505 m!' 505 m!' P.P.M. Difference

.27 29 -2 0
42.5 35 7.5 50 1.63
55 40 15 100 1.66
69 45 24 150 1.61
82 49 33 200 1.57

107 58 49 300 1.57

36 33 3 0
44 36 8 50 1.60
52 39 13 100 1.60
62 42.5 19.5 150 1. 57
70 45.5 24.5 200 1.58
88 52 36 300 1.58

10 11 -1 0
1.'2'724 14 10 25

32 18.5 13.5 50 1.51
42 22 18 75 1.58
50 24.5 25.5 100 1.51

Av. 1.58 ±
0.04

0.03'

0.06

Slit
Width.
Mm.

0.03

16

16

5

5

Fuel Pressure,
Lb./Sq. Inch

Acet- Oxy-
ylene gen

4 16

Table III illustrates the consistency of this method of calcula­
tion for different operating conditions. The data were obtained
from measurement of the emission intensities at the boron oxide
band system maximum located at 518 ml" and from the minimum
point in the valley or trough at 505 ml", which lies between the
band heads at 492 and 518 mI". The other band heads and
troughs could also have been chosen and would further verify
the conclusions. In columns 4 and 5 of Table III are listed the
emission intensities observed as instrument scale divisions for the
respective concentrations of boron given in column 7. Normally
a calibration curve is graphed simply by taking the observed
emission reading (column 4), subtracting from it the background
reading observed for the solvent blank alone (the first line across

The recent paper by Caton and Bremner (5) should be consulted.
Curtis et al. (6) found that greater intensity and sensitivity may
be obtained by atomization from certain hydrocarbon and non­
hydrocarbon solvents than by solubilizing and atomizing from
aqueous solutions.

All of the data reported subsequently in this paper were­
obtained from solutions and standards which were composited
from aqueous solutions and an added amount of methanol equal
to 50% of container volume employed for the final dilution. To­
ensure uniformity, the methanol was added before diluting t(}
volume, so that additional demineralized water could be added t(}
care for the volume contraction which occurs upon mixing:
aqueous solutions with methanol.

Calibration Curve. The overlapping band systems of boron
presented a problem not often encountered in flame analyses:
how to choose a general background reference wave length.
Usually one refers to the general background reading in the
vicinity of the band head or emission line in order to determine
the correction to be applied to the observed emission at the wave
length of the band head or emission line. Because the band
systems of b.oron overlap in the useful region, this procedure is
not possible. Fortunately, the minimum intensity in the troughs
between the band heads will serve the same purpose~s a no1-mal
background reading,

The'calibration curve for boron is strictly linear up to at least
300 p.p.m. of boron. The luminosity reading, given by the
minimum in an adjacent trough, subtracted from the luminosity
reading of the neighboring band head, gave a net relative lumi­
nosity which was plotted against the concentration of boron
present in the respective standard solution. Calibration curves
were constructed from a series of standards each time a set of
samples was analyzed.

Table III. Consistency of Proposed Method of Calculation560480

80
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Figure 1. Enlission SpectrUnl of Boron in 1 to 1
Methanol-Water Solution

Because the excitation potential of BzO. falls within the exita­
tion range of the oxyacetylene flame, the emission of narrow bands
attributable to the BzO. molecule is observed when boron is
introduced into the flame. These boron flame bands belong to
molecules which are electrically neutral but are not stable in the
chemical sense (11 ). Gilbert and associates (7) reported six oxide
bands, and from photographic studies Singh (12) has reported
four additiomil band systems. The wave length of the band head
of these oxide bands together with the relative intensities of each
are listed in Table 1. Strangely, Lundegardh (8) reported no
flame spectra for boron in his pioneering investigations.

20

Most of the boron band systems overlap each other. In
Figure I is given the flame emission spectrum of boron in the
region suitable for the flame photometric determination of
boron. The more intense flame emissions occur from the band
groupings centered around 492, 518, and 546 mI".

The intensity of the boron emission is influenced strongly by the
nature of the solvent. introduction of methanol causes a marked
increase in the intensity of the boron bands. A continual in­
crease is experienced as the methanol concentration is increased.
Table II gives the relative emissivities for a series of methanol­
water solutions. The effect may be due in part to the formation
of methyl borate, but more probably is caused by the lowered sur­
face tension of the solution undergoing aspiration into the flame.
Other alcohols also enhance the emission characteristics of the
boron oxide bands but to a lesser degree. Ethanol and 2-pro­
panol, for example, are roughly 75% as effective as methanol,
volume for volume. The effect of acetone and dioxane on the
relative emission has been reported (1). Unfortunately, this
report was called to the authors' attention toward the conclusion
of this work. Apparently a slight advantage. would be gained
from the use of either of these two solvents in place of methanol.
It is further· apparent that any advantage accruing from the use
of any of the aforementioned solvents must be due to injection of
larger amounts of sample into the. flame because of lowered
surface tension of the aspirated solution, rather than the forma­
tion of a more volatile boron compound involving the solvent.
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Figure 2. Emission Spectrum of
Potassium and Magnesium
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Present. 2000 p.p.m. of potassium (upper curve)
and 1000 p.p.m. of magnesium (lower curve), each
in 1 to 1 methanol-water solution

Slit width, 0.030 mm.
Base line is background of solvent alone

cerned with determining the radiation interference, if any, eaused
by the various cations generally associated with boron. For
each substance tested for interference, a series of methanol-water
solutions was prepared containing several known concentrations
of the test substance and generally 100 p.p.m. of boron. Table
IV shows the effect of various cations on the determination of
boron. For much of the earlier work the boron band head at
518 ml' was used with the background taken at 505 mI'. How­
ever, because of serious interference from certain cations at this
pair of wave lengths, the study was extended to the 492- and
546-ml' band heads, with background readings taken at 482 and
536 ml', respectively. As a further check on interference effects,
the emission characteristics of each cation individually were
determined in the methanol-water solution in the absence of
boron. These results for the more important interfering cations
are shown as Figures 2, 3, and 4. On these plots the little arrows
indicate the pairs of wave lengths used when measuring the boron
flame emissions: the 492-ml' peak and 482-ml' background,
51B-ml' peak and 505-ml' background, and the 546-ml4 peak and
535-ml' background.
. From these studies the cations investigated can be grouped
roughly into four categories:

1. Elements which offer no interference and whose emission
spectrum in methanol-water is indistinguishable from that of the
solvent blank. These are ammonium, cadmium, copper, lead,
silver, and zinc ions.

2. Elements exhibiting general background radiation. This
occurs with most of the cations when present in relatively high
concentrations. Note the emission spectrum of potassium in
Figure 2. This type of radiation, to a great extent, is compen­
sated by the method of measurement employed. Very large
changes in general background radiation were without effect
upon the recovery of boron.

3. Coincidences or near coincidences, such as the enhance­
ment of the boron 51B-ml' band head by magnesium 518 or the
overlap of a weak potassium band with the 505-ml' reference
trough (Figure 2). Sometimes the latter type of interference
can be mitigated by the use of narrow slits, as with potassium,
but with a corresponding loss in sensitivity for boron. Enhance­
ment from calcium will be significant unless small slit widths,
0.03 mm. or less, are used, since the boron 51B-ml' band is
adjacent to the short wave-length side of the prominent calcium
553-ml' band (Figure 3).

4. General interference at all of the prominent boron band
systems and their intervening trough minimums is observed for
chromium, manganese, iron, cobalt, and nickel.

for no boron present), and plotting these difference values against
the respective concentrations (column 7). Instead, the emission
reading ebtained at 505 ml' (column 5), the minimum in the
trough between the 492 and 518 band heads, is subtracted from
the emission readings at 618 ml' (column 4), and these differences
are plotted against the respective boron concentrations (column
7). If this alternative method of graphing the data is valid, the
ratio of the differences obtained in each case Bhould be constant.
That these are constan.t within experimental uncertainties is
shown by the agreement of the values in column 8. The back­
ground emission is not the same at the two wave lengths and this
necessitates a corrective term to be added to the difference
values: 518 ml' - 505 Inl'. Other pairs of wave lengths equally
applicable are the 492-m/, band head and the 482-ml' trough mini­
mum and the 546-ml' band head and the 536-ml' trough minimum.

In1luence of Various Elements. EFFEC1' OF CATIONS. A
:major part of the experimental work in this research was con-

Table IV. Effect of CmtiOlis nn Determination of Boron by
Flame Photometry

(100 p.p.m. of boron present in aU llSSes)

Boron Found, P.P.M. at
Cation C.:>ncn., 492 518 546
Tested P.P.M. ml' ml' !"I'

Aluminum :3000 96
:WOO

i:i:i
98

1000 130 98
500 113 112 100

Ammonium aooo 100 100 100
1000 100 100 100

Cadmium 3000 96
2000 94
1000 94
500 96

Calcium 2000 94 127
1000 96 107
500 97 102
100 100 100

Chromium 3000 136 97
2000 106
1000 136 99

500 118 100
100 100 99

Cobalt 400 110 90
300 106
200 103 95

Copper 1000 152 100 80
500 126 100 90

Iron 500 127
300 110 118
100 102 104

Lead 1000 100 103 100
400 100 100 100

Lithium 3000 78 84 90
2000 97 95 96
1000 100 95 96
500 105 100 99

Magnesium 3000 106
2000 109
1000

i42
96

400 142 102
100 109 108 102

Manganese 200 127
100 101

Nickel 500 111 92
100 103 99

Potassium :3000 110 88 37
:WOO 103 100 58
1000 103 100 79
500 100 100 89
100 100 98

Silver 3000 100

Sodium 3000
io:i

103
2000 103 130
1000 103 103 112
500 100 100 108

Strontium 2000 103 100
1000 103 100

Zinc 3000 98
2000 98
1000 100

Q, A strong band or line ill emitted by the test cat;;on which coincides with
or overlaps the boron band head or adjacent trou''gh minimum.

Effect of Anions. The effect of various anions was next de-
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Elllission Spectrulll of
Iron .

Present. 3000 p.p.m. of iron in 1 to I meth­
. anol-water solution

Slit width,. 0.030 mm.
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Table VII. COlllparison of Flallle Photollletric and
Cnelllical Results on Mineral Salllpies

Boron, %.
by Flame Photometric Analysis
At 492 mil At 518 mil

11.45 11.40
11.30 11.65

11.50 11.25
11.15 11.30
11.30 11.30
11.15 11.15

Table VI. Influence of Hydrogen Ion Concentration
HCI Boron

Present, Found, a
Moles/Liter P,.P.M.

0.01 100
0.05 100
0.10 100
0.50 100
1.0 91
2.5 ~

4.0 "
a 100 p.p.ro. of boron present in each case. Measurements taken at

518- to 505-mll pair of wave lengths.

80

100 r------------...•

absence of absolute standards, the accuracy of the flame 'photo­
metric method can only be discussed in relative terms and
compared with values obtained by other chemiclll methods. The
volumetric results were obtained by the procedure described by
Brunisholz and Bonnet (2). These authors removed all metallic
ions from the sample solution, adjusted to pH 1 to 5, by passage
through Amberlite IR-120, a strong cation exchange resin in the
hydrogen form. ,Boric acid is displaced and is eluted with 200

Cel

100 r-------;-------....

500 520 540
WAVELENGTH

Figure 3. Elllission Spectrulll of Cal­
ciUlll and Alulllinulll

Table V. Effect of Anions on Boron
(Added as their sodium salts)

Boron Anion Boron Found, P.P.M. at
Present. Anion Present, 492 518 546
P.P.M. Added P.P.M. Mil Mil Mil

100 Acetate 3000 106 111 116
2000 106 108 110
1000 104 106 103
500 103 104 108
100 100· 98 90

100 Nitrate 3000 103 104 100
2000 103 106 108
1000 103 102 103
500 96 102' 104
100 100 96

100 Sulfate 3000 97 98 118
2000 95 102 103
1000 100 104 100

506 97 102 107
100 97 102 105

100 • Chloride 3000 103 103 130
2000 103· 102 112
1000 100 100 108

100 Bromide 1000 102

100 Iodide 1000 102

100 Fluoride 1000 102

Present. 2000 p.p.m. each of calcium (upper curve)
and aluminum (lower curve)

Base line is background of solvent alone
Slit width, 0.030 mm.

termined, chiefly those which were used for the solution of inor­
ganic samples or which might be associated with boron in its
coordination compounds. A series of several concentrations of
each of the anions as their sodium salts was prepared with 100
p.p.m. of ·boron. The results obtained are given in Table V.
Acetate ion caused a small error. Nitrate and chloride ions are
recommended when acid anions must be introduced.

Av. value and
associated
std. dev. 12.32 ± 0.05 12 21 ± 0.22 12.46 ± 0.20

4 Samples G. Gerstley borate, contained: 16% CaO, 5% Na.O, 1%
Aha" 4% MgO, and 10% SiO.; samples C, colemanite, contained 26%
CaO, 2% Aha" 1% MgO, and 5% SiO•.

Influence of Hydrogen Ion Concentration. The influence of
hydrogen ion concentration on the flame emission of boron is of
interest to those dealing with the analysis of gas streams con­
taining high concentrations of hydrochloric acid and hydrolyzable
boron halides. Further, acids are used for the solution of in­
organic residues. Variation in the concentration of hydrochloric
acid, 0.5M and less, had no effect on the determination of boron.
Higher concentrations of acid exerted a depressing effect on the
boron emission. The results obtained are shown in Table VI.

DISCUSSION OF RESULTS

Table VII lists the flame photometric results obtained on
mineral samples supplied by the Pacific Coast Borax Co. In the

Av. value and
associated
std. dev.

IC

2C

11.29 ± 0.01

12.28
12.32

12.38
12.29

11.31±0.15

12.10
12.25

12.50
12.00

11.34 ± 0.17

12.70
12.42
12.62
12.70
12.25

12.60
12.28
12.25
12.30



ml. of distilled water. The eluate was then titrated with boron­
and carbonate-free sodium hydroxide, using bromocresyl purple
indicator; then mannitol was added apd the titration continued
until the pink color of phenolphthalein indicator was observed.
Theamount ofbase consumed between the bromocresyl purple and
phenolphthalein indicator changes is equivalent to the boric
acid present in the aliquot sample. This ion exchange and sub­
sequent volumetric titration method requires approximately 1
hour's time in comparison with the rapid method of analysis
employing the flame photometer, without considering any extra
time which would be consumed in decomposing certain boron­
containing CQmpounds prior to their titrimetric determination.

The reproducibility of the flame photometric determinations
was very good. The standard deviation from the mean of
replicate samples was approximately 2.0%. The difference
between the flame photometric and chemical results was within
1.0%. This' accuracy and precision are probably somewhat
fortuitous as flame photometric methods generally are not
credited with accuracies exceeding ±3-5% of the amount
present. The sensitivity of the flame photometer used in this
work lin'lited the de~ermination of boron to tp.e nearest 1 to 3
p.p.~., depending upon the particular sensitivity of the photo­
tube empl~yed with the photomultiplier attachment. The
concentration of boron in the aliquot taken for flame photo­
metric determination was adjusted to lie in the range between
50 and 200 p.p.m.

The use of a photomultiplier attachment with the flame
photometer is imperative. Without it slit widths larger than
0.03 rom. must be employed to achieve any reasonable sensitivity.
With such large slit widths, serious interference will be en­
countered from many elements. More important is the excessive
overlapping of the boron band systems which precludes the use of
the intervening troughs between the band heads as a pseudo­
background reference point.

Methods for Circumventing Radiation Interferences. . Several
elements frequently present in materiall3 containing boron offer
serious interference in the flame photOInetric method for boron.
In ore samples, iron, aluminum, calcium, and magnesium cause
results to be high when they are present in amounts exceeding
100 p.p.m. in most cases. Even the relatively innocuous ele­
ments, when they .!l>re present in very large amounts, will cause
the results for boron to be high. Methods have been suggested
for overcoming the interference of one element upon the flame
emission of another.

Disturbing effects often can be eliminated by working at
sufficiently high dilutions. However, this step is undesirable,
since '~he boron band intensities are not particularly high and
sensitivity then suffers. Self-compenmting standards can be
prepared-that is, standard solutions containing all the important
constituents of the unknown in approximately the correct con­
centrations can be used. The approaeh is particularly feasible
when a large number of samples of similar constitution are under­
going analysis. Co~pensation for disturbing factors and
elements usually is much more complete than with any other
correction method..

Rather than prepare self-compensating standards, one could
simply determine the concentration of an interfering element by
another method or at another wave length and its luminosity at
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the boron wave lengths. Difficulties with magnesium and
aluminum at both the 492- and the 518-mJL band regions can be
resolved in this manner.

When working with samples that are not of a routine nature
and when interference effects are suspected or feared, a simple
and practical procedure has been suggested by Gilbert et al. (7).
The app(U'ent concentration of the element in question in the
undiluted sample is compared with that In a portion diluted to
half its original concentration, using a suitable pair of standards
having a concentration ratio of 2 to 1. In the absence of inter­
ference, the second value wiII be exactly half the first. If this
is not the case, a first approximation to the corrected reading on
the second sample wiII be twice the second reading minus half
the first.

This method of correction is useful when it is necessary to
operate with strong acid solution or with the hydrolyzates of
nonmetallic halides. As shown in Table VI, a hydrogen ion
concentration in excess of 0.5M causes a marked depression in
the flame emission of boron. However, this depressant effect
is roughly proportional to the acid concentration, when it
exceeds 0.5M, which permits this type of correction to be em­
ployed. When applied to known samples, the results found for
boron are in fair agreement with the amounts present, even for
solutions containing 5M acid.
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Potentiometric Titration of Ver~r Weak Acids
Titration with Hydroxides in Nonaqueollls
Media Using Glass-Calomel Electrode System
VIRGINIA z. DEAL and GARRARD E. A. WYLD

Shell Development Co., Emeryville, Calif.

The glass-calomel electrode system used in conjunction
with alcoholic hydroxide titrants has been successfully
applied to the potentiometric titration of very weak
acids using ethylenediamine and dimethyl formamide
as solvents. This approach is more convenient for
routine use than previously published methods employ­
ing less common electrodes and alkoxide titrants and
has equivalent or somewhat greater scope. Ethylene­
diamine is used as the solvent to distinguish very weak
acids such as hydroxybenzene from stronger acids.
Mineral acids and carboxylic acids are not differentiated
from each other in ethylenediamine. Dimethyl form­
anlide is used as the solvent to differentiate all three
types of acid. The method has been applied to a large
number of materials including simple phenols, dihydric
phenols, polyphenolic compounds, and dialkyl phos­
phites. It has been applied with satisfactory precision
to a number of mixtures of phenol and stronger acids.

CONDUCTOMETRIC (3, 23), amperometric (8), and high­
frequency (24) titration procedures have been applied to

the determination of very weak acidity, but most of these do not
apply to water-insoluble samples. Potentiometric acid-base
titration procedures for phenols and other very weak acids have
not been generally successful in aqueous solutions nor in many
nonaqueous solvents.

The influence of the solvent on the relative strength of acids
and bases (6, 9, 15, 18,36) and the value of titration in particular
nonaqueous solutions have been recognized for many years
(21, 22, 26, 29, 31); however, this information was apparently
first applied successfully to the determination of velY weak acidity
by Moss, Elliott, and Hall (25). They chose a basic solvent,
ethylenediamine (EDA), and a strongly basic titrant, sodium
aminoethylate, with the hope that phenol would behave as a
weak acid and carboxylic acids would behave as strong acids as
suggested earlier by Hammett (14). This procedure is analogous
to the widely used titration of very weak bases in glacial acetic

. acid proposed earlier by Conant and Hall (6).
Moss (25) obtained promising results for amino acids, carbox­

ylic acid-phenol mixtures, and dihydric phenols such as resorcinol
whim titrating in carbon dioxide-free atmosphere using an
antimony indicating electrode with Ii second antimony electrode
inserted in the titrant stream to act as a reference. He also
successfully employed a hydrogen indicating electrode with the
antimony reference electrode.. A calomel reference electrode.
inserted in the titration beaker was found to work but was con­
sidered less convenient than antimony in the titrant stream.
A glass electrode did not respond to changes in acidity in this
system.

The procedure of Moss et al. (25) was investigated further by
Gran and Althin (12), who used the platinum indicating electrode
with an improved calomel electrode prepared with ethylenedia­
mine. Later, Katz and Glenn (19) used the glass electrode as a
reference with antimony or platinum as indicating electrode.
Part of their work was done using a recorder which provided
graphs of either the derivative or direct titration curve. They
measured the acidity of 18 very weak acids, including hindered
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phenols and di- and trihydric phenols, as well as the phenolic
acidity in coal hydrogenation oils.

A bromometric titration procedure for phenols was reported
by Tomicek and Dolezal (34) who used a platinum-calomel elec­
trode system and glacial acetic acid as solvent. Higuchi, Zuck,
Concha, and Kuramoto (16, 17) were able to titrate phenols
and other very weak acids by a different approach, using lithium
aluminum hydride and lithium aluminum amides as reagents.
Fritz, Lisicki, Vespe, and Keen (10, 11, 35) have described the
visual titration of very weak acids in butylamine, ethylenedia­
mine, and dimethyl formamide (DMF) solvents, using o-nj,tro­
aniline, thymol blue, and p-nitroben~eneazoresorcin~las indi­
cators. '

Kirrmann and Daune-Dubois (20) have titrated phthalic,
oleic, and succinic acids in dimethyl formamide using aqueous
potassium hydroxide as titrant with the platinum-calomel
electrode system. They developed this method for use with
resin samples. Derivative as well as conventional titration curves
were obtained. Pifer, Wollish, and Schmall (27) state that weak
acids may be titrated with increased sensitivity by dissolving the
sample in a small amount of solvent such as ethylenediamine 01'

dimethyl formamide diluted with an excess of nonpolar solvent
such as benzene. Sprengling (32) has used ethylenediamine and
benzene-isopropyl alcohol solvents to study hydrogen bonding
in phenolic resins such as the novolacs and relates his findings
to the physical properties of these materials. He reported dif­
ficulty in obtaining reproducible titration curves with the an­
timony indicating electrode.

There are several disadvantages to the procedures so far re­
ported for the potentiometric titration of very weak acids. The
indicating electrodes, antimony and platinum, tend to give non­
reproducible potentials, and sodium alkoxide titra,nts are rela­
tively inconvenient to prepare, store, and dispense in a sufficiently
11llhydrous state to prevent them from turning to hydroxide.
Although very weak acids such as phenol can be distinguished
from stronger acids in ethylenediamine, mineral acids cannot be
distinguished from carboxylic acids in this solvent.

In an attempt to find a simple and convenient means of de­
termining very weak acids in a wide variety of materials, a ti­
tration method has been developed which appears more adaptable
to routine use than those presented in the literature heretofore
and which has equivalent or somewhat greater scope. Either
ethylenediamine or dimethyl formamide are used as solvents,
the choice depending principally upon the type of sample to be
titrated. The solvent properties of the two are somewhat
different (2). Simple phenols, carboxylic, acids, and mineral
acids can be determined simultaneously in dimethyl formamide.
The dimethyl formamide, however, appears to be somewhat
unstable in the presence of excess base and therefore ·may be
less desirable than ethylenediamine under some circumstances.

The glass electrode is insensitive in ethylenediamine solutions
when titrants containing sodium are used, possibly because it
responds to sodium ions as well as to hydrogen ions in strongly
alkaline solutions. It is so insensitive that it has been used as a
reference electrode (19). Use of potassium hydroxide or quater­
nary ammonium hydroxides as the titrant enables the glass.
electrQde to function satisfactorily as an indicating electrode,
resulting in cell potentials which are very reproducible. The



ANALYTICAL CHEMISTRY

sleeve-type calomel electrode is satisfactory as a reference.
The fiber-tip calomel electrode should not be used for nonaqueous
tit rations because t,he precipitation of potassium salts on the small
fiber destroys the liquid junction. Potassium hydroxide in
isopropyl alcohol was found to be a sufficiently strong base and
is already available in many laboratories for the determination of
acidity in lubricating oils (1, 22). Tetrabutylammonium hy­
droxide (TBAOH) is substituted for the potassium hydroxide in
eertain cases in which a precipitate, formed with the latter,
results in a rough, uncertain titration curve.

The qualitative terms of acid strength used in this paper are
not rigidly defined but were chosen only to illustrate relative
acidity in the following discussion of solvent effect. The term
"very weak acidity" is used to indicate those compounds which
appear on titration to be similar in 3trength to phenol. Some
phenolic compounds will appear stronger than phenol and some
compounds othe:r than phenols will appear as very weak acids.

SOJLVENT EI'}'ECT

METHOD FOR DETERMINATION OF VERY WEAK ACIDITY

Apparatus. The apparatus consisted of a meter, glass electrode
(Beckman general purpose, No. 4990-80), calomel reference elec­
trode (Beckman Sleeve-Type, No. 4970-71) and stand, prepared,
maintained, and tested as described by Lykken et al. (22), and
Th!l American Society for Testing Materials (1). The cell poten­
tial may be read on any electronic voltmeter or potentiometer
which meets the ASTM requirements (1 )-that is, any instrument
which has a low grid current of less than 5 X 10-12 amperes and
which covers a range of +800 to -800 mv. The Precision Dual
AC Titrometer is well suited for nonaqueous titrations because it
has a range of + 1650 to -1650 mv. and a meter of high sensitivity,
250 mv. full scale. A buret (5-ml. microburet), graduated in 0.02­
ml. increments and supplied with a small Ascarite absorber tube at
the top was used. A magnetic stirrer with glass-covered stirring
bars about 4 mm. in diameter and 18 mm. long and a titration
beaker, which was a special reduced-scale beaker marked at the
20-ml. volume with a Bakelite cover (see Figure 2) were used.
Alternatively, a Precision-Dow Recordomatic Titrator equipped
with a syringe 1/5 the diameter of the standard syringe may be
used with the reduced-scale beaker and cover.

Reagents. Ethylenediamine (95 to 100%, Eastman Organic
Chemicals) and dimethyl formamide (E. 1. du Pont de Nemours

Ethylenediamine

Acetic Acid

Water

O. Z ml

Volume of Titrant, ml

>
E

o
o

Figure 1. COInparison of Curves for an Acid Mix.
ture Titrated with O.lN PotassiuIn Hydroxide in

Three Solvents

>
E

~Tith either potassium hydroxide or tetrabutylammonium
hydroxide as titrant, phenol is ordi.narily too weak to titrate in
water, but i~ titrates as a very weak a,cid in both ethylenediamine
and dimethyl formamide. Carboxylic acids, on the other hand,
titrate as mode:rately weak acids in dimethyl formamide and as
strong acids in ethylenediamine. Mineral acids such as hydro­
chloric acid wiIJ titrate as strong; acids in any of the three
sol'rents. The difference in applicability of the solvents is readily
apparent. All three acid strengths may be distinguished from
each other in dimethyl formamide. Mineral acids and carboxylic
acids cannot be distinguished from each other in ethylenedia­
mine but they are readily distinguishable from phenol in this
solvent. In water, mineral acids may be distinguished from
carboxylic acids. The effect of the 301vent in titration of acidity
in ethylenediam.ine, dimethyl form.amide, and water is illustrated
in the following diagram and curves are compared in Figure 1 for
a mixture of hydrochloric acid, acetic acid, and phenol titrated
in these three solvents.

Solvolysis {reaction with the solvent):

HCI

RCOOH RCOO-
(strong)

---.-

HOH + OH '--.-- 0- + H 3O+ (moderately weak)0/ 0/~I ~I (too weak to titrate'

HCI
(strong)

RCOOH --.-- RCOO-

(CH3),NCHO +
(DMF) OH

0/
~I

(weak)

(very weak'

HCI

RCOOH ---+ RCOO-
(strong)

H,NCH2CH2NH2 +
(EDA) OH

0/
~I

+ H,NCH,CH,NH2 + (strong)

(very weak)

Titration of the solvated pro bon :

H'O+}H(CH,hNCHO+
H,NCH2CH2NH2 + {

HOH
+ OH- ---+ HOH + (CH')2NCHO

H2NCH,CH2NH,
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Titrant: O. 1 N ale KOH
Solvent: ED-A or DMF

titration to calculate the volume of standard titrant equivalent
to the very weak acid in the sample.

When the sample shows one 01' more inflections in dimethyl
formamide solvent, use the dif(erence between successive inflec­
tion points to calculate the volume of standard titrant equivalent
to the acids represented. Correct for the blank titration where
necessary. If it is not clear whether any of these inflections
represent very weak acidity, compare with a titration curve for
pure phenol made under the same conditions as the sample curve
(same electrodes, solvent, etc.). Where there is no inflection
representing very weak acidity, consider its titration to be less
than 0.03 ml.Cell Cover

(Top View)

"- Set Screw
for Electrodes

Pyrex

Glass and Calomel Electrodes

4.2 cm ID

.-3.8 cm ID

__ .-20-ml Mark

Buret "1 ~ Nitrogen Inlet

Bakelite ...- Brass Holder
Cover:4tl~:tit:::===J

T

TITRATION METHOD APPLIED TO KNOWN ACIDS

Figure 3. COlllparison of Titration Curves for Mixed
Acids in Ethylenediallline and Dilllethyl Formalllide

Calculate the acidity asfollows:

Very weak acidity, equivalents/lOO g. = (~~; ~~)

K 'd' h 01 (A)(N) (E)
nown aCI ,welg t /0 = (10) (W)

•

DMF

Phenol

, ...... -
/'---_ ...

EDA

Volume of Titrant. ml

0.2 ml

.......y'-

---._---- -------------------

= volume of standard base, milliliters, used in titrating
the very weak acid

normality of base used in titrating the very weak acid
equivalent weight of a compound which the very

weak acidity is known to represent
weight of sample, grams

N
E

W

+400

+200

+800

li +600

C.
'"&
'"u

where A

Distinction between phenol and many stronger acids can be
made in either ethylenediamine or dimethyl formamide, but it
is probably best done in dimethyl formamide where the stronger
acid inflections are more clearly defined. The strongly basic
solvent, ethylenediamine, tends to compress the range of cell
potentials, so that an entire titration covers only about 200 mv.
In contrast, the range of cell potentials obtainable in dimethyl
formamide is approximately 900 mv. One of the principal dis­
advantages in titrating very weak acids in ethylenediamine has
been the difficulty in choosing precisely the first inflection point
which represents absorbed carbon dioxide in the solvent, 01'

other acidity, stronger than phenol, in the sample. The first
inflection in ethylenediamine is small and often is preceded by a
dip in the curve, resulting in some uncertainty in the choice of
end point (Figures 3, 7, and 8).

Mixtures of Phenol with Stronger Acids. An example of the
distinction between phenol and a stronger acid, benzoic apid, in
both ethylenediamine aild dimethyl formamide solvents is given
in Figure 3. Titration is quantitative for both components in
either solvent, but the inflections are more definitive in dimethyl
formamide. Distinction among three acids (phenol, acetic
acid, and hydrochloric acid) in dimethyl formamide solvent is
shown in Figure 4 on titration with both potassium hydroxide
and tetrabutylammonium hydroxide.

When the ratio of stronger acid to phenol is large and the

\ Stirring Bar
Magnetic Stirrer

Figure 2. Reduced-Scale Titration Cell

& Co.) are dispensed from the original container in such a way
that the solvents are protected from atmospheric carbon dioxide
and water by an absorber tube containing Ascarite and indicating
Drierite. Potassium hydroxide solution, 0.1 and 0.2N alcoholic,
was prepared as described by ASTM (1) and Lykken (22). The
use of barium hydroxide to precipitate carbonate is not necessary,
since potassium carbonate is essentially insoluble in the alcohol.
Tetrabutylammonium hydroxide solution, O.lN alcoholic, was
prepared by dilution of l.OM aqueous hydroxide (Southwestern
Analytical Chemicals, Austin, Tex.) with anhydrous isopropyl
alcohol. The nitrogen used was essentially free of carbon dioxide.

Procedure. SAMPLE TITRATION. Into a special reduced-scale
titration beaker, introduce directly or by aliquot a quantity of
sample weighed to 0.3 mg. which will give a titration of 1 or 2 m!.
Dispense the s.olvent rapidly into the sample beaker to the 20-m!.
mark. Keep a slow stream of nitrogen flowing into the beaker
while adding the solvent. Without delay, place in position under
clean electrodes wiped nearly dry with tissue. Keep the titration
beaker essentially airtight during titration to reduce to a mini­
mum the absorption of carbon dioxide and water. Start the
magnetic stirrer and continue stirring throughout the titration
at a rate sufficient to produce vigorous agitation without spatter­
ing.

Fill the 5-ml. buret with potassium hydroxide or tetrabutyl­
ammonium hydroxide titrant and cover the buret top with a small
Ascarite absorber tube. Place in position in the titration as­
sembly. Record the initial buret and meter (cell potential) read­
ings. Add carefully 0.02- to 0.05-ml. portions of the titrant and,
after a constant potential has been established, record the buret
and meter readings. Consider the cell potential constant if the
meter reading changes less than 2 mv. in 30 seconds in either
direction. Make the next addition of titrant without delay. If
the cell potential reashes a maximum and starts to drop after
addition of titrant, record the maximum and add more titrant
immediately. Continue the titration until the cell potential
approaches that of the completed blank titration and remains
relatively constant 01' begins to drop steadily. After each titra­
tion clean the electrodes and wash the buret tip and undersurface
of the beaker cover carefully with water, including also any metal
parts which may have been 'exposed to spattering or fuming of
the solvent. Keep any ethylenediamine or dimethyl formamide
which is in open containers under an efficient fume hood. Pour
waste solutions into a sink under a fume hood and wash away
with water.

BLANK TITRATION. Make a blank titration of the solvent used
for the sample titration including any solvent added as an aliquot.

CALCULATION. Prepare a titration curve by plotting added
volume of titrant against the corresponding meter readings. To
make these comparable to curves from macrotitrations (100­
mI. cell solutions), plot the volume scale expanded five times as
shown in Figure 3 (see also the section on experimental details).

When the sample shows two inflections in ethylenediamine
solvent, use the difference between the first and second inflection
points as the volume of standard titrant equivalent to the very
weak acid.

When only one inflection point apnears in ethylenediamine
solvent, it may be that a large excess of very weak acid has ob­
scured the strong acid end point. Determine whether the inflec­
tion represents titration of strong 01' very weak acidity by com­
parison with a curve for pure phenol. When there is no inflection
for very weak acidity, consider its titration to be less than 0.03
m!. If the inflection appears to represent very weak acidity,
use the difference between the blank titration and the sample
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.Figure 4. Add Mixtures Titrated in Dhnethyl Form­
amide Using Potassium Hyd)'oxide and Tetrabutyl­

ammonium Hydroxide Titrants

+800

> EDA Blank
E

~ +600

C
"'0
0.. +400

0:: Titrant: 0.2 N ale KOH
U Solvent: EDA

+200 Mixture:
Phenol with Hel

0.2 ml Phenol with HOAc

Volume of Titrant, ml
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a few days of each other on a modified Precision-Dow Recordo­
matic titrator. The error of difference between amounts of
added and recovered acid in the mixtures was based on a com­
parison with values obtained for the various components when
titrated separately. The standard deviation of the final end
points is 0.03 ml.

Alkyl Phenols. Titration curves for two phenols with tert­
butyl groups in the ortho position are shown in Figure 6, Band C.
Sample B (2,6-di-tert-butyl-4-methylphenol), though unextract­
able from hydrocarbons by aqueous sodium hydroxide, can be
titrated as an acid in these sol~ents.

Dihydric Phenols. Titration of catechol (1,2-dihydroxy­
benzene) in dimethyl formamide shown in Figure 6, E, gave
separate inflections for each of the two hydroxyl groups, the first
inflection being very small and almost indistinguishable. Titra­
tion of hydroquinone (1,4-dihydroxybenzene) in dimethyl form­
amide is not illustrated but also gives separate inflections for
each of the two hydroxyl groups, both inflections being small.
Titration of hydroquinone with potassium hydroxide in ethyl­
enediamine was not successful. The first inflection represented
titration of one hydroxyl group, but was too small to be reliable.
The second inflection was sufficiently large, but did not represent
quantitative recovery of the sample, probably because of the
precipitation which took place aftcr titration of the first hydroxyl
group.

Figure 5. Effect of Sample· Size in Titration of 6 to 1
Mixtures of Stronger Acid with Phenol in Ethylenediamine

Isopropyl alcohol content of all cell solutions was 5% at start of titration.
Figures given at inflection point are milliliters of titrant

ml

0.2 N ale KOH
O. I N ale TBAOH

~;olvent: DMF, 100 ml

Titrant:

KOH Blank

" TBAOH Blank
I

+600

·200

o

.~

C
III +200
C)
t:.

~ -+400 •

~

optimum tota.!. titration of 1 to 2 ml. is maintained, the relative
precision of the phenol determination is necessarily poor. In­
creasing the sample size to increase the volume of the phenol ti­
tration was found to be satisfactory in increasing the relative
precision when the stronger acid was hydrochloric acid. When
the stronger acid was benzoic or acetic acid, however, th~ sharp­
ness of the first inflection was seriously impaired, so that the
resulting relative precision of the phenol titration was not im­
proved. Thi~ effect was found to be independent of the alcohol
introduced with the titrant. The effect of sample size on the
sharpness of acetic and hydrochloric acid inflections is shown in
Figure 5 for a l'l to 1 molar ratio of the stronger acid to the phenol,
in ethylenediamine solvent. At a 15 to'l ratio of hydrochloric
acid to phenol, good distinction is still obtained between the
two acids; however, benzoic and acetic acid inflections begin
to blend with the phenol inflection at a 6 to 1 ratio.

When phenol is the major acidic component of the mixture,
the sample size may be adjusted to give a reasonable phenol
titration without exceeding the limit of a 1- to 2-ml. total titra­
tion. If phenol exceeds the stronger acid contcnt sufficiently,
the volume of titrant equivalent to the stronger acid will be too
small to be read accurately. In this case the stronger acid may
be determined in a separate titration using a larger sample size.
The error resulting from choice of the end point in some of these
mixtures is given in Table I for a serie~ of mixtures titrated within

Table I. Titration of Phenol-Stronger Acid Mixtures in Ethylenediamine
(Isopropyl alcohol content of the cell solution was 5% vol. at start of titration for all examples given below)

Ratio of Stronger Hel, MI." Acetic Acid, MI." Phenol. MI." Total. MI."
Acid to Phenol Added Found Dill. Added Found Ditl. Added Found Ditl. Added Found DilL

0.1-1 0.11 0.07 -0.04 1.05 1.07 +0.02 1.16 1.14 -0.02
0.10 0.08 -0.02 1.05 1.05 O.UO I. 15 1.13 -0.02

0.5-1 0.53 0.52 -0.01 1.05 LOG +0.01 I. 58 1.58 0.00
0.52 0.50 -0.02 1.05 1.07 +0.02' 1.57 1.57 0.00

1-1 1.59 1.54 -0.05 1.57 1.6G +0.09 3.16 3.20 +0.04
I. 59 1.55 -0.04 1.57 1.66 +0.09 3.16 3.21 +0.05
1.06 1.05 -0.01

1:56 -o:cn
1.05 1.05 0.00 2.11 2.10 -0.01

1.55 I. 57 1.63 +0.06 3.13 3.18 +0.05
1.04 1.03 -0.01 1.05 1.06 +0.01 2.09 2.09 0.00

3-1 2.23 2.18 -0.05 0.73 0.77 +0.04 2.96 2.95 -0.01
I. 59 I. 61 +0.02

1:56 +o:cn
0.52 0.52 0.00 2.11 2.13 +0.02

1. 57 0.52 0.55 +0.03 2.08 2.12 +0.04
6-1 3.18 3.14 -0.04 0.52 0.52 0.00 3.70 3.G6 -0.04

1.59 1.57 -0.02
3: i2

0.26 0.27 +0.01 1.85 1.84 -0.01
3.10 -0.02 0.52 0.55 +0.03 3.64 3.65 +0.01

I. 56 1.57 +0.01 0.26 0.27 +0.01 1.82 1. 84 +0.02
10-1 3.18 3.15 -0.03 0.31 0.34 +0.03 3.49 3.49 0.00

1.59 1.55 -0.04
+0:64

0.16 0.17 +0.01 1. 75 1. 72 -0.03
3.12 3.16 0.31 0.31 0.00 3.43 3.47 +0.04
1.56 1.53 -0.03 0.21 0.17 -0.04 1. 77 1.70 -0.07

15-1 3.18 3.13 -0.05 0.21 0.22 +0.01 3.39 3.35 -0.04
1.59 1.54 --'0.05 0.11 0.11 0.00 1.70 1.65 -0.05

" Ml. refers to milliliters of titrant corresponding to designated acid.

- ---- . ------
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Titrant: 0.1 N TBAOH
Solvent: DMF, 100 rot

OH

0
0\\

7
1

0-
(E)

dimethyl formamide solvents are shown in Fig­
ure 6, F, G, and H. It is evident that the titra­
tions in dimethyl formamide provide more infor­
mation as to the relative acid strength of these
compounds, Only one hydrogen is titrated in
each of these cases because of hydrogen bonding
(32). The titration curves for a pentaphenolic
compound of this type are shown in Figure 7.
Three inflections are obtained in dimethyl form­
amide, the first possibly representing some
strong acid impurity in the sample. The second
and third seem to represent two and three hy­
droxyl groups, respectively; The totals are the
same in both solvents when corrected for the
blank.

Compounds linked through the para position
as in p,p'-dihydroxydiphenyldimethylmethane
(Figure 8) show a definite interaction between
the hydroxyl groups when titrated in dimethyl
formamide but the effect is less marked than for
the ortho-linked compounds. Thus both hy­
droxyl groups arc titrated but eJ~pibit dtfferent
acid strengths, resulting in two definite inflec-
tions in the titration curve. No interaction be­
tween hydroxyl groups is shown in ethylenedi­

amine with this type of compound; thus, both hydroxyls are
titrated but only one inflection occurs iIi the titration curve.

Phthalic Acids. Some interesting titration curves (Figure 9)
were obtained for the three isomers of phthalic acid titrated in
dimethyl formamide. Two inflections were obtained for each
isomer when tetrabutylammonium hydroxide was used as titrant.
A precipitate formed in some cases on titration with potassium
hydroxide.

Dialkyl Phosphites. The method has been applied to a num­
ber of di- and trialkyl phosphites separately and in mixtures.
The behavior of these compounds in ethylenediamine and di­
methyl formamide is not thoroughly understood. Direct titration
in benzene-isopropyl alcohol and in methanol indicated a small
amount of acidity, probably representing traces of monoalkyl
phosphite or orthophosphorus acid; however, the dialkyl phos­
phite is too weak an acid to titrate in these solvents. Hydrolysis
was rapid (Figure 10) in the' alcoholic solvents and slower in

OH

(]
(D)

Ethylenediamine and

DMF

•••••• EDA • OH
. , 'O,lO(,c/:
HOO~'¢Qr;~ O~c' 7 I ~,'

- -c- - 0-
(A) , (B) -C-

o

Titrant: O. l N ale KOH
Solvent: EDA or DMF

Volume of Titrant, ml.

•••• - EDA
DMF

Compounds Titrated in
Dimethyl Formamide

OH OH OH OH OH

R(]-CH(JrCH'(rII'(rH,Orr

R R R R R_
0.2 rot R=C 8H17

'a.,po"OH -c-OOIl .'c: C,'• C' ' (;' ,
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-c-

0- '0-
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>
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Titrant. Alcoholic potassium hydroxide for titrations in ethylenediamine; alcoholic tetra­
hutyiaullflonium hydroxide for titrations in dimethyl formamidc. Solvent. Ethylenediu.mine

or dimethyl formamide

Figure 6.

Polyphenolic Compounds. Compounds which contain two or
more phenolil1 groups linked through a single carbon atom in the
ortho position, as' in o,o'-dihydroxydiphenylmethane, show a
marked increase in acid strength over simple phenols owing to
interaction between the hydroxyl groups. Titration curves for
three bisphenol compounds of this type in ethylenediamine and

]
.2 +400

o
Il<

Volume of Titrant, ml +800

+800

Titrant: 0.2 N ale KOH
Solvent: EDA or DMF

·Figure 8. Comparison of Titration Curves for a p,p'­
Dihydroxyphenylmethane in Ethylenediamine and

Dimethyl Formamide Solvents

0- Phthalic Acid
m- Phthalic Acid
p-Phthalic Acid
Mixture of
m - Phthalic Acid
and p-tert-Butyl
phenol

Volume of Titrant, ml

+400

+200

>
E

:§ +600

C
'"
~

}<'igure 9. Phthalic Acid Isomers Titrated in Dimethyl
Forrnautide

ethylenediamine. In order to obtain consistent results in ethyl·
enediamine, these samples' were always titrated as rapidly al
possible, taking the maximum scale reading after each additioI
of titrant, The meter needle would often rise to a maximurr
positive potential and then drop back, indicating that one 01
the ester groups was reacting with the basic solvent (solvolysis)
Although the total titration does not seem to vary (Figure 11)

O CHDHO 'I ~,¢ 'I ~ OH
- CH,-

Volume of Titrant. rol

0.2 ml

+400

+200

>
E ••------- EDA

,it.' DMF+600 • .,

.~ ~'t(

c
'"
~

'"U

Figure 7. Com.parison of Titration Curves for a Poly­
phenolic Compound in EthylenediaIUine and Dimethyl

Formamide Solvents
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Volume of Titrant, ml

0.2 ml
+200

Titrant: O. I N ale KOH
Solvent: EDA or DMF

> +800E .---
3 DMF

C +600'" .
15 -~

EDA
P-

O;
+400U

the titration to the first inflection increases with titration time.
The same phenomenon is noted when water has been allowed to
react with diethyl phosphite solutions for varying lengths of
time (Figure 12). The solvent in these tests was added just
prior to titration and after reaction (under nitrogen) of the sample
with water. Titration in ethylenediamine indicated that at
30 minutes of reaction time about half of the dialkyl phosphite
had been converted to some stronger acid, probably either thrt
monoalkyl ester or free phosphorus acid. Ethylenediamine
solvent does not distinguish between the two. Results on pure
materials were usually 2 to 10% above theoretical in ethylene­
diamine. The probable reactions are given in the following
equations, assuming the structure of dialkyl phosphite to be as
shown.

+800,--------------------------,
Figure ll. Change in Apparent Diethyl Phosphite

(Very Weak Acidity) with Titration TillIe

Solvolysis of the very weak acid in ethylenediamine:

Figure 10. Dibutyl Phosphite Titrated'in Ethylene­
diallIine and Benzene-Isopropyl Alcohol (ASTM D664)

Dimethyl
formamide

79
75,76

Very Weak Acid, Calcd. as
Diethyl Phosphite, Wt. %

Ethylenediamine
98
86

Minutes
Titration to

Last End Point
-- 5
------ 14

Comparable titrations in dimethyl formamide (Figure 11)
show little change in the very weak acidity with changes in ti­
tration time, although results on pure materials were usually 10
to 15% below theoretical.

Trialkyl Phosphites. Pure trialkyl phosphites should not give
a titration for acidity. All the trialkyl phosphites tested behaved
in this manner except trimethyl phosphite. A sample of tri­
methyl phosphite which appeared to contain 3% dimethyl phos­
phite by rapid titration in ethylenediamine showed 11 % in a
slower titration (20 minutes to end point). The same sample
showed about 90% conversion to some titratable form when left
20 minutes under nitrogen in contact with water prior to addition
of the ethylenediamine. By comparing curve plateaus (not
shown) for the trimethyl phosphite samples with those for diethyl
phosphite the titratable material in the trimethyl phosphite ap­
pears to be of much stronger acidity than that found in the
diethyl phosphite samples. This suggests that dimethyl phos­
phite is a stronger acid than diethyl phosphite, but no pure di-

0-
I +

P
/"-.

RO OR

Titrant: O. I N ale KOH
Solvent: (A) EDA. 20 ml

(B) I: I Benzene­
Isopropyl Alcohol
100 ml, o'e

I ~
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t=:1
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Rapid+ H.NCH.CH.KH....... _
(EDA)

0.011 eq/IOOg

0.2 ml
>-----I

A

G eq/IOOg._----+600
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P- +200
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I
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Titration of the solvolyzed phosphite-ethylenediamine: +800,.------------------------,
EDA Blanks

Solvolysis of the stronger acid in ethylenediamine:
0.2 ml

Diethyl
Phosphite

+600

i.
&. +400
U Titrant: 0.2 N ale KOH

Solvent: EDA
Sample Size: Same for

Curves A-D

OH
I +ROH
R

/"-.
RO OH

OH SlowI -j--HOH __+
P/,

/ '.
RO OR

Hydrolysis of an ester group:

J[n the monoalkyl phosphite formed on slow hydrolysis, one
hydroxyl group is stronger than the original and one is weaker
(too weak to be titrated in ethylenediamine). Because of this
the sum of the dialkyl phosphite which has hydrolyzed and that
which has not 8till gives the same wtal acidity as the original
dialkyl phosphite.

+200 l-_....L_J=----=~_..:1__ __:_l:::_-....I..__:_---J--...L..---L-~

Volume of Titrant, ml

Cell' solutions indicated by dotted curves contain 1/. ml. water added
prior to titration

Remarks

Titrated immed. (no
water added)

Titrated immed.
IO-min. reaction before

starting
3D-min. reaction before

starting

Calcd. as Diethyl
Phosphite. Wt. %

Very weak Total
acid acid

A 107 110

B 75 99
C 65 100

D 59 105

Figure 12. Effect of Water on Apparent Diethyl Phos­
phite (Very Weak Acidity) Titrated in EthylenediallIine
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Figure 13. Effect of Water on Phenol Curves Titrated
in Ditnethyl Forniatnide

Numbers show per cent of cell volume for water added to dimethyl
formamide

tion with the least sample. For certain applications tetrabutyl­
ammonium hydroxide has been found superior to potassium
hydroxide. In particular, it is useful for titration in dimethyl
formamide solvent of dibasic or polybasic acids which normally
precipitate before titration with potassium hydroxide is complete
-e.g., p-phthalic acid. _It has a greater apparent basic strength
than the anhydrous potassium hydroxide (Figure 4), even though
it contains 10% water.

Titrant: 0.2 N ale KOH
Solvent: DMF

Phenol-Water
0%

.---==_2.5%
5%

Volume of Titrant. ml

+800 DMF Blank
> 0%S

~
;:
wap. +400

w
U

+200

0.2 ml

Choice of Solvent. Although the solvent properties of ethylene­
diamine and dimethyl formamide and their reactivity with the
sample may enter into the decision, the choice of solvent will
depend principally upon the information to be gained from the
titration curve. In general, dimethyl formamide appears to be
preferable because it facilitates reading of the strong acid in­
flection and does not have a large blank correction. The be­
havior of dimethyl formamide as a solvent is not fully understood
as yet, but satisfactory titrations of acidity are obtained if the
titration is made rapidly (10 to 15 minutes). Titrations' for
basicity are not recommended in this solvent because of apparent
solvent decomposition. When there is some advantage in ti­
trating at ice temperatures-e.g., to reduce the rate of some un­
desired side reaction-dimethyl formamide is preferable because
difficulty may be encountered from freezing of the ethylenedia­
mine-sample solution. The freezing point of dimethyI formamide
is at -61 0 C. while that of ethylenediamine is above zero (5, 30).
Pure ethylenediamine freezes at about 11 0 C. while 89% ethyl­
enediamine in water freezes at about 2 0 C.

The commercial dimethyl formamide used in these experi­
ments reacts slowly with strong base or contains some impurities
which do. Strong base added to the dimethyl formamide is
converted slowly to a weak base resembling sodium formate in

.basic strength. It is thought that either the dimethyl formamide
itself or possibly small amounts of formamide or monomethyl
formamide in it hydrolyze at a moderate rate to form ammonia,
methylamine, and formic acid in the presence of 'water or strong
base. Fritz and Keen (to) in titrating very weak acidity in
dimethyl formamide using o-nitroaniline as a color indicator,
report that the end point tends to fade. This may be the result
of the same reaction. .

Titration of 100 ml. of dimethyl formamide with alcoholic
potassium hydroxide shows the presence of a small amount of
weak acid (less than 0.02 meq. per 100 ml.). Titration with alco­
holic hydrochloric acid shows a small amount of weak base to
be present (less than 0.04 meq. per 100 ml).

Purification of Solvent. Since the presence of water in the
titration cell has been shown to be detrimental to the determina­
tion of very weak acidity, the removal of water from the solvents

methyl phosphite was available to test this point. Instability
of the trimethyl phosphites in ethylenediamine appears to be so
much greater than that noted for the higher alkyl phosphites
that this method is not considered suitable for determination
of acidity in the presence of trimethyl phosphite. Behavior of
this material in dimethyl formamide was not studied.

Phosphorus Acid and Phosphoric Acid. Orthophosphorus
acid (Figure 12) gives one inflection in ethylenediamine, represent­
ing two hydrogens. Two good inflections appear in dimethyl
formamide, representing each of the first two hydrogens. There
is some tendency for the phosphorus acid salt to precipitate in
dimethyl formamide on titration with potassium hydroxide and
a smoother titration was obtained by substituting tetrabutyl­
ammonium hydroxide as titrant. Although the first inflection
using the latter titrant is not sharp, the second inflection is very
distinct and represents titration of two hydrogens.

Orthophosphoric acid (not shown) formed a gel in ethylene­
diamine and could not be determined quantitatively. Two
inflections were obtained in dimethyl formamide but titration
was slow because of precipitation of the potassium salt. Sub­
stitution of tetrabutylammonium hydroxide for potassium hy­
droxide largely eliminated this problem, although a small amount
of precipitate was still observed. Recovery was not determined,
but two inflections at about equal volumes were obtained with
either titrant in dimethyl formamide and the total appeared to
represent titration of two equivalents of phosphoric acid.

EXPERIMENTAL 'DETAILS

Preparation of Reduced-Scale Titration Curve. Because of
the limited amount of sample often encountered and the toxicity
of the solvents, reduced-scale (20 ml. of solvent) titrations have
been used for the determination of very weak acidity. It 'has
been the custom in these laboratories to plot the potential-volume
curves from potentiometric titrations in a specified manner, so
that regardless of the solution volume, any curves are readily
comparable and easily understood. Thus,' on the usual macro
scale the sample size is selected where possible to give a 5- to
10-ml. titration and the titration is carried out in 100 ml. of
solvent. The curve is plotted on graph paper so that 1 ml. of
titrant (horizontal axis) and 100 mv. (vertical axis) are repre­
sented by an equal number of scale divisions. When a reduced­
scale titration is made the sample size and solvent volume are
reduced to one fifth the usual amount, resulting in a solvent
volume of 20 ml. and a titration end point of 1 to 2 ml. To plot
this titration curve in a manner which will be comparable to
that from the usual titration in 100 ml. 'of solvent, the 'volume
scale must be expanded five times. Thus, 0.2 ml. of titrant and
100 mv. are represented by an equal number of scale divisions on
the 'graph paper.

Likewise, the titration curve for acid-base titrations is plotted
to allow immediate perception of the nature of the sample. Thus,
in titration of acidity, the curve always proceeds upward on the
graph paper, while in titration of basicity the curve proceeds
downward.

Sample Size. 'Titration volumes greater than 1 or 2 ml. are
seldom practical in the reduced-scale titration because of the
tendency for longer titrations to produce unsharp, sloping inflec­
tions; however, choice of the optimum sample size depends some­
what upon the nature of the sample. For many resins a l­
or 2-ml. titration results in poor inflections and a considerably
smaller sample may have to be taken. In these instances it is
necessary to consider for the particular situation whether the
error in reading a small-volume steeper inflection would be less
than the error from uncertain choice of a large-volume poor
inflection.

Choice of Titrant. The strength of titrant may be either 0:1
or 0.2N, with very'little difference in the appearance of the
curves. For difficultly soluble samples it would seem more prac­
tical to use O.lN titrant in order to obtain the maximum titra·
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may improve the sharpness of the inflections. Neither ethylene­
diamine nor dimethyl formamide was purified for the work
reported here, but a number of suggestions appear in the litera­
t,ure. One of the earliest (28) sug,gests digestion of the ethyl­
enediamine over sodiwn hydroxide, refluxing over sodium, and
finally, fractionation (boiling point, 116.2~ C.). Treatment with
activated alumina prior to distillation was reported by Bromley
and Luder (4-). Others recommend vacuum distillation (33)
and azeotropic distillation with benzene (7, 19).

0.2 ml

Titrant: 0.2 N ale KOH
Solvent: DMF

>
E

~.,
J: +400J;::=====-~~""'"

Phenol-\\,'ater
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Volume of Titrant, ml

Figure 16. Effect of Methanol and Isopropyl Alcohol
on Phenol Curves in Dimethyl Forrnarnide

Numbers show per cent of cell volume for various solvents added to
dimethyl formamide

Volume of Titrant, rol
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presence of water in the titration cell was shown to be serious
(Figure 13), absorption of water from the air did not appear to
be sufficiently rapid to cause difficulty when titrations were car­
ried out in an open beaker.

Promising results have been obtained with the Precision-Dow
Recordomatic Titrator using both ethylenediamine and dimethyl
formamide in titrating phenol-stronger acid mixtures and
dialkyl phosphites. The rapidity with which titrations may be
made virtually eliminates any difficulty from absorption of
atmospheric carbon dioxide or water or decomposition of the
dimethyl formamide solvent. Transfer of the titrant directly
from the storage container to the cell solution is an additional
advantage of this instrument, preventing any contamination of
the titrant which might come through the use of a cOll\'entional
buret.

Effect of Sample Diluents on Phenol Inflection. Since samples
frequently must be aliquoted before titration, a study of the
effect of various diluents on the phenol inflection was made.
Water appears to be considerably more serious in dimethyl form­
amide titrations than in ethylenediamine (Figures 13 and 14) and
should be kept below 1% in dimethyl formamide or 5% in ethyl­
enediamine cell solutions. Tests were made assuming the water
content of the commercial ethylenediamine to be constant.
The effect of alcohols is shown in Figures 15 and 16. Methanol
seriously obscures the phenol inflection in either solvent and
should not be used. The effect of isopropyl alcohol is less
serious and up to 10% may be present in the cell solution with no
apparent ill effect. Benzene up to 10% does not appear to dis­
turb the phenol inflection in either solvent. Because of the
difficulty of excluding carbon dioxide, ethylenediamine is never
used for aliquoting.

Electrode Stability in Ethylenediamine and Dimethyl Form­
amide. It has been the authors' experience that neither ethylene­
diamine nor dimethyl formamide have a deleterious effect upon
the glass and calomel electrodes, although certain electrode pairs
are customarily kept specifically for use in these solvents and the
saturated potassium chloride solution is replaced frequently,
usually once a day, in the calomel electrode. Moss (25) reports
the glass electrode to be unstable when sodium aminoethylate is
used as titrant in anhydrous ethylenediamine solvent. Under
these circumstances, the glass-calomel electrode system in the
present study was found to be insensitive to changes in acidity;
however, with substitution of alcoholic potassium hydroxide and
commercial 95 to 100% ethylenediamine, sensitivity was restored
and stable readings were obtained.

Titrant: 0.2 N ale KOH
Solvent: EDA

Titrant: 0 2 N ale KOH
Solvent· EDA

10%

PhE':lO['- Methano,l
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EDA Blank
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Figure 15. Effect of Alcohol on Phenol Curves Titrated
in Ethylenediamine

Kumbers3how per cent of cell volume for water added to ethylene­
diamine

Apparently, dimethyl formamide can be purified by distilla­
tion (boiling point, 153° C.). It forms ma.ximum boiling azeo­
tropes (13, 30) with formic acid: (1) 85° C. at 50 mm. (67%
dimethyl forrnamide, 33% formic acid), and (2) 153.2° C. at
757 rom. (97.'1% dimethyl forrnamide, 1.2% formic acid). While
it is relatively stable to hydrolysis even at 100° C., an excess of
llOt concentrated alkali (lr acid will cause deeomposition to di­
nethylamine and formic acid.

Effect of Exposure of Solvent to Air. The ethylenediamine
lbsorbs carbon dioxide so rapidly and efficiently that it has been
Jroposed as an absorbing agent for quantita1,iye carbon dioxide
~ecovery (33). The amine carbonate titrates as a strong acid in
lthylenediamine and accounts for most of the blank correction
'ound in the ethylenediamine solvent. Titrations in ethylene­
liamine must be carried out rapidly, preferably under a blanket
)f nitrogen" and the solvent must be stored with- protection from
,he air.

Since dimethyl formamide is somewhat hygroscopic (13), it
.00 should be stored with protection from t,he air. Although the

Kumbera show per cent of CI~lJ volume foJ' alcohol added to ethylene­
diamine

Figure 14. Effect of Water on Phenol Curv'es Titrated
in Ethylf,nediamine



VOL U M E 27, NO.1, JAN U A R Y 1955 55

RECEIVED for review July 23, 1954. Accepted October 11, 1954.

inv,olved in the development of these methods. Grateful ac­
knowledgment is made for valuable discussions with many col­
leagues in Shell Development Co., especially Paul E. Porter,
Herbert Siegel, Walter R. Haefele, and Daniel B. Luten.

UTERATURE CITED

(1) Am. Soc. Testing Materials, Philadelphia, "ASTM Standards
on Petroleum Products and Lubricants," D 664,. p. 253,
Philadelphia, 1951.

(2) Audrieth, L. F., and Kleinberg, Jacob, "Nonaqueous Solvents,"
New York, John Wiley & Sons, 1953.

(3) Britton, H. T. S., "Conductometric Analysis," New York, D.
Van Nostrand Co., 1934.

(4) Bromley, W. H., Jr., and Luder, W. F., J. Am. Chem. Soc., 66,
107 (1944).

(50) Carbide & Carbon Chemicals Corp., New York, "Organic
Nitrogen Compounds," July 31, 1946.

(6) Conant, J. B., and Hall, N. F., J. Am. Chem. Soc., 49, 3047
(1927).

(7) Creamer, R. M., and Chambers, D. H., J. Elecfrochem. Soc., 101,
162 (1954).

(8) Elofson, R. M., and Mecherly, P. A., ANAl.. CHEM., 21, 565
(1949) .

(9) Folin, Otto, and Flanders, F. F., J. Am. Chem. Soc., 34, 774
(1912).

(10) Fritz, J. S., and Keen, R. T., ANAL. CHEM., 25, 179 (1953).
(11) Fritz, J. S., and Lisicki, N. M., Ibid., 23, 589 (1951).
(12) Gran, Gunnar, and Althin, Bengt, Acta Chem. Scand., 4, 967

(1950).
(13) Grasselli Chemicals Dept., E. I. du Pont de Nemours & Co.,

Inc., Wilmington, Del., "Dimethyl Formamide Product
Information."

(14) Hammett, L. P., "Physical Organic Chemistry," p. 261, New
York, McGraw-Hill Book Co., 1940.

(15) Hantzsch, A., and Voigt, W., Ber., 62B, 975 (1929).

(16)

(17)

(18)
(19)
(20)

(21)

(22)

(23)

(24)

(25)

(26)
(27)

(28)

(29)
(30)

(31)

(32)
(33)

(34)
(35)

(36)

Higuchi, Takeru, Concha, Jesusa, and Kuramoto, Roy, ANAL.
CHEM., 24, 685 (1952).

Higuchi, Takeru, and Zuck, D. A., J. Am. Chem. Soc., 73, 2676
(1951).

Izmailov, N. A., Zhur. Anal. Khim., 4, 267, 275 (1949).
Katz, Max, and Glenn, R. A., ANAL. CHEM., 24,1157 (1952):
Kirrmann, Albert, and Daune-Dubois, Nelly, Campt. rend., 236,

1361 (1953).
Lavine, T. F., and Toennies, G., Am.J. Med. Sci., 185, 302

(1933).
Lykken, L. L., Porter, P. E., Ruliffson, H. D.. and Tuemmler,

F. D., IND. ENG. CHEM., ANAL. ED., 16,219 (1944)"
Maron, S. H., Ulevitch, I. N., and Elder, M. E., ANAL. CHEM.,

21, 691 (1949).
Masui, Masaichiro, and Kamura, Yuichi, J. Pharm. Soc. Japan,

71,1194 (1951).
Moss, M. L., Elliott, J. H., and Hall, R. T., ANAL. CHEM., 20,

784 (1948).
Palit, S. R., IND. ENG. CHEM., ANAL. ED., 18,246 (1946).
Pifer, C. W., Wollish, E. G., and Schmall, Morton, ANAL. CHEM.,

25, 310 (1953).
Putnam, G. L., and Kobe, K. A., Trans. Electrochem. Soc., 74,

609 (1938).
Ruehle, A. E., IND. ENG. CHEM., ANAL. ED., 10, 130 (1938).
Ruhoff, J. R., and Reid, E. E., J. 31m. Chem. Soc., 59, 401

(1937).
Seltz, Harry, and Silverman, Louis, IND. ENG. CHEM. ANAL.

ED., 2,1 (1930).
Sprengling, G. R., J, Am. Chem. Soc., 76, 1190 (1954).
Swick, R. W., Buchanan, D. L., and Nakao, Akira, ANAL.

CHEM., 24, 2000 (1952).
Tomicek, 0., and Dolezal, J., Chem. Listy, 43, 193 (1949).
Vespe, Vincent. and Fritz, J. S., J. Am. Pharm. Assoc., Sci. Ed.,

41, 197 (1952).
Wolff, J. P., Anal. Chim. Acta, I, 90 (1947).

Determination of Active Hydrogen Atoms
IRENE MARY McALPINE and PATRICK AUGUSTINE ONGLEYI

University of Glasgow, Glasgow, Scotland

EXPERIMENTAL

Solvents. The pyridine was stored over solid potassium hy
droxide and distilled before use. The ethyl ether was dried over
night over sodium wire and then distilled. The other solvent
were first refluxed for 5 hours with sodium wire and stored ove
the wire overnight. Next they were distilled, first from sodiun
and then from phosphorus pentoxide. Since the butyl ether gav,
a peroxide test with vanadic acid, the peroxide was destroyed b:
treatment with alkaline silver nitrate.

Analytical Specimens. 3-Nitrosalicylic acid, 2-nitroresorcinol
3-nitro-o-cresol; I-phenyl-3-methyl-5-pyrazolone, purpurogallin
and the various fluorene derivatives and dibasic esters used weI'
synthesized by standard methods. The other substances weI'
obtained from reputable sources. All were carefully purified bE
fore use.

Analytical Procedure. The GrignaI'd reagent was prepared i
the usual way. To prevent excess methyl iodide producin
methane at higher temperatures (see Table II), an excess of ma€
nesium was always used. With every batch of solvent and rE
agent used, control experiments were done at both room tempen
ture and at 1700 C. The standard procedures for the actUl
determinations were all found satisfactory (1,4,10,11). In th
investigation the substance was dissolved in 2.0 m!. of so~ver

and about 2 ml.of reagent were added. In cases of low soh
bility, 4.0 ml. of solvent were used. At room temperature tl:

Ref.
($)
(8)

m
(11)

1
1
1.5
2
2

90
90
o

140
Room

Temp., 0 c.

Literature Values for Resorcinol
No. of

Active H
Atoms

Solvent for
Resorcinol

Isoamyl ether
Pyridine
None
Amyl ether
Amyl ether

Table I.

Solvent for
Reagent

Butyl ether
None
Ethyl ether
Amyl ether
Pyridine

This work was done in an endeavor to obtain satisfac­
tory analytical data on certain alkaloids. In Zere­
witinoff deterlllinations it was found that the influence
of telllperature is probably often restricted to prolllot­
ing solution and liberating occluded gases, that the
influence of solvent is relatively unilllportant, and that
the activity of tbe hydrogen atollls of active lllethylene
groups varies considerably with environlllent. The
role of heat and of solvent in the estilllation and the
activity of active hydrogen atollls were deterlllined.

I Present address, Birkenhead Technical College. Birkenhead, England.

I N THE Zerewitinoff determination of active hydrogen atoms
in various Mitragyna alkaloids, it was found that the values

increased .considerably with increase in temperature. Little
attempt has hitherto been made to investigate the influence of
either temperature or solvent on the results of Zerewitinoff de­
terminations~ The main work is that of Lieff, Wright, and Hib­
bert (9), who examined 23 substances in amyl ether, dioxane,
and pyridine. Little attempt has been made to discuss the rea­
sons for anomalous results. Fuchs, Ishler, and Sandhoff (2)
attribute the low values for certain acids to insolubility, and
Lehman and Basch (8) suggest that a further contributory
factor may be that the reaction takes place only at the surface.
Kohler, Stone, and Fuson (6) mention three possible difficulties­
relative insolubility of the substance, insolubility of intermediate
products, and occurrence of successive reactions.

Except for these comments such contradictory results as those
for resorcinol (see Table I) seem to have passed unchallenged.
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mixture was let stand until no more methane was evolved-i.e.,
until there was no difference i.n two readings of the buret taken 10
minutes apart. At higher temperatures the time allowed was
5 minutes. If the substance and reagent solutions, before mixing,
were allowed to stand in the apparatus until oxygen uptake was
complete, it was found unlleeessary to work in s.n inert atmos­
phere.

RESUI:rs OBTAINED

Data are tabulated in Tables II, III, and IV. For conven­
ience in comparing related compounds some substances are
mentioned twice--e.g., salicylic acid is listed as both an acid and
a phenoL

DISCUSSION

Influence of Temperature. Temperature pbys a dual role.
In certain cases, particularly with amino, amido, and active
methylene groups, activity increases with increase in tempera­
ture. In the other cases, as long as the substance and the reac­
tion product are in solution, the expected values are obtained at
room temperature. In cases of insolubility the effect of heating
m~LY be threefold-substances insoluble in the cold may dissol ve
in the hot solvent; agitation, especially in a refluxing mixture,
may help to bring the substance into closer contact with the
r'eagent; and ~es occluded in a gelatinous reaction product may
be expelled.

\Vith the exception of 2-nitroaniline, none of the 78 compounds
".xamined at 170° C. showed any abnormally high value. On
the other hand, although 100' C. is often regarded as the upper
:emperature limit in Zerewitinoff determinations, manysubstances
'ailed to show the full amount of active hydrogen untilrefluxed.
I!:xampleF are phthalic and 4-hydroxybenzoic acids, purpurogallin,
lniline, and cyclohexylamine.

Since chelated acids arc more readily decarboxylated, the high
Talue (3.66) for 2,6-dihydroxybenzoic acid at 170° C. is due
() the partial decarboxylation at higher temperatures of this
tighly chelated acid. Similar high values wouJel also be ex-
•ected of 2,6-diamino- and 2,4,6-trihydl'oxybenzoic acids. This
lecarboxylation cffect is not, however, shown by the Plono­
helated acicLs----€.g., 2-amino- and -hydroxy-, and 2,4- anel
,5-dihydroxybenllOic acids-nor by the a-hydroxy acids benzilic
lid mandelic acids.

Influence of Solvents. With the mixed solvent of n-butyl
ther and isoamyl ethel', Fuch~, Ishler, and Sandhoti' (2) obtained
cry low values for the various phthalic acids and dihydroxy­
enzene.3 and for phloroglucinol and diethyl malonate. Since
lOst of these gave satisfactory results in phenetole, a series of
)mpa.rative determinations w:.u' done with the reagent in either
henetole or dibutyl ether and the substance in one of a variety'
: solventE. As iE shown by the data in Table IV, as long as the
Ibstance is soluble the inf!uenee of solvent is negligible.
Influence of Groupings and Structural Considerations. IN­

)LIC COMPOUloIDS. That the extra active hydrogen atom
lown by indole at higher tempemtures occurs in neither skatole
I-methylindole) nor carbazole suggests some activation of the
Ita position in the pyrrole nueleus by the aromatic nucleus on
le one side and the double hond of the heteroeyclie ring on the
her. This is paralleled of course by the well-known ease of suh­
itution of indole in the beta position.
NITRO COMPOUnDS. AlthOllgh Jurecek (5) asserts that nitro
mpounds show a,bnormal results, an examination of T:1hle II
ows that 2-nitroaniline is the only nitro compound to shOll" any
,normality.
..hU"-ES AND A:lUDES. The results in Table II support the
ntention in thc literature ths.t in the amino group the second
'drogen is active only at high temperatures. It i3 interesting
at N-methybniline is fully active at room temperature.
HALOGEN COMPOUNDS. From the results available it seems
if the ehlorine atom has no activating influenee. On thc

ler hana, comparison of the values for aniline and 2,4,6­
broilloaniline and for fluorene and 2,7-dibromofluorene sug­
lts that the bromine atom clops activate.

ANALYTICAL CHEMISTRY

CHEL.U'ION. That intermolecular hydrogen bonding has no
deactivating influence on active hydrogen atoms is obvious from
the readiness with which so many acids, alcohols, and phenols
show their activity. That the intramolecular bond may have a
deactivating influence is suggested by the low values for the
2,x-dihydroxybenzoic acids. This suggestion is contradicted,
however, by· the results with salicylic acid, ethyl salicylate,
salicylaldehyde, 2-hydroxyacetophenone, 2-nitrophenol, and the
very strongly chelated 2-nitroresorcinol. The absence of any
activating influence is shown by the normal behavior of the 2­
amino- compounds. As already mentioned, the facility with
which the hydrogen atoms of the weakly chelated 2,4,6-tribromo­
aniline react is probably due to halogen activation.

One chelation effect does exist. In that intramolecularl}'
bonded phenols and acids are more soluble than their isomers
in organic solvents, chelation may be said to decrease inactivity
because of insolubility.

STERIC HINDRANCE. The absence of steric hindrance is shown
by the complete activity of such compounds as 2-nitroresorcinol,
2,6-dimethoxybenzoic acid, and 2,4,6-trinitroresorcinol.

ACTIVE ME'l'HYLENE GROUPS. One Activating Group. Al­
though the -y-hydrogen atom in esters, nitro compounds, etc.,
enters into a variety of reactions-e.g., the Claisell and Dieck­
mann condensations of esters and the reaction of primary and
secondary nitro compounds and of methyl ethyl ketone with
nitrous acid-one activating group is insufficient to cause the
production of methane.

Two Activating Groups. With a methylene group betwcen two
activating groups both hydrogen atoms may be activc-e.g.,
in diethyl malonate. Often however, as in acetylacetone, and
in cyan- and acetoacetates, even at higher temperatures only
one atom is active. Thus the -COMe group is less of an acti­
vator than is the -COOEt group. That the phenyl group
is even weaker is shown by the negligible activity of di- and
even triphenylmethane.

The result with malonamideis frankly puzzling.
As far as the fluorenes are concerned three facts are significant:

In fluorene itself, although there is not complete activity, never­
theless it is greater than that of di- or even triphenylmethane.
Ortho bridging between the two phenyl groups has greatly in­
creased the activity. Introduction of a 9-carboxy or -carbo­
methoxy group greatly increases the activity.. Although 2,7­
dichloro- compounds usually show less activity, the introduction
of two bromin~ atoms in these positions increases activity.
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Radiochemical Determination of Cerium in Fission
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Figure 1. Effect of Nitric. Acid Concentration on
Extraction of Cerium by Methyl Isohutyl Ketone

free eerium-144 tracer and for cerium at a concentration of about
1 mg. per mL T~e results are shown in Figure 1, where the dis­
tribution of cerium obtained by counting equal aliquots of the
organic and aqueous phases is plotted as a function of nitric acid
concentration. Cerium is well extracted at nitric acid concen­
trations above 7M, the optimal range being 8 to 10M. The
aqueous phase should be relatively free of chloride ion (not greater
than O.lM) to avoid reduction of bromate and cerium(IV).
Sulfate ion also lowers the efficiency of extraction, although con­
centrations up to 0.5M can be tolerated without serious loss in
yield.

Separation from Other Elements. The elements \vith radio­
isotopes formed ih appreciable yield in fission and likely to be
extracted by methyl isobutyl ketone are zirconium, niobium, and
ruthenium. Other interfering elements which may be encoun­
tered in fission product sources are thorium, uranium, and nep­
tunium. The cerium procedure (as described) was tested for
coseparation of these elements by using the following radioactive
tracers: . zirconium-95-niobium-95 (equilibrium mixture), ~the­

nium-106, normal uranium with UX, (thorium-23~ in equilib­
rium, and neptunium-237. The results of these experiments
are summarized in Table 1. These data indicate that the separa­
tion from zirconium, niobium, and ruthenium is entirely ade­
quate for fission product mixtures generally encountered. Sep­
aration from trivalent rare earths was shown to be excellent, not
more than 0.1 % of trivalent cerium-144 being extracted. For
the remaining elements in Table I, however, modifications of the
procedure may be required under certain conditions. For ex­
ample, in the slow neutron-induced fission of uranium-235 in
normal uranium the neptunium-239 activity formed by neutron
capture in uranium-238 exceeds that of fission-produced cerium
for 2 to 3 weeks after irradiation. During this time the separa­
tion of cerium from neptunium (Table I) would be inadequate.

THE procedure currently employed for the radiochemical de­
termination of cerium activity in fission (1, 3) is based on the

insolubility of ceric iodate and involves a series of separations
by precipitation. This procedure is consequently somewhat
lengthy and tedious. It would be of considerable advantage
to the analyst faced with many determinations or with the
isolation of short-lived cerium activities to have a more rapid
procedure without sacrificing accuracy or radiochemical purity.
In developing such a procedure the solvent extraction of tetra­
valent cerium seemed most attractive. Extraction of cerium(IV)
by ether from nitric acid solution was first studied by Imre
(6), and also employed by Gryder and Dodson (5) and Boek and
Meyer (2). Although cerium(lV) can be extracted by this
method, the attack of ether by strong nitric acid and the oxidizing
agents required to oxidize cerium(III) to cerium(IV) is a serious
dmwback. Warf (11) found that cerium(IV) is extracted by
tri-n-butyl phosphate and that this solvent is satisfactorily
resistant to nitric acid and strong oxidants. The disadvantage
in this case, however, is that the separation from trivalent rare
earths is not adequate (7). Rothschild et al. (10) observed that
thorium nitrate is extracted by methyl isobutyl ketone (hexone).
A patent has been issued to Pitzer (9) for a procedure in which
cerium in trace concentration is extracted by methyl isobutyl
ketone from aqueous media containing dichromate as the oxidiz­
ing agent. In the prcsent investigation the method of Pitzer
was found to be unsuccessful with cerium in macro concentra­
tions. Good extraction of cerium by methyl isobutyl ketone
was obtained in both tracc and macro concentrations, however,
from strong nitric acid solution using sodium (or potassium)
bromatp as oxidant, and a procedure was developed for the radio­
chemical determination of cerium based on this method. In the
new procedure cerium(III) carrier is oxidized to eerium(IV) by
sodium bromate in 9M nitric acid solution, extracted into methyl
isobutyl ketone, back-extracted into water containing, hydrogen
peroxide to reduce cerium(IV) to eerium(III), and precipitated
as cerium oxalate for gravimetric determination of yield and
activity measurements. The extraction step replaces seven
precipitations used in the older procedure and results in con­
siderable saving of time and effort. The cerium is obtained in
high yield and radiochemical purity.

The work reported was undertaken to develop a siIllple
and rapid radiochemical procedure for the deterIllina­
lion of cerium activity produced in nuclear fission. A
method was developed based on solvent extraction of
ceriuIll(IV) with methyl isobutyl ketone. Good separa­
tion froIll the large nUlllber of elelllents encountered
in fission product sources is afforded by the extraction
procedure as well as a considerable saving in tillle and
effort over the ceric iodate precipitation lllethod in
previous use. Further applications of the new pro­
cedure are the preparation of carrier-free radioactive
ceriuIll and activation anal:vsis for small alllounts of
ceriuIll.

EXPERIMENTAL

Extraction of Cerium. For extraction tests both technical
grade and redistilled methyl isobutyl ketone were used. Al­
though the latter was somewhat superior with respect to reactivity
with nitric acid and oxidizing agents, the technical grade solvent
was found to be satisfactory for extraction of cerium, provided
it is first equilibrated with nitric acid containing sodium bromate
to remove reducing substances. The optimal nitric acid con­
centration for the extraction was determined both for carrier-
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Table I. Coseparation of Various Elements with Cerium

% in Back- % in Cerium Oxalate
Element % Extracted Extract First Second

Zr-Nb 25 0.5 0.03
Ru 0.05 0.002
Th 55 2G 20
U 86 (; 0.2
Np 96 7 1

The separation from uranium and thorium would also be insuffi­
cient if cerium activity in low intensity were to be isolated from
large quantities of normal uranium. In this case the cerium
would be contaminated both with weighable amounts of uranium
(causing an error in the gravimetric determination of yield) and
with the natural radioactivity of thorium-234. The additional
separation from uranium, neptunium, and thorium required for
such samples is readily obtained by a simple modification of the
procedure to include extraction of these elements.before oxidation
and extraction of cerium. This is accomplished by adjusting the
sample taken for analysis (containing cerium carrier) to a nitric
acid concentration of 1O.M and a volume of about 10 m!., and
extracting with 50 m!. of methyl isobutyl ketone for removal of
uranium and neptunium, or with 50 m!. of tri-n-butyl phosphate
for removal of thorium (8, 11). The solvents should be equili­
brated-with .OM nitric acid before use. The methyl isobutyl
ket,one extraction removes 86% of the uranium and 96% of the
neptunium, and the butyl phosphate extraction removes more
than 99% of the thorium with only a few per cent loss of cerium
(8). Repeated extractions may be made if further purification
is desired. The aqueous phase is then treated with 2 m!. of 2M
sodium bromate solution to oxidize cerium(III) to cerium(IV),
and the cerium:is separated by the regular procedure. .

Reaction of Methyl Isobutyl Ketone with Nitric Acid. In
extractions of strong nitric acid solutions (6 to 12M) with methyl
isobutyl ketone considerable amounts of nitric acid pass into the
organic phase, It was observed that such solutions of nitric
acid in methyl isobutyl ketone are unstable and will undergo a
violent reaction after standing for a few hours. The methyl
isobutyl ketone phases remaining after back-extraction with 5
m!. of water were observed to react similarly but only after stand­
ing for about 3 days. It is recommended, therefore, that the
methyl isobutyl ketone not be equilibrated with nitric acid until
just before use and that it be washed thoroughly with water
(three times with an equal volume) soon after use. It is also
recommended that nitric acid solutions which have been in con­
tact with methyl isobutyl ketone be neutralized with ammonium
hyd1"oxide before storing or discarding. By observing these
simple precautions no difficulties with reactivity have been en­
countered.

REAGENTS

Methyl isobutyl ketone Hydrogen peroxide, 30%
(hexone) Ammonium hydroxide,

Tri-n-butyl phosphate concentrated
Nitric acid, 6M, 9M, Oxalic acid, saturated

and concentrate'l Ethyl alcohol, absolute
Sodium bromate, 2M Ethyl ether

Cerium Carrier Solution (cerium, 10 mg. per m!.). Dissolve 23
:rams of C.P. cerous nitrate in 1 liter of water. Standardize as
ollows: Pipet 5-m!. aliquots into 50·m!. centrifuge tubes. To
,ach add 1 m!. of 6M nitric acid and 15 m!. of water. Heat just
o boiling and add 15 ml. of saturated oxalic acid with stirring.
;001 in an ice ba,th for 10 minutes with occasional stirring.
~iltet" on a weighed sintered-glass crucible with suction, trans­
erring and washing with three 5-ml. portions of water. Wash
hree times with [; m!. of ethyl alcohol, three times with 5 m!. of
ther, and place in a vacuum desiccator. Evacuate for 2 minutes,
elease, and evacuate again for 5 minutes. Weigh as Ce2(C20.)3.­
OH,O.

PROCEDURE

To the aliquot (1 to 5 ml.) taken for Bonalysis add 1 m!. (10 mg.)
f standardized cerium carrier, 2 m!. of 2M sodium bromate, and
Ifficient concentmted nitrie acid to make the solution 8 to 10M
I nikic acid. Transfer to a separatory funnel containing 50 m!.
f methyl isobutyl ketone (which has just been equilibrated with
) m!.. of 9M nitrie acid containing 2 ml. of 2M sodium bromate)
ld shake for 15 to 30 seconds. Withdraw the aqueous phase
ld wash the methyl isobutyl ketone phase twice with 10 m!. of
'If nitric acid containing a few drops of 2M sodium bromate.
;autioh: Combine the aqueous' phase and washings, and neu­
alize with ammonium hydroxide before discarding.) Back­
:tract the cerium by shaking the methyl isobutyl ketone phase
ith 5 ml. of water containing 2 drops of 30% hydrogen peroxide.

ANALYTICAL CHEMISTRY

(Caution. Wash the methyl isobutyl ketone three times with
50 m!. of water before discarding.) Neutralize the aqueous phase
by adding concentrated ammonium hydroxide (3 to 5 m!.)
until a precipitate just appears, and acidify with 1.5 m!. of 6M
nitric acid. Dilute the solution to a volume of 15 m!. with water,
heat just to boiling, and add 15 m!. of saturated oxalic acid.
Cool for 2 to 3 minutes with running water (or ice bath), centri­
fuge, decant, and wash the precipitate with 10 m!. of water.
Dissolve the precipitate in 1 m!. of 6M nitric acid (warming if
necessary), and dilute with water to 15-m!. volume. Repeat the
oxalate precipitation, centrifuge, and filter with suction on a
weighed filter paper disk in a small funnel, transferring and wash­
ing with three 5-m!. portions of water. Wash three times with
5 m!. of ethyl alcohol, three times with 5 m!. of ether, and place
in a vacuum desiccator. Evacuate for 2 minutes, release, and
evacuate again for 5 minutes. Weigh the cerium oxalate to
determine the yield through the procedure, and mount for
measurement of radioactivity.

The yield of cerium through the above procedure is usually
about 80%, and the time required is approximately 1 hour.

RESULTS AND DISCUSSION

The methyl isobutyl ketone extraction procedure was com­
pared with the eerie iodate precipitation procedure (3) by anal­
ysis for 282-day cerium-144 in 21 different samples of neutron­
irradiated uranium. The results obtained by the two procedures
agreed to within 2% for every sample. The extraction procedure
was also employed for isolation of short-lived cerium activities
from uranium fission. The separations were made shortly after
irradiation, and the procedure was modified to include the pre­
extraction with methyl isobutyl.ketone for additional removal
of neptunium-239. Decay curves showed the presence of the
known 15-minute cerium-146, 33-hour cerium-143, and 33-day
cerium-14I and confirmed the recent observatjons of Caretto
and Katcoff (4.) that no 1.8-hour cerium ->- 4.5-hour
praseodymium chain exists in fission.

Extraction with methyl isobutyl ketone is also .well suited for
convenient isolation of carrier-free cerium activity from fission
products. For this purpose, however, the extraction cycle should
be repeated to obtain good separation from zirconium, niobium,
and ruthenium (Table I). In the course of another investigation
carrier-free cerium-144 of high purity was prepared by this
method and examined in a mass spectrometer. No trace of
other rare earths was observed.

Another application for which the new procedure should be
highly satisfactory is the determination of small amounts of
cerium by radioactivation. The semitivity of this method is
proportional to the neutron flux and to the cross sect,ion for
activation. In the case of cerium as little as 10-7 gram may be
determined with an accuracy of about 5% by counting the 33­
hour cerium-143 produced in a I-day irradiation at a thermal
neutron flux of 2 X 1012 per sq. em. per second (generally avail­
able in nuclear reactors).
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Determination of Organic Soda in Aluminate
Solutions by an Ion Exchange Method
HENRI SHEHYN
Aluminium Laboratories Limited, Arvida, Que., Canada

PROCEDURE

Determination of Total Acids. Pipet a 50-m!. sample of tb
aluminate solution into a 500-m!. volumetric flask, and make u

EXPERIMENTAL EQUIPMENT AND REAGENTS

Ion Exchange Resin. Three cation exchanging resins have
been tried with synthetic solutions containing organic sodium
salts known or suspected to be present in actual Bayer solutions.
A carboxylic type was entirely unsuitable, whereas Amberlite IR­
120 was the best of the two sulfonated hydrocarbon types tried.
Typical results obtained with sodium oxalate, acetate, and
formate are summarized in Table I.

Tests carried out with sodium salts of other organic acids gaVE
similar recoveries of 100 ± 0.2%. The same applies to othel
organic compounds actually extracted from Bayer aluminatE
solutions.

Ion Exchange Column. This simply consists of a 22-mm."in·
side diameter glass tube, 550 mm. long, closed at the bottom by [
one-hole rubber stopper through which passes a 5-mm.-insidl
diameter piece of glass tubing. To this tubing, is attached I

piece of rubber tubing provided with a screw clamp which permit
starting, stopping, and the regulating of the flow. The resin i
supported by a wad of glass wool which effectively prevents an:
resin particles from passing into the effluent. This column i
filled with Amberlite IR-120 cation exchange resin to a heigh
of 330 mm.

Before using, water should be passed through the column unt
a 25-mL portion does nat require more than 1 drop of 0.11
sodium hydroxide to give a sttong alkaline reaction to pheno
phthalein. After using, the column is easily regenerated b
passing through slowly 100 m!' of 4N hydrochloric acid an
washing until acid-free with distilled water.

change resin (1), it is removed at that point and does not appear
in the effluent.

Vanadate. The case of this compound, which is always present
in Bayer solutions, is slightly more complicated for sfnall amounts
find their way into the column effluent. In an Amberlite IR-120
column, 60 to 80% of the vanadate has been found to be reduced
and retained. The soda equivalent of the amount remaining
in the effluent is very small; tests carried out on synthetic sam­
ples have indicated that this error is compensated by a small
loss of organic acids by adsorption on the precipitated alumina.

Chlorid.e and Sulfate. These follow the organic acids through­
out the procedure and the resulting hydrochloric and sulfuric
acids are titrated at the same time as the organic acids. These
two constituents must be determined in the titrated solution in
order to make the proper corrections. Sulfate is easily deter­
mined by the usual barium sulfate precipitation method. The
chloride determination is generally complicated by the presence
of traces of iodide and measurable amounts of thiocyanate.
No appreciable error is introduced by counting the former as
chloride, but the latter must be eliminated before determining
the chloride. For this purpose, the destruction of thiocyanate
by boiling with hydrogen peroxide in alkaline solution (2) has
been found most satisfactory.

andAcetate,

Found.
Organic Soda,

Mg.

52.4
78.6,78.8,78.4

130.9
130.9

Equiv. organic
soda, mg.

52.7
78.9

131.1
131.1

Recovery of Sodium Oxalate,
Formate as Organic Na2C03

Taken

CH,COONa
HCOONa

Table I.
A fast and accurate method was needed for the deter­
mination of the organic soda content of aluminate
solutions. Fluorides and phosphates are removed
with alumina by a carbon dioxide precipitation. Sub­
sequent treatment with a cation exchanger removes
the remaining cations, molybdate, and most of the
vanadate. Organic acids plus the sulfuric and hydro­
chloric acids are titrated with standard sodium hy­
dro~ide in the effluent. After sulfate and chloride have
been determined in the titrated solution, the sodium hy­
droxide equivalents are calculated and subtracted from
the titration which represents the organic soda content
of the sample. Five determinations may be corn··
pleted in one day. Increased information on the
various forms of alkali present in aluminate solutions
is made available, which is of interest for the control of
the Bayer process for obtaining alumina.

WHEN bauxite·is submitted to the Bayer process for ex­
tracting alumina, part of the small amount of humic mat­

ter present is degraded and oxidizes to acids which remain in the
aluminate solution in the form of sodium salts. The fate of
starch, sometimes used as a filter aid, is similar, so that this
addition also contributes to the organic content of aluminate
solutions. The amount of sodium thus bound to organic acids
and expressed as sodium carbonate is called organic soda. Be­
cause this form of alkali is not directly accessible to the usual
acidimetric determination of total soda, a method of determina­
tion is desirable. Until recently the organic soda content of
aluminate solutions was obtained by determining the total sodium
content of the sample by the classical zinc uranyl acetate method
and expressing the result as sodium carbonate. The total sodium
carbonate by titration and the sodium carbonate equivalents of
the sodium sulfate and sodium chloride present were subtracted
and the difference was called organic soda. Corrections for sili­
cate, vanadate, phosphate, and fluoride were neglected. This
rather unsatisfactory system was used because a thorough litera­
ture search had failed to reveal any method for determining or­
ganically bound soda in aluminate solutions.

A more direct and accurate method has now been worked out,
using an ion exchange. The principle of this method is as
follows: If the alumina is removed from a suitable aliquot
of the sample by means of a carbon dioxide precipitation and
the filtrate from this separation submitted to exchange in a
cation exchanging column, the effluent cont'ains all the acidic
constituents in the free state and thus they are accessible to
alkalimetric titration after bojling out the carbon dioxide. This
titration, corrected for the soda equivalents of the sodium sul­
fate and chloride present, is a direct measurement of the organic
soda. In practice, the following minor constituents of Bayer
solutions have to be considered.

Fluoride, Phosphate, and Silicate. Fluoride and phosphate
could be expected to be quantitatively recovered by ion exchange
and the silicate more or less completely. The presence of these
acids in the effluent would require correction. Fortunately, they
have been found to precipitate with the alumina during the carbon
dioxide precipitation and thus have been eliminated from the
system.

Molybdates. The molybdate content of aluminate solutions
is generally low. Because molybdate is reduced by the ion ex-
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to the mark with water at :20 0 C. Mix thoroughly and pipet a
25-ml. aliquot into a 250-ml. Phillips beaker. Add 50-mI. of hot
water, heat to 80 0 C. on a water bath, and pass in a brisk current
of carbon dioxide for 20 minutes.

Set an ll-cm. Whatman No. 52 paper in an ordinary funnel
placed on a Fisher Filtrator. Completely fill the paper with 2N
sodium hydroxide, allow to soak for about 1 minute, and wash
thoroughly with hot water using light suction. Discard washings
and replace receiver by a 250-ml. alkali-resistant beaker. This
prewash removes alkali-extractable compounds from the paper
and ensures constant corrections.

Filter the precipitated alumina under light suction and wash
4 to 6 times with hot water. Police the precipitation flask but
do not attempt to recover all strongly adhering alumina. Con­
centrate the filtrate to 30 to 40 mI. and c.ool to room temperature.
Reserve as filtrate I:

Open the paper contain~ng the precipitate on a flat ~u~face
(glass or plastic) and by usmg a spatula, transfer the preCIpItate
back into the precipitation flask. Add 5 mI. of IN sodium
hydroxide and a little hot water; digest to dissolve the pre­
cipitate. Dilute to 75 m!. with hot, water and reprecipitate,
filter, and wash as above. Concentrate filtrate to 30 to 40 mJ.
and reserve as filtrate II.

Cautiously introduce filtrate I into the ion exchange column
which has been washed with water to the point where a 25-m!.
portion of water run through will not require more than 1 drop of
O.IN sodium hydroxide to react strongly alkaline to phenol­
phthalein. !\. brisk evolution of carbon dioxide takes place;
when this stows down, open the screw clamp allowing the sample
to slowly displace the water in the column. Close the screw
damp and allow to stand for? minutes. Replac~ r.eceiver by a
aOO-m!. Erlenmeyer flask: prOVIded WIth a gr~un.d lomt.

During the standing period, large carbon dIOXIde bubbles form
and create gas pockets in the column. The escape of this gas
will be greatly helped by tapping or vibrating the column.

After the 5 mi.nutes have elapsed, add 25 mJ. of water to the
column and regulate the screw clamp, so as to obtain a flow of 25
mI. per minute (a slower rate does no harm). As soon as the
liquid level reaches the top of the resin layer, add another 25-mI.
ponion of water and repeat this until eight 25-mI. portions of
wash water have been used. Close the screw clamp and remove
the receiver. Add 2 to 3 glass beadfl, and attach the flask to a
reflux condenser by a ground joint. Bring to boiling and boil
briskly for 5 minutes. Remove the heat, detach the condenser,
and immediately cover the mouth of the flask with a small watch
glass. Cool in :running water. When sufficiently cool to handle
comfortably, add 8 to 10 drops of 0.1 % phenolphthalein indicator
solution and titrate with O.IN carbonate-free sodium hydroxide
solution. Deduct 0.2 m!. and record titration I: Reserve
titrated solution for determining chloride and sulfate.

After regenerating the column (or using another ready one)
proceed in the same manner with filtrate II: Titrate, deduct
0.2: mJ., and record titration II. Discard titrated solution
which is sterile in chloride and sulfate.

DetenninatioD of Sodium Sulfate. Introduce reserved solu­
tion I into a 25D-mI. volumetric flask and adjust to the mark
with water at 20° C. Mix well, and pipet a 100-m!. aliquot into
a 250-ml. beaker. Add 2 drops of methyl orange indicator solu­
tion and acidify with 12N hydrochloric acid, adding 0.5 mJ. in
excess. .Bring to boiling, and from a pipet introduce 3 mI. of IN
barium chloride solution while stirring. Boil for 5 to 10 minutes,
cover, and digest at 80 0 to 90 0 C. for 2.5 to 3 hours. Remove
from heat, add 1 drop of S & Sash-free anticreep reagent without
stirring. Filter on a 9-cm. (S & S no. 589) blue band paper.
Decant all the clear supernatant liquid before transferring
precipitate to the paper. Wash 5 times with hot water contain­
ing 1 mJ. of anticreep fluid per 500 mJ., once with alcohol or ace­
tone, and 5 additional times with hot water containing anticreep
fluid. Place the paper in a tared 15-mJ. platinum crucible, dry
at 120 0 to 130 0 C. in oven for 0.5 hour; ignite at 1000 0 C. for
0.5 hour. Cool in a desiccator and weigh.

Detennination of Sodium Chloride. Pipet a second 100-m!.
aliquot of the titrated solution into a 250-mI. Phillips beaker,
and add 12.5 m!. of 2N sodium hydroxide followed by 10 mJ. of
3uperoxol (30% hydrogen peroxide). Bring to boiling and bo!l
'or 15 minutes. Cool, add another 5 mI. of Superoxol, and bOll
Lgain for 10 minutes. Cool and transfer to a 250-mI. beaker.
\cidify with 2 mJ. of concentrated nitric acid and stir in 6 to 8 mI.
)f O.IN silver nitrate. Heat t,o boiling, stirring occasionally,
:0 coagulate the precipitated silver chloride. Cover beaker and
)lace in the dark. When the precipitate has settled, filter on a
,ared fritted filtering crucible and wash 3 to 4 times with cold
UN nitric a,dd. Dry at 125 0 to 1300 C. for 2 hours and weigh.
If so desired, the chloride may also be titrated after the per­

,xide treatment.
Calculations. The sum of titrations I and II multiplied by
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2.12 represents the sodium carbonate equivalent of all acids
titrated, expressed in grams per liter.

With the aliquoting system used above, 100/250 of the titrated
solution represents 1.0 mI. of the original aluminate solution, so
that each milligram of barium sulfate and silver chloride actually
represents 1 gram per liter. The sodium sulfate and chloride
values and their sodium carbonate equivalents are obtained as
follows:

(Mg. BaSO.) X 0.6086 = g./I. NazSO. and (mg. BaSO.) X 0,4541
. = g./1. NazCO,

(Mg. AgCl) X 0.4078 = g./I. NaCl and (mg. AgCl) X 0.370
= g./I. NaCO,

and finally:

(Na,CO, equivalent of total acids) - (Na2CO, equivalent of
Na2S0. plus NaCl) = organic-Na,CO, content in g./1.

If other sample or aliquot sizes are taken, the calculations
should be changed accordingly. .

This procedure applies to. solutions containing approximately
20 to 80 grams per liter of alumina and 230 to 270 grams per liter
of total soda. For other aluminate solutions the sampling and
aliquoting may be changed to provide suitable titrations. For
practical reasons, however, the amount of sodium carbonate
introduced into the exchange column should not exceed 0.6 to
0.7 gram. For weak solutions or wash solutions containing
phosphate and/or fluoride, it may be advisable to raise the
alumina content by adding a measured amount of pure sodium
aluminate (reagent grade) solution; this is to ensure complete
removal of fluoride and phosphate. Excessive frothing in the
column may be controlled by adding one drop of ether or a very
thin spray of Corning antifoam; the use of the former is preferred
because the latter may in time coat the resin with very hard-to­
remove silicone compound. Aluminate solutions should not be
introduced into the exchange column without first removing the
bulk of the alumina by a carbon dioxide precipitation; if this is
not done aluminium hydroxide will precipitate on the resin in the
column and cause loss in efficiency and heavy adsorption losses.
Such precipitated aluminum hydroxide is also difficult to remove
entirely.

Adding some resin to the sample before pouring into the
exchange column was not found satisfactory. The operation
was messy and led to uncertainties regarding the quantitative
washing out of the liberated acids.

ANALYTICAL RESULTS

Table II shows the results obtained by applying the method to
a number of Bayer aluminate solutions.

Table II. Reproducibility of Organic Soda Determinations
in Bayer Solutions

(Expressed as grams per liter of Na,CO.)

Sample No.
1 2 3 4 5 6 7 8 9 10 11

32.6 44.1 15.7 21.9 6.8 9.2 3.6 4.8 25.1 33.5 46.5
32.7 43.7 15.5 21.7 6.3 9.3 3.8 4.3 24.6 33.5 46.9
32.4 43.7 15.7 22.0 6.5 9.2 3.8 4.6 33.1
32.5 43.8 15.6 20.8 6.2 9.0 4.2
32.6 43.6 16.0 21.8 9.1 4.6
32.3 44.2 9.2

43.4
43.6

Av. 32.5 43.8 15.7 21. 6 6.4 9.2 3.7 4.5 24.8 33.3 46.7

Std.
dev. 0.1 0.3 0.2 0.2 0.2 0.1 0.1 0.2 0.2

The reproducibility is satisfactory and the accuracy is estimated
as· being of the same order with a slight negative bias owing to
unavoidable small losses of organic acids by adsorption on the
precipitated alumina hydrate. According to the experience
acquired in this work an analyst can easily operate five columns
at the same time and from one to five samples may be analyzed
in one 8-hour day.
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Separation of Mixtures of Tritium and Hydrogen Using Hertz Pumps
FRANK J. DUNN, JOHN R. MOSLEY, and ROBERT M. POTTER

Los Alamos Scientific Laboratory, University of California, L,os Alamos, N. M.

Figure 1. E.M.F. vs. Pressure with Fixed COIIlposition of
Hydrogen-TritiuIIl

Showing pressure dependence of e.m..f. and apparent: self-equilibrat:ion

TritiuIIl of a purity in excess of 99.9% has been pre­
pared froIIl hydrogen-tritiuIIl IIlixtures by IIleans of a
12-Hertz-puIIlP systeIl1 and a 16-pUIIlP systeIIl eIIlploy­
ing continuous gas flow. Satisfactory separations were
accoIIlplished at pressures greatly in excess of those
described by other workers.

HYDROGEN-3, or tritium, has in recent years become
, available for experimental purposes. This paper describes

a method suitable for obtaining isotopically pure tritium in
quantities satisfactory for many laboratory purposes. Perform­
ance data pertinent to the operation of the two systems are
given.

In the analysis of tritium-hydrogen mixtures it was found that
the equilibration of such mixtures, according to the equation

H. + T.;::::: 2HT

posed a problem. T):lis reaction proceeds at room temperature
with a measurable velocity, and its course can be followed by the
thermal conductivity method of analysis. Therefore, in order to
obtain unambiguous analyses it was necessary to charge the analy­
sis cells only with gas mixtures which had already undergone
equilibration. This reaction probably occurs via a free-radical
mechanism, induced by the radioactivity of tritium. It is known
that the analogous equilibration of hydrogen and deuterium can
be accelerated by exposure to external radiation (3). Figure 1
illustrates the practical effect of this self-equilibration on analysis
by thermal conductivity. For this figure, the self-equilibrated
points were obtained by allowing a gas mixture to stand at 35 0 C.
until several successive thermal conductivity analyses became
constant. This equilibrated mixture was reacted with cold,
finely divided uranium, and then rc-evolved by pumping at low
pressure on the warm (approximately 175 0

) hydride. Fractiona­
tion of the mixture was avoided by evolution and analysis of the
entire gas sample. A change in the analyses after this treatment
might be expected because of equilibration at different tempera­
tures, but none was observed, possibly because the time required
for evolution was sufficiently long for self-equilibration by fJ­
particle action to mask a small change.

This self-equilibration also means that the separation of a
hydrogen-tritium mixture containing little hydrogen is primarily a

eM.

F,:O
Eo 1""1 ELECTRIC HEATERS rI

Figure 2. Hertz PUIIlp Separation Line

separation of tritium and HT molecules, so that the differences in
physical properties favorable to separation are reduced. Even
so, the mass ratio of 6 to 4 is still considerably more favorable
than one ordinarily encounters in isotope separations.

Another difficulty attributable to the fJ-decay of tritium is that
the helium-3 produced in uranium tritide is removed completely
only with difficulty. For this reason, freshly prepared uranium
tritide was used to minimize helium content.

EXPERIMENTAL PROCEDURE

Apparatus. The diffusion pumps employed (Figure 2) were
described by Sherr (4, 5), who modified Hertz's earlier pumps
(2). In the static separation line, 12 such pumps were con­
nected in series, the first and last pumps being connected also
to bulbs of 400-ml. volume (later increased to 1 liter). Pro­
vision was made for the introduction and removal of gas at either
end and at the center of the line. The initial charge for the line
was obtained from uranium hydride storage furnaces and trans­
ferred by automatic Toepler pumps. .The operation of these
pumps was controlled by an RF oscillator circuit, in order to
eliminate glass to metal seals. Coils wrapped around the inlet
and outlet arms of the Toepler pumps changed in inductance
as mercury filled these arms, interrupting the oscillation and
thereby operating the appropriate solenoid valves. In the
event of an accident, these controls would not provide the spark
necessary to ignite a hydrogen-air mixture. When the line and
end volumes contained gas at the desired pressure, the pumps
were started. After equilibration was established, the end
volumes were isolated from the rest of the line by stopcocks and
their contents transferred to the analysis system, using Toepler
pumps. The line was then ready for refilling.

In the 16-pump, continuous-flow system these interruptions
were unnecessary. Feed gas was continuously supplied by a
uranium furnace maintained at a temperature sufficiently high
to supply gas at the desired pressure. The end volumes were
absent, having been replaced by ceramic variable leaks. The
back pressure in these controlled leaks was maintained at 20 to
50 microns by Toepler pumps, which transferred the enriched
or depleted gas into storage uranium furnaces. When mixtures
richer than 95% tritium were being further purified, the light-end
controlled leak was ordinarily closed entirely and feed gas was
introduced at this end. The lighter gases were simply allowed
to accumulate in the end pumps and in the feed uranium furnace
for the duration of the run.

Analysis. Two analytical procedures were employed in these
experiments: thermal conductivity and mass spectrometry.
For the thermal conductivity measurements, Leeds and Northrup
thermal conductivity bridges, with the cells modified to reduce
their volume to 10 ml., were used. An improvement in thiE
apparatus was the addition of a photoelectric servo-mechanism,
which made precise control of the bridge current possible (1).
With this control, anfllyses were reproducible to ±0.02%.

o
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RESULTS

The literature dealing with Hertz pump separations has in­
variably stressed the necessity of operating such pumps at low
pressures (2, 4, 5). This leads to low over-all separation rates,
because the volume of gas obtained at the completion of a run is
small. Consequently, once the lines were known to perform
satisfactorily at low pressures (5 to 8 mm. operating pressure), a
series of experiments on the static line was undertaken to deter­
mine the highest pressure at which a useful separation rate was

To test the behavior of the separation and analysis systems,
several experiments were made with hydrogen-deuterium mix-­
tures. As a result of these experiments, it was believed that if
90 to 95% tritium were cycled through the line several times, the
heavy-end product would be essentially pure tritium. Using
pure tritium obtained in this manner, mixtures of tritium­
hydrogen of accurately known. composition were prepared and
used to calibrate the thermal conductivity cells. For con­
venience, curves of e.m.f. against composition and e.mJ. against
pressure at fixed composition were constructed, so as to simplify
the interpolation. In general, j;he pressures employed for anal­
ysis were approximately 140 mm. Figures 1 and 3 are calibra­
tion curves constructed in this manner.

The fact that correct results were obtained by this procedure
was subsequently indicated by comparison with mass spectrom­
eter analyses (thermal conductivity 99.44 ± 0.02% tritium,
mass spectrometer 99.44 ± 0.05% tritium). Another independ­
ent check was made with the cooperation of Louis Rosen, who
measured proton-proton scattering of a sample using the Los
Alamos cyclotron (thermal conductivity 98.60 ± 0.02% tritium;
proton-proton 98.8 ± 0.2% tritium).

The agreement among the three methods of analysis led to
the belief that in the thermal conductivity method interpolation
was possible even at the higher tritium concentration end of the
curve. Since this is the case, the tritium whose thermal con­
ductivity was unaffected by flubsequent reprocessing in the
Hertz pump line was substantially pure.
Th~ mas~ spectrometer employed was a Consolidated-Nier

Model 201. For these analyses, samples were withdrawn from
the systems and transported to ·the mass spectrometer in sample
bulbs fitted with greased pressure stopcocks. Although the
authors' experience indicated that it was advantageous to mini­
mize the time during which highly purified tritium was exposed
to stopcock grease (Apiezon type N), because of the radio­
activity-induced exchange, this method of. analysis was fre­
quently used for samples obtained from the continuous-flow
line. Because comparatively small gas samples were required,
the operation of this line could then be more easily controlled.

Typical Separation Data for TritiuD1­
Hydrogen in Static Line
(End volumes. each 1000 mI.)

Tritium, %

100

2.5-3
20-25
300

9080706050

"loT

403010 20

Time, hours
Operating pressure (measured in center of line), mm.
Heat input (pumps insulated). watts/pump

0.05

0.04

0.03

0.02

~
0.01

0 0::
"' 0.01

""' 0.02

0.03

0.04

0.05
0

ACKNOWLEDGMENT

The authors wish to express their indebtedness to P. "V.
Byington, of this laboratory, for the design and construction of
thl? oscillator controls.

Under these conditions, it was possible to obtain 25 m!' (stand­
ard temperature and pressure) of enriched tritium per run. The
average rate of gas removal from the continuous-flow line was
150 m!' (standard temperature and pressure) per day, compared
with 50 m!' per day with the manual line, even though the operat­
ing pressure was considerably lower in the former. This advan­
tage results in part from the fact that the former was run continu­
ouslyand from the relatively few interruptions necessary to re­
charge or remove gas from the uranium furnaces, as compared to
removal from the glass end volumes ot the static line. Tables I,
II, and III contain examples of the separations obtained in a
number of runs under varying conditions of operation. Separa­
tion factors are not included in these tables because conditions
were adjusted to obtain satisfactory separation rates. As a re­
sult, the separation factors vary.

to be obtained. Surprisingly, it was found that a much higher
running pressure could be used wi~h modl?rately longer running
times. Subsequent static runs were therefore made at operating
pressures of 20 to 28 mm., with running times of 2.5 to 3 hours.
Runs could not be made at pressures above 35 mm. because
enough heat could not be provided to obtain mercury vapor jets.
(Operating pump pressures were those measured while the pumps
were running. The difference between "operating" and "ini­
tial"-i.e., room temperature--pressures was greater than could
be attributed solely to temperature change of the gas. The dis­
crepancy was attributed to the fact that, in operation, the stream
of mercury vapor in the individual pumps efficiently expelled
the gas above the liquid mercury surface, largely compressing
it into the lines between the pumps.)

The following conditions were found to be satisfactory for the
operation of the static line when I-liter end bulbs were installed:

Figure 3. E.M.F.I'S. TritiuD1 Concentration

P - 140 nun. Hg

Light
end

10
41
65

Not removed
Not removed

Heavy
end

75
99
99.8
99.5
99.9+

44
85
96.5
97
99.'l

Starting
material

18.5
29.7
20.5
22.0
13.6

Typical Separation Data for Hydrogen­
Deuterhun in Static Line

30
400 X 2 (total line volume =

4000 mI.)
8
55 D, 45 H
99.5 H
99.0 D

Pressure,
Mm.

Table II.

Time, D::lin.
End vo:tumea, mt

Operating pressure, mm.
Initial mixture, (ro
Light end analysis. %
Heavy end analysis, %

Table I.

Running
Time,

Hr.

2.5
2.5
5.0

12.0
47.5

Table III. Separation Data for TritiUD1-Hydrogen in
Continuous-Flow Line

Flow Tritium, %
Pressure, Rate. Initial Heavy Light

Mm. MI./Min. gas end end

9.8 0.064 95.85 99.75 Not removed
8.3 0.053 99.1 99.7 Not removed
8.4 0.120 979 99.44 89.5
5 0.015 98.9 99.56 Not removed
3 0.015 989 99.65 Not removed
8 0.052 98.9 99.61 Not removed
9 0.072 99.2 99.87 Not removed
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Colorimetric Determination of o-Hydroxyphenylacetic
Acid in Samples from Penicillin Fermentations
S. C. PAN

The Squibb Institute for Medical Research, New Brunswick, N. J.

Estimation of the amount of o-hydroxyphenylacetic
acid in penicillin samples is necessary in the purifica­
tion of penicillin. Most of the known methods for
determining phenols cannot be used for this purpose
in the analysis of penicillin fermentations, as it is dif­
ficult to differentiate the acid from nonphenolic inter­
fering substances contained in the fermentation me­
dium. A colorimetric method based on Stoughton's
nitrosation method for phenols.was developed in which
the interfering substances produced a color intensity
so low that it affected the analytical result negligibly.
The procedure described is simpler and mOre sensitive
than Stoughton's original method and can deter~ine

as little as 3 'Y of o-hydroxyphenylacetic acid in a peni­
cillin sample.

T HE occurrence of o-hydroxyphenylacetic acid in the mother
liquors left after the crystallization of potassium penicillin

has been reported by King and Hambly (4) and by Nishikida
(7).. It is apparently a product oLphenylacetic acid metabolism
during penicillin fermentations, because these two compounds
are closely related in structure and phenylacetic acid is widely
used as a precursor for the biosynthesis of penicillin G (1, 9).
Since the occurrence of o-hydroxyphenylacetic acid creates a
purification problem in penicillin manufacture, a method for
its estimation in samples of fermentation media or crude penicil­
lin 'has been urgently needed.

o-Hydroxyphenylacetic acid is phenolic in nature and can
apparently be determined by a number of known methods (6).
Preliminary tests revealed, however, that most of these methods
cannot be adapted to the analysis of samples from penicillin
fermentations, inasmuch as there is no simple way of differentiat­
ing o-hydroxyphenylacetic acid from nonphenolic interfering sub­
stances contained in the fermentation medium. After some
experimentation, a method based on the same principle as that
of the method proposed by Stoughton (11) for phenols was de­
veloped and was found to be satisfactory. The color intensity
developed from the interfering substances in a penicillin fermen­
tation medium \vas so low that it affected the analytical .result
to an almost negligible extent.

Stoughton's original method (11) involves the conversion of
phenols in an acetic acid solution into p-nitrosophenol (quinone
monoxime), which exhibits a bright yellow color when the solution
is neutralized with excess alcoholic ammonia. Different modifica­
tions have been proposed (5, 10, 12) and the method has been ap­
plied to the analyses of a number of different materials, including
petroleum products (5, 12) and phenolic resins (2). As it is
known that the nitrosation of phenols can be easily carried out
in dilute aqueous acid solutions (3), attempts were made to modify
the method by carrying out the reactions entirely in an aqueous
medium. As a result of such a modification, it was shown that
not only can the procedure be simplified, but the method can be
made somewhat more sensitive. As little as 3 'Y of o-hydroxy­
phenylacetic acid can be accurately determined by the procedure
described.

EXPERIMENTAL

Test Solutions and Reagents. STANDARD O-HYDROXYPHENYL­
ACETIC ACID SOLUTION. The acid" was dissolved in water to a

65

concentration of 1 mg. per m\. This stock solution was further
diluted to 40 'Y per m\. with water.

SODIUM NITRITE SOLUTION. 4 grams in 100 m\. of water.
AMYL ACETA'l'E. Amyl aeetate from Eastman Organic

Chemica.ls Division was used without further purification...
Calibration Curve. After a few preliminary tests, the follow­

ing procedure was developed for completing the color reaction.
Transfer by means of pipets duplicate aliquots of standard 0­

hydroxyphenylacetic acid solution, representing 0, 4, 8, 16, 24,
32, and 40 'Y to absorption tubes for the Evelyn photoelectric
colorimeter. Make up the. yolume to 1.0 m\. with water in each
case. Add 1.0 m\. of 2N sulfuric acid, followed by 0.1 m\. of
the sodium nitrite solution. Keep the tubes loosely corked and
heat in a boiling water bath for 10 minutes. Cool, and add 5 m\.
of 1 to 3 diluted ammonium hydroxide solution (aPilroxiIIlfttely
5N). Read the per cent transmittance in the Evelyn colorim­
eter equipped with a 42Q-m/L filter. Set the tube containing
only the reagents at 100% transmittance.

A plot of per cent transmittance against the amount of 0­
hydroxyphenylacetic acid used is shown in Figure 1. The yellow
color follows Beer's law up to a concentration of 30 'Y per 7 m\.
of the reaction mixture. There is a deviation from the straight
line at o-hydroxyphenylacetic acid concentrations higher than
30 'Y per 7 ml. of reaction mixture. but the error introduced
through this deviation amounts to less than 5% up to 40 'Y of
o-hydroxyphenylacetic acid.
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O-HYDROXYPHENYLACETIC ACID I'G.
Figure 1. Calibration Curve for Determi­

nation of o-Hydroxyphenylacetic Acid

Per cent transD1.ittance deterntined wit.h a 420-111J,l
filter

Each step in the foregoing procedure was studied in some detail.
For maximum color production, 10 minutes' heating in a boiling
water bath was shown to be necessarv. When the reaction was
allowed to proceed at room temperature, a reaction time of 60
minutes produced a far lower color intensity than was obtained
after heating. The color intensity increased with increase in
sulfuric acid concentration, reaching a plateau at IN. Sodium
nitrite concentrations lower than that specified lowered the color
intensity slightly while higher concentrations tended to destroy
the colored complex. Other alkalies could be used in place of
ammonium hydroxide, but the calibration curves obtained were
not as satisfactory. In agreement with Stoughton's result (11),
the color developed was exceedingly stable. Identical transmit­
tance readings were obtained before and after the colored solution
was allowed to stand overnight at room temperature.

Specificity of the Color Reaction. Phenylacetic acid and peni­
cillin G, both nonphenolic in nature, were found to yield ab-
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93 a
99 8

93.3
399.0

113.0
418.7

adapted for use in the Evelyn photoelectric colorimeter, add 0.1
mi. of O.IN sodium hydroxide solution, and evaporate the whole
contents to dryness in a50° to 70 0 C. water bath under a gentle
current of air. Dissolve the dried residue in 1 m!. of water and
then follow the procedure as described in the section on the cali­
bration curve.

Instead of obtaining complete extraction of o-hydroxyphenyl­
acetic acid by repeated .shaking with solvent, a procedure con­
sidered too long and involved, the distribution coefficient was
carefully determined. For convenience, the percentage of
o-hydroxyphenylacetic acid extracted after shaking once with
the solvent was used to express the distribution coefficient and
is termed extraction efficiency in' this report.

Data collected in determining the extraction efficiency for
pure o-hydroxyphenylacetic acid in an aqueous solution and in
estimating the amount of interfering substances which were
extracted from samples of penicillin fermentation media are
summarized in Table 1. With 2.5 volumes of amyl acetate per
volume of aqueous solution, the extraction efficiency varied
somewhat with the initial concentration of the o-hydroxyphenyl­
acetic acid. However, within the range of 50 to 500 'Y pel' mI.,
the extraction efficiency varied between 84 and 89%. An average
value·of 86% could obviously be used as a corr~ction factor and
the errors introduced would be within ±3%.

Data summarized in Table I also showed that when an unfer­
mented cornsteep liquor.medium was extracted and tested in the
same way, the color intensity produced depended upon the
amount of cornsteep liquor used in the medium. However,
even with 3.5 grams of cornsteep solids per 100 m!. of medium,
a color intensity equivalent to less than 35 'Y of o-hydroxyphenyl­
acetic acid per m!. was observed. When such a medium was
fermented with Penicillium chrysogenum (Wis. strain No. 49­
133), for 4 days and tested again, the color intensity was even
lower (17 'Y per mI.). Therefore, when analyzed with this
method, substances in a cornsteep medium which behaved like
o-hydroxyphenylacetic acid amounted to an almost negligible
value either before or after penicillin fermentation. This' is
again an essential requirement in order to make the method
applicable to the analysis of fermentation samples.

The extraction efficiency could be increased to 90% or higher
by saturating the aqueous phase with anhydrous sodium sulfate
and using a larger volume of amyl acetate. However, the color
intensity from interfering substances was also greatly increased
by such a treatment. This disadvant.age overbalanced any
gain in the extraction efficiency.

Recoveries. Recovery of o-hydroxyphenylacetic acid added
to samples of unfermented and fermented cornsteep media was
studied with the extraction procedure described. The results
are summarized in Table II. The recovery values, calculated
on the assumption that the extraction efficiency was 86% in every

Apparent
o-Hydroxy- o-Hydroxy-
phenylacetic o-Hydl'oxy- o-Hydroxy- phenylacetic

Acid in phenylacetic phenylacetic Acid
Sample b , Acid Added, Acid Found. Recovered e, Recoveryd,

'lIM!. 'lIM!. 'lIM!. 'lIM!. ':70
20.9 100 117.4 96.5 96.5
20.9 400 421.0 400.1 100.0

31.4 100 131.6 100.2 100 2
31.4 400 437.4 406.0 101 .5

16.3 100 109.4 93.1 93.
16.3 400 412.5 396.2 99.

Ex­
traction b

Efficiency,
%

84.0
86.2
89.0

Recm'ery of o-Hydroxyphenylacetic Acid Added to PenicilHn Fermentation
Media

14-18

27-35

o-Hydroxy­
phenyl­
acetic
Acid

Found,
'lIM!.

42
216
448

Sample"
Unfermented cornsteep

medium I

Unfermented cornsteep
medium II

Cornsteep medium I
fermented 72 hours

Cornsteep medium II 19.7 100
fermented 120 hours 19.7 400

a Same samples as described in footnotes of Table I.
b A correction factor for extraction efficiency, 86%, has been applied in calculation to obtain these values.
e Values obtained by subtracting column 1 from column 3.

. column 4
d Values obtamed here by column 2 X 100.

Table II.

Samples

Ext.raction" of o-Hydroxyphenylacetic Acid and
Interfering Substances by Amyl Acetate

Init.
o-Hydmxy­

phenyl­
aeetic
Acid

CODeD.,
'lIM!.

50
:?50
,lOO

solutely no color in this test. This is, of course, of great impor­
tance for applying the method to the analyses of samples from
penicillin fermentations, as phenyhwetic acid and penicillin G
are invariably present in these samples.

In agreement with earlier report:; (5, 11), different phenolic
compounds produced different color intensities. Of about a
dozen phenolic substances tested, however, none was found to
produce as high a color intensity as o-hydroxyphenylacetic acid.
The color inten.sity produced by phenol itself amounted to 66%
and that by p-hydroxyphenylacct:ic acid, the side chain acid of
penicillin X, amounted to 25% of that produced by o-hydroxy­
phenylacetic acid on an equal molar basis. Phenolic substances
which ,,"ould interfere with the anaJysis are apparently present
to only a negligible extent in a cornsteep medium either beforc
or after fermentation by peniciliin-pTOducing fungi (see belo,,").

Water
Water
Water
Unfermented cornsteep

medium Ie
Unfermented cornsteep

medium TId
Fermented cornsteep

medium 6 17.0
a A i-m!. sample was mixed with 1 ml. of IJ.V H 2S04 and extracted with

5 ml. of amyl acetate.
b Extraction efficiency denotes percentage of o-hydroxyphenylacetic acid

extracted after shaking once with solvent.
, The medium contained 2% cornsteep solids. 2% lactose. and 1% CaCO,.
d The medium contained 3.5% corfif,teep solids, 3.5% lactose. and 1%

CaCO,.
e Cornsteep medium II fermented with P. chryso(jenum strain Wis. 49-133

for 96 hours. :r\'0 phenylacetic acid was added as precursor during the fer­
mentation,

Table J.

Extraction of o-Hydroxyphenylacetic Acid. In order to sepa­
rate the o-hydroxyphenylacetic acid from other ingredients of a
cornsteep liquor medium, extract.ion by a suitable solvent was
apparently a feasible means. Preliminary tests showed that a
number of solvents could be uSljd for this purpose. Among all
the solvents tested, amyl acetate was chosen because it extracted
the least amount of interfering substances contained in an unfer­
mented cornsteep medium.

The procedure finally adopted for extracting the o-hydroxy­
phenylacetic acid from samples of fermentation media is as
follows:

Transfer by means of a pipet a I-m!. sample of cell-free filtrate
into a 5 X '/a inch test tube. Add 1 m!. of IN sulfuric acid and
5 ml. of amyl acetate. Shake
the tubes vigorously for 30
seconds, uHing thumb as
stopper. [The same general
extraction pl'Ocedure as used­
in similar extraction methods
developed in this laboratory (8)
was followed.] Other con-
tainers-e.g., volumetric flasks
equipped with ground glass
stoppers--e.an also be used, but
the use of rubber stoppers or
corks must be avoided. POUl'
the contents into 5 X "Is inch
'test tubes aft.er shaking. in case
other containers are useo.
Centrifuge the tubes for 5 min­
ut.es to secure a satisfactory
separation of the two layers.
Pipet an aliquot of the amyl
acetate extract containing 3 to
30 'Y of o-hydroxyphenylacetic
acid into an absorption tube
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ease, ranged from 93.1 to 101.5%. This was considered satis­
fa(:tory.

\Yhen the apparent o-hydroxyphenylaeetie acid in the samples
(column 1, Table II), which represents the interfering substances,
is not subtracted from the o-hydroxyphenylacetic acid found
(column 3, Table II), as is true in the analysis of unknown I

samples, the analytical results obtained are necessarily higher
than the true o-hydroxyphenylacetic acid content. The effect
of these unavoidable errors naturally depends upon the o-hydroxy­
phenylacetic acid content. "Vhen this value is 400 'Y per ml. or
higher, the error introdueed is less than 5% and can be con­
sidered negligible for most practical purposes. As has been
mentioned, when the samples are tested with other known
methods for phenols-e.g., the use of Folin's phenol reagent
(6)-the values for the interfering substanr:es are so high as to
invalidate the significance of the analytical results.

Analysis of Potassium Penicillin Samples. Since crystalline
potassium benzyl penicillin is prepared by amyl acetate extrac­
tion of fermentation broth, the extraction procedure as described
for fermentation samples can obviously be omitted. Direct
applk'ation of the procedure as described in the section on the
calibration curve to samples of potassium penicillin has been
shown to be entirely satisfactory.

DISCUSSION

It is obvious from the nitrosation proceaure described that the
present method is much simpler than the original method pro­
.posed by Stoughton (11). When o-hydroxyphenylaceticacid
was tested with Stoughton's method according to the procedure
described by Savitt et al. (10), the color intensity produced
was equal to approximately two thirds of that obtained with the
present method. Since different phenols produce different color
intensities, it seems entirely possible that the present method
works especially well with o-hydroxyphenylacetic acid. For
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other phenols, Stoughton's original method or other modifICa­
tions (5, 10) might be preferred.

The present method has been developed on the basis that
the interfering substances contained in samples from fermenta­
tions of cornsteep medium by penicillin-producing fungi amount
to an almost negligible value. This, of course, might not be true
with samples of an entirely different nature--e.g., blood, urine,
etc.-it is not known whether the present method can be applied
to these samples,
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Use of Mixed Adsorbents in Chromatographic Separation of
Organic Compounds
JACK K. CARLTON and WALTER C. BRADBURY

Department of Chemistry, University of Arkansas, Fayetteville, Ark.

A nunlher of organic compounds representing several
ditJ'erent classes have been adsorbed on binary mixtures
of cOlnmonly used adsOl·hents. Measured R i values
indicate that adsorption is either representative of the
mixture, in which case the R i value varies with per­
centage composition, or, adsorption is characteristic of
one component of the Inixture while the second com­
ponent serves as diluent. With mixtures of boron oxide
and silicic acid an unusual interaction took place re­
sulting in an adsorption strength higher than either of
the pure components 'and selective toward amines.

THERE is an ~b~nda~ce of information available regardiI.lg
, the characterIstIcs of pure adsorbents and the manner III

which adsorption takes place on some of them. Cassidy (1)
and Strain (6) give a thorough discussion of this material.

Smith and LeRosen (5) utilized two adsorbents for the indirect
determination of Ri values. They employed the technique of
placing one adsorbent in its pure form on the bottom of the
eolumn, then packing a second pure adsorbent directly above it.
An adsorptive was chroma-tographed on this column and the ~p-

parent R j value on the lower adsorbent noted. From the dif­
ference between the apparent R j value on the lower adsorbent
and that obtained on the lower adsorbent in its pure form, the
R, value can be calculated on the upper adsorbent. The method
has been found useful for colored adsorbents, such as charcoal,
on which zones cannot be detected by the direct application of
streak reagents.

The present study was made in order to determine the manner
in which selected organic compounds behave on adsorbent mix­
tures as evidenced by their R, values on the·mixtures. Further,
the data obtained from this investigation should afford the prac­
tical chromatographer a variety of adsorbents from which to
choose in undertaking a particular separation.

In using mixed adsorbents adsorption would be expected to
follow one of two general patterns. Adsorption strength would
be characteristic of one or the other of the two adsorbents in the
mixture and would be of about the same magnitude as that of the
pure adsorbents. The other adsorbent would act as diluent for
the active one. Alternatively, there would be a competition
between the two adsorbents in which the resultant adsorption
would be characteristic of the mixture and would vary with per­
centage composition of the mixture. This could be predicted
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for a certain few adsorptives on adsorbents of nearly the same hyde, n-amyl alcohol, nitrobenzene, andn-decylamine were puri-

donor and acceptor strengths. fied by distillation. Phenol, Mallinckrodt, analytical reagent,
was used without further purification.

Adsorbents. Silicic acid, Merck, reagent grade
REAGENTS Florisil, Floridin Co.

Calcium carbonate, Merck, reagent grade
Benzene, Merck reagent grade, was used as developer and as Boron oxide, Eastman Kodak Co., practical

solvent in preparing O.OlM solutions of the various adsorptives. Magnesium oxide, C.P., J. T. Baker Chemical Co.
Adsorptives. Ethylaniline, climethylaniline, aniline, methyl Calcium hydroxide, C.P., J. T. Baker Chemical Co.

amyl ketone, methyl p-tolyl ketone, butyraldehyde, benzalde- Aluminum oxide, Merck, reagent grade

Table I. RI Values of Different Adsorptives on Mixed Adsorbents
ProJOortions by Weight Streaka Proportions by Weight Streaka

Mixture 0/100 20/80 40/60 60/40 80/20 100/0 Reagent Mixture 0/100 20/80 40/60 60/40 80/20 100/0 Reagent

Methyl amyl ketone n-Amyl alcohol (continued)

Alumina/Florisil 0.10 0.22 0.28 0.33 0.39 0.41 I CaCO,/Ca(OH), 0.69 0.93 0.92 0.90 0.90 0.92 6
MgO/silicic acid 0.00 1.00 1.00 1.00 1.00 1.00 2 CaCO,/MgO 0.60 0.88 0.91 0.88 0.91 0.88 6
B203/silicic acid 0.00 0.00 0.00 0.00 0.00 1.00 1 Florisil/B,O, 0.37 0.34 0.34 0.36 0.41 6
B,O,/Florisil 0.10 0.17 0.25 0.28 0.34 1.00 1 Silicic acid/B,O, 0.18 0.16 0.17 0.13 0.17 6
B,O./Alumina 0.41 0.52 0.53.0.67 0.71 1.00 1 CaCO,/B,O, 0.80 0.88 0.88 0.90 0.88
Silicic acid/Florisil 0.10 0.00 0.00 0.00 0.00 0.00 1
Silicic acid/alumina 0.41 0.39 0.33 0.13 0.00 0.00 1 Methyl-p-tolyl ketone
CaCO./silicic acid 0.00 0.00 0.00 0.00 0.00 1.00 2

Silicic acid/CaCO. 1.00 0.80 0.74 0.65 0.62 0.59 2Ca(OHJ,/silicic acid 0.00 0.00 0.00 0.00 0.00 1.00 2
Zna.-ilicic Cfid 0.00 0.00 0,00 0.00 0.00 1.00 2 Silicic acid/Ca(OH), 1.00 0.88 0.80 0.63 0.58 0.59 2
CaCO,/Mg 1.00 1.00 1.00 1.00 1.00 1.00 2 Silicic acid/MgO 1.00 0.95 0.81 0.71 0.59 0.59 2
Ca(OH),/MgO 1.00 1.00 1.00 1. 00 1.00 1.00 2 Silicic acid/alumina 0.51 0.51 0.53 0.55 0.53 0.59 1
CaCO,/Ca(OH), 1.00 1.00 1.00 1.00 1.00 1.00 2 Silicic acid/Florisil 0.64 0.58 0.53 O.5\! 0.60 0.59 1
CaCO,/Florisil 0.10 0.12 O. I4 0.14 0.14 1.00 2 Florisil/alumina 0.51 0.50 0.50 0.52 0.53 0.64 1
Ca(OHJ,/Florisii 0.10 0.12 0.12 0.12 0.12 1.00 2 Florisil/MgO 1.00 0.85 0.77 0.73 0.55 0.64 2
1\1g0/Florisil 0.10 0.12 0.12 0.12 0.14 1.00 2 FlorisiI/Cai?H)2 1.00 0.85 0.77 0.70 0.59 0.64 2

Florisil/Ca 0, 1.00 0.81 0.70 0.69 0.64 0.64 2

Dimethylaniline
Alumina/MgO 1. 00 0.85 0.75 0.57 0.56 0.51 2
Alumina/Ca(OH) , 1.00 0.74 0.70 0.62 0.54 0.51 2

Silicic acid/alumina 0.76 0.8] 0.73 0.71 0.67 0.56 2.3.4 Alumina/CaCO, 1.00 0.78 0.64 0.56 0.51 0.51 2
Silicic acid/CaCO, 1.00 0.97' 0.93 0.80 0.75 0.56 2 Alumina/B,O, 1.00 0.66 0.63 0.53 0.52 0.51 1
Silicic acid/M gO 1.00 1.00 1.00 0.79 0.77 0.56 2 Silicic acid/B,O, 1.00 0.71 0.68 0.65 0.62 0.59 1
Silicic acid/B,O, 1.00 0.00 0.00 0.00 0.00 0.56 3 Florisil/B,O, 1.00 0.70 0.(;8 0.66 0.56 0.04 1
FJorisil/MgO 1.00 0.96 0.80 0.64 0.54 0.50 2 B,O,/MgO 1.00 1.00 1.00 1.00 1.00 1.00 2
Florisil/B,O, 1.00 0.00 0.00 0.00 0.00 0.50 3 MgO/CaCO, 1.00 1.00 1.00 1.00 1.00 1.00 2
Florisil/CaCO, 1.00 0.70 0.58 0.55 0.53 0.50 2 CaCO,/Ca(OH), 1.00 1.00 1.00 1.00 1.00 1.00 2
FlorisiI/Ca(OH), 1.00 0.9'1 0.70 0.62 0.54 0.50 2

B utyraldehydeB,O,/alumina 0.7(; 0.24 0.30 0.40 0.46 1.00 2
MgO/Ca(OHh 1.00 1.00 1.00 1.00 1.00 1.00 2 Silicic acid/Florisil 0.(;7 O.G7 0.G7 0.(;3 0.5f1 0.56 1.2
MgO/CaCO, 1.00 1.00 1.00 1.00 1.00 1.00 2 Silicic acid/alumina 0.48 0.49 0.49 0.53 0.52 0.56 1.2
CaCO,/Ca(OH), 1.00 1.00 1.00 1.00 1.00 1.00 2 Silicic acid/CaCO, 1.00 0.90 0.7(; 0.(;7 0.(;1 0.5(; 2
Silicic acid/FJ.orisii 0.50 0,61 0.61 0.64 0.(;5 0.56 2.3,4 Silicic acid/Ca(OH), 1.00 0.91 0.81 0.72 0.64 0.56 2
B,O,/CaCO, 1.00 1. 00 1.00 1.00 1.00 1.00 2 Silicic acid/MgO 1.00 0.90 0.75 0.63 0.56 0.5(; 2
B,O,/Ca(OH), 1.00 1.00 1.00 1.00 1.00 1.00 2 Silicic acid/B,O, 1.00 0.72 0.65 0.59 0.57 0.56 1.2

Florisil/alumina 0.48 0.57 0.59 0.63 0.67.0.67 1,2
Phenol Florisil/CaCO, 1.00 0.87 0.83 0.83 0.78 0.67 2

Silicic acid/B203 1.00 0.46 0.40 0.34 0.37 0.31 5.2
FlorisiI/Ca(OH); 1.00 0.91 0.86 0.76 0.72 0.67 2
Florisil/MgO 1.00 0.91 0.83 0.75 0.71 0.67 2

Silicic acid/e.l.umina 0.00 0.00 0.00 0.11 0.15 0.31 2 Florisil/B,O, 1.00 0.91 0.77 0.69 0.66 0.67 1,2
Silicic acid/MgO 1.00 0.4.4 0.42 0.36 0.33 0.31 2 Alumina/CaCO, 1.00 0.90 0.79 0.58 0.52 0.48 2
Silicic acid/CaCO, 0.7.5 0.59 0.51 0.49 0.44 0.31 2 Alumina/Ca(OH), 1.00 0.96 0.91 0.70 0.57 0.48 2
Silicic acid/Ca(OH), 0,93 0.45 0.44 0.37 0.33 0.31 2 Alumina/MgO 1.00 0.96 0.87 0.72 0.60 0.48 2
Silicic acid/Florisil 0.33 0.31 0.33 0.31 0.32 0.31 5,2 Alumina/B,O, 1.00 0.76 0.70 0.66 0.54 0.48 1,2
Florisil/alumina 0,00 0.00 0.00 0.00 0.14 0.33 2 CaCO,/Ca(OH), 1.00 1.00 1.00 1.00 1.00 1.00 2
Florisil/B,O, 1.00 0,78 0.65 0.62 0.56 0.33 2 CaCO./MgO 1.00 1.00 1.00 1.00 1. 00 1.00 2
Florisil/MgO 1.00 0,44 0.42 0.3(; 0.34 0.33 2 MgO/Ca(OHh 1.00 1.00 1.00 1.00 1.00 1.00 2
Florisil/Ca(OH), 0.93 0.43 0.40 0.41 0.35 0.33 2 CaCO,/B,O, 1.00 1.00 1.00 1.00 1.00 1.00 2
Florisil/CaCO, 0.75 O.G4 0.47 0.44 0.40 0.33 2
CaCO,/Ca(OHh 0.93 0.82 0.79 0.82 0.84 0.75 2 Nitrobenzene
MgO/Ca(OH), 0.93 0,86 0.85 0.85 0.88 1.00 2
MgO/alumina 0.00 0.00 0.00 0.00 0.14 1.00 2 Silicic acid/Florisil 0.94 1.00 1.00 1.00 00 1.00 7.8
Alumina/B,O, 1.00 0.15 0.00 0.00 0.00 0.00 2 Silicic acid/MgO 1.00 1.00 1.00 1.00 .00 1.00 7,8
Alumina/Ca(OHh 0.93 0.14~ 0.00 0.00 0.00 0.00 2 Silicic acid/CaCO, 1.00 1.00 1.00 1.00 00 1.00 7.8

Silicic acid/B,O, 1.00 1.00 1.00 1.00 1.00 1.00 7,8
Benzaldehyde Florisil/alumina 0.93 0.98 0.95 0.95 0.94 0.94 7,8

Florisil/CaCO, 1.00 1.00 1.00 1.00 0.98 0.94 7.8
Florisil/silieic acid 0.72 0.72 0.72 0.72 0.72 0.71 1 Florisil/MgO 1.00 1.00 1. 00 1.00 1.00 0.94 7.8
Florisil/MgO 1.00 LOO 1.00 1.00 1.00 0.71 2 Florisil/Ca(OH), 1.00 1.00 1.00 1.00 1. 00 0.94 7,8
Florisil/CaCO, 1.00 1.00 1.00 1.00 1.00 0.71 2 Florisil/B,O. 1.00 1.00 1.00 0.95 0.96 0.94 7.8
Florisil/Ca(OH), 1.00 1.00 1.00 1.00 1.00 0.71 2 Alumina/silicic acid 1. 00 0.93 0.95 '0.93 0.97 0.93 7,8
Florisil/alurnina 0.68 0.69 0.70 0.71 0.71 0.71 1 Alumina/B,O, 1.00 0.99 1.00 0.9.5 0.98 0.93 7.8
Alumina/CaCO, 1.00 1.00 1.00 1.00 1.00 0.68 2 Alumina/MgO 1.00 1.00 1.00 1.00 1.00 0.93 7,8
Alumina/Ca(OH), 1.00 1.00 1.00 1.00 1. 00 0.68 2 Alumina/Ca(OH), 1.00 1.00 1.00 1.00 1.00 0.93 7.8
Alumina/l\lg0 1.00 1.00 1.00 1.00 1.00 0.68 2 Alumina/CaCO, 1.00 1.00 1.00 1.00 0.96 0.93 7.8
Alu mina/B2 0 3 1.00 0,81 0.76 0.83 0.72 0.68 1 MgO/B,O, 1.00 1.00 1.00 1.00 1.00 1.00 7.8
Florisil/B,O, 1.00 0,77 0.74 0.76 0.77 0.71 1 CaCO,/Ca(OH), 1.00 1.00 1.00 1.00 1.00 1.00 7,8
Silicic acid/B20il 1.00 0,83 0.83 0.80 0.81 0.72 1
Silicic acid/MgO 1.00 IOO 1.00 1.00 1.00 0.72 2 n-Decylallline
Silicic acid/CaCO. 1.00 '[ 00 1.00 1.00 1.00 0.72 2

Silicic acid/Florisil 0.00 0.00 0.00 0.00 0.00 0.00 9,2Silicic acid/Ca(OHh 1.00 100 1.00 1.00 1.00 0.72 2
MgO/Ca(OH), 1.00 1,00 1.00 1.00 1.00 1.00 2 .Silicic acid/alumina 1.00 0.00 0.00 0.00 0.00 0.00 2
MgO/CaCO, 1.00 1.00 1.00 1.00 1.00 1.00 2 Silicic acid/CaCO,

0:00 0:00 0:00
2

Silicic acid/alumina 0.68 0.75 0.74 0.75 0.74 0.72 2 Silicic acid/B,O, 0.00 0.00 0.00 2
FlorisiI/Ca(OHJ, 1.00 1.00 0.00 2

n-Amyl alcohol
Florisil/alumina 1.00 0.00 0.00 0.00 0.00 0.00 2
Alumina/Ca(OH), 1.00 1.00 1.00 1.00 1.00 2

Silicic acid/Florisil 0.41 0.35 0.35 0.25 0.32 0.17 6 Ca(OHJ,!CaCO, 1.00 1.00 1.00 1.00 1.00 2
Silicic acid/Ca(OH), 0.69 0.50 0.39 0.31 0.24 0.17 6 CaCO,/MgO 1.00 1.00 1.00 1.00 1.00 2
Silicic acid/CaCO. 0.88 0.41 0.36 0.29 0.21 0.17 6 a Streak reagents.
Silicic acid/MgO 0.60 0.40 0.35 0.28 0.25 0.17 6 1. 2,4-Dinitrophenylhydrazine in HCI (2).
Silicic acid/alumina 0.09 0.12 0.13 0.12 0.15 0.17 7 2. Alkaline permanganate (3).
Florisil/alumina 0.09 0.18 0.22 0.24 0.37 0.41 6 3. Chloranil in dioxane (.~).
Florisil/CaCO, 0.88 0.51 0.51 0.47 0.41 0.41 6 4. Bismuth iodide complex (4).
Florisil/Ca(OH), 0.69 0.66 0.63 0.48 0.38 0.41 6 5. Ceric nitrate (4).
Florisil/MgO 0.60 0.56 0.55 0.49 0.42 0.41 6 6. Permanganate in coned. NaOH (O.0075M in 25% NaOH).
Alumina/MgO 0.60 0.35 0.24 0.20 0.13 0.09 6 7. Ammonium chloride-zinc dust, (4).
Alumina/Ca(OH), 0.69 0.37. 0.24 0.14 0,10 0.09 6. 8. Zinc dust-alcoholic NaOH (,9).
Alumina/CaCO, 0.88 0.35 0.19 0.16 0.12 0.09 6 9. Dimethylamidoazobenzene, 3% in benzene.

-----
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Magne~ium oxide-calcium hydroxide .mixtures show a higher
affinity for phenol than do either of the·pure adsorbents. On the
other hand, dimethylaniline is adsorbed less strongly on silicic
acid-·Florisil mixtures than on either pure adsorbent, and benz­
aldehyde behaves similarly on silicic acid-alumina mixtures.
These anomalies are not so marked as the behavior of aromatic
amines on certain mixtures containing boron oxide.

Boric acid, Merck, reagent grade
Zinc oxide, U.S.P., Matheson, Coleman and Bell

EXPERIMENTAL

Number one chromatographic tubes, Scientific Glass Ap­
paratus Co., were packed with the adsorbent mixture to a height
of 77 ± 2 mm. Three to five drops of O.OIM (in benzene) 801u­
tions of the various adsorptives were introduced into the column
and developed with benzene under the full vacuum provided by a
Cenco Hyvac vacuum pump.

0.7

Developer

Benzene
Chloroform
Nitrobenzene
Ethyl ether
Ethyl alcohol

40% boron
oxide-60%
silicic acid

0.00
0.06
0.12
0.76
1.00

RI Values

Silicic acid

0.34
0.47
0.59
1.00
1.00

Boron oxide

1.0
1.0
1.0
1.0
1.0

0.6

~ 0.5

0.4

0.3

DISCUSSION

The data presented in the table show that mixed adsorbents
generally behave as one of the two adsorbents behaves in the pure
form, while the other serves simply as diluerit, or, adsorption is
shared between the. two adsorbents, in which case adsorption
varies alniost linearly with percentage composition of the mixture.
In the former case there is little or no deviation from 1lhe R I ~alue

exhibited by the adsorptive on the stronger of the two adsorbents
Typical plots are found in Figures 1 and 2.

0.2
1.0

100/0

0.1

0/100 20/80 40/60 60/40 80120 10010

Florisil / colcium hydroxide

Figure 2. Adsorption of Methyl AUlyl Ketone from
Benzene on Florisil-CaIciuUl Hydroxide Mixtures
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Mixtures of boron oxide and silicic acid, boron oxide and Flori­
sil, and boron oxide and alumina were found to interact in such a
way as to adsorb certain amines more strongly than they were
adsorbed by. either of the pure adsorbents. This phenomenon
was observe<;l when aniline, ethylaniline, and dimethylaniline
were developed with benzene on columns' of the above mixtures.
It is peculiar that this higher adsorption strength for the mixture
should be selective toward amines. If boron oxide were de­
hydrating the silicic acid, thus activating it as Trueblood and
Malmberg (7) have done by heating it, then phenol, benzalde­
hyde, and acetophenone should also have lower R I values on the

0'-----/----/----f-----1>------J
01100 20/80 40/60 60/40 80/20

Silicic acid / calcium hydroxide

Figure 1. Adsorption of n-AUlyl Alcohol froUl Ben­
zene on Silicic Acid-CalciuUl Hydroxide Mixtures

The mixed adsorbents were packed in the following proportions
by weight: 0/100, 20/80, 40/60, 60/40, 80/20, and 100/0.
Weighed quantities of the pure adsorbents were transferred to a
mortar and ground until an intimate mixture resulted with an
approximate mesh size of 250 to 350. In order to ensure effi­
cient mixing, not more than 10 grams of the mixture was treated
in this manner at one time; this was then mixed with previously
ground portions and transferred to the column.

The streak reagents employed to detect zones on the surface
of the extruded column are listed in Table 1. A previously un­
reported streak reagent, dimethylamidoazobenzene (butter
yellow), when prepared as a 3% solution in benzene, was found to
give a red zone against a yellow background with organic acids
on silicic acid columns.

Results are recorded in Table 1. Reported RI values represent
at least duplicate determinations with an average deviation of
less than 0.02. Blank spaces appear in the table where zones
could not be detected. On a mixture of boron oxide and silicic
acid, dimethylaniline was found not to move, whereas on boron
oxide alone it moves with an RI value of 1.0 and on silicic acid
it moves with an RI value of 0.56. This unusual interaction
was also observed with mixtures of boron oxide and Florisil, and
to a lesser extent with alumina-boron oxide mixtures. Because
the boron oxide was a technical grade and was known to contain
indefinite quantities of boric acid, the latter was substituted for
boron oxide in the mixture with the same results. Aniline and
ethylaniline behave in a manner similar to dimethylaniline on
boron oxide-silicic acid and boron oxide-Florisil mixtures. The
strength of the boron oxide-silicic acid mixture as an adsorbent is
best seen by considering the following comparison of silicic acid
with 40% boron oxide-60% silicic acid in adsorbing aniline de­
veloped with several different solvents:
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mixt.ure t.han on pure silicic acid. Actually, R j values for these
compounds on the various mixtures fell between R j values meas­
ured on the pure components.

Evidently, the acidic nature of one of the two absorbents is
enhanced by the presence of the other. The nature of the inter­
action which brings abou·t increased acidity has not been de­
termined. Use can be made of this characteristic, howeyer,
to separate aliphatic amines, certain N-substituted and
ring substituted aromatic amines. The following general
method is offered for the separation: Sample size and column
length will have to be adjusted to the relative concentrations of
the individual constituents.

The sample is first dissolved in benzene and applied to a silicic
acid column employing benzene as developer. N-Alkyl-substi­
tuted aromatic amines and certain ring-substituted aromatic
amines pass into the filtrate while the aliphatic amines are held
firmly near the top of the column. The filtrate is then concen­
trated by evaporation and introduced into a column of 50% by
weight of boron oxide-silicic acid where the N-alkyl substituted
aromatic amines r.cmain at the top of the column and the ring
substituted aromatic amines pass into the filtrate. The amines
to whichthis method has been applied are:

N-alkyJ-substituted aromlLtic amines-methylaniline, ethyl­
aniifne, dimethylaniline, and diethylaniline.

Ring-substituted aromatic amines-o- and p-nitroaniline, 0­

and p-chloroaniline, and 0- and p-methylaniline.
Aliphatic amines-butylamine, amylamine, and decylamine.

Those mixed adsorbents which share the adsorption of organic
molecules, thus exhibiting Rj values intermediate between those
measured on the pure adsorbents, should afford the practical
chromatographer a wider choice of adsorbents.
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Separation of Protactinium and Niobium by Liquid-Liquid Extraction
FLETCHER L. MOORE

Oak Ridge National Laboratory, Carbide & Carbon Chemicals Co., Oak Ridge, Tenn.

99.6

99.9

Aqueous
Phase

6MHCI
6MHCI
6MHCI
2MHCI
6M HNO,

6M HCI

6M HCI

Organic Phase

5% MDOAa·xylene
5% MDOAa·chloroform
0.5M TTAb·xylene
D.5M TTAb·xylene
Diisopropylcarbinol (saturated

with 6M HCI)
Diisopropylcarbinol (saturated

with 6M HCI)
Diisobutylcarbinol (saturated

with 6M HCI)
a Di-n-octylmethylamine.
b Thenoyltrifluoroacetone.

from aqueous nitrate solutions. Gresky and Brandt (1) found
diisobutylcarbinol superior to diisopropylcarbinol for the ex­
traction of protactinium from aqueous nitrate solutions. The
superiority of the hydrochloric acid system over the nitric acid
system was verified by Reynolds, who devised an analytical
method (7) for the extraction and determination of protactinium.
It was found that niobium extracted to some extent, thus inter­
fering in the determination of protactinium. Because of the
obvious advantage of the hydrochloric acid system, it was de­
cided to investigate the extraction behavior of protactinium and
niobium in hydrochloric acid solutions.

EXTRACTION OF PROTACTINIUM AND NIOBIUM
FROM HYDROCHWRIC ACID SOLUTIONS

In order to find an effective organic extractant for protactin­
ium, several liquid-liquid systems that are used occasionally at
the Oak Ridge National Laboratory were compared in the
following manner. Equal volumes (6 m!.) of the aqueous phase
that contained protactinium-233 and of the organic phase were
mixed for 15 minutes. The total amount of protactinium-233

Tahle I. Extraction of Protactinium-233 Tracer frolll
Aqueous Solutions of Acids into Various Organic Reagents

Pa233 Activity
Extracted.

%
95.0
88.5
88.5
95.8
89.5

The extraction behavior of protactinium and niobium
in several liquid-liquid SyStt'lllS is described. Niobium
carrier in oxalic acid lllarkedly inhibits the extraction
of protactinium; a lllethod of circulllventing this dif­
ficulty is given. Sulfuric acid enhances the extract­
ability into diisobutylcarbinol of protactiniulll from
dilute hydrochloric acid and of niobium frolll dilute
hydrochloric or hydrofluoric acid. A rapid and effective
separation of protactinium from niobiulll is described;
niobiulll is extracted into diisobutylcarbinol frolll a
dilute hydrofluoric acid-sulfuric acid solution and pro­
tactinium remains in the aqueous phase.

THE purpose of this investigation was to develop a method
for the separation of protactinium from niobium. The

chemistry of the:le two elements is very similar and it has been
round that protactinium follows through the standard radio­
chemical (3) method for 1;he determination of niobium.

Solvent extraction waE considered as a separation technique
because a rapid method was needed that could be adapted to
remote control, if necessary. The extraction of protactinium
from aqueous solutions into organic solvents has been investi­
gated by several atomic energy project workers.

Hyde and Wolf (4) and Kraus and Van Winkle (5) used diiso­
propyl ketone to extract protactinium from aqueous nitrate solu­
tions. Kraus and Van Winkle (6) found diisopropylcarbinol to
be a more efficient extractant than diisopropyl ketone for protac­
tinium; also, they demonstrated that; protactinium readily
extracted from hydrochloric acid solution into diisOjJropyl­
carbinol. They found that protactinium in macro concentrations
tended to hydrolyze to a nonextractable polymer in nitric acid
solution and that hydrochloric acid prevented the hydrolysis.
Overholt and Steahly (8) and Hudgens, Warren, and Moore (2)
employed diisopropylcarbinol to extract protactinium tracer
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2 6 0.075

3 6 0.037 10

4 6

5 6 0.19

6 6 0.037 10

7 6
8 6 0.037 10

IL Thenoyltrifluoroacetone.

Table V. Extraction of ProtactiniuIll-233 Tracer froIll
Aqueous Solutions of Sulfuric Acid into Diisobutyl­

carbinol

Table IV. Effect of Sulfuric Acid on Extraction of Pro­
tactiniuDl-233 Tracer froIll Dilute Hydrochloric Acid

Solutions into Diisobutylcarbinol

Pam Activity
Extracted,

%
0.8

67.3
9,4

30.4
91.0
94.5

Pa'" Activity
Extracted,

%
.0
o
2,8

28.2
27.7

4.1

Aqueous Phase,
H,SO"

M

2.0
3.1
5.0
7.0
8,8

HCI, H,SO"
M M

U '7
U2
2.4 4
2.4 8

Aqueous Phase

HCI,
M

4.1
4.2
4,0
5.4
5,4
6.1
6.1

Table VI. Effect of Sulfuric Acid on Extraction of Nio­
hiuIll froIll Aqueous Solutions of Hydrochloric Acid into

Diisobutylcarbinol
Aqueous Phase Nb

H, SO" Extracted,
M %

2.0 9.0
3.3 24.8
4.0 50.0

12,3
76,7
14.6
83.1

EFFECT OF SULFURIC ACID ON EXTRACTION OF
PROTACTINIUM AND NIOBIUM FROM HYDROCHLORIC

ACID SOLUTIONS INTO DUSOBUTYLCARBINOL

From additional experiments, it was observed that sulfuric
acid enhanced the extraction of protactinium-233 tracer into
diisobutylcarbinol. In Table IV, evidence of this effect is shown.
Aqueous phases that contained protactinium-233 tracer (1.3 X
107 gamma counts pel' minute) and that varied in concentrations
of hydrochloric and sulfuric acids were mixed for 5 minutes with
an equal volume of diisobutylcarbinol that was saturated with
6M hydrochloric acid.

The results of the extraction of protactinium-233 tracer from
sulfuric acid solutions that contained no hydrochloric acid are
given in Table V. Pl'otactinium-233 tracer (4.7 X 1()6 gamma

In view of these observations, it is thought that a nonextractable
complex of niobium-protactinium oxalate is formed in the aqueou~

phase. Direct proof of the existence of such a complex is beyond
the scope of this work.

The addition of sulfuric acid to the aqueous phase that con~

tained niobium carrier and oxalic acid under the conditions given
in Table II (experiment 6) was found to render the protactinium­
233 tracer extractable into diisobutyicarbinol.

The data of Table III show the effect of the sulfurill acid con­
centration of the aqueous phase on the extraction of protactinium­
23<1 tracer from the niobium-oxalic acid-hydrochloric acid system
into diisobutylcarbinol. Equal volumes (6 ml.) of the aqueous
and the organic phases were mixed for 15 minutes. The aqueous
phase contained a total of 12.9 mg. of niobium carrier in a solu­
tion that was 0.03M in oxalic acid and 6M in hydrochloric acid;
the sulfuric acid concentration of the aqueous phase was varied
as indicated. The organic phase was diisobutylcarbinol satu­
rated with 6M hydrochloric acid.

It was found that a 5-minute extraction period was sufficient
to recover more than 99% of the protactinium-233 tracer.

The results in Table III suggest that sulfuric acid is very .
effective in destroying the postulated niobium-protactinium
oxalate complex.

Table II. Effect of NiobiuIll Carrier on the Extraction of
ProtactiniuIll-233 Tracer in Sevel'al SysteIlls

Pa233
Aqueous Phase Activity

Exp!.. HCI. (COOHj" Nb, Extracted.
1"0. M M mp;. Organic Phase %

6 Diisopropylcarbinol 99 .6
(satd. with 6M HCI)

Diisopropylcarbinol fl9. 6
(satd. with 6M HCI)

Diisopropylcarbinol O. 8
(satd. with 6M HCI)

Diisobutylcarbinol 99.5
(satd, with 6M HCI)

Diisobutylcarbinol 98.6
(satd. with 6M HCI)

Diisobutylcarbinol .5.2
(satd. with 6M HCI)

0.5M TTAa-xylene 86.0
0,5M TTAa-xylene 5.7

radioactivity originally in the aqueous phase was 9.9 X 1()6
gamma counts per minute. Aliquots of each phase were counted

.for gamma radioactivity by use of a scintillation counter having
a sodium iodide crystal (thallium activated). The results of
the preliminary tests are shown in Table 1. Each value is the
average of-the results of at least two determinations.

Because diisobutylcarbinol was indicated to be the best ex­
tractant and is readily available in high purity, it was selected
for further study.

From exploratory experiments (Table II), it was observed that
the extraction of protactinium-233 tracer from 6M hydrochloric
acid into various organic reagents was inhibited markedly by the
presence of niobium carrier. Equal volumes (6 ml.) of the aque­
ous and the organic phases were mixed for 15 minutes. The
total amount of protactinium-233 radioactivity originally in the
aqueous phase was 5.7 X 106 gamma counts per minute. The
data of Table II show that oxalic acid, in a solution of which
niobium carrier is usually prepared, does not inhibit the extrac­
tion of protactinium-233 tracer from 6M hydrochloric acid solu­
tion into diisopropylcarbinol or diisobutylcarbinol, but that
niobium carrier in oxalic acid does inhibit greatly the extraction
of protactinium-233 into these solvents and into 0.5M thenoyl­
trifluoroacetone xylene. The same general effect was observed
when 6M nitric acid was substituted for 6M hydrochloric acid.

When 10 mg. of zirconium carrier (in dilute nitric acid solution)
was substituted for the niobium (in oxalic acid solution), it was
possible to extract the protactinium-233 quantitatively. Also,
when the niobium carrier was introduced into the system in
hydrochloric' acid solution (no oxalic acid in the system), it was
possible to extract 80 to 90% of the pl'Otactinium-233 tracer into
diisobutylcarbinol from an aqueous phase that contained 10 mg.
of niobium carrier in 6M hydrochloric acid. However, approxi­
mately 15% of the niobium was extracted also.

The addition of oxalate-complexing metals, such as zirconium
or aluminum, to the system under the conditions given in Table
II (experiment 6) was observed to increase the amount of pro­
tactinium-233 tracer extracted to approximately 38%. A
similar increase in the amount of protactinium-233 tracer ex­
tracted was possible when the aqueous phase was made 10M in
hydrochloric acid. Protactinium complexing anions, such as
fluoride, sulfate, or phosphate, were not detected in the reagents.

Table III. Effect of Sulfuric Acid Concentration of
Aqueous Phase on Extraction of ProtactiniuIll-233 Tracer
from NiobiuIll-Oxalic Acid-Hydrochloric Acid System

into Diisobutylcarbinol
Aqueous Phasea PaU3 Activity

H,SO" Extracted,
M %

o 7.3
2,3 85,0
3.1 92.8
3.7 98.4
4.0 99.1

a Each aqueous phase also contained 12.9 mg. of niobium and was O.03ilJ
in oxalic acid and 6M in hydrochloric acid.
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Q Each aqueous phase. was 6 ...111 in sulfuric acid.
b A second extraction left no detectable niobium in the aqueous phase.

Table VIlI. Effect of Time on Extraction of Niobium
from 6111 Hydrolluoric Add-61l'1 Sulfuric Acid Solution

into Diisohutylcarbinol
Time, Nb Extracted,
M~. %
0.5 97.3
1 98.0
3 98.2
5 98.6

BecauE.e experience at the Oak Ridge National Laboratory
had shown diisobutylcarbinol. to be more effective than diisopro­
pyl ketone for the extraction of protactinium from nitric acid or
hydrochloric acid solutions, Borne experiments were performed
to determine whether diisobutylcarbinol could be employed to
3eparate niobium from protaetinium in aqueous solutions of dilute
!:lydrofluoric acid. Preliminary results indicated that protac­
;inium-233 tracer did not extract from a hydrofluoric acid-sulfuric
wid solution, whereas niobium readily extracted into diisobutyl­
Jarbino] from hydrofluoric acid-sulfuric acid solution. Table
III shows the results of the extraction of niobium into diisobutyl-

SEPARATION OF PROTACTINIUM AND NIOBIUM IN THE
HYDROFLUORIC ACID-SULFURIC ACID SYSTEM

The results given in Tables IV and VI led to a search for
another acid system. At this time, Stevenson and Hicks (9)
reported the separation of tantalum and niobium by the extrac­
tion of tantalum into diisopropyl ketone from a mineral acid­
hydrofluoric acid aqueous solution of the two elements. Also,
they reported a 90% extraction of niobium into an equal volume
of diisopropyl ketone from an aqueous phase that was 6M in
sulfuric acid arid 9M in hydrofluoric acid. The behavior of
protactinium in this system had not been studied.

Nb
Extracted,

%
24.6
96.8
o

64.4
98.0

Table IX. Effect of Sulfuric Acid Concentration on
Extraction of Niobium from Aqueous Hydrofluoric Acid

Solutions into Diisobutylcarbinol
Aqueous Phase Extraction

HF, H 2SO,. Time,
.IIf .IIf Min.
2 3 3
2 6 3
6 0 1
6 3 1
6 6 1

The niobium readily "stripped" from the diisobutylcarbinol
into distilled water; a I-minute re-extraction of the diisobutyl­
carbinol with an equal volume of distilled water was found to
remove the niobium essential quantitatively from the organic
phase.

The use of hydrofluoric acid for the separation of niobium and
protactinium affords the obvious advantage of avoiding the hy­
drolysis usually encountered in work with these elements.
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carbinol froJ;ll hydrofluoric acid-'sulfuric acid solutions that con­
tained protactinium. The conditions were as follows: Poly­
ethylene bottles were used in all the extractions. The original
aqueous phases contained I mg. of niobium carrier (dissolved in
0.18M oxalic acid) per milliliter and a total protactinium-233
radioactivity of 1.46 X 106 gamma counts per minute or niobium­
95 radioactivity of 5.4 X 104 gamma counts per minute. Sepa­
rate extractions were done under the same conditions for pro­
tactinium-233 tracer and niobium-95 tracer. Three-minute
extractions were performed with equalvolumes (9 m!.) of diiso­
butylcarbinol that had been pretreated for 3 minutes with a
hydrofluoric acid solution of the same concentration as the original
aqueous phase. The organic phases were separated, centrifuged,
and washed for I minute with an equal volume of a solution of
the same hydrofluoric 'acid-sulfuric acid concentration as the
original aqueous phase.

The extraction of niobium from 6M hydrofluoric acid-6M
sulfuric acid as a function of time is shown in Table VIII. Con­
ditions not given in the table were as stated for Table VII.

The diisobutylcarbinol extraction of niobium was found to be
more effective from hydrofluoric acid-sulfuric acid or from hy­
drofluoric acid-hydrochloric acid aqueous solutions than from
hydrofluoric acid-nitric acid aqueous solutions. The hydrofluoric
acid-sulfuric acid system was selected in this work because ex­
ploratory experiments indicated that few elements other than
niobium extract from this system into diisobutylcarbinol. Table
IX gives data to snow that the efficiency of the extraction of
niobium from aqueous solutions of hydrofluoric acid into diiso­
butylcarbinol is dependent on the sulfuric acid concentration of
the aqueous phase. Conditions not indicated in the table were
as stated for Table VII.
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Niobium
Solutions

Nb
<0.1
87.8
92.5
96.8
98.4
98.2b

Pa

<:0.01
<:0.02
<:0.02
<0.02
<0.01

Aqueow; Phase u,
HF, .IIf

o
0.5
1.0
Z 0
4.0
{LO

Table VII. Extraction of Protactinium and
from Aqueous Hydrofluoric Acid-Sulfuric Acid

into Diisohutylcarbinol
Extracted, %

counts per minute) solutions of various concentrations of sulfuric
acid were extracted once for 5 minutes with equal volumes of
diisobutylcarbinol (untreated). The results suggest that neg­
ligible quantities of sulfate species of protactinium extract from
solutions of sulfuric acid eoncentration less than 5M.

The very marked enhancement by sulfuric acid of the extrac­
tion of protactinium-233 tracer from dilute hydrochloric acid
solutions suggested that the extraction of niobium might be
affected similarly. Aqueous phases (5 mI.) that were 0.05M
oxalic acid and that contained a total niobium-95 radioactivity
of 2 X IQ5 gamma counts per minute, 9.4 mg. of niobium carrier,
and various concentrations of hydrochloric and sulfuric acids
were extracted for 5 minutes with equal volumes of diisobutyl­
carbinol that was saturated with 6M hydrochloric acid. The
results given in Table VI show that sulfuric acid also enhances
the extraction of niobium from hydrochloric acid solutions into
diisobutylcarbino!.

Thus, although sulfuric acid renders the protactinium-233
tracer readily extractable into diisobutylcarbinol from the ni­
obium-oxalic acid-hydrochloric acid system, it also enhances the
extraction of niobium and causes a poor separation of the two
ele~nts. .,Attempts to use the system 6M nitric acid-4M
sulfuric acid resulted in poor extractions of protactinium-233
tracer.



Calorimetric Determination of Purity
Design and Operation of a Small Adiabatic Calorimeter
D. D. TUNNICLIFF and HENRY STONE

Shell Development Co., Emeryville, Calil.

An adiabatic calorimeter has been developed for deter­
n'lination of the purity of the reference compounds re­
quired for spectroscopic investigations. Two inter­
changeable calorillleters with volumes of 0.5 and 5 mI.
are used. A cOlllplete determination, including cal­
culations, usually requires less than 4 hours. Although
die purity deterlllination is based on the measurement
of the melting point depression, this method, unlike
conventional melting point methods, does riot require a
prevIous deterlllination of the heat of fusion and the
llleiting point of the pure cOlllpound. Instead, the
:method deterlllines these quantities as part of the
analysis. The calorillleter is used to measure the
equilibrium telllperature of the salllple as a function of
heat input as it passes frolll the solid state to the liquid
state. Analysis of the data gives the heat of fusion, the
melting point of the sample, and the melting point of
the pure cOlllpound. The error in the deterlllination
of the purity of samples with a purity above 99.8 lllole %
is less than 0.05 lllole %. For less pure salllpies the
error increases with the alllount of illl.purity.

T HE reliability of an observed physical property of a com­
pound is frequently questionable because of the lack of

any information regarding the purity of the particular sample
used for the measurement. The present paper is concerned with
the design and operation of an apparatus for determining the
purity of small samples of reference compounds such as are re­
quired for spectroscopic and mass spectrometric methods.

The purity of a sample may be used as a basis for deciding that
the sample is adequately pure for some particular purpose, for
applying a correction to the observed measurements for .the effect
of the impurities, or as a basis for planning further purification.

Methods for determining the purity may be based on a direct
determination of the percentage of either the major component
or the sum of the impurities. For either approach the errors are
apt to be roughly proportional to the magnitude of the quantity
being measured. Consequently, in a direct determination of the
major component, the error will tend to be independent of the
purity and a very accurate method will be required for proper
eVl1luation of a pure sample. On the other hand, a direct deter­
mination of the sum of the impurities tends to give a very accurate
measure of the purity of a pure sample and less accurate results
for impure samples. The latter approach seems to be the most
consistent with the purposes of a purity determination as stated,
except, possibly, for applying a correction for the effects of the
impurities. This case is of limited interest, as there is often con­
siderable question as to the validity of the corrected value ob­
tained from an impure sample regardless of the accuracy of the
purity determination.

If the errors are approximately proportional to the magnitude
of the quantity being measured, then the error in the determina­
tion of. the sum of the impurities can represent a relatively large
fraction of the total impurity without significantly affecting the
usefulness of the determination. Considerable advantage has
been taken of this fact in designing the apparatus described in
this paper.

The melting point depression. (the lowering of the melting
point of a pure substance due to the presence of the impurity) is
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for most substances directly proportional to the mole fraction of
impurity and thus is an ideal basis for a method of determining
purity. Rossini and coworkers (5) have developed a precise
method of measuring melting points for this purpose. Un­
fortunately, the melting point of the sample is useful only as it
can be compared to the melting point of the pure compound to
give the melting point depression. In addition, the value of
the cryoscopic constant or. the heat of fusion is required for cal­
culating the purity from the melting point depression. Although
the method described by Rossini includes a procedure for extra­
polating the observed data to obtain a value for the melting
point for zero impurity and for obtaining the heat of fusion, this
complicates the method considerably. Also methods based on a
comparison of the melting point of the·sample with tho!'previ~sly

determined melting point of the pure compound have the dis­
advantage of requiring a high degree of absolute accuracy in the
temperature measurement. The 40-mL sample required for the
Rossini method further limits its applicability. .
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Figure 1. Calculated Melting Curve

p-Xylene, 5 grams, 99 mole % pure

Most of the disadvantages of the usual melting point method
can be avoided by determining the equilibrium temperature of
the sample in a calorimeter as a function of heat input as the
sample is melted. Analysis of these data yields the desired
melting point depression and the heat of fusion without reference
to any other measurement.

THEORY

Although the calculation of the purity of a sample from its
melting curve has been described in varying degrees of detail by
a number of workers (2, 4, 6-11), the principles of the method
do not seem to be generally known; consequently, it seems
pertinent to discuss the theory briefly.
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The usual simplified equation (5) relating the mole fraction of
impurity in a sample to the melting point is as follows:

t:.Hf( 1'0 - 1',)
N 2 = --Rig-'- (1)
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Figure 2. Cal<,ulated Melting Curve
p-Xylene. 5 grams, 9:3 mole % pure

2 L_-l__..L_---J~-~,.......---=-!
o 250

where F. = fraction of the total sample melted at the tempera­
ture, 1'., corresponding to the beginning of the determination.
Then, combining Equations 3 and 4

To - T. H ( b d) (5)t:.HI = -Tl' t:. I 0 serve
1- •

The approximate values of To and 1'1 obtained are substituted
in Equation 5 to obtain a more accurate value for the heat of
fusion. A new line A'B', is drawn parallel to AB such that
the distance between A'B' and CD is equal to the corrected heat
of fusion. This gives new values for the fraction melted at each
point, which in turn yields more accurate values for To and Tl,
and so on.

Although the successive approximations give a significant
improvement in accuracy over the value obtained in the first
calculation, the results do not converge as rapidly as desired.
For example, successive calculation of the purity fr?m the cal­
culated curve shown in Figure 2 gave the followmg results:
97.3,96.2,95.8,95.6, and 95.5 mole %(true value 95.0 mole %).

Effect of Solid Solutions. All previous considerations are
based on the assumption that the impurity is not soluble in the
solid phase. If the impurity does form a solid solution with the
major component, then the concentration of impurity in the liquid
phase will be less than that predicted by Equation 2 and the
corresponding equilibrium temperatures will be too high, conse­
quently the plot of llF V8. l' will be curved conca~e upwar~.

Such curvature is considered as evidence of the formatIOn of sobd
solution. Although a linear plot of llF V8. T for values of F
throughout the entire melting of the sample is usually con­
sidered as evidence of the absence of solid solution, this does not
eliminate the possibility of a solid solution of a special type.

Calculation of Purity from Premelting Heat Capacities. The
apparent heat capacity of a sample just below the melting point is
always greater than the true heat capacity of the solid phase
because of incipient melting. This apparent increase in the heat
capacity has been used as a basis for calculating the purit?' .(2,
10). This method is considered to be superior for determmlllg
the purity of very pure samples because of greater sensitivity.
Aston and coworkers (2) point out that agreement between the
purity calculated from premelting data and the value obtained
from a plot of llF V8. T is evidence of the absence of solid solu­
tion.

The calculation of purity from premelting data according to
the method described by Weissberger (10) is rather laborious.(4)t:.HI (observed) = (1 - F.)t:.HI

where
N2

MIl =
mole fraction of impurity
molar heat of fusion of thc major component m the

pure state at 1'0
To melting point of the ]lure compound, 0 K.
1\ = melting point of the sampI!"', OK.
R = the gas constant per mole

This relation assumes that the impurities are insoluble in the
solid phase and form an ideal solution in the liquid phase during
the melting process.

Calculations for Very Pure Samples. A typi!"'al melting curve
of a sanmll' of high purity is shown in Figure 1. The slopes of the
straight -lilles AB and CD represent tIl(> heat capacities of the
solid and liquid phases, respeetively. The horizontal distance,
at a temperature near the melting point, between the lines AB
and CD is. for practical purposes, equal to the heat required to
melt the s~mple. The heat requircd to melt the portion which
is liquid at any' point, E, is equal to the horizontal distance be­
t\\_n A1J and B. The fraction of the sample melted at E is
then the ratio of the heat required to melt this portion to the heat
required to melt the entire sample.

Assuming that the impurity is insoluble in the solid phase, then
the concentration of impurity in the liquid phase at any tempera­
ture during the melting process is given by

N; ;, ~N2 (2)

where N! = mole fraction of impurity in the entire sample,
N; = mole fraction of imp~rity in the liquid phase at the tem­
peratui'e, T, and F = fractIOn of samplc melted at the tempera­
ture, 1'.

Since, from Equation 1 the melting point dcprcssion is directly
related to the mole fraction of impurity, then

To - l' = ~,('J'o - 1\) (3)

It is apparent from Equation 3 that a plot of thc reciprocals
of the fractions melted against the corresponding equilibrium
temperatures gives a straight line. Extrapolation of this line
to llF == 1 and llF = 0 gives the melting point of the sample,
1\, the melting point of the pure compound, To, respectively, and
the slope of the .line gives the desircd melting point depression.

Calculations for Impure Samples. Although the determina­
tion of the purity of an impure sample has been of minor interest
in this investigation, some consideration has been given to the
cakulation of the purity of such samples.

A typical melting curve of an impure sample is shown in Figure
2. In this case a significant fraction of the sample is already
melted at the beginning of the determination and the sample
continues to melt at a significant rate as the temperature is in­
creased. Consequently, the observed slope of the curve near the
beginning of the determination does not give an adequate meas­
ure of the heat capacity of the solid phase. The method used
for estimating the purity in this case is based on the use of
successive approximations. Since the heat capacity of the solid
phase of an impure sample cannot be readily determined from
measurements near the melting point, it is assumed that the
heat capacity of the solid phase is equal to the heat capacity of
the liqtlid phase. Accordingly, line AB is drawn from A, the
starting point in the determination, parallel to CD. Values of
t:.Hr, 1'0, and 1', are then caleulated as described for a pure sample.
Although the plot of llF l'8. l' is slightly curved in this case, an
approximate extrapolation i3 usually possible.

The relation between the calculated heat of fusion and the
true heat of fusion is given approximately by
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An easier but approximately equivalent way of handling data
from the premelting region is to include it in the plot of I/F vs. T.
The linearity of this plot over the entire region gives essentially
the same criterion as to the absence of solid solution as the
method recommended by Aston. This method also give8 high
sensitivity in the calculation of the purity of very pure samples.

DESCRIPTION OF APPARATUS

The calorimetric method of determining purity has been used
principally by workers whose primary interest lay in the accurate
determination of the thermodynamic properties of various sub­
stances. These investigations required very precise calorimeters
which were much too complex to be adaptable to the compara­
tively simple task of determining purity. The large calorimeter
also required too much sample. Aston and coworkers (9) de­
signed a simplified calorimeter for the dual purpose of determin­
ing purity and heat capacity. Even this apparatus is more
complicated than desirable, requires 15 ml. of sample, and is
not readily adaptable to the analysis of solids. Clarke and co-
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workers (4) described a simple apparatus reqUlrwg only 3 to
-1 ml. of sample, but this apparatus also cannot be used for the
analysis of solids. The apparatus described in this paper was
designed specifically for the routine determination of the purity
of small samples of either solids or liquids. The design has been
greatly simplified to take advantage of the fact that it is un­
necessary to determine the amount of impurity with high ac­
curacy. Several features considered as an essential part of an
accurate calorimeter have been omitted in favor of simplicity
and ease of operation.

SHEET "TEFS)N" ­
INSULATION

JACKET

SPACE FOR
HEATER WINDING

0.ZI9" ~
DIAM

0.310" DIAM

VERTICAL CROSS SECTION

Figure 4. Diagram of O.5-MI. Calorimeter

A A

SPACE POR
HEATER WINDING

VERTICAL CROSS SECTION

Figure 3. Diagram of 5-MI. Calorimeter

Calorimeter and Radiation Shield Assembly. The two princ:
pal parts of an adiabatic calol'imet.er are the calorimeter and t,b
radiation shield. The calorimeter contains the sample and j
provided with a sensitive temperature-measuring device and a
electrical heater for adding measured quantities of electricl
energy. The radiation shield surrounds the calorimeter and'
maintained at the same temperature as the calorimeter in ord,
to avoid heat flow between the calorimeter and its surroundings

Two calorimeters with sample volumes of 5 and 0.5 ml. are USE
interchangeably. Both calorimeters are constructed of a 90'
gold-lO% copper alloy for high heat conductivity and for co
rosion resistance. The design of the 5-ml. calorimeter is shoVl
in Figure 3. It consists of a gold cylinder containing 19 close
spaced holes drilled parallel to the axis of the cylinder and co
nected together at the top and the bottom. A removable therm
couple well fits into the center hole. Gold wires are placed dov
the center of each of the other holes and soldered to the top al
bottom of the calorimeter. The sample occupies the 0.050-in·
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(1:3-mm.) annular space between the sides of the holes and the
Wlfes.

The electriClil heater (No. 36 B. and S. gage Manganin wire)
is wO\Uld around tlie outside of the cylinder; one end is attached
to the body of th~ calorimeter alld the other end to a jacket which
covers the" winding. The japk'e~. is· eleptrically insulated "from
tile body of the calorime.ter, willi .sJ:1eet refton. As described
later,. this arrangement fltcilitates' making the electrical 'con-
nection to tlie calorimeter. - . .

The O..5lnil. calorimeter~ as s}lown in Figure 4, is similar:in
principle but·has only the one.centr~lhole. The sample occupies
the O.040:-inch (U)-mm.) a~ular space between the sides oftbis
hole and the thermocouple well. The heater is again wound
around the outside and covered by an insulated jacket. t

Figure 5. Diagram of Radiation Shield
Assembly

1. Radiation shield
2. Radiation shield thermocouple and heater leads
3. Radiation shield thermocouple junctions
4. Calorimeter thermocouple and heater leads
5. Inner cover containing coil of thermocouple leads
6. Stainless steel tube
7. Gold calorimeter -thermocouple well
8. Spring contact to calorimeter heater
9. Outer cover

10. Stainless steel tube for liquid nitrogen cooling
11. Glass Dewar (evacuated and lightly silvered)
12. Glass wool
J3. One-gallon wide-mouthed Dewar
14. Bakelite rings
15. Cork ring
16. Removable Bakelite tube
17. Removable Bakelit<, cover
18. Bail for removing Bakelite tube

'A N A L Y TIC ALe HEM 1ST R Y

Figure 6. Inner Assembl)· of Radiation
Shield with Calorimeters

The radiation shield assembly is shown in Figure 5. The
radiation shield itself is constructed from a section of copper
tubing with l/.-inch walls. A thermocouple is located in the
wall and an electrical heater is wound around the outside. It
is padded with glass wool and placed in an evacuated and lightly
silvered glass Dewar which is supported in a cooling bath. The
temperature of the radiation shield is controlled by balancing the
constant heat loss through the Dewar against the adjustable
heat output of the electrical heater.

The temperature of the radiation shield and the calorimeter is
measured by means of lo-junction copper-constantan thermo­
couples. The thermocouple wiresl the electrical heaters, and
the leads are all glass-insulated ana silicone-varnished to permit
operation at elevated temperatures. The thermocouple leads·
and associated heater leads are brought in through stainless steel
tubes. A coil of about 18 inches of the leads of both thermo­
couples is in direct thermal contact with the radiation shield in
order to reduce heat conduction down the leads to the junctions.

The calorimeter is attached to the gold thermocouple well by
means of a friction fit on the taper joint. As shown in Figure 5,
the thermocouple well is separated from the inner cover by a short
section of stainless steel tubing of low heat conductivity. TW0
pairs of calorimeter heater leads are used. One pair supplies
the current to the calorimeter; the other pair is I!sed for measur­
ing the potential drop across the heater. One lead from each
pair is soldered inside the inner cover to the stainless steel tube
supporting the calorimeter. The other leads from each pair are
likewise soldered inside the cover to a short length of small diam­
eter stainless steel tubing which is attached to the lower side of
the cover and touches the outside wall of the calorimeter. Both
of these stainless steel tubes are electrically insulated from the
cover. This arrangement provides a convenient means of con­
necting the calorimeter heater to the heater leads. Because of
the reduced diameter of the O·.5-m1. calorimeter, a small con­
necting link is required between the jacket and the small stainless
steel tube.

Another stainless steel tube extends from outside the radiation
shield down into the cavity containing the calorimeter for the
introduction of liquid nitrogen for rapid cooling of the calorim­
eter and the radiation shield.

All the inner parts of the radiation shield assembly, consisting
of the calorimeter thermocouple well, the inner and outer covers,
the tube carrying the calorimeter thermocouple leads, and the
coolant tube are supported from a short section of Bakelite tub­
ing which rests on top of ·the inner Dewar. Thus it is possible
to lift out this entire inner assembly, including the calorimeter as
a unit. This ready accessibility of the calorimeter is of consider­
able advantage, particularly when analyzing solid samples. A
photograph of this section of the apparatus with the 5-m1.
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calorimeter attached and the 0.5-ml. calorimeter standing to the
left is shown in Figure 6. Figure 7 shows a photograph of the
complete apparatus with the calorimeter in place.

Power Supplies. The direct current for the calorimeter heater
is obtained from a regulated power supply for which the circuit is
shown in Figure 8. The· calorimeter current switch, 8 2, as well
as the current selector switch, 8 1, are all wired so as to keep
a constant load on the ppwer supply at all times. Likewise
when using the O.5-ml. calorimeter with its lower resistance in
the heater, additional resistance can be placed in the _heater
circuit by means of 8 12• The maximum output of this power
supply is about 65 rna. The stability of the power supply is
such that the current and voltage usually vary less than 0.1 %
during a run.

Alternating current is not satisfactory for the radiation shield
heater because of excessive pickup in the thermocouples. The
direct current power supply for this purpose is also shown in
Figure 8. The maximum output of this power supply is about
1 ampere.

Control and Measuring Circuits. The arrangement of the
control and. measuring circuits is shown in Figure 8. The
selector switch, 8., provides a means of connecting the radiation
shield and calorimeter thermocouples to a Leeds and Northrup
Type K-2 potentiometer. The same selector switch· provides for
meas ing the calorimeter heater current by observing the voltage
drop across a I-ohm resistor in series with the heater and for

Figure 7. Control Chassis and Radiation Shield Assembly

measuring the voltage drop across the heater through a voltage
divider with a ratio of 1000 to 1. The total time the current has
passed through the heater is measured with an ordinary electric
interval timer.

The current through the radiation shield heater is controlled
by two variable transformers in series with the input to_the
power supply. The position of these variable tra~formers is
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A,. 0-100 d.c. milliameter
A,. 0-1000 d.c. milliameter
C,. 6000 mfd. 25 volts
C" C,. 40 mfd. 450 volts
C., C., C•. 20 mfd. 450 volts
C" Co. 2 mfd.
Fl. 1/8 ampere fuse
F,. 1'/. ampere fuse
HI. Calorimeter heater
H,. Radiation-shield heater, 100

ohms
L,. Choke 8 hy. 40 rna.
L" L•. UTC S-37 choke 20 hy. 500

mao
MI. Precision Time~it electric stop­

watch, modified for panel mount
M,. Brown No. 76750-3 motor
M.. Barber-Coleman bYAe 451

motor

Xl. Federal No. 404 D 3552 rectifier
X2, XI. Bridge-connected Sylvania

NJ5 rectifiers
R,. 330 K n I watt
R,. 2000 n 5 watt
R•. 2000 n 10 watt
R•. .200 n 5 watt
R., R•. 100 n Iwatt 1% WW
R,. 180 K n Iwatt
Ro. 200 n Type A Helipot
R•. 200 K n I watt
RIO. 100 K Type A Helipot
RII, R". 25 n lwatt 1% WW
RI3. 50 n Type JZ spc. Helipot
RI4. 250 K n lwatt 1% WW
R". 250 n Iwatt 1% WW
RI6. In Iwatt 1% WW
RI1. 133 n 5 watt
RIS. 120 K n 0.5 watt

RI9, RIO, R!I, R". 5 n 5 watt
81. Calorimeter current selector

switch
82. Calorimeter current switch
83. Polarity reversing switch
84. Communication Products selec-

tor switch w/2 liE" decks
I. Radiation-shield thermocouple
2. Calorimeter thermocouple
3. Automatic temp. control
4. Thermocouple differential
5. Calorimeter current
6. Calorimeter voltage
7. Test signal to Brown unit
8. E.m.f. across R13
9. Correction voltage
S•. Cam-operated NO type micro­

switches
Sa. Increase radiation-shield current

S7. Cutoff radiation-shield current
Ss. l\1ain power
89. Brown Electronik unit
SID. Power to automatic control

unit
SII. Radiation-shield current
S". Load resistor for 0.5-ml. calo-

rimeter
TI. GE 66G418 sat. reactor
T,. Triad No. 6473 IIO v/220 v. ct.
T,. Stancor P-4076
T•. II5 volt/260 volt/IOO watt

transformer
T6. Primary variable transformer
T6. Seconda.ry variable transformer
TC,. Radiation-shield thermocouple
TC,. Calorimeter thermocouple

Figure 8. Wiring Diagram. of Power Supplies and Control and Measuring Circuits
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automatieally adjusted so as to keep the temperature of the radia­
tion shield as elose as possible to the temperature of the calorim­
eter. This is accomplished by connecting the radiation shield
and calorimeter thermocouples in series opposition to a Brown
Electronik continuous balance 'unit ( o. 351921-1). Any un­
balance in the signals from these two thermocouples causes a
motor to turn quickly the first (primary) variable transformer in
such a direction as to tend to reduce the temperature difference.
The primary transformer is mechanically coupled to a potentiom­
eter which is connected in series with the thermocouples. The
point of zero voltage output £rom the potentiometer corresponds
to a position. on the variable transformer near the center of its
adjustment. Any unbalance -between the radiation shield and
calorimeter thermocouples causl'.s a change in the radiation shield
current and the magnitude of this change is related to the size of
the unbalance signal.

The second (secondary) variable transformer is connected to a
separate motor which is controlled by cams and microswitches
on each side of the balance point of the potentiometer. When­
ever the potentiometer is on eit er side of the balance point, the
secondary transformer is slowly adjusted in such a direction as
to t~d to reduce the temperature difference. The purpose of
this arran;ement is to adjust the position of the secondary
transformer so that. the control point on the primary transformer
wiII be close to the balance point of the potentiometer. Both
variable transformer drives are equipped with clutches to avoid
damage when the transformer reaches the end of its travel. This
provision also allows manual adjustment when desired. The
motor speed and associated gear trains are such that 2 seconds
and 3 minutes are required to drive the primary and secondary
transformers, respectively, from one end of their travel to the
other.

An additional potentiometer is located in the raqiation shield
thermocouple circuit for the purpose of introducing a correction
to the output of this thermocouple as may be required to obtain
a more nearly adiabatic environment for the calorimeter. Con­
ditions which may require such correction are differences between
the response of the radiation shield and the calorimeter thermo­
couples, heat leaks down the thermocouple leads to the calorim­
eter, and induced electromotive force in the thermocouples.
This potentiometer will be referred to as the correction potenti­
ometer.

ANALYTICAL CHEMISTRY

ture for a constant temperature difference of 0.2· C. The cal­
culated rate of heat leak for the 5- and 0.5-ml. calorimeters are,
respectively, 20 and 13 calories per hour for a temperature
differential of 1 0 C.

The automatic temperature controller for the radiation shield
works fairly satisfactorily. The B;own amplifier has a sen­
sitivity of about 5 p.v. (about 0.01 0 C.), provided there is no al­
ternating current pickup in the thermocouples. Elimination of
the alternating current pickup has given considerable trouble.
Careful filtering of the radiation shield heater current has elimi­
nated most of this trouble. Residual effects are believed to be
due to too close proximity of the thermocouples and associ­
ated circuits to the alternating current components in the power
supply. A complete separation of the alternating current and
direct current sections of the circuits would probably give better
performance.
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Figure 9. Typical Results Obtained Using
5-MI. Calorimeter

Table I. Properties of the Two Calorhneters
5-MI. 0.5-1\'!!.

Calorimeter Calorimeter

Provision is also made for manual control of the radiation
3hield current, if desired, by manually adjusting the same two
rariable transformers. Pushbutton switches permit increasing
:Jr decreasing the radiation shield rapidly without disturbing the
..djustment of the variable transformers.

Instrument P<lrformance; The heat-er rel'istance, weight, and
~ective heat capacity of the two ealorimeters are given in Table
- Although the heat capacities of these calorimeters might be
:onsidered excessive, the rather massive construction was chosen
leliberately in order to minimize the time required for thermal

uilibrium through the calorimeter and the sample. This high
leat capacity does not seem to be a significant disadvantage in
be determination of purity. The rate of heat leak from the
Il.diation shield to the calorimet.er for a given difference in
emperature was determined from the heat capacity of the
Il.lorimeter and the rate of change of the calorimeter tempera-

Weight, g. 110.4
Internal vol.·, ml. 5. 1
Effective heat capacity.

g.-cal';· C. 5. Or,
Heater resistance, ohms 20:>

4 Volume with thermocouple well in place.

20.8
0.48

1 58
72

The correction potentiometer has been only partially successful.
Although the potentiometer can be adjusted so as to reduce the
rate of the drift in temperature of the calorimeter to about 0.5
p.v. (0.001 0 C.) per minute, the setting required for zero tempera­
ture drift does not seem to be reproducible. The cause of this
effect is unknown. It may be due to induced voltages in the
radiation shield thermocouple circuit. In the analysis of the
samples described in a later section the correction was adjusted
to +50 p.v. in all cases. The current practice is to adjust the
correction voltage at the beginning of each determination to a
va1ue which gives a negligible drift.

PROCEDURE

Preparation of Apparatus. The calorimeter containing a
weighed amount of sample is attached to the thermocouple well,
then the calorimeter and supporting structure are lowered into
place in the radiation shield and the space above the outer cover
is packed loosely with glass wool for insulation. The outer
Dewar is filled with liquid nitrogen for samples with a melting
point below 75 0 C., with water when the melting point is in the
range from 75 0 to 150 0 C., and left empty if the melting point is
above 1-50 0 C. Again, depending upon the melting point of the
sample, the calorimeter is heated or cooled until both the calorim­
eter and the radiation shield are at a temperature 10 0 to 20 0 C.
below the estimated melting point of the sample. The cooling
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where

E = average voltage drop across the calorimeter
= average calorimeter current in amperes

t = fusion time in seconds
M = molecular weight
g = sample weight in grams

The temperatures (in microvolts) of points obtained on the
flat are plotted against the reciprocal of the fraction melted and
the straight line so obtained is extrapolated to I/F = 0 and
I/F = 1 to give To and T" respectively. The thermocouple

is accomplished by forcing liquid nitrogen down the tube provided
for this purpose. The radiation shield temperature is then put
on automatic control. The calorimeter heater current selector
switch is adjusted to a current which will raise the temperature of
the calorimeter by about 2 0 C. for a heating time of 100 seconds.

Making the Run. The run consists of adding electrical energy
to the calorimeter in a series of measured increments and then
recording the calorimeter temperature after each increment as
soon as it becomes constant. (A drift of less than 1 p.v. per
minute is considered to be adequately constant when the sample
is melting.. A more rapid drift is acceptable when measuring the
heat capacity of the solid or liquid phases.) The course of the
run is followed by calculating the rate of temperature rise ex­
pressed as microvolts per second of heating time. The duration
of the heating periods is chosen so as to give at least two consecu­
tive intervals with a constant heating rate on the s~lid and liquid
portions of the melting curve and from five to eight points on the
flat. The radiation shield heater is left on automatic control
at all times except when reading the temperature of the calorim­
eter, which is done as quickly as possible since the control circuit
is shut off during this period. The calorimeter current and the
voltage drop across the calorimeter are measured during heat­
ing periods near the beginning, the middle, and the end of the
run.

Calculations. The data from the run are plotted directly in
terms of the calorimeter thermocouple reading in microvolts
against the corresponding heating time in seconds. Straight
lines are drawn representing the heat capacity of the solid and
liquid phases plus the heat capacity of the calorimeter and then
the fusion time in seconds is determined from the distance be­
tween these lines. This time is converted into calories per mole
by means of the expression

EitM
4.184 g

(6)

voltages so obtained are converted to actual temperatures and
then the impurity in the sample is calculated from Equation 1.

DISCUSSION

The apparatus and method have been checked by determining
the purity of eight standard samples from the American Petro­
leum Institute, Carnegie Institute of Technology, Pittsburgh,
Pa., and four synthetic samples prepared by adding known
amounts of m-xylene to an API sample of p":xylene. At least
two determinations were made on each sample with each calorim­
eter. In order to conserve the sample, the duplicate runs were
made on the same weighed portion of the sample. The results
of these determinations are shown in Tables II and III. Al­
though there is no significant difference between the purities
as determined in the two calorimeters, there does seem to be a
tendency towards too high a purity for most of the samples.
For the very pure samples the error is small and of unknown
origin. In the case of the 98.5 and 95.9 mole % p-xylene samples
the errors are much larger. At least part of these errors are
probably due to the fact that the results are based on calculations
carried only through the second approximation stage described
in the section on the analysis of impure samples.

Some typical plots of 1/F V8. thermocouple electroIDiltive ftirce
for runs listed in Table II are shown in Figures 9 and 10. These
curves illustrate the uncertainty often encountered in extrapolat­
ing to To when a nonlinear relation between I/F and the tempera­
ture is observed. A good example is run b for p-xylene using the
5-m!. calorimeter (Figure 9). The curvature observed is taken
as evidence of solid solution formation. Extrapolation of this
curve gives a value for the impurity in agreement with the API
value. However, the more extreme curvature shown in run f for
the same sample run in the 0.5-m!. calorimeter (Figure 10) does
not permit of any reasonable extrapolation'. At least· part of
the difference in the data obtained from the two calorimeters
is attributed to the fact that occasionally points near the end
of the flat (small values of I/F) tend to be slightly high. Al­
though the reason for this is not definitely known, it is probably
caused by the last of the solid falling down to the bottom of the
calorimeter so that equilibrium temperatures are virtually
impossible to obtain. Although this effect is observed in both
calorimeters, it is somewhat greater in the O.5-m!. calorimeter
where it tends to increase the curvature.

The cause of the relatively large discrepancy between the
observed values for the impurity in naphthalene and the API
value is unknown. The essentially linear relation between I/F

Table II. Analysis of Pure API Standard Samples
API Values (1) 5-MI. Calorimeter 0.5-MI. Calorimeter

Heat of Heat of Fusion Heat of Fusion
API Approx. fusion, Sample Fig- Found. Im- Sample Fig-

Fk'c':.T7
Im-

Sample M.P., kcal./ Impurity, wt., ure 9 kcal./ Error, purity, wt., nre 10 Error, purity,
Compound No. o C. nlole mole % g. curve mole % mole % g. curve mole % mole %

Naphthalene 577 80.3 4.52a 0.04 ± 0.03 4.194 a 4.63 +2.4 0.004b 0.360 e 5.05 +11.7 0.008b
4.62 +2.2 0.004b 5.08 +12.4' 0.006b

2-Methyl- 579 34.6 2.84" 0.09 ± 0.06 3.724 2.88 +1.4 0.06 0.401 3.19 +12.3 0.07
naphthalene 2.90 +2.1 0.05 3.10 +9.2 0.04

p-Xylene 215e 13.3 4.090 0.04 ± 0.02 4.293 b 4.18 +2.2 0.026 0.353 4.17 +2.0
4.14 +1.2 0.033 4.38 +7.1

n-Dodecane 559 - 9.6 8.803 0.031 ± 0.025 3.464 8.87 +0.8 0.008 0.347 9.18 +4.3 0.014
8.89 +1.0 0.003 9.24 +5.0 0.009

o-Xylene 213b -25.2 3.250 0.005 ±0.004 3.838 3.27 +0.6 0.002 0.355 3.52 +8.3 0.001
3.12 -4.0 0.003 3.47 +6.8 0.003

m-Xylene 214b -47.9 2.765 0.07 ± 0.03 3.856 c 2.79 +0.9 0.024 0.371 g 2.94 +6.3 0.038
2.81 +1.6 0,023 2.96 +7.1 0.047

n-Octane 230 -56.8 4.957 0.06 ± 0.04 3.164 d 5.02 +1.3 0.013 0.328 h 5.29 +6.7 0.040
4.98 +0.5 0.023 5.23 +5.5 0.034

n·Heptane 216a -90.6 3.354 0.01 ± 0.01 2.712 3.36 +0.2 0.010 0.300 3.59 +7.0 0.012
3.31 -1.3 0.011 3.49 +4.1 0.016

a Unpublished values from American Petroleum Research Project 44, Carnegie Institute of Technology, Pittsburgh, Pa,
b Cause of discrepa.ncy between observed value and API value is unknown.
C See text f'or comments on failure to secure value using D.5-m!. calorimeter.
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Table III. Analysis of Synthetic p-Xylene Salllpies
5-Ml. Calorimeter· O. 5-MI. Calorimeter

Actual Purity
Purity, Sample Found, Error,
Mole % wt., g. mole % mole %
99.'78 4.323 99.79 +0.01

99.83 +0.05

99.30 4.200 99.44 +0.14
99.47 +0.17

98.5 4.284 98.8 +0.3
98.8 +0.3

95.9 4.287 97.2 +1.3
96.9 +1.0

a Based on API value of 4.090 kcal./mole.

Heat of Fusion Heat of Fusion
Found, Purity Found,
kcaJ./ Error,a Sample Found, Error, kcal./ Error,a
mole % wt., g. mole % mole % mole %
4.09 0.0 0.3591 99.81 +0.03 4.35 +6.4
4.06 -0.7 99.76 -0.02 4.34 +6.1

4.01 -2.0 0.3632 99.32 +0.02 4.07 . -0.5
4.05 -1.0 99.39 +0.09 4.15 +1.5

3.95 -3.4 0.3430 98.6 +0.1 4.38 +7.1
3.95 -3 .. 4 98.2 -0.3 4.19 +2.4

98.7 +0.2 4.02 -1. 7

3.86 -5.6 0.3316 97.1 +1.2 3.76 -8.1
3.78 -7.6 95.8 -0.1 4.46 +9.1

96.5 +0.6 4.06 -0.7

o 10 IS 20
I/F

Figure 10. Typieal Results Obtained Using
0.5-MI. Calorillleter

01

1140

90

4.4
measurement of tem-

96

1490

Average Operating Conditions for Analysis
Salllpies Listed in Tables II and III

5-Ml. O.5-Ml.
Calorimeter Calorimeter

0.063 0.048
15 16

Heater current, ampere
No. of heating periods
Total heating time,

seconds
Total time for fun. a

minutes
Av. time for temp.

equilibrium, minutes 4.7
a Time from beginning of first heating period to

perature at end of last heating period.

but melting points in air under a pressure of 1 atmosphere.
The lack of a tight seal may make it difficult to obtain good data­
for a sample which is volatile at its melting point.

Less than 4 hours is required for a complete determination in­
cluding calculations and cleaning the calorimeter, provided the
sample crystallizes readily on cooling and the approximate melting
point is known before beginning the determination. Some samples
give considerable trouble by excessive supercooling. Table IV
gives the average number of heating periods, the time required
for 'equilibrium, and similar statistics for the determinations
listed in Tables II and III.

Table IV.

U 33-710
~alene..., 3].700

0

~

'"u
>- :<180
"- Qj

-=- 5170 0
.:'l 0 0 0

(fl p-Xylene

e 5160 0
>
0
~
u

'6
-17370

~ -17380
;:;j
rJ -17390
<l>

0.
"0 -203600
0
S

-20370~

<l>
.<:
E-< -20380

and temperature shown in Figures 9 and 10 for runs a and e are
typical of all four determinations.

Although the two calorimeters give equivalent results in the
determination of purity, the 5-ml. calorimeter gives somewhat
more reproducible values for the heats of fusion. The positive
-systematic error observed in the heats of fusion obtained in the
0.5-m1. calorimeter is asswned to be due to improper setting of
the correction voltage in the radiation shield thermocouple
circuit. A very small heat leak between the radiation shield and
the calorimeter will, of course, cause a rather large error in the
determination of the heat of fusion of such a small sample.
Although some of these errors appear to be rather large, they do
not have a significant effeet on the determination of the purity,
which is the primary funcbion of this apparatus.

This apparatus is being used with considerable success for the
routine determination of l,he purity of spectroscopic standards.
The lowest melting compound examined is n-heptane (melting
point, -90.6° C.) and the highest melting is anthracene (melting
point 217 0 C.); the upper range of operation is about 250 0 C.
Measurements at temperatures below -100 0 C. are impossible
because the Dewar surrounding the radiation shield does not
permit a sufficient rate or heat transfer to the liquid nitrogen
in th,a outer Dewar to ojfset the heat leaks through the top.
Much lower operating temperatures could be obtained by using
a more lightly silvered Dewar.

As there is no provision for evacuating the calorimeter, the
lIlelting points observed in this apparatus are not triple points
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Use of Fluoboric Acid for the Direct Determination of Potassium
HAROLD M. MANASEVIT

Armour Research Foundation o/lIIinois Institute oj Tec.';nology, Chicago 16, III.

A practical analyticalllIethod is proposed for the direct
deterllIination of potassiullI by precipitation as potas­
SiUllI fluoborate frollI an ice-cold solution. Solutions
containing 20 to 250 llIg. of potassiullI chloride in the
_presence of up to 500 llIg. of sodiullIchloride have been
analyzed, with a relative error in potassiullI chloride of
less than 1% and with good reproducibility. Moderate
to cOllIparatively high ratios of the chlorides of copper­
(II), zinc, cadllIiullI, cobalt, nickel, llIanganese(II),
iron, alullIinullI, chrollIiullI, calciullI, lithiullI, or llIag­
nesiullI to potassiullI do not interfere. COllIbinations
of these chlorides are perllIissible; however, alullIinullI
and calciullI llIust not be present in the sallIe solu­
tion with potassiullI. The allIllIoniullI, bariullI, and
sulfate ions interfere.

OF THE various methods that are available today for the de­
termination of potassium (7), the two most often used are

the chloroplatinate and perchlorate methods (5). The chloro­
]llatinate method generally is considered to be the most accurate
for determining potassium in the presence of sodium, but con­
siderable time is required to regenerate the expensive chloropla­
tinic acid. The perchlorate method, which requires a much less
€xpensive reagent, has been adopted by many laboratories and
found to givQ good results, but it requires more attention to de­
tails and involves more steps in the procedure. Considerable
interest has been stimulated recently in more rapid and more
:specific methods for potassium---especially the use of sodium
tetraphenylboron (2-4), but the reagent is expensive.

In this paper an inexpensive and simple routine method is pro­
posed for the rapid direct determination of potassium in the pres­
€nce of the mixed chlorides of the alkali metals (except cesium
and rubidium), with a prepared alcoholic solution of fluoboric
acid as the precipitating agent.

The preparation of potassium fluoborate dates back to the
early 1820's when it was made by mixing fluoboric acid with a
solution of a potassium salt, such as the carbonate, nitrate, or
chloride (1). In 1915, Mathers et al. (6) developed a qualita­
tive test for the presence of sodium in potassium, lithium, and
magnesium mixtures. During the course of their work the po­
tassium was removed as potassium fluoborate. However, ap­
parently no one has utilized the insolubility of potassium fluobo­
rate as a means for the quantitative determination of potassium
in the presence of the other common alkalies, as well as many
other elements. This is a report of the development of a work­
able method based on the insolubility of potassium fluoborate.

EXPERIMENTAL

Reagents. Throughout the investigation reagen1rgrade salts
were used. Solutions of the following specifications were used:
48 to 50% purified Baker and Adamson fluoboric acid; absolute
methanol, analytical reagent, 99.5% assay; and 95% ethyl
alcohol.

Preparation of Precipitating Solution. A 0.50-gram sample of
sodium chloride is dissolved in 40 ml. of distilled water. To it are
added 250 ml. of fluoboric acid, 500 ml. of 95% ethyl alcohol, and
500 ml. of methanol. The mixture is placed in a chipped
ice bath until the temperature of the solution is about 3 0 C. and
then filtered by suction through an asbestos-padded porcelain
Gooch crucible until the filtrate is clear. The prepared solution
is stored in polyethylene bottles.

Procedure. To a 10G-ml. borosilicate glass beaker containing
10 ml. of a cold solution of the mixed chlorides of the alkali metals
(except cesium and rubidium) are added 30 m!. of the prepared
alcoholic solution of fluoboric acid. The beaker is kept in an
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ice bath until the solution has reached a constant temperature
of about 3 0 C., from 45 minutes to an hour. The supernatant
liquid is decanted, with suction applied, through a fritted-glass
Gooch-type crucible of medium porosity, which has been inserted
into a soft-rubber holder and placed in a funnel and surrounded by
chips of ice. After the decantation process, the beaker is re­
turned to the ice-water bath until the filtrate has passed through
the crucible. The outside of the beaker is wiped free of water
and the bulk of the precipitate is added carefully to the crucible
and allowed to drain free of liquid. The· precipitate remaining
in the beaker is washed quantitatively into the crucible with a
fine stream of ice-cold (3 0 C.) 1 to 1 methanol---ethyl alcohol
solution from a wash bottle.

The crucible and contents are washed with three or four 10­
WI. portions of the alcohol solution and dried in an oven at 105 0

to 110 0 C. for 30 minutes. The crucible is cooled to room tem­
perature and weighed. The potassium content is calculated
by multiplying the weight of potassium fluoborate by the stoi­
chiometric factor, 0.3105. In a mixture in which more than 0.50
gram of sodium chloride is expected in the mixed chklride!l\ the
precipitate should be rewashed with 30 m!. of 1 to 1 meth­
anol-ethyl alcohol solution, redried, and reweighed until a
change in weight no greater than 0.5 mg. is reached between suc­
cessive weighings.

The drying time may be reduced considerably by washing the
excess alcohol from the precipitate with ice-cold ether and draw­
ing air through the precipitate until the ether odor is gone.

The Gooch crucibles can be cleaned by suction filtering about
100 m!. of hot water through them after the bulk of the precipi­
tate has been removed. After numerous determinations only
very slight weight changes and etching of the' glass have been
noticed.

Alcohol to Sample Solution Ratio. In order to establish the
correct conditions for precipitating pota~sium fluoborate, the
ratio of alcohol to reagent to sample solution was studied. Vary­
ing amounts of 95% ethyl alcohol and fluoboric acid were added
to 5-ml. portions of a potassium chloride solution (5 ml. equiva­
lent to 0.0200 gram potassium chloride) at room temperature. It
was found that a greater than 1 to 1 ratio of alcohol to sample
solution gave quite reproducible but low results. The amount of
fluoboric acid added (2 to 10 ml.) likewise had no effect on the
reproducibility of the determination at this alcohol concentra-
tion. .

Temperature of Precipitation. It was suspected that the low
results were due to the effect of temperature on the solubility of
the potassium fluoborate precipitate. Therefore, the precipita­
tions were made in an ice-water bath. Table I shows that the
precipitation is more nearly quantitative when carried out at
about 30 C.

Table I. Effect of TellIperature on Precipitation of
PotassiullI Fluoborate

[Precipitating solution. 5 m\. KCl solution (0.0200 gram KC\). 10 m\.
RBF., and 25 in\. C,R,ORj

KCl Recovered, G.
At room temp. At 3° C. (ice bath)

0.0191 0.0200
0.0192 0.0197
0.0192 0.0201
0.0192 0.0199
0.0194 0.0200

Effect of Sodium Chloride. An important requirement of any
method for potassium is that the procedure be applicable in the
presence of large amounts of the most common alkali metal,
sodium. Therefore, increments of sodium chloride (0.10 to 0.50
gram) were added to several standard potassium solutions and
the solutions were analyzed.

In all cases, consistently high results (15 mg. per 10 ml. of
fluoboric acid reagent used) were obtained: A blank on the
reagent plus sodium chloride showed that the high values were
due to impurities in the fluoboric acid in combination with
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Table III. Effect of Foreign Ani<JDs on the Deterlllination
of }'otassiulll with Fluoboric Acid

(Precipitating solution. 0.5 gram NaCl, 40 m!. HiO, 250 m!. HBF., 500
m!. C2H,OH, and 500 m!. CH,OH)

Table II. Efie.~tof Foreign Cations on Potassiulll Analysis
with Fluobor:ic Acid

(Precipitating solution. 0.5 gram NaCl, 40 m!. H20, 250 m!. HBF., and
1000 m!. C2H,OH; ,compound dissolved in 10 m!. stook solution containing

0.0400 gram KC1)

When fluoboric acid was added to an alcoholic calcium chloride
solution, a white doudiness would sometimes result, but when
the alcohol was added to an aqueouo calcium chloride solution
containing fluoboric acid, no cloudiness was encountered. Acidi­
fieation of the calcium chloride-alcohol mixture with I m!. of hy­
drochloric acid before the addition of the fluoboric acid prevented
the cloudiness without affecting the solubility of the potassium
fluoborate. If calcium salts are known to be present, the solu­
tion should be acidified before the precipitating solution is added,

It was found that the addition of an alcoholic fluoboric acid
mixture to a solution containing both aluminum and calcium
chlorides produced a precipitate if the a.1cohol solution ratio was
slightly greater thlm I to 1. Numerous other solvents were
tried (I-butyl alcohol, acetone, methanol, ethyl acetate, chloro­
form, ether, etc.), but precipitation still occurred.

The ammonium ion interferes with the determination because
of coprecipitation and solu.bility effects and its removal by igni­
tion of the mixed chlorides is required.

Effect of Other .Anions. The insolubility of the sodium and

the sodium chloride. However, this difficulty was eliminated
'by pretreating the fluoric acid reagent as follows: A stock solu­
tion containing 0.5 gram of sodium chloride dissolved in 5 m!.
of water, 30 m!. of f1uoboric acid, and 125 m!. of ethyl alcohol was
cooled in ice ('" 3 0 C.) and filtered through an asbestos-padded,
porcelain Gooch crucible. The minimum amount of sodium
chloride required to remove the impurity will vary with each
batch of fluoboric acid reagent; however, 0.5 gram of sodium
chloride was sufficient to purify a stock solution containing up to
250 mI. fluoboric acid.

The impurities removed by the pretreatment of fluoboric acid
with sodium chloride are probably sodium fluosilicate and sodium
sulfate.

Effect of Otbler Cations. A series of acidified solutions con­
taining moderal;e to excessive proportions of other salts to po­
tassium chloride were analyzed for potassium with good results.
For each 10 m!. of sample solution ;10 mI. of the stock solution
were used. Table II shows that 2 grams each of cadmium,
lithium, zinc, magnesium, manganese(II), iron, cobalt, calcium,
aluminum, and copper(II) salts show little interference in the
determination of 0.04 gram of potassiu mchloride. Goodpotassium
recov~ries ~ere obtained from potassium chloride solutions con­
taining combinations of 0.2 gram eaeh, of the chlorides of cad­
mium, lithium, cobalt, sodium, magnesium, zinc, manganese(II),
chromium, nickel, aluminum, and iron.

KC1,G.
Added Recovered

0.0200 0.0194
0.0400 0.0392
0.1000 0.0974
0.2500 0.2485
0.0400 0.0395

0.0400 0.0390
0.0400 0.0391

0:;;
1.0
2.0

XaC!.
G.

20:40

20:60

Ratio of
Soln.:

Pptg. Soln.

10:30

Table V. Effect of Ethyl Alcohol plus Metham~l on
Analysis of Potassiulll with Fluoboric Acid

(Precipitating solution. 0.5 gram NaCl, 40 m!. H,O, 250 m!. HBF., 500
m\. C2H,OH, and 500 m\. CH,OH)

Ratio of Chloride
KCI,G.Soln.: Added to

Pptg. Soln. Pptg. Soln: G. Added Recovered

10:30 0.0200 0.0199
0.0400 0.0402,0.0397
0.1000 0.0999,0.0991

NaCi' . 0: io
0.2500 0.2496,0.2497
0.0400 0.0399

NaCI 0.20 0.0400 0.0403
NaCI 0.25 0.0200 0.0202,0.0197
NaCI 0.25 0.2500 0.2499
NaCI 0.25 0.2900 0.2904
NaCI 0.50 0.0200 0.0200
NaCI 0.50 0.0400 0.0409,0.0406
NaCI 0.50 0.2500 0.2492

11:30 CaCh 0.25 0.2500 0.2495
CaCl2 1.0 0.0200 0.0198
CaCh 1.0 0.2500 0.2501

CaCh 1.0 0.2500 0.2502
NaCI 0.25

CaCh 2.0 0.0200 0.0200

CaCh 2.0 0.0200 0.0206
NaCI 0.25

CaCh 2.0 0.2500 0.2499
NaCI 0.25

15:45 NiCh.6H20 2.0 0.0200 0.0198,0.0202
CrCh.6 H2O 2.0

NiCh.6H20 2.0 0.2500 0.2499

CrCh.6 H2O 2.0
NaCI 0.25

--_.

Table IV. Effect of Methanol on Deterlllination of
Potassiulll with Fluoboric Acid

(Precipitating solution. 1 gram NaCl, 40 m!. H20, 250 m!. HBF" and
1000 m!. CH,OH)

potassium sulfates in alcohol necessitates the absence of the sul­
fate ion but the addition of I mI. each of phosphoric and nitric
acids to the chlorides had no effect on the determination of po­
tassium under the conditions presented here (Table III).

Although this point was not investigated, it is probable that
the fluoride ion should not be present with the alkalies, for it has
been reported (3) that when potassium fluoride reacts with fluo­
boric acid, a potassium fluoborate other than KBF. is formed.

Ethyl Alcohol versus Methanol. Ethyl alcohol was used ini­
tially as a solvent in this investigation and it proved to be satis­
factory for the determination of as much as 0.25 gram of potas­
sium chloride in the presence of 0.25 gram of sodium chloride.
Since both sodium and potassium chloride are more soluble in
absolute methanol, the effect of methanol wasostudied. It was
found that although larger amounts of sodium chloride could be
tolerated in the presence of potassium chloride, the results were
slightly low (Table IV). A 1 to 1 mixture of the alcohols was
used next in the precipitating solution as well as the wash liquid,
and acceptable results were obtained in the presence of at least
0.50 gram of sodium chloride. Table V shows that 20 to 250 mg.
of potassium chloride can be determined in the presence of up
to 500 mg. of sodium chloride with a relative error of less than
I % and that moderate amounts of calcium, nickel, and chromium
chlorides do not interfere in the determination of potassium.
Thus, a I to I mixture of ethyl alcohol-methanol seems
superior to ethyl alcohol alone and it appears that a higher con­
centration of methanol to ethyl alcohol also will give good results
in the presence of even greater amounts of sodium chloride.
The I to I mixture proved much more efficient than the ethyl

Recovered
KC1,G.

0.0406
0.0400
0.0403
0.0401
0.0401

0.01960.0200

KC1,G.
Added Recovered

0.0200 0.0206
0.0200 0.0208
0.2500 0.2490
0.0200 0.0199
0.2500 0.2492

Compound, 2 G.

Co(:h.6 H,O
AlCls.6 H20
Ca(I'\"O,),. 4 H,O
Cu(I\·0,),.3 H20
LiC]

0.25
0.25
0.25
0.25

NaCl,
G.

Recovered
KC1,G.

0.0401
0.0400
0.0402
0.0404
0.0400

Acid,
1 M!.

H,PO.
H,PO.
H,PO.
HNO,
HNO,

HNO,}
H,PO,12:30

Ratio of
Soln.:

Pptg. Soln.

11 :30

Compound, 2 G.

CdCh.2.5 H,O
ZnCh
~VIgCh.6 H,O
MnCh.4 H20
FeCh.6 H20
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alcohol alone for washing the potassium fluoborate precipitate
free of occluded salts; only when high amounts of sodium chloride
or other salts were present was more than one washing found to
be necessary. The precipitate was considered free of impurities
when washing with 30 mI. of the 1 to 1 ice-cold solution caused
no greater than a O.5-mg. change in weight.

When ethyl alcohol or the 1 to 1 mixture of ethyl alcohol­
methanol is used for the determination of potassium fluobo­
rate, the precipitate has a white, almost gelatinous appearance,
but when methanol alone is used, the potassium fluoborate ap­
pears to be very fine, granular, and almost transparent. The
precipitate from methanol requires more careful handling during
transfer to the crucible, and technique difficulties may be the
reason for the slightly lower results.

DISCUSSION

Except for the difficulty encountered when calcium and alu­
minum are present in the same solution, the determination of
potassium as potassium fluoborate in many materials is simple
by this rapid method in the presence of the common alkalies and
other salts. The method has its advantages over the perchlorate
and chloroplatinate methods in speed and costs, respectively, and
should be ideal for routine work.
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The necessity of having to work with ice-cold solutions is a
slight disadvantage but when more is known about the solubility
of potassium fluoborate in other organic solvents, it is conceivable
that a method could be developed for precipitating potassium
fluoborate quantitatively at room temperature.
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Semiautomatic Gas Separation Equipment
CHARLES W. HANCHER' and KARL KAMMERMEYER
Chemical Engineering, State University of Iowa, Iowa City, Iowa

With rnanual operation of apparatus for gas separation,
the chance of introducing errors is great. A simul­
taneous-sarnpling, douhle automatic gas buret appara­
tus was developed whereby one operator could handle
the equipment with a greater degree of accuracy be­
cause the timing and pressure control are automatic.
ExperiJnental data with the described instrument
agreed well with data obtained frorn the rnanually
operated apparatus and less time was required per de­
terrnination.

FROM 1829, when Graham (4) carried out his initial work on
gas separation, which resulted in the statement of Graham's

law, until 1945, gaseous phase separation was only a laboratory
phenomenon. The first and foremost important application of
gas separation, using a porous membrane, was in the separation
of uranium isotopes.

When a membrane or barrier, whether it be plastic, porous
glass or ceramic, or metal is considered for use as a separating
membrane, two characteristics should be determined: the rate
of gas flow for a given pressure drop across the membrane, and
the amount of enrichment in one or more of the components of the
gas as it permeates through the membrane.

The theory and the literature of the gaseous phase separation
have been well covered in previous publications (1, 2, 5, 7-9).
The membranes under consideration will permit one or more of
the three types of flow which are normally encountered when gases
flow through membranes: molecular streaming or Knudsen flow,
viscous or Poiseuille flow, and a mixture of molecular streaming
and viscous flow. Recent publications (3, 5) have emphasized
the fact that another flow phenomenon must be considered when
vapor flow through microporous membranes is' included-that
is, the occurrence of adsorbed (or condensed or surface) flow, re­
sulting from presumable formation of a sorbed liquid phase in the
microporous structure of the membrane.

I Present address. Oak Ridge National Laboratory, Oak Ridge, Tenn.

TYPES OF MEMBRANES

Membranes available for separation are essentially' of two
types: plastic films and porous bodies. While a plastic mem­
brane undoubtedly possesses a porous structure, it has been found
helpful to differentiate between plastic films on one hand and
microporous membranes on the other hand. In general, micro­
porous membranes are considered to have pores with diameters
of about the mean free path size of gases, while the much smaller
porous structure in the plastic membranes is caused by the spac­
ing between the molecules of the plastic.

Microporous membranes are actually capillary systems with
interconnected pores. Sucb membranes can be prepared by two
methods-producing micropores by removing an interdispersed
pbase or component or by reducing large holes which already exist
in the membrane. A good example of the removal of a dis­
persed phase is the preparation of porous glass (6). The tech­
nique of reducing the size of existing holes in a membrane would
be represented by ceramic practice and powder metallurgy.

It was shown (1) that the test gas mixture hydrogen-carbon
dioxide may behave very differently when plastic membranes are
used than when microporous membranes are used. The carbon
dioxide is often selectively enriched when the gas permeates
tbrough many of the plastic membranes. This selective enrich­
ment is considered to be caused by solubility phenomena (1).
Separations in microporous membranes essentially obey Grabam's
diffusion law, which in its simplest form states that the separation
is a function of the square root of the inverse ratio of the molec­
ular weights. Under certain conditions the phenomenon of con­
densed flow will be encountered even with sucb a gaslike sub­
stance as carbon dioxide.

THEORETICAL CONSIDERATIONS

From the rate equations for gas diffusion and a material bal­
ance, Weller and Steiner (8, 9) developed the equations for the
binary system, providing a method for predicting separation re­
sults for two somewhat different cases of flow conditions. The
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control arc automatic. The need for such an apparatus is evi­
dent; therefore, a simultaneous-sampling, double automatic gas
buret apparatus was developed.

This apparatus is designed so that any diffusion cell can be
tested. Any system of gases or noncondensable vapors can be
used as a test mixture.

The measurements to be made with this apparatus are the de­
termination of the flow rates of the permeated and purged streams
and the accurate composition analysis of the two streams; the
operating temperature and pressure must also be recorded. The
flow rate is determined by allowing the t;est gas to displace a liquid
in calibrated gas burets. The time to displace a standard volume
can be determined·by two different timing methods-the elec­
trode mercury contact method and the photoelectric, cell method.

DESCRIPTION OF APPARATUS

The simultaneous-sampling, double gas buret system consists
of three main parts: the separation cell, the two different flow
rate measuring systems, and the pressure control system, Figure
1. 'There are two identical pressure control systems, one for
each of the streams of gas which are measured ap.d analyzed­
i.e., the purged stream and the permeated stream. The feed
gas flow need not be measured, as it is .represented by the sum of
permeated and purged streams, provided it is certain that no
leaks exist in the system. The feed gas composition is deter­
mined by analyzing the feed gas' reservoir before the membrane
testing is started. Figure 2 presents a diagram of the apparatus.

A separation cell must have at least three gas connections­
onefor high- pressure gas inlet, one for low pressure gas outlet, and
one for high pressure purge outlet. In the high pressure purge
outlet line, there must be a valve for controlling the F factor.
There must be some means to seal the membrane so that none
of the high-pressure gas can diffuse around -and thus bypass the
membrane. It may be advisable that there be a large enough
gas space in front of the membrane-i.e., the high pressure side­
to allow good mixing of the feed and purge gases.

Circuit diagrams of the arrangement used to measure the flow
rate by means of the electrode mercury contact method are shown
in Figures 3 and 4. - Two tungsten electrodes are located in a
gas buret at different heights, thus defining a -known volume.

F~~r, 1. Auto~atic Gas Buret Separation Apparatus•

Note: F
~ Attac.ttedTo

. Lowll' Merc'ury
Reae'voir

/
Prlswr8
Control
Uril

FigUre 2; DiagralD of AutolDatic Gas BUret Separation
ApparatlJls

A, Test gas cylinder
B, Test gas regulator
C. High pressure manometer
D. Purge valve aaaembly
E. Diffusion 'cell
F, Electric timer

amoun-t of gas ,permeated di~ided'by the amount of gas fed to
the<'Sei>ar~tion' cell is' defined as F factor. Permeability corre­
sponds to' an F f!\ctor of 1.00. ,.The F factor may',be calculated
from either flQW rate data or composition data.. . . .

EQUJPMiENT
GAS BURET

5 WATT

D.C. POWER

SUPPLY

CLOCK0-- --0.

6X5

Five-Watt Direct Current Power Supply

Most of the types of apparatus for gas separation experiments
which have been reported to date require a large number of
manual operations. If a simultaneous-sampling
unit for the permeated and the purged gas is
to be uSE;ld, two operators are needed to handle
the apparatus during the sampling operations.
In collecting gas samples, two leveling bottles
liaV:e to be lowered at such a rate that constant
pr~ssure (usually atmospheric) is maintained in
the gas burets at all times. In addition, mul­
tiple timing operations have to he performed.
While manual operation is possil:>le and has been
used extensively, the chance or introducing
errors is great. With an autolllJttic gas buret
system one operator could easily operate the
equipment with an imprC?Jved de~ree of experi­
mental accuracy. because the timing and preRsure Figure 4.

Figure 3. Stop-Clock Starting and Stopping
Circuit

saooo .n.
2W
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OUTLET FOR
LAMP

Figure 5. Diagram of Photoelectric Relay

that the gas burets have to
be cleaned daily and refilled
with clean mercury; _and. (2.)
the toxic danger from mer­
cury vapor poisoning if any
of the mercury is spilled. A
disadvantage of. the photo:­
electric cell method is the p<is~

sihility of different amounts
of gas being absorbed in the
saturated salt solution.

The pressure-control sys­
tcm actuates the valve at the
b()ttom of the gas buret,
which opens and closes at
such a rate that the gas· in
the buret is collected under
practically atmospheric pre~
sure conditions: .The ~
stream from the separation
cell is split into two lines: o!!e
connecting .to the gas blAJ:e.t
anq-oneconneeting to the pres­
surecontroller which. is vent!td
to the atmosphere. To mai,n,­
tain atmospheric conditions
in the collection l'llS buret, the
methods of electrical control
and pneumatic control were
tried.

As it takes a few seconds for the instrument to gain control, the
timing electrodes are installed at 25 and 75 cc. when a l00-cc.
gas buret is used. The principle of the electric timer system is
that the electrical resistance of the mercury (used as confining
liquid for the gas) is much less than that of the relay circuit,
Figure 3. The relay circuit for the top electrode is normally open,
while the lower relay circuit is normally closed. One side of the
nO-volt alternating current line' which operates the electric
timer is connected to two relay circuits; the other side is con­
nected directly to the electric timer. A 5-watt 75-volt direct
current power supply operates the coils of the relay, Figure 4.

The device used to measure rate of flow by means of the photo­
electric cell method consists ()f two independent units which
operate on nO-volt alternating current. Each unit includes
an accurately calibrated gas buret and two photocell assemblies
spaced at a standard distance apart on the tube, usually 50 cc.
The photocell assemblies are connected to an amplifier unit
(Figure 5) which in turn controls an electric timer. Dyed salt
solution is used in the buret as confining liquid.

Two disadvantages of the electrode mercury contact method
are: (1) when a gas test mixture is used with a high oxygen
content (about 50%) the mercury oxidizes at such a rapid rate

Figure 7. Pressure Control System

When electrical control, consisting of an off-on pressure cell
and solenoid valve, was used, it resulted in too much fluctuating
or cycling control. Therefore, a proportional band pressure con­
troller and a pneumatic pressure motor valve were installed to
take its place. The electrical control failed to give suitable serv­
ice because it superimposed a pulsating pressure differential
on the low pressure side of the membrane when in operation.
Therefore, the equilibrium in the separation cell was continually
being upset.

The pneumatic pressure control system (Figures 6 and 7) was
therefore developed. It is patterned after a liquid-level con­
troller. The system consists of two glass vessels which are par­
tially filled with watcr and connected below the water line. One
vessel is closed to the atmosphere and connects with a three-way
stopcock bypass arrangement.to the pressure tap of either the
permeated or purged downstream gas line. The other vessel is
open to the atmosphere and is equipped with a float. For greater

Note:

Line From
Gas Stream
To Be Measured

.
;

~

~~l,:~,,,,,~

[3=

Diagram of Pressure Control S)'stem

A. Pneumatic motor valve
B. Pressure vessel
C. Controlling stopcock
D. Pressure recording chart
E. Level-trot (Fisher Model No. 2504)
F. Float
G. Atmospheric vessel

G

Figure 6.

Nole:
Line Attached To

~'.'.'''''''--~-.-= /'
Revuloted 20pslo '-"='---.;;r
Air Line
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Figure 9. Thimble Type of Diffusion
Cell
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Jlensitivity the closed vessel may be larger than the vessel open
to the atmosphere. The float arm is attached to a level con­
troller (Model 2504 Fisher Controller Level-trol). The instru­
ment works on reverse action. Connected to the float arm is a
pen which records movement of the float. Thus a permanent
record of the pressure variations of either the perme~ted or the
purged stream is obtained. By adjusting the motor valve load­
ing, the pressure during the colleeting period is regulated within
±l/U inch of water, above or below atmospheric pressure.

TYPES 0.' SEPARATION CELLS

There are many types of separation cells in use today.

One type used for plastic or sheet materials is the flanged sep­
aration cell (Figure 8), constructed from two disks. of stainless
steeI with six bolts. Inside the ring of bolts is a Teflon gRSket.
The capillary holes for the feed and purge stream are spaced on
one of the diameters of the high pressure side flange. The capil­
lary outlet hole for the permeated stream is in the center of the
low pressure flange. For efficient operation, the flanged cell

. must be free of all grease, oil, or dirt. The cell ga..~ket must also
be clean. The membrane is cut the size of the outside diameter
of the flange gasket. The backing (filter paper or other suitable
porGUS material) which is used to fill the space between the mem­
brane.nd ~e flange should be clean, as a small piece or particle
of dirt may cut the membrane and a leak can develop. When
all of the parts of the separation cell have been correctly as­
sembled and the nuts tightened with a torsion wrench, the cell
is connected to the apparatus.

~ IJ8 IUn. St"d pip. top

B

o

F""

ANALYTICAL CHEMISTRY

B
E

SCALE ~•• I"

6 Bolli
SpGcld

Low Pressure ~.

Figure 8. Diagram of Flanged Separation Cell

The thimble-type diffusion cell (Figure 9) was designed for
porous glass membranes which are shaped like a test tube. It
has been. completely described (5, 7).

OPERATION OF APPARATUS

Prior to the start of the testing period, the gas flow is regulated
to give the desired flow rate through the membrane. After the
flow rate has been determined, the purge needle valve is set,
which determines the F factor, and the system is allowed to reach
equilibrium conditions by letting the purged and permeated gases
escape to the atmosphere for a sufficient period of time, usually a
number of hours.

Equilibrium conditions were determined by checking either the
·flow rates Of the composition of pemleated streams at half-hour
intervals. This was continued until three consecutive readings
were constant and this condition was taken as flow equilibrium.
The purge needle valve control setting determines the F factor.
To maintain the equilibrium conditions during the testing period,
the samples of permeated and purged gases must be collected
under atmospheric conditions.

When equilibrium has been established, the membrane is ready
to be tested. Before readings are taken, all of the electrical and
.pneumatic equipment is started and tested. The metering liquid
is raised manually to the top of the gas burets. The pneumatic
controls are set correctly to correpond to the flow rate. The con-

A. Feed gas
B. Purge. gas
C. Permeated gas
D. Rubber gasket
E. Screw cap
F. Packing nut
G. Areas blanked> with nonporous material

1.1'01 stopcock at the top of the pressure vessel is set manually,
open to the pressure vessel and closed to the atmosphere, and the
liquid in the buret is allowed to fall to a reservoir at such a rate
that the gas in the buret is kept under atmospheric pressure ±1/32
inch of water head.

When the run is finished, the stopcock on top of the pressure
vessel is opened manually to the atmosphere; thus the controller
returns to its normally closed position which closes the valve at
the bottom of the gas buret and liquid stops draining from the
buret. Simultaneously with the opening of the pressure vessel

Q)-_-J...---U:l-w'
~ LJ--"'4::::}---rll~iiil

@--,---....(i}-----l

@

Figure 10. Flow Diagram of Gases

A. Manometer
B. Diffusion cell
C. Pressure regulator
D. Bourdon valve (Foxboro Part U-I0I-BC)
E. Controlling stopcock
F. Gas burets
1. Purge stream to pressure controller
2. Purge stream to oxygen analyser
3. Permeated stream to pressure controller
4. Permeated stream to oxygen analyzer
5. Feed stream to oxygen analyzer
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EXPERIMENTAL DATA

The experimenta data taken with this apparatus agreed very
well with the data obtained from the manually operated ap­
paratus. The data could be obtained with much greater ease oj
operation and with less time required per determination. ThE
results also may be more accurate, because the equilibrium of thE
cell is not likely to be upset as much as with manual operation.

Separation results with a mixture of helium and oxygen arE
presented in Figure 11. The membrane used was porous glass.
The operating conditions were as follows:

Composition of feed mixture, xJe = 0.501 mole fractionx" = 0 .499 mole fraction
Pressure on high side, IT = 3.72 atmospheres absolute
Pressure on low side, p = 0.98 atmosphere absolute

Permeability ratio, ~:' a = 2.28

Calculated composition (2) in germeated gas stream at F = 0 ifx: = O. 648 mole fraction

The solid curve corresponds to the experimental~ata~ndthE
dashed curve represents values calculated according to thE
Weller and Steiner equation, Case I (7-9). The slight deviation
at F = 0 has been observed in many cases but has not as yet been
explained in a satisfactory manner. The progressive deviation
with increasing F values is due to a cell efficiency effect which
becomes more pronounced as the flow type changes from tur­
bulent to laminar.

Results ar3 shown only to an F factor of about 0.6 because thE
limited degree of enrichment at higher F values is usually not of
much interest. Furthermore, operation at F = 0.5 would usually
be preferred, as it permits easy balancing of cells in multistage
units.
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lyzer operated very quickly and with greater accuracy than th£
chemical absorption systems.

HeXf = 0.501 M. F.

Xf2 =0.499 M. F.

3.72 Atms. abs.
0.98 Atm. a bs.
30· C.

Feed:

E 0.70
o
~ .
Ui
~ 0.60
(!)

.=.,
:I:

g 0.50 ta.;;;-----------------_=;

stopcock, the gas buret is disconnected from the separation ap­
paratus and is connected to the analyzing unit by means of a by­
pass stopcock system.

With noncorrosive oxygen gas mixtures the Beckman oxygen
analyzer was used exclusively and thus stream compositions
could be obtained without upsetting the flow of gases or causing
back pressures or surges. Therefore, in this situation the com­
position was determined first and then flow rates were determined
as described.

~ 0.40

t
o
0:

ANALYSIS OF THE GAS STREAMS

The correct analysis of the gas streams is as important as the
determination of the flow rates of the various gas streams. Any
mixture of gases or noncondensable vapors can be used in the
separation apparatus. A helium-oxygen mixture was used be­
cause of the relatively large molecular weight difference of the
gases and convenience in analyzing such a mixture. Also, the
mixture was safe to handle, as the gases were not toxic, flammable,
or explosive.

0.300L---0~---'----'----........--....J
.2 0.4 0.6 0.8 1.0

F - Fraction Permeated

Once the gas sample has been collected, it can be analyzed by
chemical absorption or instrumental analysis.

A Beckman Model E-2 oxygen analyzer was incorporated in
the experimental equipment. When this instrument was used,
it was connected directly to the three gas streams with a selective
manifold-type connecting system so that a continuous analysis
could be obtained. Figure 10 shows the flow of gases through the
apparatus to the oxygen analyzer. The Beckman oxygen ana-

Figure 11. Separation of Helium-Oxygen Mixture
with Porous Glass
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V'Found, -rIM!.,
at 400 MI'

1.34
1.73

V, -rIm!. Fe, -rIm!.
1.32'
1.32

V, -rIM!.
0.90
1.87
3.6

Table II. Interference of Bromine in Vanadiu01
Determination.·with Phosphotungstate

Transmittancy. %, at 400 MI' (5-Cm. Cells)
Brt expelled Brt present .

63-.8· 63.7
4.1.0 41.0
16.9 17.0'

Table I. . Effect of Iron in Vanadium DeterDlination with
Phosphotungstate

Soln. Composition

Table III. Molecular Extinction Coefficients of
Phosphotungstovanadic Acid

Conditions Used Extinction Coef.

Filter photometer (aq.), green filter 907
Spectropho~~meter(aq.), 400 ml' 1890
Spectrophotometer (isobutyl'''l';.), ·400 ml' 2190'

prev~nt any los~ of metals (9). This metaHic residue is put into
solut,IOn as was the I-gram catalyst sample. . .

DETERMINATION OF METALS

Vanadium. Vanadium is commonly determined colorimetri­
cally as the yeIlow phosphotungstovanadic acid (11, 14). This
method has been studied and found to be very accurate with only
a few modifications. As stated by Wright and MeIlon (14),
ammonium ions cause precipitation of the phosphotungstate.
The common method of oxidation of variadium with ammonium
persulfate has therefore been replaced. Acid and alkaline
bromine oxidation' methods were compared to the ammonium
persulfate technique and liIl were found to oxidize the vanadium
quantitatively. Since the alkaline bromine oxidation method 'is
the more rapid of the two bronii.qe methods, it was adopted.

The elimination of the interference attributable to iron is ac­
complished by mercury cathodic deposition as suggested by
SandeIl (11). Table I shows the degree of this interference if
iron is not removed.

An additional step has been introduced in'to the original pro­
cedure by extracting the colored complex with isobutyl alcohol.
This accomplishes two things: it eliminates the necessity of
removing all the bro~e by boiling and it gives a slight gain in
sensitivity. The data in Table II show that the bromine color
is eliminated by reaction with the isobutyl alcohol.

A comparison of the approximate molecular extinction coeffi­
cients for three conditions is shown in Table III.

PROCEDURE. An aliquot of the prepared solution containing
20 to 300-y. of van~um is electroly~ed wit~ a mercury cathode
to remove mterfermg elements. This solutiOn should contain 1
mI. of sulfuric acid per 50 mI. At a potential of 4 volts and a cur­
rent of 1 ampere several hours will be required for the complete
removal of interfering metals (6): The solution is then made just
a~alinewith IN sodium hydroxide, a few drops of saturated bro­
mme w~ter.are added, and t,hesolution is heated to near boiling
for 5 mmutes. Just en~>ugh dilute sulf~c acid is added to make
the solution acidic and the lJ,eating\ is' continued until most of
the bromine is expelled. The cooled solution is transferred to a
separatory 'funnel and dlltited to about 70 mI;; then 15 mI. of
5N .SUlfuriC acid, 10 mI. of 5M ,phosphoric acid, and 5 mI. of 0.5M
sodium tungstate solution arj! added. and the funnel is shaken.
The yellow color is extracted with 2O-mI. portions of isobutyl alco­
hol until c~mpletely removed. The alcohol extracts are diluted
to a IOo-inl. volume and the color is compared in a spectrophotom­
eter against a reagent'blank ·at·400 m..., using,5-cm. cells. The

'F~ accurate determination of trace a010unts of O1etals
in m.irtUl'eS is difficult owing to interferences. Many
of i1ih~ emting spectrophotometric O1ethods are inade­
quate as they do not provide a means for elhninating
these interferences. ,Methods of analysis for Dine trace
:metals are given here, wherein O1ost of the,interferences
have been eliminated. The metals included are vana­
dililO1, iron, nickel, O1anganese, titaniu01, lead, copper,
ChroDliUlID, and platinum. T'he procedures are par­
ticUlarlyadapted to the analysis of used petroleu01 eat­
a~yst8 and to the O1etallic residues from petroleum.
AD techniques involve spectrophotometric methods.

T!R.ACE amo-.::nts, of foreign metals on catalysts used in pe­
rtroleum processing are harmful. ,These' trace metals can

cause i:rcrellJM ca;bon deposit on cracking catalysts and the loss
of aetivity of both cracking and reforming catalysts. To relate
these metals to their effects, accurate determinations of the
amounts of trace metals present in.oils and on catalysts are neces­
f!!U"Y.
.'. ,Thelie trace meta,ls occur as mixtures on th~ cat~lysts and in

;the. inorganic residu~s from oil. The existing colorimetric
metihods ,will usu~l1y tolerate the presence of only a few foreign
iQDS. .The interferences in the methods are often mentioned
bJlt~an exact procedure is not gJven for their removal. A notable
~~~pleof this is in the deter~inatiozi. o( chromium by the di­
phel'lylcarbazide method (11). Iron, which fniquently occurs
~jffi.·chrO,miilm" seriously interleres and there is no easy method
'f911 the qu~n~lJIl.tive sepal'llition of iron and chromium in micro
4ua~tities.. Some of ·,the other .metho.ds 'of ~h1l1ysis for trace
ni~failB' are unsatisfactory because' or' nQnre~roducibi1ity and
fuitmo-#ii' 'fu~rfering' :·cenditions. .The lloloriinetric method
~&f nickei 'ushigdimethyiglyoxiI~e (11) 'is ail example of this.
:In: order to obtain·any. acceptable accuracy such methods had to
be ,modified or new methods devised. "
~:: 'JSbcie: ne\v' tec'liniques 'ot c'olonmetrlc ·analysi~.. hav~ been de~

~eloped. The procedures used for the deteflnination' of 'nine
metals commonly .oocw:ring together_, are ,g;iyen' here, These
Ipoocedures have been found to be satisfactory for used catalysts
'sAA. inQtglin'ic! residue,s -from. oil. AIl methiids' involve speetro-
~o1!>ni,~ir~l;.reC~niqUeB:' .
: The instruments' used in the development of the D;lethods were

'th~Beckman 'Model Rand DU spectrophotometers and the Cenco
Jtb0f,i!loiIieter_ 'All reagents used were of highest purity and the
l:,peCial'reag~ntAldescribed are all available commercially.

PREPARATION OF SAMPLE

, 'CatalYilt. The .si)!e of the sample taken depends on the con­
t::uati0n Qf the metaL~ and the number of determinations to be

~
. a;ie. A Jlrocedure is given' for the preparation of a I-gram

-, Approximately .10 gmms 'of thoroughly mixed silica-alumina
llItaayst ar.e Iground to a fine powder and dried in a muffle at 550 0

I • .for 1 hour. A I-guJID sample is accurllitely weighed into a
pi3tinum .~ish or crucible and moistened with a few drops of
.!I'ater. Three to four milliliters of concentrated sulfuric acid are
~dQed followed by 5 mi. of hydrofluoric acid. The mixture is
~eat;l·gently .on a hot plate until all the silica- is removed, and a
ilittlle more hydrofluoric acid is added if necessary. The solution
tis !lv~ROrated to su!fur trioxide fumes and cO(~led, and 5 to 10 m!.
,~f-water are added, Heating is continued .until solution is com-
. ete. . .
; '(J)U. The prepa-ration of an. oil sample for the analysis of
~ content involves the reduction of the oil to an inorganic
residue. This can 'be done by several appropriate procedures,
but care should be eXel'cised in the proper choice of one so a~ to

88
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Transmittancy, %, at 665 M"
(I-Cm. Cells)

98.5
99.0
97 ..5

. 97.0

0.63

1.26

Effect. of AInInonia in Nickel Deternlination
with Dithizone

Transmittancy, %, (I-Cm. Cell)
480 m" 550 m" 665 m"

82.8 83.5 88.2
75.7 78.0 81.9
75.8 78.1 82.0
76.0 78.4 82.0

Reproducibility of Nickel Deternlination with
Dithizone

Transmittancy, %, (I-Cm. Cell)
'480 'm" ' 550 m" 66.? m"

75.8 78.1 82.0
75.7 78.0 81.9
76.2 78.5 82.5
52.3 57.4 62.7
51.8 58.0 62.3
26.4 32.0 38.0
26.6 32.2 38.0

Soln. Composition

Table VI. Effect of Certain Metals in Nickel'
Deternlination with Dithizone '

Solo. Composition

Solp.. Composition

o~ 3

o 3

Metal Concn., 1'/ml.

Zn 2.0'
Ph 2.0
Cu 0.1
Co 0.1

Ni, 1'/m\. NH,OH, N

0.2;'2 0.02
0.252 0.10
0.252 0.2)
0.252 1.00

NH,OH, N Ni, 'rIm\.

0.3 '0.252

Table IV.

Table V.

The copper is extracted by dithizone in carbon tetrachloride aftel
adjusting the aqueous pH to 5.0 with hydrochloric acid. N<J
nickel is extracted at this pH. The nickel is separated from
cobalt by forming the nickel dimethylglyoxime complex in an
ammoniacal solution and extracting it with chloroform (11.).
The chloroform is removed a,nd the nickel placed in aqueous so­
lution for the final dithizone extraction.

PROCEDURE. Five milliliters of 10% sodium citrate solution
are added to an aliquot of the sample solution containing 20 t<J
I200y of niCKel, followed by dilute sodium hydroxide until neutral.
The pH is then adjusted to 5.0 with dilute hydrochloric acid,
The aqueous solution is placed in a separatory funnel and ex­
tracted with a 0.006% solution of dithizone in carbon tetrachlor­
ide. These extractions are continued until no more.color develop!
in the carbon tetrachloride. The extracts contain the copper and
are discarded. The aqueous layer is made slightly ammoniacal
and 2 ml. of 1.0% dimethylglyoxime in ethyl alcohol are added.
The nickel complex is extracted with cJ:tloroform. The chloroform
extract is evaporated to dryness, the final organic residue bein~
digested with a few drops of perchloric and nitric acid. Watel
(25 mI.) is added to effect solution. The solution is then mad~

0.3N in ammonia, placed in a separatory funnel, and extracted
with successive portions of a'O.006% dithizone solution in chloro­
form until no further color change is noted. The extracts an
washed with separate portions of a 0.5N ammonium hydroxid~

solution until the aqueous layer remains colorless. The chloro­
form layer is diluted to 100 mi. and compared against chloroforrr
at 665 mIL in I-cm. cells: A wave length of 480 mIL can be useo
if no other metal dithizonates are present. The calibration curvl
was prepared from a solution of a nickel salt which was standard·
ized gravimetrically.

Manganese. Manganese is commonly determined colori·
metrically as the permanganate ion in an acid solution. B)
using a basic solution and a wave length of 525 mIL the interferencl
of chromium is eliminated. The spectrum of the premanganatl
ion in acid and in slightly alkaline solution is the same; however
the dichromate ion spectrum is shifted to that of the chromatl
ion- by a basic medium. It was fo'un!i that 20 oy per m!. of acic
qichromate in a 5-cm. cell gave a per c'ent tra~smittancy of 8~

at the permanganate absorption peak, whereas 500 oy per mi., oj
chromate in a basic medium gave a per cent transmittancy 01
99.

The presence of iron and copper would interfere with the per­
manganate color, so they are removed by extraction of their cup­
ferrates with chloroform. Any metals such as aluminum wiI
form a precipitate in the basic medium but the permanganatl
solution can be centrifuged clear with no loss in color.

concentration is read from a calibration curve prepared from
known solutions made from vanadium pentoxide or the metal as
the source of vanadium.

Iron. Smith, McCurdy, and Diehl (13) reported a reagent
which is specific for iron. This reagent, 4,7-diphenyl-I,IO-phen­
anthroline, (Batho-phenanthroline) has been adopted for the
colorimetric determination of iron. The authors (13) state that
many cations do not seriously interfere; it was found in this
work that ratios of foreign ions to iron in the order of 10 are tol~

erated. However, very large excesses can cause very weak colo:r
development.

The procedure as given here differs slightly from the original
in that the reagent is more concentrated to ensure excess when
other reactive foreign ions are present. Also the final solution is
diluted entirely with isobutyl alcohol and not ethyl alcohol as
originally prescribed. This has no effect on the intensity of the
color.

PROCEDURE. An aliquot of sample solution containing 10 to
700y of iron is measured into a separatory funnel. One milliliter
of 10,% hydroxylamine hydrochloride is added, followed by 2 ml.
of 10,% sodium acetate solution and 2 ml. of .the reagent solution.
(The reagent solution contains 0.2 gram of 4,7-diphenyl-l,ID­
phenanthroline dissolved in 70 mi. of ethyl alcohol and diluted
to 100 ml. with water.) The volume is adjusted to about 30 ml.
with water. The red color of the iron complex is extracted with
10 to 15 ml. of isobutyl alcohol. After separating the two phases
more reagent is added to the aqueous layer and any further color
is extracted with isobutyl alcohol. The alcohol extracts are
finally diluted to 50 ml. and the color is compared against isobutyl
alcohol using l-cm. cells at 530 mIL. Electrolytic iron solutions
were used in preparing the calibration curve.

Nickel. The most widely used method for the determination
of nickel is the dimethylglyoxime procedure. As shown (11)
it has been found difficult to obtain reproducible colors l;>ecause of
slight variations in pH, complexing reagents, and other metallic
ions. To overcome these difficulties another method for the
determination of nickel has been developed.

Sandell (11) shows that nickel is extracted from an ammoniacal
solution by dithizone in carbon tetrachloride. It was decided to
investigate this as a possible means for the quantitative deter­
mination of nickel. A faintly ammoniacal aqueous solution of
nickel was extracted with purified dithizone in carbon tetra­
chloride. Chloroform was used to dilute to a 'definite :volume,
as carbon tetrachloride alone occasionally caused precipitation.

The nickel dithizonate exhibits three absorption bands in the
visible region. Using the described extraction procedure the
results were somewhat nonreproducible at any of these wave
lengths.' To locate the cause of nonreproducibility, extractions
were made with the concentration of ammonia in the aqu~ous
solution.being varied from 0.02 to 2.00N. The data obtained
showed tlia~ a IN ammonia solution gave good reproducibility.
This procedure is undesirable, however, owing to the inherent
instability of most metal dithizonates in either strong base or
acid. Extractions were then made using a chloroform solution
of dithizone as the extracting medium. The effect of variations
in the ammonia concentration upon this extraction procedure is
shown by the data in Table IV.

These data show that less ammonia is now needed to obtain
complete and reproducible extractions. The reproducibility
using all chloroform as the extraction medium and a 0.3N
ammonia solution for varying amounts of nickel is shown in
TableV.

The final conditions selected were a 0.006% dithizone solution
in chloroform, extraction from a 0.3N ammonia solution, and
final dilution with chloroform. The wave length chosen was
665 mIL which, although less sensitive, eliminates some of the
interferences attributable to other· metals extracted from am­
moniacal solution. Table VI shows the interference of these
metals.

The data in Table VI indicate that it is necessary to remove all
the copper and cobalt before nickel can be determined accurately.
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24
hr.

10 30 1 2 3
min. min. hr. hr. hr.

Im­
med.

100.0
79:2 78:481.0 78.0 77.3

59.8 57.8 57.2 57.0 57.0
67.0 63.5 63.0 62.7 62.4
59.5 56.8 56.2 56.0 56.0

53:056.0 54.5 53.5 53.3 53.5
53.5 52.0 51.9 52.0 52.0 52.0 51. 5

Tiron.
%

o
0.4
0.4
0.4
0.8
1.6
1.6

Table XI. Reproducibility of Titanium Determination in
Presence of Vanadium. Using Tiron

Soln. Composition Transmittancy, %. at 380 M" (I-Cm. Cell)
Ti, V, Im- 10 20 30 1 2 3 72

-rIm!. -rIm!. med. min. min. min. hr. hr. hr. hr.
0.48 9.0 75.5 74.3 74.0 73.6 72.7 72.3 72.3 71.5
0.96 9.0 53.5 52.8 52.7 52.7 52.0 52.0 52.0 52.3
1.92 9.0 29.5 28.0 27.6 27.5 27.2 27.2 27.2 27.4
2.89 9.0 16.0 14.5 14.2 14.2 14.0 14.0 14.0 14.0
0.48 18.0 87.3 82.8 81.0 79.0 75.7 73.5 72.5 73.3
0.96 18.0 70.5 64.0 61.5 59.3 55.8 52.8 52.5 53.2
1.92 18.0 41.5 34.0 32.7 30.7 29.2 28.0 27.7 28.4
2.89 18.0 25.0 18.2 17.0 16.0 15.0 14.2 14.2 14.4

respect to time. These results show that a concentration of
peroxide in the order of 0.0006% gives the most color after 2 to
3 hours. This amount of peroxide was tried with varying amounts
of titanium and found to be satisfactory.

Yoe and Armstrong (15) indicate that vanadium will interfere
with the tiron method. Vanadium is left with the titanium in
solution after electrolysis with the mercury cathode (6) to remove
other interferences. The effect of vanadium has been investi­
gated and its interference eliminated. The data in Table IX
show the intensity of color developed by various amounts of
vanadium when the reagents are added in the order: buffer,
peroxide, and tiron. The color is compared against distilled
water.

This shows that the vanadium does not react with tiron under
these conditions and the color is due entirely to its reaction with
the buffer and peroxide. It was found necessary to increase the
peroxide concentration in order to have enough to react with
the vanadium and also form the titanium tiron color. This
introduced other difficulties by causing a much weaker color to be
formed with the titanium. The data in Table X show the
effect of varying conditions of solution composition. Each
solution is compared against a specific blank containing all the
same constituents except the tiron.

These data show that by increasing the amount of buffer
solution and reagent good sensitivity and stability can be at­
tained. The final conditions selected of 0.02% hydrogen per­
oxide, 20% buffer solution, and 1.6% tiron were tried for varying
concentrations of titanium and vanadium. The results are
shown in Table XI where each reference solution contains every­
thing except the tiron.

These data show that with vanadium concentrations up to
about 20 -y per m!. of final solution, very little error will be
introduced into the method after 2 to 3 hours.

PROCEDURE. An aliquot of the solution containing 10 to 100-y
of titanium is electrolyzed with a mercury cathode as in the
vanadium determination. To the electrolyzed solution are added
10 m1. of buffer solution (1 to 1 mixture of 1M sodium acetate
and 1M acetic acid), 1 001. of 1% hydrogen peroxide, and 2.0 ml.
of 40% aqueous tiron in this order. The volume is adjusted to
50 001. and after 2.5 hours the color is compared against an equal
aliquot of solution containing all reagents .except tiron at 380 m~
in I-coo. cells. A calibration curve is prepared from a standard
solution of titanium oxide.

Lead. Lead in trace quantities is usually determined as the
dithizonate (11). This method, although sensitive, is unsatis­
factory because of instability of the color and the inherent error

24
hr.

Effect of Buffer, Vanadium., and Reagent in Titanium DeterlDination
with Tiron

Transmittancy. %, at 380 M" (I-Cm. Cell)

95.5
85.7
49.8

Solution Composition
Ti. V, Buffer

-r/ml. -r/ml. Soln.• %
0.96 9.0 10
0.96 9.0 10
0.96 0.0 10
0.96 9.0 20
0.96 9.0 20
0.96 9.0 20
0.96 0.0 20

Table X.

H,O"
%

0.02
0.02
0.02
0.02
0.02
0.02
0.02

95.3
86.0
50.5

88.0 77.0 64.0 58.0 54.8 50.5
79.0 70.0

53:3
69.0 69.0 69.0 69.0

65.5 53.2 53.4
52:0

53.0
67.5 5i'.8 55.2 53.3 52.0
75.0 64.8 62.2 56.7 54.7 53.7

Effect of 'Varying Peroxide on Titanium
DeterlDination with Tiron

Transmittancy, %, at 380 M" (i-Cm. Cell)
1m- 15 30 1 2 3

med. min. min. hr. hr. hr.

Reaction of Vanadium with Buffer, Peroxide,
and Tiron

Transmittancy, %, at 380 M" (l-Cm. Cell)
With tiron Without tironV. -rIM!.

3.6
9.0

45.0

Table VII. Effect of Vanadium. in TitaniulD
Deter.rnination with L-Ascorbie Acidi;

Soln. Composition Transmittancy, %';: at 360 M"
Ti, 'l'/m!. Concn. of V, ~r/rn!. (l-Cm. Cell)

2.41 0.0 62.0
2.~ 10.0 00.5
2.41 20.0 53.5
2.41 100.0 31.5
0.00 20.0 '81.0

Soln. Corrlposition
Ti, H,O"

-r/mL %
0.96 0.0
0.96 '0.06
0.96 0.006
0.96 0.0006
0.96 0.001

The manganese is oxidized
to permanganate in an acid
medium with periodate. The
presence of phosphoric acid
has been found to increase
the r~te of oxidation markedly.
The phosphoric acid does not
change the absorption of the
chromium and manganese at
the 525-mju wave length.

PROCEDURE. An aliquot of ..
the solution containing 10 to 11>0 -y of manganese IS made 2N m
sulfuric acid and placed in a separatory funnel. A few milliliters
of· an aqueous cupferron solution are added an~ then .the solu­
tion is extracted \\ith chloroform to remove the mterfermg metal
cupferrates such as iron, copper, etc. The aqueous layer is evap­
orated to dryness and the organic residue destroyed with a few
drops of perchloric acid. The residue. is d!ssolved in 2N sulfuric
acid. Five milliliters of 5M phosphoflc aCid are. added and then
0.2 gram of potassium periodate. T.he solution IS heated to ~ear
boiling for 10 minutes, cooled. in ~n ICe bath, and.the~ IIl:ade Just
alkaline with 2N sodium hydroxide. The solutIOn IS diluted to
exactly 50 mI. and if there are insoluble hydroxides present such
as alMninwn the solution is poured into a centrifuge tube.
After centrifuging, the clear solution is drawn off and compared
against a blank at 525 mil using 5-cm. cells. A standard per­
manganate solution can be lwed for calibration purposes.

Table VIII.

Table IX.

Titanium. Titanium can be determined colorimetr~ally by
. 'i;neans of several reagents. The two most promising reagents

appeared to be L-ascorbic acid (4) and tiron (15). The L-ascorbic
acid method of Boltz and Hines (4) was found to give good re­

,'producibility using pure solutions. The effect of vanadium was
,·then investigated as it rema.ins with titanium' after mercury
cathodic deposition.

The da,ta in Table VII show that vanadium causes serious in­
terference. Because of this the tiroo method (15) was then in­
vestigatf!d as to reproducibility and interferences. The method
as given· was somewhat u,nsatisfactory because of slowly develop­
ing colors. Solutions in the present study were made from ti­
tanium dioxide, and since the original authors had used hydrogen
peroxide in the preparation of standards, trace amounts of per­
oxide were added. The result.sindicated that hydrogen peroxide
is necessary to obtain a rapid reaction. The results in Table
VIII show the effects of various concentr!t;tions of peroxide with
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Table XIV. Effect of Sodium Sulfate in Chromium
Determination with Diphenylcarbazide

Table XIII. Oxidation of Chromium
Transmittancy, %, at 540 M" (I-Cm. Cell)

44.1
37.9
40.5

Transmittancy, %, at 540 M"
(I-Cm. Cells)

61.5a
64.6b
68.0 c

36: 0 (fades)
32.5 (fades)

Acid Acid, Ag+ Alk. H,SO.
(NH.),S,O, (Nfu),S,O, Bro HClO.

77.8 (fades) 78.3 78.3 84.6
78.3 (fades) 78.3 78.3 79.9
78.9 (fades) 78.3 82,0

61.5 61.5
61.5 61.6
31.3 31.3
31.3 31.5
31.3

Cr,
-rIM!.
0.22
0.22
0.22
0.44
0.44
1.11
1.11
1.11

Cr, -rIMl. Na,SO., %
0.44 0.0
0.44 2.0
0.44 2.0

a Stable.
b Fades to 73.8 in 8 minutes.
c Fades to yellow in 20 minutes.

Soln. Composition· .

found in destroying the excess dithizone or using a mixed color
technique (7). DeSesa and Rogers (5) indicated that several
metals had absorption bands in the ultraviolet region owing to
their complex chlorides. Merrit, Hershenson, and Rogers (8)
have given a quantitative procedure for the determination of
lead. The reproducibility of absorption of various concentra­
tio~s of lead solutions in 1 to 1 hydrochloric acid is shown in
Table XII where the reference solution is 1 to 1 acid. (More
recently, the iodide complex of lead has been investigated and
found suitable for the determination of lead. A solution of
lead which is 1M in potassium iodide and containing a trace of
sodium thiosulfate has the same absorption at 355 mJ.' as the same
amount of lead in 1 to 1 hydrochloric acid at 270 mJ.'. In addi­
tion 2.5 'Y per m!. of iron and 25 'Y per m!. of copper do not inter­
fere. Platinum, bismuth, and antimony do interfere, however.)

Table XII. Reproducibility of Lead Determination as
Chloride

The interference of other metals was then considered and it
was found that several metals such as copper, iron, etc., will
interfere. The copper can be eliminated by a preliminary ex­
traction from acid solution withdithizone in carbon tetrachlo­
ride. To eliminate other interferences the lead can then be ex­
tracted from an ammoniacal solution with dithizone in chloro­
form. Bismuth is the only metal now present with the lead
that has any appreciable absorption at 270 mJ.' in a hydrochloric
acid solution. Bismuth can be tolerated up to 10 'Y per m!. in
the final acid solution without causing interference.

PROCEDURE. For the determination of lead the original solu­
tion of the sample should be made using perchloric acid in place
of the sulfuric acid. An aliquot of solution containing 100 to
I500'Y of lead is adjusted to pH 3 with dilute hydrochloric acid
and extracted with a carbon tetrachloride solution of dithizone.
The carbon tetrachloride extracts are discarded and the aqueous
layer is made ammoniacal and extracted with the chloroform
dithizone solution. The chloroform extract is evaporated to
dryness, the organic residue being completely destroyed with
perchloric acid. The moist residue is dissolved in water and
transferred to a 100-m!. volumetric flask and the volume is ad­
justed to about 40 ml. with water. Concentrated hydrochloric
acid (50 m!.) is added, the flask is cooled, and the volume is
adjusted to 100 ml. with water. This solution is compared after
30 minutes against 1 to 1 hydrochloric acid at 270 mJ.' using I-cm.
cells. A standardized solution of lead nitrate can be used for
calibration.

0.22 0.44 1.11
0.21 0.43 1.06
0.19 0.42 1.04
0.18 0.41 1.04
0.20

0:39
1.01

0.20 1.01
0.38 0.94

Pb, 'rIM!.
0.828
1.24
2.07
4.14
8.28

16.56

Transmittancy, %, at 270 M"
(I-Cm. Cells) (30 Min.)

92.5,92.5
88.0,88.0
77.0,78.0
58.5,59.0
33.0,33.5
12.0,12.0

were tried. The results of several methods are shown in Table
XIII,

The data show that the persulfate alone is poor because of the
fading of the diphenylcarbazide chromium color. This is due
to the incomplete removal of the persulfate on boiling; the un­
removed persulfate reacts with the color, destorying it. The
presence of silver ions eliminates this interference but causes
further trouble in that manganese, if present, is oxidized to per­
manganate which will interfere. The permanganate cannot
be reduced completely with hydrochloric acid or other common
reducing agents without the risk ~f some reduction of the di­
chromate, For these reasons the persulfate method was aban­
doned. The perchloric acid oxidation method shows very
erratic results and is therefore unsatisfactory. The alkaline
bromine oxidation seemed to be the best as far as reproducibility
and completeness.

Another factor which was found to be critical in the diphenyl­
carbazide method was the salt content of the solution. The data
shown in Table XIV indicate that care should be exercised to
keep the salt content very low.

Table XV. Effect of Iron in Chromium Determination
with Diphenylcarbazide

Fe, -rIM!. Chromium Found, -rIM!.

0.0
0.24
0.61
1. 21
2.42
6.05

12.1

Table XVI. Separation of Iron and Chromium by
Cupferron Precipitation

Soln. Composition

From previous work (11) it was known that iron w'auld 'cause
some interference in this method. The degree of interference
is shown by the data in Table XV. From'lliis it is seen that
amounts of iron equal to the chromium cat1s~ some slight inter­
ference but larger amounts cause serious interference. The solu­
tions also tended to fade, depending on ·the amount of iron
present. Since iron occurs with chromium in most samples en·
countered, and in much greater quantities; its removal is impera-

44.0
44.0
44.0
44.0

Copper. Copper can be determined by forming a colored com­
plex with neo-cuproine and extracting into isobutyl alcohol.
This method has been described as a general procedure by Smith
and McCurdy (12). An exact procedure follows.

PROCEDURE. An aliquot of the sample solution containing 20
to 400'Y of copper is taken and 2 m!. of 10% aqueous hydroxyl­
amine hydrochloride are added. Then 10 m!. of 10% sodium
acetate are added, the solution is diluted to about 30 ml. with
water, and 2 m!. of 0.2% neo-cuproine in 50% ethyl alcohol are
added. The solution is extracted with I5-ml. portions of iso­
butvl alcohol until the alcohol no longcr is colored. The alcohol
extracts are diluted to 50 ml. and compared against a blank at
450 mJ.' using I-cm. cells. A standard solution of copper can be
prepared by dissolving a known amount of electrolytic copper.

Chromium. A sensitive method for the determination of
chromium is the diphenylcarbazide method (11). This method
was therefore selected for study, and since the chromium must
be in the oxidized state for reaction, various methods of oxidation

Cr, -r Fe, -r
0.0

24.0
121.0
605.0

Cr Found, l'

44.0
39.0,35.0
21.0,32.5
8.0,17.5
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44.0
44.0

44.0
44,.0
44,.0

Table XIX. Absorption of Iron in Phosphoric-Sulfuric
Acid Solution

SolD. Composition Im- 5 10 15 20 Theoret-
Cr, 'Y Fe, ;y med. min. min. min. min. hr. ical

5 ML. OF 4M NaH,PO. ADDED BEFORE REAGENT

46.2
46.2

46.2
46.2

4020

84.0
92.5
94.8
95.0

Transmittancy, % (5-Cm. Cell)
Fe present, -y/ml-.-­

2010

93.0
97.2
98.2
98.2

62.0 46.5 46.5 46.5 46.5
58.0 49.0 49.2 49.2 49.3

85.5
Ti<278.0 75.0 77.2

74.0
62.0 60.0 62.0 62.0
47.6
31.0 28.2 30.0 30.0

No Fe 2010-y/MI. Fe Present
present 30 min. 1'/2 hr. 2 hr.

Effect of Iron on Absorption of Dichromate
Transmittancy. %, at 440 Mil (5-Cm. Cell)

5 Ml. of 4M NaH,pO. ADDED AFTER REAGENT

0.0 47.8 45.2 45.4 45.5 45.5 46.2
500.0 51.3 51.3 51.5 51.7 51.8 53.5

0.0
500.0

Wave Length,
Mil

430
440
450
460

Cr, -y/Ml.

3.6
5.5
7.2

11.0
17.7
27.7

28.3
28.3

28.3
28.3

Table XX.

was finally used although it is a much less sensitive method.
Other colored ions which absorb at the same wave length should
be absent. Vanadate ions will interfere in more than equal
amounts so the chromium is deposited in a mercury cathode. The
mercury is distilled away and the chromium residue dissolved
(6). Any iron present will remain with chromium but its light
absorption is shifted to shorter wave lengths in the presence of
phosphoric acid. The data in Table XIX show the degree of
absorption of iron at several wave lengths. The solutions are
O.4M in phosphoric acid and 0.25N in sulfuric acid.

A wave length of 440 miL was selected as chromium has an
absorption peak here, at this acid concentration, and most of the
iron interference is eliminated. The data in Table XX show
results using various chromium and iron concentrations. The
phosphoric and sulfuric acid concentrations are as described for
Table XIX.

Table XVIII. Effect of Sodium Dihydrogen Phosphate on
Interference of Iron in Determination of Chromium by

Diphenylcarbazide
Transmittancy, %, at 540 Mil (I-Cm. Cell)

Observed

Although the sensitivity of the dichromate method is poor it
was adopted because of the elimination of interferences, particu­
larly that of iron.

PROCEDURE.. A portion of the sample solution containing 60 to
700-y of chromium is electrolyzed as in the vanadium determina­
tion. The mercury cathode is drained into a porcelain boat and
the mercury distilled as described by Furman (6). The residue
from the distillation is dissolved in a few milliliters of dilute
sulfuric acid and the solution transferred to a beaker. The solu­
tion is made alkaline with IN caustic, bromine water is added,
and the solution is heated to near boiling for 5 minutes. The
solution is made acid with sulfuric acid and then boiled until all
the bromine is expelled. After cooling, 1.5 m!. of phosphoric acid
are added and the volume is adjusted to 25 m!. The color is
compared against a reagent blank at 440 miL in 5-cm. cells after
1.25 hours.

Platinum. Platinum is usually determined on catalyst samples
so the procedure will specifically refer to a catalyst. It has been

Table XVII. Separation of Iron and Chromium by
Hydroxi<lle Precipitation

Soln. Compos::.:it:::io~n;-,-_
C,', -y - Fe, -y Cr Found, -y

FILTJi:RING THROUGH FILTE:E? PAPER

0.0 44.0
48.0 7.0, 8.0

480.0 3.0, 3.0

FILTERING THROUGH SINTERED GLASS

48.0 39.0,40.0
480,0 34.5

tive. A few common methods were used to try to separate
small amounts of chromium from larger amounts of iron. The
data and conclusions from several techniques follow.

The set of data in Table XVI shows the results of the precipita·
tion of the iron cupferrate away' from the chromic ion as suggested
by Sandell (11). The chromium was then oxidized and the color
developed. From this it would appeal' that the chromium is
being held onto the iron cupferrate in the filtration step. In an
effort to eliminate this possibility the iron cupferrate was ex­
tracted with chloroform. The chloroform remaining in the
aqueous layer was removed by evaporadng and digesting with
nitric and sulfuric aeids. The results were still unsatisfactory.

The next separation tried was the extraction of the iron thio­
cyanate complex with ether. This was eliminated when it was
found that the ammonium thiocyanate left in the aqueous layer
prevented the proper formation of the chromium color with
diphenylcarbazide. Even fuming the aqueous layer with per­
chloric acid failed to destroy the thiocyanate completely. Also,
an actual extraction of iron showed error in addition to that caused
by the ammonium thiocyanate.

The next method tried was the commonly used procedure of
preei~t.g the iron as the hydroxide from the chromium as
chromate. The results are shown in Table XVII and again there
is a considerable loss of chromium.

Separation by means of adsorption on an alumina column was
tried next. It was found that chromium in the oxidized state
was not absorbed at all, whereas iron as the thiocyanate complex
was completely absorbed. Potassium thiocyanate was used for
complexing as it does not interfere with the color formation with
diphenylcarbazide as did ammonium thioeyanate. The results
were unsuccessful, for apparently the thiocyanate in the presence
of alumina causes the reduction of chromium to the III state
which is adsorbed by l;he alumina.

Ion exchange techniques were then tried. First a cation ex­
change resin (Dowex fiO) was conditioned with hydrochloric acid
and then water washed. The chromium was oxidized so as not to
be retained in the column. The results were likewise very poor
as the data showed that some dichromate1:l retained in the pres­
ence of iron. Another cation resin (IR-1l2) was tried with
nitric acid conditioning with no better results. An anion ex­
change resin (Nalcite SAR) was tried and was conditioned with
sodium hydroxide followed by water washing. Chromium was
adsorbed as the dichromate from acid solution but it was impos­
sible to elute all the cm'omium even with strong caustic.

Saltzman (to) stated that the ihterference of iron in the di­
phenylcarbazide method for chromium could be reduced by
means of sodium dihydrogen phosphate. The results of several
experiments are shown in Table XVIII where it is seen that the
interference is not eliminated by this means as the amount of
iron present will determine the error in the reading. This is
not; a very desirable sil;uation but could be tolerated if nothing
better was available.

Another means for determining chromium was sought after
being unable to easily eliminate the iron interference in the
diphenylcarbazide method. The color of the dichromate ion
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PROCEDURE. An aliquot of the solution containing 20 to 400y
Df platinum is placed in a 100-m!. volumetric flask. Four milli­
liters of concentrated hydrochloric acid and 4 ml. of a 10% stan­
nous chloride solution in concentrated hydrochloric acid are
added. The volume is adjusted to 100 m!. and the color com­
pared at 400 miL against a blank using 5-cm. cells. A standard
solution for calibration can be prepared by dissolving platinum
wire in aqua regia.

Table XXII. Standard Deviations for Various Methods
Metal Std. Dev., ReI. %
V 5.1
Fe 2.2
Ni 3.9
Mn 2.6
TI 3.7
Pb 7.1
Cu 2.5
Cr 5.0
Pt. 1.2

found necessary to reduce all the platinum to the metal in order
-to destroy any complexes which might interfere in the formation
·of the tin chloride colored complex. This reduction can be
accomplished by heating the sample at 6000 C. in the presence of
hydrogen. The catalyst sample is then treated with aqua regia
and after all the platinum has dissolved the solution.is evaporated
to a moist residue. This residue is treated with water and the
.solution is filtered away from the .insoluble portion.

The platinum is determined as the colored complex formed by
treating a hydrochloric acid solution of platinum with stannous
chloride. The changes necessary in the original method (11)
have been confirmed by the work of Ayers (2, 3). .

Table XXI.

Metal'

V
Fe
Ni
Mn
Ti
Pb
Cu
Cr
Pt

Relative Mininlum Quantitative Sensitivity
of Metals Determined

lVIin. Sensitivity, 1-Cm. Cells.
P.P.M. in Final Soln.

1.0
0.2
0.2
1.0
0.2
1.0
0.4

12.0
1.0

DISCUSSION

.The procedures given here have been found to be applicable to
used catalyst samples and to the inorganic residues from petro­
leum. Most of the methods have eliminated the interferences
commonly encountered in these types of samples.

The minimum amount of .each metal which can be quantita­
tively determined is listed in Table XXI. A 90% transmittancy
was selected as the minimum quantitative reading on the spec­
trophotometer. Of course, the precision at this reading will
vary slightly for each metal as pointed out by Ayers (1). For
uniformity of presentation the concentrations given in ·Table
XXI are based on l-cm. cell lengths and are expressed as parts
per million of the metal in the final solution. Several of the
methods used longer cells for increased sensitivity and of course
this could be applied to all of them. For example, lead has been
determined using lO-cm. cells down to 0.1 p.p.m. with excellent
reproducibility.

The stanaard deviations for the various methods have been
calculated and the values are given in Table XXII. These
values were calculated from replicate determinations of several
different samples having varying levels of metal concentration.
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Detection of Certain Ions in 10'°- to 10-15-Gram Particles
BEN K. SEELY
New Mexico Institute of Mining. and Technology, Socorro, N. M.

The modified spot-test methods described in this paper
are extensions of a technique previously d,escribed by
the author for the identification of micron and sub­
micron chloride particles. The technique depended
upon microscopic observation of chemical reactions in
the surface of a gelatin Inedium sensitized with a .lller­
curous salt. This paper discusses in detail similar
procedures for the identification of copper,. cobalt,
nickel, ferrous and ferric ions, sodium, and potassium,
as well as iodides and carbonates in particulate maUer.
Thc sensitivity of the method permits the identification
of nlasses four to six orders of magnitude smaller than is
possible by conventional spot-test procedures as re­
ported in the literature. The methods have been used
primarily for the study of atlllospheric particles but
they may be applied to other fields of study.

T HIS investigation was suggested by the need for methods. of
identifying certain constituents in the atmosphere that

occur in the form of solid particles or in solution in droplets.
The technique discussed permits identification of individual
particles in the presence of thousands of other particles of dif­
ferent composition and it is not limited to aerosol particles.
The need for micromanipulation of the particles is obviated, and
in most cases, a permanent record results.

Relatively little chemical work has been done on single par­
ticles as found in collections of atmospheric particulate matter.
In studies of the Los Angeles smog, Cadle, Rubin, Glassbrook,
and Magill (2) developed some useful microchemical techniques
for the identification of smog constituents. Winckelmann (8)
described various techniques employing gelatin-glycerol and dry
gelatin films as a medium for. spot-test reactions with ions in
solution. .Feigl (4) has published procedures for excellent and
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sensitive spot tests as carried out on various media for the detec­
tion of a larg;e number o(differen'~cations and anions. Welcher's
(7) compendium provides an extensive source of information con­
cerning the application of organic reagents to inorganic analysis.

The methods discussed are essentially an extension of spot-test
reactions, modified and applied to the identification of individual
particles in the mass range of 10-10 to 10-1• gram.

GENERAL :llETHOD

Particles to be examined are collected by impaction or by other
means upon the surface of a gelatin-glycerol medium and are
made to react with a specific reagent to form a characteristic
color or halo that can be identified under the microscope. Two
procedures of chemical treatment have been employed.

Procedure 1. The essential feature here is that the reagent is
dissolved in the gelat,in-glycerol medium as previously described
(6). Without further treatment, soluble particles brought in
contact with the sensitized medium will immediately react to
form a halo. A sensitized film is prepared by mixing 9 parts of
the lIiiRr~elatin-glycerolmedium with 1 part of the reagent to
be used in a specific test. While still fluid, the mixture is applied
to glass or plastic microscope slides as a uniform film approxi­
mately'O.3 mm. in thickness.

In this and the following procedure, insoluble particles may be
made to react with a specific reagent by adding a solvent to the
gelatin-glycerol medium or by covering the particles with a plastic
film, according to Procedure 2, and exposing the particles to the
dissolving action of the vapors of appropriate acids or ammonium
hydroxide.

Procedure 2. The reagents are applied to the particles by dif­
fusion through a plastic film covering the sample, collected on the
surface of an unsensitized gelatin medium. This procedure per­
mits the use of reagents that are unstable when mixed in the
warm gelatin-gl,ycerol medium. Aft;er the particles are brought
into contact with the gelatin-glycerol film, they are covered with a
thin plastic film by flowing a 1% solution of Saran resin X121
(Dow Chemical Co., Midland, Mich.) in ethylene chloride over
the surface of the sample and permitting it to dry. A drop of
the reagent, dissolved to saturation in glycerol or a glycerol-water
mixture, is placed on the plastic film directly above the sample
and allowed to diffuse through the plastic and contact the par­
ticles. The glycerol prevents evaporation of the drop and subse­
quent crystallization of the dissolved reagent, thus permitting
the reagent to contact the particles for the period of time neces­
sary for a reaction to take place. If desired, the reagent may be
rinsed away gently with a few drops of distilled water and a new
reagent applied. A number of successive tests may be made in
this manner. The plastic film holds the particles firmly in place
during the application of the reagents; it aids in preventing con­
tamination of the sample by particles from other sources and
permits examination of the particles w'ith the oil immersion objec­
tive without damage to the sample.

Two classes of halos are formed in Procedures 1 and 2. The
first class consists of characteristic. precipitates, and the second
consists of transparent color reactions produced by the formation
of soluble complexes adsorbed by the gelatin. In some instances
the particle may be identified by a change in color on part or
on all of its surface when in contact with a specific reagent.

SPECIFIC PROCEDURES

Iodides. Soluble iodides may be identified by the same
method used for chlorides (6). Mercurous fluosilicate is mixed
with the gelatin-glycerol medium and applied to plastic micro­
scope slides according to Procedure 1. A soluble iodide particle
contacting the sen.sitized gelatin surface forms a strong yellow
halo composed of very small crystals of mercurous iodide. The
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yellow color of the halo is determined by microscopic examination
using light-field illumination.

If the reacting particle contains sodium or potassium, a highly
refractive nucleus of sodium or potassium fluosilicate forms in
the center of the halo.

The identification limit for iodide is approximately 10-10

gram. The strong yellow color is not evident in the halo formed
by an iodide particle of mass less than 10-10 gram and it may be
confused witlt the chloride halo (6).

Copper, Cobalt, and Nickel. Copper, cobalt, and nickel ions
may be identified by the formation of halos of insoluble, charac­
teristically colored complexes with rubeanic acid (7). The color
of the complexes may be determined with the microscope using
light-field illumination. Procedure 1 is followed, using a satu­
rated solution of rubeanic acid and ammonium acetate in ethylene
glycol monoethyl ether for the reagent.

Copper forms an intense green or green-black halo, cobalt a
yellow or yellow-brown halo, nickel an intense blue or blue­
violet halo. The identification limit for particles containing
copper is approximately 10-1• gram; this limit was determined by
bringing a very fine dust of copper oxide into contact with the
sensitized film and estimating the diameter of the smallest par­
ticles that formed a recognizable halo. The identification limit
for particles containing cobalt or nickel is approximately 10-14

gram.
Each of the three metallic ions may be detected in the presence

of several thousand parts of the other two ions, owing to the
difference in diffusion velocities. Cobalt, having a higher dif­
fusion rate than copper, will form a yellow concentric ring about
the green copper halo; nickel, having the highest diffusion rate,
forms a blue halo about the cobalt halo, or about the copper halo,
if cobalt is absent.

In order to dissolve the sample sufficiently to'give a reaction
with the rubeanic acid, insoluble particles containing copper,
cobalt, or nickel may be covered with the plastic film as in Pro­
cedure 2 and exposed to the vapors of concentrated nitric, hydro­
chloric, or hydrofluoric acids. In many instances, several
minutes' exposure to the vapor of concentrated ammonium
hydroxide will dissolve enough of the particle to produce a
characteristic halo.

Ferrous Iron. The ferrous ion forms a deep red, soluble com­
plex with 2,2'-bipyridine. This makes possible the detection of
very small quantities of ferrous ions in the presence of large
quantities of ferric ions. The 2,2'-bipyridine is dissolved to
saturation in ethylene glycol monoethyl ether and used as de­
scribed in Procedure 1.

When soluble particles containing ferrous iron contact the
sensitized gelatin film, a deep red, transparent halo is formed,
which is easily identified under the microscope using light-field
illumination. Particles of moderate solubility containing fer­
rous iron-e.g., siderite or other carbonates containing ferrous
iron-are stained various shades of red over part or all of their
surfaces; this staining evidently depends upon the degree of solu­
bility, the ferrous iron concentration, and the distribution of
the ferrous iron in the particle.

Highly insoluble particles containing ferrous iron-e.g., mag­
netite and ferrous oxide in silicates-may form a red halo if
the particles are first covered with the plastic film as in Procedure
2 and exposed for approximately 5 minutes to the vapors of a
mixture of equal parts of concentrated hydrofluoric and hydro­
chloric acids. Longer exposure to the acid vapors liquefies
the gelatin-glycerol medium and destroys the plastic film~ The
hydrofluoric acid aids in dissolving the particle and, if ferric iron
is present, 'aids in detection of the red bipyridine complex by
suppressing the yellow color of the ferric ion.

The identification limit for moderately soluble particles con­
taining ferrous iron is approximately 10-10 gram, whereas the



VOL U M E 27, NO.1, JAN U A R Y 1955

limit for soluble particles forming a halo is approximately 10-1•

gram. The difference in identification limits is due to the diffi­
culty of confirming the presence of the red color on the surface
of the moderately soluble particles less than 4 or 5 microns in
diameter.

Potassium ferricyanide dissolved to saturation in glycerol
also may be used for the detection of ferrous iron by following
Procedure 2. A halo of Turnbull's blue forms about the particle
if ferrous iron is present.

Ferric Iron. The ferric ion may'be detected by its reaction
with potassium ferrocyanide to form Prussian blue; the blue
color is determined by microscopic examination using light-field
illumination. A saturated aqueous solution of potassium ferro­
cyanide is used according to Procedure 1.

Soluble particles containing ferric iron form an intense blue
halo without additional treatment. The limit of identification
is approximately 10-13 gram as determined by observing and
measuring the smallest particle that would form a recognizable
blue halo.

Insoluble particles-e.g., hematite or pyrite-covered with the
plastic film as in Procedure 2, may be exposed to acid vapors so
that sufficient decomposition will take place to develop the blue
halo. Particles of hematite, for example, will partially decom­
pose and react if exposed for approximately 5 minutes to the vapor
of a mixture of equal parts of concentrated hydrofluoric and
hydrochloric acids.

Relatively insoluble particles will be stained blue in some
instances and will not form a halo, if not treated with an acid.
The failure to form a halo has been observed with some of the
naturally occurring carbonates that have slight solubility and
contain some iron as a contaminant. The limit of identification
for such particles containing ferric iron is approximately 10-10

gram.
Sodium and Potassium. Sodium and potassium form highly

refractive, characteristic crystals with fluosilicic acid; the struc­
ture of the crystals may be determined easily with dark-field
illumination. Concentrated fluosilicic acid is mixed with the
gelatin-glycerol medium in a plastic beaker and applied to plastic
microscope slides, according to Procedure 1.

Particles containing sodium form a halo composed of feathery
crystals of sodium fluosilicate. At times, individual six-pointed
rosettes may be observed immediately adjacent to the halo.
Particles containing potassium form a halo composed, of small
cubic crystals of potassium fluosilicate.

The low solubility of these fluosilicates in the sensitized gelatin­
glycerol film makes possible a limit of identification of approxi­
mately 10-10 gram for particles containing sodium or potassium.

Carbonates. Carbonates-e.g., calcite and aragonite-may be
detected by their reaction when in contact with a nickel dimethyl­
glyoxime equilibrium solution. Red nickel dimethylglyoxime is
precipitated on or near the carbonate particle, because the bal­
ance of the equilibrium solution is disturbed, owing to the change
in hydrogen ion concentration.

An equilibrium solution, based upon that described by Feigl
(.4), is prepared by dissolving 0.47 gram of dimethylglyoxime in
the least amount of warm glycerol and mixing with a 50-m!.
solution of glycerol containing 0.4 gram of nickel nitrate. After
approximately 24 hours the suspension is filtered and the solution
is ready for use. Glycerol was used as a solvent instead of water
and alcohol to retard the evaporation of the reagent during the
time required for diffusion through the plastic film. An added
advantage in using glycerol is that a higher concentration of
the nickel dimethylglyoxime could be obtained.

The equilibrium solution is applied to the carbonate particles
by following Procedure 2. The formation of the red needles
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of nickel dimethylglyoxime may be observed under the micro­
scope using dark-field illumination.

Gentle washing of the plastic surface with a few drops of
distilled water may halt the action of the equilibrium solution
before the field under the microscope becomes obscured by the
continued growth of the red crystals. This does not disturb
the particles and they can be re-examined at higher magnifications
if necessary. The identification limit for individual carbonate
particles is approximately 10-10 gram.

The equilibrium solution will react with all materials which
lower the hydrogen ion concentration; this includes particles
other than carbonates, such as acid-decomposable silicates, hy­
droxides, and oxides which may be found in collections of air­
borne particles. Silicates, hydroxides, and oxides do not react
for several hours, however, under the conditions of the test,
because of their relative insolubility in the glycerol solution of
the reagent. Carbonates, which have relatively greater solu­
bilities, react within 10 or 15 minutes, because of the formation
of the bicarbonate ion.

Carbonate particles also may be detected by following Procedure
2, "inverting" the sample over a small drop of conce~raWl hy­
drochloric acid placed in the depression of a hanging-drop slide.
Observation under the microscope will show small bubbles of
carbon dioxide forming about the carbonates under the plastic
film. With continued exposure to the acid vapor, the reaction
usually proceeds until the particles are completely dissolved.

APPLICATIONS

The methods described in this paper have provided a means of
identifying and counting various particles in impactor collec­
tions of atmospheric particles.

In addition, the technique for the detection of copper has
been used in an experiment designed to study the effect of sun­
light on the action of silver iodide particles as sublimation nuclei.
An aerosol of copper sulfate was dispersed into a large outdoor
tank containing a smoke of silver iodide, the relative concen­
trations of the two aerosols were determined at frequent intervals
before and after exposure to sunlight, and the decay rate of the
photolytic silver iodide was compared with the decay rate of the
nonphotolytic copper sulfate (5). Early experiments using
aerosols of copper compounds dispersed into the atmosphere were
instrumental in the development of an improved method for
tagging and tracing air parcels (1). The procedures for the detec­
tion of cobalt, nickel, and iron have been used in an attempt to
identify Pltrticles of supposed metallic meteoritic material on
the assumption that, if all three metals were found in a given
particle, the particle probably was of meteoritic origin (3).
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Rapid Spot Tests for Identification of Biphenyl, 0·, m·, and
p.Terphenyl, and Certain Other Polyphenyls
LOUIS SILVERMAN and WANDA BRADSHAW

Atomic Energy Research Department, North American Aviation, Inc., Downey, Calif.

Reaction b

Table I. Color Reaction of Various Solvents with
Formaldehyde-Sulfuric Acid Reagent

Instant development of red color
Instant development of dark-bro\\'n color
Dark brownish red
Instant development of red color
Faint yellow with time
Faint yellow with time
Faint yellow ",ith time
Faint yellow with time
Dark brownish red
Dark brownish red

The formaldehyde-sulfuric acid reagent was investi­
gated as a means of identifying polyphenyls, such as
biphenyl and the three :isoOleric terphenyls, individu­
ally or after separation by filter paper chromatography.
When such polyphenyls are dissolved in cyclohexane,
as little as- 3 'Y of biphenyl or 2 'Y of terphenyl can be
detected. Moreover biphenyl, o-terphenyl, m-ter­
phenyl, and p-terpheny'l have specific color reactions
when disso'lved in cyclohexane. Bipheny'l, from 9 to
33% by weight, can be detected in the presence of p­
terpheny'l; froOl 9 to 50% biphenyl can be detected in
tift: ~senceof m-terphenyI. Higher polypheny'ls such
as quaterphenyl, quinquE:phenyl, and sexaphenyl can
also be detected. The test can be used in conjunction
with ultraviolet spectroscopy to follow the separation
by paper chromatography, or by other Illeans, of Illix­
tures of po'lyphenyls. Thtl rapid spot test offers quick
location of the separated :polyphenyls by the Rj value
.and gives clues to their nature. Such ana'lysis Illay be
-supplem.ented by ultravio'let absorption tests to verify
-identification and provide a quantitative analysis of
the original sample.

F ORMALDEHYDE-sulfuric acid reagent was used by Jacobs
(2) for the detection of smaU amounts of benzene in air.

Jacobs (2) and Ficklen (1) extended the method so that the degree
of color development was compared with a color standard to
make a quan1;itative estimate of the amount of aromatic hydro­
·carbon. Morris and coworkers (5) showed that they could de­
termine 0.1 mg. of hydrocarbon within 10% - of its value.
:Snell and Snell (8) found their method applicable to 'benzene,
toluene, styrene, and related hydrocarbons if the hydrocarbon
present had been previously identified. These authors suggested
.determining biphenyl by ultraviolet absorption.

Le Rosen and coworkers (3) employed a chromatographic
-column of snidc acid and used specific reagents to streak the
-ch.romatographic column in order 1;0 identify organic chemical
.compounds. Biphenyl. and 1,3,5-triphenylbenzene are shown
to give blue and blue-green colors, respectively, with formalde­
hyde-sulfuric acid reagent, but no other polyphenyls are men­
tioned in their reports.

Paper chrollL'il.tography has a facile and economic advantage
·over column chromatography when it is necessary not only to
-identify a material as with the Le Rm,en streak test but also to re-
-cover the material and use it for .absorption tests or for spot
tests. This is made possible by dissolving the material from the
paper and usin!~ the solution for absorption measurements or
spot tests, or both.

This investigation was instituted to ascertain' if the various
polyphenyls could be identified by spot tests, what the sensitivity
might be, and perhaps what selectivity is possible. Spot tests
·as well as absorption spectroscopy tests (7, 8) were performed
_after preliminary paper chromatography separations, cutting the
papers and then dissolving the isolated polyphenyls.

In addition to studying the separation of polyphenyls by chro­
matography, the method was used to confirm results obtained by

.absorption spectroscopy tests of other means of separatiop, such
;as distillation (7) and differential solubility (6).
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Benzene
Xylene
Pheny lcyclohexane
Hexane
Heptane
Carbon tetrachloride
Chloroform
Cyclohexane
Bicyclohexyl
Decaliri

-a One milliliter of solvent.
b Ten drops of formaldehyde-sulfuric acid reagent.

EXPERIMENTAL

Apparatus and Chemicals.
Beckman spectrophotometer, Model DU.
Centrifuge tubes, graduated, with cone point, J5 m!.
Pipets, Kirk transfer type, 10 to 750 1'1.
Volumetric flasks, 5, 10, and 25 mI. .
FiJt.er paper, Whatman No.1.
Formaldehyde-sulfuric acid reagent. Prepare fresh each day

by pipetting 0.2 ml. of 37% formaldehyde into 10 ml. of con­
centrated sulfuric acid.

Sulfuric acid, C.P., specific gravity 1.84.
Formaldehyde, c.p., 36.5%_
Phenylcyclohexane, CJI,CH(CH2).CH2, industrial sample.

L I

n-Hexane.
n-Heptane.
Carbon tetrachloride, analyzed reagent.
Chloroform, analyzed reagent.
Cyclohexane, spectrophotometric grade.
Bicyclohexyl, industrial sample.
Decalin (decahydronaphthalene), purified.
Biphenyl, best grade available.
0-, m-, and p-Terphenyl, best grade available.
p-Quaterphenyl, purified.
p-Quinquepheny1, purified.

Procedure. STANDARD SOLUTIONS were prepared in two
strengths, 1.00 and 0.10 mg. of sample polyphenyl per millilit.er
of solvent. Solution was accomplished by slight warming, when
necessary. Several solvents were used.

COLOR DEVELOPMENT. A suitable aliquot of the standard
solution ranging from 0.5 'Y to 0.5 mg. was pipetted into a I5-ml.
centrifuge tube with cone point. The total volume of the organic
solution was kept below 1 mI. to give a stronger color rea~tion.
Ten drops of formaldehyde-sulfuric acid reagent were added.
The centrifuge tube was capped with Ii rubber stopper encased
in aluminum foil and the contents were mixed by vigorous shak­
ing. The mLxture was allowed to stand up to 1 hour to ensure
complete color development. The color and its intensity were
noted and recorded.

UNKNOWN POLYPHENYL SAMPLES were prepared in concentra­
tions of 0.1 to 1 mg. per mI. when received in the solid form.
If the sample was received in the form of a dilute solution, the
solvent was slowly evaporated to 1 ml. or less by heating iri a
50 0 C. water bath. The unknown was then treated with form­
aldehyde-sulfuric acid as described above and compared with
standards of similar nature and concentration.

If the unknown organic sample was first separated chromato­
graphically on filter paper, 20 mI. of the developer solution con­
taining polyphenyl dissolved in cyclohexane or chloroform were
placed in a 50-mI. beaker. A glass cylinder was set vertically in
the beaker. A 12-inch strip of Whatman No.1 filter paper was
inserted into the glass cylinder, so weighted and supported that
it was immersed approximately 1 inch in the developer solution
and remained vertical. The immersion depth was noted (for
Rj calculation) and the open end of the cylinder was stoppered.
The system was allowed to stand until the solvent front had



VOL U M E 27, NO.1, JAN U A R Y 1 955 97

m-Terphenyl 0.5 1.0 Faint blue
0.2 0.4 Faint blue
0.1 1.0 No color
0.05 0.5 No color

poTerphenyl 0.5 1.0 Faint blue
0.2 0.4 Faint blue
0.1 1.0 No color
0.05 0.5 No color

Reaction

Greenish blue
Brown ring
Brown ring
Yellow-brownish

tinge

Magenta ring
with pink
below

Magenta
Magenta ring
Pinkish

Light green
Light green

_Yellowish green
. Yellowish green

Dark violet
Violet
Violet
Violet

Reaction

Yellow, brownish
tinge

Chartreuse
Chartreuse
Chartreuse .
Very pale yellow
Colorless
Colorless

Green
Green
Green
Green
Colorless

Dark violet
Dark violet
Violet
Very faint violet
Very faint violet
Colorless

Magenta
Magenta
Magenta
Colorless

0.5
1.0
0.5
0.1

0.5
1.0
0.25
0.05'

0.5

1.0
8.5
0.1

5 50
4' 40
3 30
2 20
1 10
0.5 5

10 100
5 50
3 30
2 20
1 10

10 100
5 50
4 40
3 30
2 20
1 10

10 100
5 50
2 20
1 10

0.5
0.1
0'.05
0.01

0.5
0.1
0.05
0.01

0.5

0.1
0.05
0.01

Weight,
'I'

10

RESULTS AND DISCUSSION

Compound

Biphenyl

m-Terpheny

p-Terphenyl

m-Terphenyl

p-Terphenyl

Compound

Biphenyl

0-Terphenyl

0-Terphenyl

Table IV. Color Reactions ofPolyphenyls in CyeIohexane
with Formaldehyde-Sulf""ric Acid Reagent

Weight, Volume,
Mg. Ml.

0.5 0.5
0.1 1.0.
0.05 1.0
0.01 0.2

Table V. Lower Limits. of Detection of Biphenyl and
Terphenyls in Cyclohexane Using Formaldehyde-Sulfuric

Acid Reagent
Volume of

Sample,
Ill.

100

Effect of Solvent. First, dry crystals of the polyphenyls were
tested on a spot plate for their reaction with the formaldehyde­
sulfuric acid reagent. Only the lower polyphenyls such as
bipheayl and o-terphenyl gave' good color tests. The addition
of a few drops of solvent such as cyclohexane or chloroform
greatly enhanced the color development.

The results of the investigation into' the color reactions of
possible solvents with the formaldehyde-sulfuric reagent are
shown in Table 1. This reagent is an indicator for aromatic
hydrocarbons (3) and solvents such as benzene, xylene, and
phenylcyclohexane give color reactions ranging from red to red­
dish brown. Some aliphatics, .including hexane, bicyclohexyl,
and decalin, give intense color reactions with the reagent.
Heptane, which was used by Le Rosen (3) and coworkers, gives
only a faint yellow tinge after the mixture has stood for an.hour.
Other solvents which give nearly negative tests are chloroform,
carbon tetrachloride, and cyclohexane. These latter compounds
were investigated further as solvents for the polyphenyls.

When the lower polyphenyls are dissolved in chloroform, a
blue color is obtained with biphenyl and with the three isomers of
the terphenyls upon the addition of the formaldehyde-sulfuric
acid reagent. Biphenyl produces a more intense blue than any
of the terphenyls; 0.05 mg. of biphenyl produces approximately
the same color intensity as 0.5 mg. of o-,m-, or p-terphenyl.
The minimum amount of biphenyl which may be detected is

Reaction

Reaction

Faint blue
Very faint blue
No color
No color

Bright blue
Faint.blue
Very faint blue
No color

Greenish blue
Blue ring at inter­

face
Blue ring at inter­

. face

Very light green-
ish blue

Slight brown
Slight brown

Violet blue
Brown ring at in­

terface
Brown ring at in­

terface

Violet at interface,
pink below

Slight brown
Slight brown

III. C-olor Reactions of Polyphenyls in Heptane
with Forlllaldehyde-Sulfuric Acid Reagent

Weight, Volume,
Mg. MI.

0.5 0.5
0.1 1.0

Compound

Biphenyl

0-Terphenyl

Compound

Biphenyl

0.05 0.5

0-Terphenyl 0.5 0.5

0.1 1.0
0.05 0.5

11>-Terphenyl 0.5 0.5
0.1 1.0

0.05 0.5

p-Terphenyl 0.5 0.5

0.1 1.0
0.05 0.5

Table II. C-olor Reactions of Polyphenyls in Chloroform
with Formaldehyde-Sulfuric Acid Reagent

Weight, Volume,
Mg. Ml.

0.5 1.0
0.1 . 1.0
0.05 0.5
0.025 0.25

0.5 1. if
0.2 0.4
0.1 1.0
0.05 0.5

aJilproached the upper end of the filter strip, ,approxiI?ately 4.
hours. Then the filter paper was removed, allowedto dry, and cut
up into small predetermined sizes. These pieces ware placed in
IS-mt. centrifuge tubes and extracted with 1 mI. of cyclohexane,
by heating the tube in a water bath at 50° C. for 2 hours. At the
end of this time the cyclohexane was decanted into another
centrifuge tube and analyzed in the manner described.

THE REACTIONS OF VARIOUS SOLVENTS with formaldehyde­
sulfuric acid reagent were observed (Table I). Those solvents
with negative reactions, carbon tetrachloride, chloroform, n­
heptane; and cyclohexane, were studied further as solvents for
the polyphenyls (Tables II, III, IV, and V). The lower limits
of detection of biphenyl, 0-, m-, and p-terphenyl in cyclohexane
and chloroform (Tables II and V) were determined. The reac­
tions of higher polyphenyls such as p-quaterphenyl and p-quin­
quephenyl were noted.

INTERFERENCES between biphenyl and p-terphenyl were studied
(Table VI). The factors involved are the weight ratios of the
two polyphenyls, the total quantity of biphenyl, and the total
volume of solvent. The reactions of various percentages of
biphenyl in p-terphenyl from zero to 17% by weight (0 to 20 1')
were studied in a total volume of approximately 0.5 mt.; the
reactions of 13 to 50% by weight biphenyl (15 to 50 1') in a
total solvent volume of 1 to 2 mI. were also studied. For pur­
poses of comparison, pure biphenyl solutions and pure p-terphenyl
solutions in concentrations equal to those of the synthetic mh­
tures were run simultaneously.

Interferences between biphenyl and m-terphenyl were studied
in a similar fashion. The color reactions of Oto 3.7% by weight
biphenyl in m-terphenyl in a total volume of about 0.5 mI. ,were
studied. In the higher range, the color reactions of 17 to 18%
by weight of biphenyl in m-terphenyl were noted. The syn­
thetic mixtures were compared with similar dilutions of the pure
biphenyl and the pure m-terphenyl.

Table
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Interpretation
m-Terphenyl
m-Terphenyl
m-Terphenyl
m-Terphenyl
m-Terphenyl plus biphenyl
m-Terphenyl plus biphenyl

m-Terphenyl plus biphenyl
m-Terphenyl plus biphenyl

m-Terphenyl plus biphenyl

m-Terphenyl plus biphenyl
m-Terphenyl plus biphenyl
m-Terphenyl plus biphenyl

Biphenyl
m-Terphenyl plus biphenyl
m-Terphenyl plus biphenyl
m-Terphenyl plus biphenyl
Biphenyl
Biphenyl
Biphenyl

Brown ring, yellow below
Violet ring, yellow below
Violet ring, chartreuse below
Violet ring, chartreuse below
Brownish ring, yellow below
Brownish ring, yellow belo,>;,r
Brownish ring, yeHow below

Color Reaction
Violet ring, slight yellow below
Violet ring, yellow below
Violet ring, slight yellow below
Violet ring, slight yellow below
Violet blue, yellow below
Bluish violet ring, slight yellow

below
Violet blue, yellow below
Violet-brown ring, chartreuse

below
Heavy violet ring, chartreuse

below
Violet ring, yellow below

. Violet ring, ye.llow below
Violet ring, yellow below

p-Te<phenyl plus biphenyl
p-Terphenyl plus biphenyl
p-Terphenyl plus biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl
Biphenyl

p-Terphenyl plus biphe.nyl

p-Terphenyl plus biphenyl
p-Terphenyl plus biphenyl

p-Terphenyl plus biphenyl

p-Terphenyl plus biphenyl

Interpretation
p-Terphenyl
p-Terphenyl
p-Terphenyl
p-Terphenyl
p-Terphenyl
p-Terphenyl plus biphenyl

0.4
0.5

0.6

0.7
0.5
0.8

1.2
1.5
0.9
1.0
1.0
1.0
1.0

p-quaterphenyl and p-quin­
quephenyl give magenta colors
wi th formaldehyde-sulfuric
acid resembling the reaction of
p-terphenyl but the intensities
are low. Higher polyphenyls
produce slight colorations
varying from violet to brown.
Chromatographic fractions
identified by ultraviolet absorp­
tion (7) as 3,4'-(4",4""-dixenyl)
biphenyl (a sexaphenyl with a
single meta linkage) give faint
colors varying from magenta to
violet. Other higher molecular
weight polyphenyls which are
detectable by ultraviolet ab­
sorption spectroscopy give no
color reaction with the sulfuric
acid-formaldehyde reagent.
These latter polyphenyls were
separated from the low molec­
ular weight polyphenyls by
paper chromatography; their
exact nature is unknown.

Time for Color Development. The time of color development
also varies with the isomer. The color development with bi­
phenyl is almost immediate. With p-terphenyl, at least 15
minutes is required for color development. With m- and 0­

terphenyl the time is intermediate. The higher polyphenyls
require at least 1 hour.

Complete color development is ensured when the samples are
allowed to stand for an hour. The color thereafter is stable for
several hours, but tends to darken and become brown if the
samples are permitted to stand overnight.

Lower Limits of Detection. The lower limits of detection of
biphenyl and the terphenyls in a total solvent volume of 100
ILL or less are shown in Table V. The lowest detectable amount
of biphenyl is 2 'Y but 3 'Y gives a more decisive test. Below
5 'Y, biphenyl produces a greenish yellow (chartreuse) color. In
larger volumes (from 100 ILL to 1 ml.) larger quantities of biphenyl
(10 to 100 'Y) produce a brown ring (Table IV). Above 500 'Y

a characteristic greenish blue color is produced.
The lowest detectable amount of o-terphenyl is 2 'Y. The color

produced by o-terphenyl in cyclohexane with formaldehyde-

Total
Volume
of Solu­

tion,
MI.

0 ..5
0.5
0.5
0.5
0.3
0.55

9
15

17

29
33
37

17
33
44
50
60
70
80

Reaction of m-Terphenyl in Cyclohexane with Formaldehyde-Sulfuric
Acid Reagent in Presence of SIDall AIDounts of Biphenyl

Bi-
phenyl

in Total
Weight

of
Solute,

%
o
2
4
4
5
9

100.0
100.0
50.0
50.0
40.0
30.0
20.0

50.0
500.0
50.0

500.0

200.0
85.0

m­
Terphenyl,

'Y

50.0
200.0

50.0
200.0
200.0
50.0

20.0
15.0

20.0
50.0
40.0
50.0
60.0
70.0
80.0

100.0

20.0
250.0
30.0

Color Reaction
Magenta
Magenta with slight yellow below
Magenta with slight yellow below
Magenta with slight yellow below
Magenta with slight yellow below
l\1agenta with slight chartreuse

below
Brownish magenta
Brownish magenta, slight yellow

below
Brown plus magenta, slight yellow

below
Brown with yellow below

Bi-
phenyl,

'Y

0.0
5.0
2.0'
7.5

10.0
5.0

Brown plus magenta, slight yellow
below

Brown plus magenta, slight yellow
below

Brown plus magenta, yellow below
Brown plus magenta. yellow below
Magenta with some blue
Brown with yellow
Brown with yellow
Brown with yellow
Brown with yellow
Brown with yellow

Table VII.

Total
Volume
of Solu­

tion,
1111.
0.5
0.5
0.5
0.5
0.5
0.5

100.0 9 o 5
85.0 15 0,5

50.0 17 0.6

100.0 17 0.7

100.0 13 1.

100.0 17 .2

100.0 23 0.9
100.0 28 1.0
100.0 33 1.5
50.0 37 1.0

100.0 37 :?1
100.0 41 L.8
50.0 44 0.9
50.0 50 L.O

Reaction of p-Terphenyl in Cyclohexane with Formaldehyde-Sulfuric Acid
Reagent in l'resence of Small Amounts of Biphenyl

Bi-
phenyl

in Total
Weight

of
Solute,

%
o
4
4
6
7
9

p-Ter­
phenyl, 'Y

50.0
50.0

100.0
50.0
50.0
50.0

15.0

20.0

30.0
40.0
50.0
30.0
60.0
.zll,.0
4lr.o'
50.0

Biphenyl,
'Y
0.0
2.0
5.0
3.0
4.0
5.0

10.0
15.0

10.0

20.0

0.05 mg. ('fable II); the minimum amount of the terphenyls
which is detectable is 0.2 mg. in chloroform solution.

When the polyphenyls are dissolved in carbon tetrachloride,
a blue color is obtained with biphenyl and with each of the three
isomers of the terphenyls. The limits of detection were not in­
vestigated.

When polyphenyls are dissolved in heptane, colors obtained
with the formaldehyde-sulfuric acid reagent vary with the
type of polyphenyl (Table III) but there is no distinction in the
colors of ,the three terphenyl isomers when the amounts are 0.1
mg. or less.

Much more decisive colors s,re obtained when the polyphenyls
are dissolved in cyclohexane, and the limits of detection are
lower (Table IV). The more concentrated samples give intense
colors in the formaldehyde-sulfuric acid phase resembling pre­
cipitatesj, a tint of the same color might be observed in the solvent
phase above. When more dilute samples are used, the color is
present as a ring occurring at, the interface between the solvent
and the formaldehyde-sulfuric acid phase.

The color of the biphenyl in cyclohexane produced with the
f ormald ehyde-sulfuric acid
reagent varies from an in-
tense greenish blue in the more
concentrated samples, through
a brown, to a greenish-yellow
color in dilute samples. In­

Terphenyl produces various
intensities of violet. p-Ter­
phenyl, depending upon the
concent,ration of the samples,
produces various intensities of
magenta, described by Maerz
and Paul (4) as a bluish-red
shade of a nonspectral color,
the optical complement of
which absorbs at 496 mIL. Since
in the preliminary study the
use of cyclohexane as solvent
produced characteristi e and
more sensitive tests, only cyclo­
hexane was used in the folJ.ow­
ing work.

CYfllohexane was used as a
solveilt for higher polyphenyls;

Table VI.



CONCLUSION

VOL U M E 27, NO.1, JAN U A R Y 1955

sulfuric acid is green throughout the entire range of cimcentm­
tions tested (from 2 to 500 'Y); the color varies only in intensity.

The smallest amount of m-terphenyl detectable is 2 'Y; the
color is violet regardless of concentration and varies only in
intensity. The lowest amount of p-terphenyl which is detectable
in cyclohexane solution' is 2 'Y; the color is magenta regardless of
concentration.

Interferences. Interferences between biphenyl and p-ter­
phenyl are shown in Table VI. Three factors have an effect
on the color reaction: the ratio of biphenyl to p-terphenyl (per
cent by weight of biphenyl), the total quantity of biphenyl, and
the total volume of the solution.

When the total solvent volume is approximately 0.5 mI.,
9 to 17% biphenyl (5 to 10 'Y of biphenyl per 50 'Y of p-terphenyl)
can be detected. On the other hand, should the quantity of
biphenyl exceed 10 'Y (as in 20 'Y per 100 'Y of p-terphenyl), then
the p-terphenyl color would become obscured by the more intense
biphenyl color.

When the total solvent volume is 1 to 2 mI., 13 to 33% biphenyl
(15 to 50 'Y of biphenyl per 100 'Y of p-terphenyl) can be detected.
When the biphenyl concentration'reaches 37% or more its color
masks that of p-terphenyl regardless of dilution, so that small
amounts of p-terphenyl could not be detected in greater amounts
of biphenyl.

Interferences between biphenyl and m-terphenyl are shown in
Table VII. The total quantity of biphenyl and the total volume
of solvent are not so critical as in the detection of biphenyl in
p-terphenyl.

When the volume of solvent is approximately 0.5 mI., 9 to
37% biphenyl (10 to 60 'Y of biphenyl per 100 'Y of m-terphenyl)
can be detected. When the total solvent volume is 1 ml. or
more, 17 to 50% biphenyl (20 to 100 'Y of biphenyl per 100 'Y of
m-terphenyl) can be detected. Above 60% the biphenyl color
mllsks that of the m-terphenyI.
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The work was not extended to mixtures of biphenyl and
o-terphenyl.

The value of this test lies in the fact that it may be used in
conjunction with ultraviolet spectroscopy to follow the separation
of polyphenyls by chromatographic or by other means. When
two parallel chromatographic separations are made on paper,
one of the strips can be analyzed with the formaldehyde-sulfuric
acid reagent after extraction into cyclohexane. Such analyses
offer quick location of the separated materials by the R j value
and give clues to their nature. Ultraviolet analysis of the cyclo­
hexane extracts of the other parallel strip serve to identify the
separated components further and provide a quantitative analysis
of the original sample.

LITERATURE CITED

(1) Fielden, J. B., "Manual of Industrial Health Hazards," p. 43,
Lancaster, Pa., Science Press Printing Co., 1940.

(2) Jacobs, M. B., "Analytical Chemistry of Industrial Poisons.
Hazards and Solvents," pp. 521-55, Interscience Publishers,
New York, 1941.

(3) Le Rosen, R. L., Moravek, R. T., and Carlton, J. K., ANAL.
CHEM., 24, 1335-6 (1952).

(4) Maerz, A., and Paul, R., "A Dictionary of Color," McGraw­
Hill Book Co., New York, 1950.

(5) Morris, H. E., Stiles, R. B., and Lane, W. B., ANAL. CHEM., 18,
294--5 (1946).

(6) Silverman, L., and Shideler, M., North American Aviation,
Spec. Rept. 1153.

(7) Silverman, L., Trego, K., Honk, W., and Shideler, M., unpub­
lished North American Aviation report.

(8) Snell, F. D., and Snell, C. T., "Colorimetric Methods of Analy­
sis," Vol. III, p. 22, D. Van Nostrand Co., New York,
1953.

RECEIVED for review June 5, 1954. Accepted September 30, 1954. Report
based upon studies made for the Atomic Energy Commission under Contract
At-1l-1-Gen-8.

Determination of Chloride by Automatic Titration
HENRY B. JONES and HARRY BAUM
Analytical Development Laboratory, Rohm & Haas Co., Philadelphia, Pa.

A procedure is described for application of the BeckITlan
alitoITlatic titrator to the deterITlination of chloride in
organic COITlpolinds.

I T HAS been the practice in the control laboratories to complete
the determination of chlorine in organic compounds by a

Volhard titration of the chloride obtained either by oxidation 01'

by sodium reduction. Because of the large number of samples
received, it appeared desirable to mechanize these titrations.
The silver-silver chloride electrode pair frequently applied to
argentometric titrations is relatively unstable in regard to po­
tential and it is therefore preferable to apply a differential method,
independent of absolute potential, involving the change in po­
tential (or current) near the end point. The differential method
could not be used with the Beckman automatic titrator available
in this laboratory, because this instrument can only be set to
titrate to a selected potential. It was necessary to develop
conditions of sufficient stability to permit the use of a preset
end point. The application of the Beckman titrator has resulted
in a marked saving in time by eliminating, the end-point difficul­
ties of the Volhard titration, and in improved precision and
accuracy of routine determinations.

EXPERIMENTAL

Apparatus. Beckman automatic titrator, Model K, with 50­
ml. buret. Silver electrode, Bp.ckman No. 1281-5. Silver­
silver chloride electrode ( ).

Solutions. Standard O.IN silver nitrate solution was used
throughout the investigation. A 1 to 1 solution of nitric acid
was employed for the acidification of sample solutions to thymol
blue before boiling. After boiling and cooling, final pH adjust­
ment was made on a Beckman pH meter using 1 to 3 nitric acid
or 1 to 1 ammonium hydroxide. The preparation of the silver­
silver chloride electrode solution has been described (3).

Sample Preparation. Organic chlorine is converted to chloride
by the conventional macro Parr bomb procedure (2) or the
sodium reduction method. The Parr bomb sample solutions,
in 400-ml. beakers, are acidified just to the red phase of thymol
blue with 1 to 1 nitric acid and boiledfor 5 minutes; after cooling,
the solution is diluted to approximately 300 ml., and the pH is
adjusted to 2 ± 0.2 using a pH meter. Sample solutions from
the sodium reduction method are treated similarly, except that
boiling is unnecessary. Ionizable chlorine samples are weighed
directly into titration beakers and the pH is adjusted as above.

Titration. The instrument is operated in general as described
in the Beckman manual (1). The silver electrode is set so that
it is approximately 1 em. to the right, 0.5 cm. to the front, and
at the same height as the stirrer blade. The buret tip is placed
approximately 2 em. in back of the tip of the silver electrode.
The position of the silver-silver chloride electrode is not critical.
The anticipation dial, which controls the speed of the titration
near the end point, is usually set at 3, but this may vary with
the instrument. ,The rate of flow of silver nitrate solution is
adjusted to 25 ml. per minute by means of a screw clamp on the
tubing connecting the buret and diaphragm valve. Before each
determination, the electrodes are rinsed with water and the silver
electrode is wiped with cotton moistened with 1 to 1 ammonium
hydroxide, and rinsed again.

A set of 6 to 30 samples is usually titrated in series. The first
,sample is titrated using the manual control, and the volume of
titrant and potential obtained after each addition of titrant is
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0.10

0.08

0.02

0.10

49.87

49.96

17.47

43.88
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Silver nitrate solutions are
standardized against O.IN
sodium chloride,' employing a,
manual titration for the first,
solution to determine the end
point. Because of the 10\Y' salt
content, the end point poten­
tial is approximately 25 mv.
lower than that of sample solu­
tions.

As usual for automatic titra­
tions of this type, the sensi·
tivity of the titration and

any tendency to overtitrate are influenced by the geometry
of the titration assembly and the rate of flow of titrant.
This is so because the response of the titrator is controlled
by the relatively slow dissolution of the increment of titrant
rather than by the electrical characteristics of the instru­
ment. The conditions described are considered optimum for
the purposes of this laboratory; greater speed of titration could
be obtained but at the expense of precision. The average
titration requires about 2 minutes; 30 samples can be carried
through the pH adjustment and titration stages in 1.5 hours.
The titrator operates with a standard deviation of less than 0.1 m!.
and the over-all coefficient of variation of a series of Parr bomb
determinations of chlorine in standard samples of organic pes­
ticides (10 to 50% of chlorine), run over a period of several weeks,
was 0.003. The accuracy was within these limits. Some re­
sults on typical compounds are listed in Table I.

2

4

2

8

Parr bomb

Parr bomb

Sodium
reduction

Sodium
reduction

17.49

,50.01

50.01

·14.31

DISCUSSION

Results of Determination of Chlorine by Automatic Titration
Chlorine, Chlorine Standard

Theoretical, Decomposition No. of Found, Deviation,
% Method Detns. Av. % %

:31.50 Parr bomb 3 31.56 0.09

Table I.

Sample

~lonO>l~hlorobenzene
(technical)

Benzylthiopseudourea Hel
(Eastman Kodak 2124) .

Dichlorodiphenyltrichloroethane.
technical, recrystallized

Dichlorodiphenyltrichloroethane,
technical, recrystallized

DicWorodiphenyldichloroethane.
technical, recrystallized

recorded. From these data a titration curve is plotted and the
potential of the end point selected. The pH-MY dial of the
instrument is set to the preselected end point, the acid-base dial
is set at "base," and subsequent titrations are made automatically
in the usual way.

In preliminary experiments, the button type of silver chloride
d~~ provided with the instrument was found to lack sen­
sitivity and stability, but the electrode devised by Yeck (3) pro­
vided a very satisfactory reference electrode.

The stability and reproducibility of the end point was found to
be dependent on complete removal of peroxide, maintenance of
a reasonably constant pH, and salt concentration. The peroxides
are removed by boiling with acid, and the optimum pH was
found to be 2.0. The end-point potential increases slightly
with salt concentration, but this variatlon is not significantly
large for a given type of determination. Despite the precautions,
the end-point potential of a given electrode pair drifts from day
to day, but the drift is inconsequential if the end point is deter­
mined as described, on the first sample of a series, by plotting a
titration curve. The stability is improved if the silver electrode
is cleaned between determinations.

Detection of Some Antioxidants in Vulcanized Rubber Stocks
R. A. HIVELY, J. O. COLE, C. R. PARKS, J. E. FIELD, and RAYMOND FINK

Goodyear Tire and R"bber Co., Research Laboratory, Akron, Ohio

Elution chromatography has been used with ultraviolet
spectroscopic methods to study the acetone-extractable
lllaterial froD1 vulcanized rubber stocks, with particular
attention to the separation and identification of Santo­
flex B, B-L-E, lV,N-diphenyl-p-phenylenediamine, and
N-phenyl-2-naphthylamine. The procedure permits
the isolation of sufficient amounts for melting point
determinations, or a few milligI1ams for the measure­
nnent of ultraviolet adsorption !Spectra. Sulfur, pine
tar, paraffin, and the acetone ,el<tract from smoked
sheet have been examined for possible interference.

T HE absence of a suitable procedure for the separation and
identification of antioxidants in vulcanized rubber stocks was

the primary reason for the experimental work described in this
paper. Numerous authors have explored this subject; but for
various reasons, their work was considered inadequate.

Color tests have been the sole means of identification in most
of the previous procedures (4--6, 8-14, .16'-18). These reactions
are specific for classes of antioxidants and should be employed
with caution as a final proof of identification. Craig (7) used
aqueous sodium hydroxide extraction, steam distillation, benzene
or petroleum ether extraction, and hydrochloride precipitation
to isolate amine antioxidants. Final proof was based on melting
point data.

The use of chromatography to effect a partial separation of
acetone-extractable compounding ingredients has been of great
value to other investigators. Parker and Berriman (22) used
silica gel as the adsorbent; the final identification was made by
the use of streak tests and column position. Bellamy and co­
workers (1,2) separated the antioxidants, mineral oil, and waxes
from the rest of the acetone extract. They then proceeded to
identify the antioxidants by streak or color tests, or in some cases
by melting point determinations. Mann (19) used Bellamy's
separation technique, but offered infrared spectroscopy as the
means of identification.

Most of the procedures used previously have dealt with anti­
oxidants alone or with relatively simple vulcanizates that con­
tain only one oxidation inhibitor. Streak reagents may provide
useful information at times; but melting point data (2) and infrarild
spectra (19) are a much more conclusive means of identification.
Infrared spectroscopy suffers from lack of good solvents and low
sensitivity when compared with ultraviolet.

The present paper offers an improved method for the isolation
of antioxidants from vulcanizates using alumina of two activities
and employing three chromatographic schemes. Identification
was accomplished by the use of melting point determinations,
ultraviolet spectra, chromatographicfraction number, and infrared
spectral data. Satisfactory separation of the antioxidants from
other compounding ingredients was achieved; and in most cases



VOL U M E 27, NO.1, JAN U A R Y 1955 101

Fig~re 1. Chromatographic
Apparatus

the antioxidants were separated from one another. The one
exception was the incomplete separation of N-phenyl-2-naph­
thylamine from Santoflex B.

ol-__........IL-__........IL-__--=.:c=~_-.l

200 250 300 350 400

WAVELENGTH (mill

Figure 2. Relation of Wave Length to Absor.!i'tivity

---Pure 2.2.4-trim,ethyl-6-phenyl~I.2-dihydroquinoline

. . . . .. Fraction 12 isolated from vulcariizate by Procedure B-

RESULTS

Santoflex B. Approximately 80% of the commercial material
was found to be 2,2,4-trimethyl-6-phenyl-l,2-dihydroquinoline.,

200

wool. A sheet of aluminum was cut of such length that the glass
beads were above the top of the sheet when it was. wrapped
around the column. The aluminum sheet was needed to mini­
mize the decomposition by light. Figure 1 is a diagram of the
apparatus. '

Preparation of the Sample. The cured stock was first milled
to facilitate extraction. About 75 grams of the crumbled vul­
canizate were extracted for 16 hours with acetone. The solvent
was evaporated on a low temperature hot plate and the residue
was chromatographed according to the. procedures described
below.

Chromatographic Separations. PROCEDURE A. A dried ex­
tract was dissolved in 40 ml. of benzene, using heat to aid in the
solution. After cooling to room temperature, the solution was
poured on a column containing adsorbent B, and a gentle suction
was applied to the base of the column such that the flow rate
was approximately 5 m!. per minute. The separation was
accomplis4ed by the addition of the following amounts of solvent
mixtures in the order given: 205 ml. of benzene, 205 ml. of 0.25%
ethyl alcohol plus 99,75% benzene, 205 ml. of 1% ethyl alcohol
plus 99% benzene, 205 ml. of 5% ethyl alcohol plus 95% benzene,
and enough ethyl alcohol to make 26 40-m!. fractions. The
fractions were numbered consecutively in the order of elution
starting with the first drop of liquid to emerge from the column.
All solvent mixtures were expressed in volume per cent.

PROCEDURE B. Fractions 1 to 6, inclusive, from Procedure A
were combined; the solvent was evaporated; and the~e
was dissolved in 40 ml. of carbon tetrachloride. The solution
was chromatographed on a column of adsorbent A using the same
technique as- above except that the solvents were as follows:
205 ml. of 5% benzene plus 95% carbon tetrachloride, 205 ml.
of 20% benzene plus 80% carbon tetrachloride, 205 m!. of ben­
zene, 205 ml. of 1% ethyl alcohol plus 99% benzene, and enough
5% ethyl alcohol plus 95% benzene to make 26 fractions.

)0­
r-
:>
i=
A-
li:
g 100
Gl
Cl

PROCEDURE C. Fractions 22 to 26, inclusive, 'from Procedure
B were combined; the solvent was evaporated; and the residue
was dissolved in 40 ml. of carbon tetrachloride. The solution
was chromatographed on adsorbent B, and elution was accom­
plished by the use of the following solvent mixtures: 205 ml. of
carbon tetrachloride, 205' ml. of 1% benzene plus 99% carbon
tetrachloride, 205 ml. of 5% benzene plus 95% carbon tetra­
chloride, 205 m!. of 25% benzene plus 75% carbon tetrachloride,
and enough benzene to make 26 fractions.

Treatment o.f Chromatographic Fractions. Each of the frac­
tions was transferred to a separate tared beaker. After the sol­
vent was evaporated, the weight of the residue was obtained.
An inspection of the weights of all of the fractions revealed that
maxima occur. Each fraction in which a maximum occurred
was dissolved in absolute ethyl alcohol and the concentration
was adjusted to 0.0100 gram per liter. The ultraviolet spectrum
was taken of the solution using a l-cm. cell. A comparison with
the spectra of known antioxidants tentatively identified the com­
pound. FinaL confirmation was made by recovering the anti­
oxidant from the solution and recrystallizing from an appropriate
solvent. The melting point and mixed melting point were then
observed together with the ultraviolet speCtrum of the purified
sample.

GRADUATED RECEIVER
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23 ""III. DIAMETER
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APPARATUS AND MATERIALS

Apparatus. A ,Cary Recording spectrophotometer, Model 11,
was used for all ultraviolet work.

The chromatographic column was 23 mm. in diameter by 40
cm. in length. All connections were ground glass and were
used without lubricant to prevent contamination of the samples.
A diagram is shown in Figure 1.

Alumina. The adsorbent was alumina activated chromato­
graphic powdered catalyst grade, Al-010~JP (90% AI,03) from
Harshaw Scientific, Division of Harshaw Chemical Co., Cleve­
land 6, Ohio. Two activities were used.

Adsorbent A. No
extra preparation was
required for the
alumina as received
from Harshaw. As
soon as a fresh sample
was opened, it was
stored in small glass­
stoppered bottles in a
desiccator over cal­
cium chloride.

Adsorbent B. About
500 grams of Harshaw
alumina was deacti­
vated by allowing the
adsorbent to stand on
a metal tray in an
air-conditioned room
maintained at 77° Fe
and 50% h umidi ty
for 6 days. At this
time the alumina was stored in a bottle in the same room.

Solvents. Absolute ethyl alcohol was used without further
purification for both chromatography 'and ultraviolet spectros-
copy. ,

Benzene was shaken with calcium oxide,filtered, and distilled,
the middle 80% of the distillate was reserved for use.

CMbon tetrachloride was purified by shaking with distilled
water. The solvent was separated, dried with calcium oxide,
and filtered. The first and last 10% of the distillate were dis­
carded.

Compounding ingredients. 2,2,4-Trimethyl-6-phenyl-l ,2-di­
hydroquinoline (TPDQ), the principal ingredient of Santoflex B,
was purified by vacuum distillation of the crude commercial
product. The distillate was crystallized three times from
absolute ethyl alcohol, melting point, 102° C. (corrected).

N,N'-Diphenyl-p-phenylenediamine (DPPD) was crystallized
twice from aniline and was extracted three times with absolute
ethyl alcohol, melting point, 154° C. (corrected).

N-Phenyl-2-naphthylamine (PBNA) was crystallized three
times from acetic acid and twice from a benzene-hexane mixture,
melting point, 110° C. (corrected).

B-L-E was used as received from the Naugatuck Chemical
Division, U. S. Rubber Co. It is reported to be a high tem­
perature reaction product of diphenylamine and acetone.

Santoflex-B was obtained from the Monsanto Chemical Co.
2-Mercaptobenzothiazole (MBT) was converted to the sodium

salt, which was decolorized with carbon and the 2-mercapto­
benzothiazole regenerated. The recovered 2-mercaptobenzo­
thiazole was crystallized from an acetone-water mixture and
from benzene; melting point 182° C. (corrected).

Smoked sheet rubber was extracted with acetone for 16 hours.
The solvent was evaporated; and the dried extract, which
amounted to 2.86% of the rubber, was used for the investigations.

Pine tar from Russell Farley & Co. was used as such.
Rubbermaker's sulfur was obtained from Stauffer Chemical

Co.
Refined paraffin, 123-25°, was received from the Standard

Oil Co.
, Stearic acid was purchased from General Mills, Inc.

PROCEDURE

Preparation of Column. A small plug of borosilicate glass
wool was placed in the bottom of the column. Then 110 grams
of adsorbent B or 103 grams of adsorbent A were added in small
portions and packed by gently tapping the bottom of the column
on a pad of paper. A very small plug of the glass wool was
placed on top of the alumina and tamped with.a wooden dowel.
-A half inch of 'small glass beads was added on top of the glass
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Fractions 11, 12" and 13 from Procedure B contained the bulk of
this antioxidant. Purification was ma.de from n-hexane or ab­
solute ethyl alcohol. The melting point was found to be 102 0 C.
(corrected).

N,N'-Diphenyl-p-phenylenediamine. The purified material
was eluted in fractions 12, 13, and 14 of Procedure C. The anti­
oxidant was crystallized from carbon tetrachloride and melted
at 154 0 C. (corrected).

N-Phenyl-2-naphthylamine. The commercial antioxidant was
97% or better N-phenyl-2-naphthylamine. Elution occurred
in fractions 15, 16, and 17 of Procedure B when an appreciable
amount of Santofiex B was present; otherwise elution took place
in fractions 11, 12, and 13 of the same :procedure. Commercial
n-hexane was used as the solvent for purification, yielding a
crystalline solid with a melting poin1; of 109.0 C. (corrected).

B-L-E. This material is a complex mixture resulting from a
high temperature reaction between acetone and diphenylamine.
The fractions of most value in detecting this antioxidant were
7 and 8 of Procedu,~e B. Ultraviolet and infrared spectra were
the sole means used to show the presence of this antioxidant
since the fractions were liquid. Some diphenylamine separated
o~allyas a solid, but this was not common.
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Figure 3. Relation of Wave Length to Absorptivity

-- Purified N.N'-diphenyl-p·phenylenediamine
. . . . .. Fraction 12 isolated from vulcanizate by Procedure C

Application to Vu1l:anizates Containing Mixtures of Anti­
oxidants. Figures 2to 5 show the ultraviolet spectra of the
antioxidants studied as well as spectra of appropriate fractions
isolated from a natur9.l rubber tread stock which contained all
four of the compounds.

The procedure has been applied to several other vulcanizates
of complex composition. The ultraviolet spectra of the isolated
antioxidants after purification were taken in most cases. The
curves were found to be nearly identical w~th that of the purified
known materials. In one instance 2,2,4-trimethyl-6-phenyl-1,2­
dihydroquinoline, N,N'-diphenyl-p-phenylenediamine, and N­
phenyl-2-naphthylamine were separated from one vulcanizate
in sufficient amounts to permit identification of all three by
melting point data.

DISCUSSION

The usual equation was used for the ultraviolet curves
10

log" r = A. = ad,

where
A = absorbance
a = absorptivity
c = concentration in grams per liter
1 = cell thickness in centimeters
The concentration and cell thickness were kept constant in all

measurements at 0.0100 gram per liter and 1.000 em., respec­
tively. A very useful relationship exists for this special condi-
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Figure 4. Relation of Wave Length to Absorptivity

-- Purified N -phenyl-2-naphthylamine
...... Fraction 17 isolated from vulcanizate by Procedure B

tion, a = 100 A; and since Cary spectra are recorded as absorb­
ance vs. wave length, the absorptivity may be read directly from
the Cary graph. The superimposition of the unknown curve
over that for the known made possible a rapid, accurate means
of comparision. The use of the concentration and cell thickness
proposed here is of value for compounds having absorptivity
maxima in the vicinity of 100.

The curves of 2,2,4-trimethyl-6-phenyl-1,2-dihydroquinoline
and N-phenyl-2-naphthylamine show considerable detail, and
are very valuable for the identification of these two antioxidants.
The DPPD and B-L-E spectra are not as characteristic, and
one should be careful when using ultraviolet as the only means
of identification. The fraction in which elution takes place is
also a characteristic property; thus the use of chromatographic
fraction number and ultraviolet spectrum would make a more
convincing argument. The isolated antioxidant was recovered
after spectrophotometric analysis and was purified for final
proof. Thus one separation sufficed for both the preliminary
survey and the final confirmation.
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Figure 5. Relation of Wave Length to Absorptivity

-- Fraction 8 isolated from B.L.E. by Procedure B
. . . . .. Fraction 8 isolated from vulcanizate by Procedure B

Although positive proof of identity could not be obtained on
the crude chromatographic fractions by ultraviolet absorption
curves, it was possible and convenient to use the spectroscopic
data of the purified antioxidant from the chromatographic fraction
for confirmatory purposes. Melting points were used for final
identification of all antioxidants except B-L-E. Infrared and
ultraviolet spectra were considered sufficient for this antioxidant.

Most of the methods listed in the literature for the preparation
of a standardized alumina (3, 20, 21, 23) were found to be un­
satisfactory. The standardization could be accomplished without
difficulty, but the preparation was a hit or miss affair. Two
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factors seemed to be most important, the moisture content and
the temperature. Accordingly, alumina of two different ac­
tivities was prepared by controlling the humidity and tempera­
ture of the atmosphere surrounding it. The temperature was
maintained at 77° F. in both cases; but the relative humidity
of the air-conditioned room was kept at 50% for one preparation
while the second system used a desiccator containing anhydrous
calcium chloride. After standing for 6 days, the alumina was
found to have a constant activity. The absorbent equilibrated
at the lower humidity had the higher activity. Alumina pre­
pared in this manner had a remarkably constant activity which
could be reproduced without need of standardization. Ewing,
Sharpe, and Bird (15) used the same idea by employing a con­
stant humidity produced with sulfuric acid solutions.

Most of the variables affecting columnar chromatography,
as treated by Weil-Malherbe (23), were carefully controlled.
The initial volume of the solvent was larger than that usually
employed, but this amount was found necessary in order to ensure
proper soh,ltion of the sample.

The principal ingredient of each of the antioxidants studied was
eluted in the first six fractions of Procedure A. As the method
was designed for the isolation and identification of the accelerator,
Z-mercaptobenzothiazole, as well as the antioxidants in the
lliCetone extract, this procedure was necessary. In a few cases,
a direct separation of antioxidants employing Procedure B with­
out prior use of Procedure A produced the same results as were
obtained when both procedures were used. Hence, it would
seem that the preliminary separation by Procedure A is not
necessary for the isolation of antioxidants.

Other compounding ingredients may hasten or retard elutions.
Even though elutions were usually in the same fractions, it was
found to be advisable to inspect two or three fractions on either
side of the one ordinarily examined before an antioxidant was
stated as absent.

2-Mercaptobenzothiazole, pine tar, sulfur, paraffin, stearic
acid, and the extracts from HAF carbon black and smoked sheet
were examined. Pine tar interfered somewhat with the ultra­
violet spectrum of B-L-Ej but no difficulty has been experienced
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in detecting this antioxidant in the vulcanizates studied, some of
which contained pine tar. There is a fraction of the acetone ex­
tract from smoked sheet eluted in the fractions containing N­
phenyl-2-naphthylamine and 2,2,4-trintethyl-6-phenyl-l,2-dihy­
droquinoline but the ultraviolet absorption was less than an
absorptivity of two for the entire range from 220 to 400 mI-'. The
rest of the compounding ingredients do not interfere.

LITERATURE CITED

(1) Bellamy, L. J., Lawrie, J. H., and Press, E. W. S., Trans. Inst.
Rubber Ind., 22, 308 (1947).

(2) Ibid., 23, 15 (1947).
(3) Brockmann, H., and Schodder, H., Ber., 74B, 73 (1941).
(4) Budig, K. H., Kautschuck u. Gummi, 1,305 (1948).
(5) Burchfield, H. P., and Judy, J. N., ANAL. CHEM., 19, 786

(1947) .
(6) Burmistrov, S. I., Zavodskaya Lab., 14,787 (1948).
(7) Craig, D., IND. ENG. CHEM., ANAL. ED., 9, 56 (1937).
(8) Deal, A. J. A., Trans. Inst. Rubber Ind., 23, 148 (1947).
(9) Enda, H., J. Soc. Chem. Ind., Japan, 38, Suppl. binding, 618

(1935).
(10) Ibid., 39, Suppl. binding, 11 (1936).
(11) Ibid., p. 12.
(12) Ibid., p. 17.
(13) Ibid., p. 52.
(14) Ibid., p. 146.
(15) Ewing, D. T., Sharpe, L. H., and Bird, O. D., ANAL. CHEM., 25,

599 (1953).
(16) Howland, L. H., and Hart, E. J., IND. ENG. CHEM., ANAL. ED.,

12, 81 (1940). .
(17) Koide, T., Kubota, T., Furuhashi, M., and Sato, T., J. Soc.

Rubber Ind. Japan, 22, 108 (1949).
(18) Koide, T., Kubota, T., and Sato, T., Ibid., 22, 256 (1949).
(19) Mann, J., Trans. Inst. Rubber Ind.. 27, 232 (1951).
(20) Muller, P. B., Helv. Chim. Acta, 26, 1945 (1943).
(21) Ibid., 27, 404 (1944).
(22) Parker, C. A., and Berriman, J. M., Trans. Ins!. Rubber Ind.,

28, 279 (1952).
(23) Weil-Malherbe, H., J. Chem. Soc., 303 (1943).

RECEIVED for review April 28, 1954. Accepted August 27,1954. Presented
at the Pittsburgh Conference on Analytical Chemistry and Applied SpoctroB­
copy, March 5, 1954. Contribution No. 185 from the Goodyear Tire and
Rubber Co., Akron, Ohio.

Halogen-CobaltUI) Acetate-Acetic Acid
Solutions in Organic Qualitative Analysis
PHILIP c. DAIDONE

The Baker Castor Oil Co., Bayonne, N. J.

The presence of active unsaturation is indicated by test­
ing the substance with a solution of halogen and co­
balt(II) acetate in acetic acid to give a blue color.
Other groups, in general, fail to give any color or give
different colors which can assist in their identification
us a class.

T HE use of bromine solutions to spot-test for active unsatura­
tion is standard procedure in organic qualitative analysis.

In dealing with minute samples, however, the test has its limita­
tions, as the disappearance of the color may result from dissolu­
tion of the bromine as well as bromination by substitution. Other
spot tests usually serve to supplement the bromine test.

In order to provide an additional supplementary test for groups
that halogenate easily, the writer performed rather interesting
tests which provide information which could be useful in qualita­
tive analysis. The work is by no means exhaustive, but merely
a starting point, so that others might evaluate its potential use­
fulness.

Various organic compounds were halogenated with bromine
and with chlorine in the presence of cobalt(II) acetate tetrahy­
drate, with the result that a very sensitive color test was devel­
oped, primarily to provide experimental proof for the existence of
an ethylene bond, or an easily substituted hydrogen. Further
observations indicate a possible extension to oxygenated com­
pounds, but exceptions were apparent.

Tables I and II contain the observations made when the test
was applied to a variety of compound.

DISCUSSION

The formation of a blue color indicates the conversion of
cobalt(II) acetate to either cobalt(II) chloride or cobalt(II)
chloride-acetate. At the same time chloroacetoxylation of the
unsaturated linkage occurs.

This view agrees well with experience, for it is known that
ethylene will form ,8-chloroethyl acetate when it is chlorinated in
the presence of sodium acetate (1). The blue color formed by
bubbling dry hydrochloric acid into an acetic acid solution of
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EXPERIME:NTAL

Preparation of Bromine-Cobalt Acetate-Acetic Acid Solution
Three liters of reagent may be prepared by dissolving 2.5 grams
of eobalt(II) acetate tetrahydrate in 1 liter of glacial acetic acid.
To this are added 8.1 grams of bromine in about 1 liter of glacial
acetic acid. The reagent is then diluted to the 3-liter mark.
The reagent is stored in an amber ",tock bottle.

cobalt(II) acetate was about. the same as observed when· the
writer performed the test herein de~,cribed.

The colors resulting from oxygenated compounds present a
more complex problem, and it is suggested that some sortof coordi­
nation complex forms involving the unshared pair of electrons
present on the oxygen. Ether responds to give a green color.
Ether and cobalt(II) acetate alone do not form a color, which
proves the necessity for halogen in the test. The fact that ether
and dioxane can form onium salts may account for the green

.color produced in the test. The colors resulting from aldehydes
cannot be correlated with the failure of acetone to give a rapid
color formation. Both types-namely, aldehydes and ketones­
however, do give colors, as would be expected from their "'­
hydrogen activity.

:~itrogen compounds were quick to respond to color formation.
Aniline derivatives gave very intense colors which could not be
correlated.

Compounds known to be resistant to halogenation--e.g., dibu­
tyl sebacate-resisted color formation and merely diluted the
test solution. Compounds of low molecular weight-e.g.,
ethyl acetate-were evidently not resistant to halogen.

Like many qualitative tests, there are exceptions, but from a
knowledge of the physical properties (molecular weight) and the
general type of chemical, its purity as regards unsaturation in
very small concentration may be qualitatively shown to be present
or absent.

As in other analytical tests, there are interfering substances,
but the application of the test described can be used to advantage
in specific cases. The degree of hydrogenation, for example,
can be followed. by spot testing with the cobalt acetate-bromine
reagent, the color intensity being the guide. Halogenation may
similarly be followed qualitatively by the test procedure em­
ployed for following hydrogenation.

Color after 2 Hours

Purple
Dark brown
Very dark green.
Deep blue

Color on Reaction

Purple
Dark brown
Dark green
Deep blue
Green
Blue

No change
Medium green
Light olive green
Blue

Blue green
Blue green
Blue green

No change
Blue
Light green
Green ~

No change
No change
No change

Green
Green

No change
Light green
Blue
No change

Blue
Blue
Blue
Blue
Blue

Blue
Blue
No change
No change
No change

No change
No change

Compou~d

Pyridine
Aniline
Dimethylaniline
:\1onoethanolamine
2,4-Dinitrophenylhydrazine
Dicyandiamide

Acetone
Heptaldehyde
Benzaldehyde
Isophorone

Phenol
Phloroglucinol
2-NaphthoI

:\'Iethanol
]sopropyl alcohol
I-Butanol
Methyl isobutyl carbinol
Glycerol
Ethylene glycol
Hexamethylene glycol

Dioxane
Ether

Benzene
Toluene
Xylene
p-Toluenesulfonic acid

a-Pinene
Oleic acid
Butyl oleate
Methyl ricinoleate
:\'Iethyl undecylenate

Ethyl acetate
Petroleum ether
Chloroform
Dibutyl sebacate
Iso-octane

Starch
Fumaric acid

Table II. Color Formation Resulting froll1 the
Chlorination of Organic Compounds
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Preparation of Chlorine-Cobalt Acetate-Acetic Acid Solution.
A solution of 2.5 grams of cobalt(II) acetate tetrahydrate in 1 liter
of glacial acetic acid is saturated with chlorine gas. The solution
must be used freshly for testing organic compounds for color
formation, as the chlorine is gradually lost to the atmosphere.
A modified procedure consists in preparing the solution in a
funnel and maintaining a slow but steady flow of chlorine through
the solution, taking the necessary steps to have an exhaust lead­
off out of the work area.

Running the Color Test. The mixture of almost any quantity
of sample with an equal amount of halogen reagent is sufficient
for color development to take place. Samples as small as 1 mg.
mixed with about 0.5 mI. of reagent give unmistakable colors.

For the purpose of this paper, 0.5 cc. of sample was mixed
with about 1.0 cc. of reagent. The ratio of one to the other
determined the depth of color as well as h!le.

In applying the test to follow hydrogenation or halogenation,
a standard amount of sample and reagent must be useq to develop
a comparative series of colors. The presence of other metallic
ions may affect the color, and their effect should be determined
independently of the test reported herein.

The analyst, in running this test, should look for instantaneous
color formation as a positive indication of reactive groups. When
a blue color is observed, isolated double bonds and compounds of
low molecular weight are usually present. The latter type, of
course, are generally known to be present if they are extremely
volatile. Resonating structur-es, like benzene and fumaric acid,
do not respond. This type of unsaturated group may be sus­
pected when a negative test results. ,

Oxygenated compounds like aldehydes, ethers, 'and ketonl:!s
tend to give various shades of ·green. Such structures should be
suspected when a positive green color results either immediately
or on standing.

Color after 2 Hours

Yellow Yellow

Lavender Lavender
Lavender Lavender
Green Green

Green-blue Olive"green
Olive green Green
Straw Straw
Yellow Blue

Green Blue-gre.en
Yellow Yellow
Yellow Yellow
Yellow Green
Yellow Yellow

Green Blue-green
Green Green
Blue Blue
Blue-green Olive green
Blue Light blue
Blue Blue green
Blue Faint lavender
Blue Faint lavender

Yell"w Yellow
Yellow Green

Yellow Yellow

Yellow Yellow
Blue Blue
Yellow Yellow
Yellow Blue

Green Dark green

Color Formation Resulting from Broll1ination
of Organic Co·rnpounds

Color on ReacticnCompound

Blank

Table I.

Pyridine
~hanolamine

.D~iaroide

lleptaldehyde
Benzaldehyde
Acetaldol
Acetone

n-Butanol
Glycerol
Ethylene glycol
Hexamethylene glycol
Methanol

Ettyl ether
Dioxane
Methyl ricinoleate
Linoleic acids
Oleic acid
Butyl oleate
:Yletl,yl undecylenate
a-Pinene

Benzene
Toluene

Fumaric acid

Dibutyl sehacate
Petroleum ether
Chloroform
Ethyl acetate

2-J\aphthol



Di·rect. Method for the Determination of Methoxy Group
in the Pres.ence of Borohydrides
ARTHUR P. ALEXANDER, PHILIP G. BOURNE, and DOUGLAS S. LITTLEHALE
Analytical Laboratories, Metal Hydrides, Inc., Beverly, Mass.

A quantitative method for the determination of meth­
oxy group in borohydrides is based on oxidation of
methanol to formic acid with a standard solution of
ceric nitrate. A precision within 0.5% of the methoxy
group present in borohydrides is obtained.

Osmium tetroxide solution, O.OIM. Ordered as perosmic acid
crystals, Merck; Howe & French suppliers.

Nitric acid, 8N, a I to I solution.
Sulfuric acid, 6N, 5 volumes of water to I volume of concen­

trated sulfuric acid.
Standard methanol solution, 'Fisher Scientific Co.

EXPERIMENTAL

NaOCH3 + H 20 __ NaOH + HOCH3

Table II shows the per cent methanol recovered under these
conditions.

Sodium methylate hydrolyzes into stoichiometric amounts of
sodium hydroxide and methanol; thus, per cent recovery of
methanol in the presenee of sodium hydroxide is established.

Recovery,
%

100.04
100.04
100.08
100.23
100.14
100.14

100.13

±0.07

Average

Std. dev.

Recovery of Methanol
Methanol

Recovered,
Gram

0.02383
0.02383
0.02384
0.03979
0.03976
0.03976

Table I.

0.02382
0.02382
0.02382
0.03970
0.03970
0.03970

Methanol
Present,

Gram

PROCEDURE

A sample containing approximately 50 mg. of methoxy group
is cautiously dissolved in 10 m!' of 8N nitric acid (the solution
being kept cool with an ice bath to prevent loss of methanol), and
the solution is filtered (No. 42 Whatman) into a 500-m!. Florence­
type reflux flask. (A larger sample may be taken and appro­
priate aliquots used.) The sample is refluxed in a bath of boiling
water for 10 minutes and then cooled to room te~ture;

100.00 m!' of O.IN ceric ammonium nitrate are added, and the
mixture is refluxed for an additional 10 minutes. After cooling,
20 m!' of 6N sulfuric acid, 3 drops of osmium tetroxide (catalyst),
and I drop of o-phenanthroline ferrous sulfate (ferroin) indicator
are added. The excess quadrivalent cerium is then back­
titrated with standard arsenite solution to the first trace of light
pink.

where

A = total milliliters of quadrivalent cerium added in excess
N 7' normality of quadrivalent cerium
B = milliliters of arsenious oxide solution used for back­

titration
R = equivalence of quadrivalent cerium to arsenious oxide:

ml. of Ce+<
m!' of AS20 3

CALCULATIONS

The weight of methoxy group is calculated by means of the
following formula: .

Mg. of CH30- = (A X N - B X R) X 0.007758

A quantitative recovery of methanol, in the absence of other
constituents, was established. Measured amounts of methanol
were refluxed with standard ceric ammonium nitrate solution.
Table I shows the recovery of methanol and verifies that methanol
can be quantitatively analyzed by this procedure (3).

S·ODIUM methylate and methoxy borohydrides are formed
. during the preparation of sodium borohydride; thus, it
'is of value to know the trace amounts of methoxy-group con­
tam'nants present in the final product. Such a determination
is also applicable in analyzing the by-product, sodium methylate.
Analysis of methoxy borohydrides for methoxy content is useful,
for the present assays are based on boron analysis. Further,
a methoxy determination gives a more accurate value for the
pel' cent of oxygeri present in borohydrides.

The several methods tried previous to the direct method of
methoxy determination proved unsatisfactory. When a water­
methanol mixture is distilled from a solution of sodium meth­
ylate, varying amounts of boron are carried over. This makes
it impossible to compare the specific gravity and/or the index
of refraction of the distillate against standard solutions. A micro­
method, using a modified Zeisel procedure, also is unsatisfactory.
The method has several disadvantages, inasmuch as sodium com­
pounds present tend to interfere, and more specialized micro
,equipment is necessary (2).. A direct method of determining
methoxy by sodium content, and a subsequent correction for
sodium hydroxide, cannot be applied because of the presence
of sodium hydride and other sodium compounds en.

The principles of the current method were first developed and
applied during an investigation of the reactions of quadrivalent
cerium with aliphatic alcohols in nitric acid solutions (3). In
the present application, the assumption is made that methoxy
group is present as methoxy borohydrides, sodium methylate,
methyl borate, methanol, or similar compounds formed during
the production of borohydrides. The proposed method gives
an accuracy within ±0.5% in the presence of such contaminants
as sodium borohydride, sodium hydride, sodium borate, and car­
bon. Sodium methylate of analytical purity was unavailable
at the time, so the accuracy is best shown by a comparison with
carbon analyses. This report shows that the methoxy group is
determined quantitatively by oxidation to formic acid with
quadrivalent cerium.

REAGENTS

Standard ceric nitrate. The approximate O.IN solution is pre­
pared by dissolving 540 grams of ceric ammonium nitrate in 5
liters of water containing 810 m!' of nitric acid, and then diluting
to 9 liters. (The nitric acid is boiled until cowrless to remove
oxides of nitrogen.) A 9-liter carboy is used to store the solu­
tion. This solution is standardized against standard arsenite
solution as follows. About 40 m!' of ceric ammonium nitrate
solution are measured into a flask. Ten milliliters of 6N sulfuric
acid, 4 drops of O.OIM osmium tetroxide, and I drop of 0.025M
ferroin are added, and the reagent is titrated with standard
arsenite until the first 'faint pink color.

Standard O.IN arsenious oxide solution (1). Pure arsenious
oxide, 2.4725 grams, is weighed and dissolved in 20 m!' of IN
sodium hydroxide. Sulfuric acid, IN, is added to the solution
until reaction is slightly acid to litmus. The solution is trans­
ferred to a 500-m!. volumetric flask arid made up to the mark.
For larger volumes of arsenious oxide, the solution may be
standardized against a normal iodine solution.

105
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Table III. CO!lIlparison between Analyses of SodiulU
Methylate by Carbon COlUbustion and Direct Oxidation

with Quadrivalent CeriulU

CH30H + 4Ce++++ + H 20 =
4Ce+++ + HCOOH + 4H+

Recovery,
%

100.11
99.55

100.20
99.34
98.83

99.61

±0.38

Methoxy Group in Sodium TrilUethoxyboro­
hydride

DISCUSSION OF METHODS AND RESULTS

Average

Std. dey.

Methoxy Methoxy
Group, Group.
Gram % Average Remarks

0.0319 34.75} 34.04 ± 0.72 No reflux
0.05813 33.32 with HNO.

0.04864 36.49} 37.20± 0.71 No reflux
0.05535 37.91 with HNO.

0.05599 23.98} 23.45 ± 0.53 No reflux
0.02945 22.91 with HNO.

0.03388 22.23} 22.36 ± 0.12 Reflux with
0.04600 22.48 HNO.

0.04857 29.28} 29.39 ± 0.11 Reflux
0.05062 29.50

0.04383 34.59} 34.65 ± 0.06 Reflux
0.06875 34.70

0.1284 31.81 } 31.77 ± 0.04 Reflux
0.1265 31.73

0.06406
0.08485
0.05414
0.07125
0.07330

Methoxy
Group Average

(Theoreti- Methoxy %
cal from Group Recovery Stand-
Boron Recov- of ard

Sample Analysis), ered, Methoxy Devi-
No. % % Group ation Remarks

5-1 68.86 69.83 100.48 ±1.09 Carbon not filtered
off (three deter-
minations)

5-2 69.24 69.29 100.07 ±0.34 Carbon filtered off;
refluxed with
HNO. (two de-
terminations)

With the removal of inter­
fering carbon from commercial
material, the precision of re­
sults was improved from about
±0.8 to ±0.1 %. The per
cent recovery of methoxy
group which was obtained

from simulated by-product mixtures is ±0.45%. It is felt
that methoxy group can be accurately determined by a fairly

The basic chemistry of the method involved the oxidation of
methanol to formic acid with excess standard ceric nitrate and

the subsequent quantitative
back-titration of the latter
with standard arsenite solu­
tion.

Table V.

The contaminating effect of suspended carbon was eliminated
by filtering it off from the sample. Experimentation showed
that colloidal carbon was oxidized completely by refluxing with
nitric acid. After refluxing a mixture of colloidal carbon,
methanol, and nitric acid, a measured amount of quadrivalent
cerium was added. The percent recovery of methanol on three
determinations was 99.55 ± 0.17.

Table V shows the methoxy determination of sodium trimeth­
oxyborohydride and compares the results with those that were
obtained by boron analyses. Table V shows that filtering off
carbon and refluxing with nitric acid previous to refluxing with
quadrivalent cerium resulted in more accurate and precise work.

The results and precision obtained when commercial material
was analyzed for methoxy are shown in Table VI. The precision
increased several fold when the samples were first refluxed with
nitric acid.

Methoxy Group in COlUtnerciaI By-products

58.04
61.49

82.57
58.58

49.98
49.30

54.18
66.99

66.80
36.74

32.00
56.11

Methoxy, GraIn

SilUulated ComlUercial

eerie
Ammonium

Nitrate,
MI.

39.69
70.18

Theo- Reeov-
retics) ered

0.06395
0.08523
0.05403
0.07078
0.07215

Table VI.

Recovery,
%

100.14
100.58
100.14

100.29

±0.22

0.1333
0.1460

0.1284
0.1265

0.1263
0.1987

0.0918
0.1743

0.1659
0.1699

0.2331
0.1252

0.1524
0.2046

Sample
Wt.,

Gram

Methoxy with
Quadrivalent

Cerium Oxidation,
%

55.42
54.84
55.16
55.25
55.13
55.50

55.22 ± 0.29

Average

Std. dey.

6-7

6-5

6-6

6-4

6-2

6-3

Sample
No.

6-1

0.03976
{I. 03993
0.03976

'Methanol
Ul,movered,

Gram

Carbon
as Methoxy,

%
55.25
55.79
54.78
54.71
56.25
53.02

54.97 ± 1.27

Sodium
Borohydride,

%
21.95
21.95

2.4
9.03
5.36

DeterlUination of Methoxy Group in
By-product Material
Sodium Sodium
Hydride, Borate,

% %
22.81 2.46
10.55 2.02
2.23 2.96

15.13 10.90
0.70 1.01

Carbon,
%

21.39
21.59
21.16
21.17
21.77
20.52

21.27 ± 0.27

Recovery of Methanol in Presence of
SodiulU Hydroxide
Cerie

Ammonium
Nitrate,

Ml.

100.00
100.00
100.00

Sodium
Methylate,

Wt.%

52.79
66.19
92.36
74.94
89.93

Table IV.

Table II.

Sample
No.

I-a
II-a
II-b
II-e
III-a
IIJ-b

~ge

Methanol
Present,

Gram

0.03970
0.03970
0.03970

Sample
No.

4-1
4-1
4-1
4-1
4-3

The total carbon content of sodium methylate was assumed
to be present as the methoxy group. A sample of material was
obtained CMatheson, Coleman, and Bell), and further investiga­
tions were made, using this material. Analyses by carbon com­
bustion in comparison with the present method were made on
three separately sampled portions.

The results in Table III show an agreement of better than
0.4% of total methoxy present when the material was analyzed
by two different methods (direct and indirect). Of the two
methods, better precision was obtained by the direct-oxidation
method.

SynthE:tic mixtures containing sodium methylate, sodium
borohydI'ide, sodium hydride, and sodium borate were made,
these compounds being the chief constituents in the commercial
product. Table IV shows the recovery of methoxy when it
was present with vary-
ing amounts of other com­
pounds.

Poor precision during early
analyses of methoxy in com­
mercial material was probably
due to the presence of "sus­
pended" and/or colloidal ear­
bon (some organic decomposi­
tion occurring during the
production of sodium borohy­
dride). When colloidal and
amorphous carbon were re­
fluxed with quadrivalent
ceriwn, there was only a pllxtial
recovery of the ceric solution.
Thus, this consumption of
quadrivalent cerium gave
erroneously high results.
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simple method in the presence of expected interfering com­
pounds and carbon.
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Pu rilY of n-Bulane, Isobulane, Isobulene, and
n-Oclane from Freezing Poinls
NED C. KROUSKOP, GEOFFREY PILCHER, and ANTON J. STREIFF

Carnegie Institute 01 Technology, Pittsburgh 13, Pa.

Measurelllents were made of the lowering of the freezing
point of n-butane, isobutane, isobutene, and n-octane
on the addition of known alllounts of probable illlpuri­
ties. The data, covering the range 100 to 92 lllole % of
the major COlllponent, show that these systellls follow
the ideal solution laws in this respect.

ONE of the most important general methods for evaluating
the purity of chemical substances is to compare the freezing

point of the actual sample with the value for zero impurity.
The theoretical principles have been fully described (4, 5). The
method depends, however, upon the physical assumptions that
the impurity forms an ideal solution with the major component,
and that it is solid-insoluble. It is of considerable importance to
test these assumptions for a wide variety of systems to see for
what mixtures the ideal solution law is obeyed, and to extend the
range of substances for which this criterion of purity can be used
with certainty.

This has been done for n-butane, isobutane (2-methylpropane),
isobutene (2-methylpropene), and n-octane by measuring the
freezing points of these substances with known amounts of known
impurities added. The impurities were chosen to be of type
similar to those expected to be present in the highly purified
samples.

The mixtures of the volatile substances, n-butane, isobutane,
and isobutene were made by the method previously described
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2,2,4-Trimethylpentane
2,4-Dimethylhexane
1-Methyl-3-ethylcyclopentane

(cis + trans)
1-cis-2-Dimethylcyclohexane
1-trans-2-Dimethylcyclohexane
Ethylbenzene
l,4-Dimethylb~nzene(p-xylene)

a Average of 2experiments.

Fig'!re 1. Lowering of Freezing Point of n-Butane on
Addition of Known Arnounts of Isobutane

(3, 6). For n-octane, the mixtures were made up by weight
using a stoppered bottle. The apparatus and experimental
procedure for measuring the freezing points have been described
t4, 6). All C. hydrocarbons used in this investigation were re­
search grade hydrocarbons from the Phillips Petroleum Co.
All other compounds were highly purified samples from the
American Petroleum Institute Research Project 6.

The data obtained for the four substances are collected in
Table·I and are illustrated in Figures 1, 2, 3, and 4, where the
experimental points are shown, together with the ideal line for
the lowering of the freezing point. For the mixture of n-octane
and p-xylene, only 5 mole % of p-xylene was used, in order to keep
below the eutectic composition near 7 mole % of p-xylene. The
ideal lines were calculated (4, 5) from the cryoscopic constants
for each compound, as taken from the tables of the API Research
Project 44 (1), as follows, tr being the freezing point for zero

Lowering of
Freezing

Point,a 0 C.

1. 236 ± 0.003
2.412 ± 0.004

0.901 ± 0.005
1.666 ± 0.016

0.915 ± 0.003
1. 711 ± 0.004
1.015 ± 0.002
1. 761 ± 0.004
1.069 ± 0.006
2.222 ± 0.004
0.936 ± 0.005
1.961±0.000

1. 486 ± 0.004
1.572 ± 0.003

1.678 ± 0.001
1. 687 ± 0.005
1. 714 ± 0.001
1. 540 ± 0.005
1. 014 ± 0.001

Mole %
of Solute

3.717
7.195

3.605
6.692

3.457
6.853
4.034
6.820
4.239
8.691
3.597
7.626

7.461
7.746

8.531
8.506
8.642
8.190
5.283

Solute

Lowering of the Freezing Point of n-Butane,
Isobutane, Isobutene, and n-Octane

System

Isobutane

Isobutane

I-Butene

n-Butane

cis-2-Butene

trans-2-Butene

Isobutene

Major
component

n-Butane

r&obutane

Table I.
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1. 2,2,4-Trimethylpentane
2. 2,4-Dimethylhexane
3. I-Methyl-3-ethyl-cyclopentane (cis + trans)
4. l-cis-2-dimethylcyclohexane
5. l-trans-2-dimethylcyclohexane
6. Ethylbenzene
7. I, 4-Dimethylbenzene (p-xylene)

98 96

MOLE PERCENTAGE OF n-OCTANE
Figure 4. Lowering of Freezing Point of
n-Octane on Addition of Known Am.ounts

of Known Im.purities
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Figure 2. Lowering of Freezing Point of Isobutane on
Addition of Known Am.ounltsof n-Butane

Figure 3. Lowering of Freezing Point of Isobutene on
Addition of Known AIllounts of Known Im.purities

Impurities
1. Isobutane
2. I-Butene
3. cis-2-butene
4. t1'ans-2-butene
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impurity in 0 C., and A and B being the first and second cryo­
scopic constants (5) in mole fraction per 0 C.; n-butane, tr =
-138.350, A = 0.03085, B = 0.0048; isobutane, tr = -159.600,
A = 0.04234, B = 0.0067; isobutene, tr = -140.350; A
0.04044, B = 0.005; n-octane, tr = -56.795, A = 0.05329, B =

0.0031.
The deviations from the ideal lines are not significant and,

therefore, these substances are ones for which the purity may be
evaluated from measurements of freezing points. The results
presented here justify the inclusion of n-butane, isobutane, iso­
butene, and n-octane in ASTM method of test (2).
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Direct Titration Method for the Determination of Barium
SAMUEL B. DEAL

Radio Corp. of America, Lancaster, Pa.

The deterlllination of bariulll by direct titration in­
volves the titration of a bariulll solution with standard
potassiulll sulfate s~ution, using tetrahydroxyquinone
as an internal indicator. The end point of the titration
is taken as the point of disappearance of the red bariulll
salt of tetrahydroxyquinone. The lllethod is particu­
larly well suited for industrial control of the concentra­
tion of bariUlll in solution.

approximately 4 before titration, using bromocresol green as
an indicator, and that the use of a combination of sodium chloride
and silver nitrate sharpened the end point.

In 1940, Kahler (4) found that the interfering effect of sulfite
could be eliminated by adding a small amount of dilute hydro­
chloric acid to the solution, and then boiling, cooling, and neu­
tralizing it with sodium hydroxide solution just to the acid side
of phenolphthalein before titration.

COMPARISON WITH GRAVIMETRIC METHOD

The experimental process described in this paper is the reverse
of the titration process described in the literature mentioned;
it concerns the direct titration of barium with standard potassium
sulfate solution, together with a study of the interfering effect of
calcium and strontium.

Ba '"
K2S0.,

Mg.

34.8
35.0
35.0
35.0
35.2

35.0
35.9
35.9
35.9
36.1
35.9
35.9

37.3
37.1
36.9
37.3
37.1

37.1

the Presence of

Ba '"
Ba Soln.,

Mg.

34.4

Av.

20.9 34.4
20.9
20.9
21.0
20.9

Av.

21.7 36.3
21.6
21. 5
21. 7
21.6

Av.

20.0

20.0

Ba Solution
N MI.

0.0250 20.0

0.0250

0.0264

Deterlllination of Bariulll in
Different Anions

0.025N
K2S0.,

Ml.

20.3
20.4
20.4
20.4
20.5

. Barium
Solution

Ba(NO,j,

BaCt,

Table II.ATITRATION method for the determination of barium
was needed to check the strength of barium nitrate solu­

tions used in the settling of phosphors of fluorescent screens.
Tine inherently longer time required made a gravimetric method
unsuitable for industrial control.

A considerable amount of experimental work on the direct
titration of sulfate with standard barium chloride has been
carried out (1-12). Schroeder (6) first proposed direct titration
for the determination of sulfate using tetrahydroxyquinone a;;

an internal indicator. His method involves the titration of
sulfate in a sample with a standard barium chloriqe solution,
the end point being indicated by the appearance of the red bar­
ium salt of tetrahydroxyquinone. Because solutions of tetra­
hydroxyquinone are unstable, Schroeder suggested addition of
III few tenths of a gram of a dry dispersion of the indicator with a
large amount of potaSsium chloride to each sample on which a
sulfate determination is made.

Schroeder also studied the effect of acid concentration, tem­
perature, and the presence of various other ions. The presence
of hydroxyl, chloride, carbonate, silicate, calcium, magnesium,
or aluminum was found to be inconsequential, except in high
concentrations. The presence of iron caused interference.

Sheen and Kahler (8) extended the range of sulfate concentra­
tions over which the titration meth.od is applicable. They rec­
ommended the use of isopropyl alcohol in place of ethyl alcohol
for lowering the solubility of barium sulfate and hastening pre­
cipitation. They also found that up to 60 p.p.m. of phosphate
ion can be tolerated if the pH value of the sample is adjusted to

Two series of determinations were carried out, one gravimet­
rically by the precipitation and weighing of barium as barium
sulfate, and the second by the direct titration method. As
shown in Table I, the results obtained through the use of the
two methods agree closely with the theoretical results, and
vary from the theoretical results to approximately the same de­
gree. In the titration method, the results are slightly high,
probably because the kinetics of the reaction necessitate the pres­
ence of a slight excess of sulfate ions to release the last traces of
barium present as barium tetrahydroxyquinolate.

The gravimetric procedure consisted of the addition of 10 ml.
of 1 to 1 hydrochloric acid to a 150-ml. sample solution. After
the solution had been heated almost to the boiling point, 10 ml.
of 1 to 1 sulfuric acid was added with constant stirring and the
resulting precipitate digested on a hot plate for 20 minutes. The
precipitate was then filtered, washed with hot water containing·
a small amount of sulfuric acid, and heated at 700 0 C. for 45
minutes before being cooled and weighed as barium sulfate.

EFFECT OF DIFFERENT ANIONS

Although the initial method for barium titration was used only
for barium nitrate solutions, it was decided to determine the
effect of several different anions on the titration. The results
obtaine.d with nitrate were compared with those obtained for
chloride and acetate,as shown in Table II.

Barium Found, Mg.
Gravimetric Volumetric

2.5

34.3

105.0

Comparison of Volullletric and Gravimetric
Methods"

Bariuln
Present,

Mg.

0.5

2

3

4

Group

Table l.

0.7 0.9
0.7 1.0
0.8 0.9
0.8 1.0
0.7 0.9
0.7 1.0
2.5 3.9
2.8 3.9
2.8 4.1
2.9 .3.8
2.8 4.1
2.9 4.1

35.3 35.0
34.8 35.0
35.3 34.9
35.1 35.0
35.5 35.1
35.0 35.1

105.9 108.1
105.8 108.1
105.9 107:9
105.8 107.8
105.8 108.0
106.3 107.9

" Samples in groups I, 2, and 3 were titrated with 0.025N K,SO•. A O.IN
K,SO. solution was used for titration of group 4.

109
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Barium, Mg.
Present Found

suIted in a rather indefinite end point. The addition of silver
nitrate necessitates the presence of an equivalent amount of
chloride to prevent the formation of an excessive·amount of silver
tetrahydroxyquinolate and a resulta'nt interference with the end
point. Sharpening of the end point apparently is due to ad­
sorptive forces at the surface of the silver chloride formed. The
use of 2 m!. of a saturated solution of sodium chloride and 2 m!.
of a 1.5% solution of silver nitrate effected a much sharper end
point. The presence of the end point sharpener is especially
desirable when large quantities of calcium are present.

17.2
17.0
17.0
17.2
17.0
17.2
17.0
17.2
17.4
17.2
17.2

16.8

Table III. Effect of Calciulll on Bariulll Titration"
0.0245N 0.0245N 0.0250N Ca

BaCh, CaCh, K,SO" Present,
Ml. MI. Ml. Mg.

10.0 0 10.0 0
o 9.9 0
o 9.9 0

10.0 10.0 4.9
10.0 9.9 4.9
20.0 10.0 9.8
20.0 9.9 9.8
30.0 10.0 14.7
30.0 10.1 14.7
40.0 10.0 19.6
50.0 10.0 24.6

" 2 m!. of 1.5% silver nitrate and 2 mi. of saturated potassium chloride
solution added to sharpen end point.
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In solutions that are too basic, the barium salt of tetrahydroxy­
quinone is precipitated and yields little color. Barium tetrahy­
droxyquinone also exhibits little color in acid solutions. Ad­
justment of the pH is necessary, the·refore, in solutions that vary
markedly from the neutral point. A pH from 4.0 to 5.0 can be
attained by the use of bromothymol blue indicator, and a pH
from 8.0 to 9.0 by the use of phenolphthalein. An initial ad­
justment to a pH of 8.0 to 9.0 is necessary if iron or aluminum
is present in the solution. Both iron and aluminum, as well as
any other elements that form hydrous oxides in basic solution,
are effectively removed at the higher pH. After the precipitated
hydrous oxides have been separated by filtering, carbonate and
sulfite can be efficiently eliminated in the filtered solution by
adjustment to a pH of 3.0 with dilute hydrochloric acid and boil­
ing for 2 or 3 minutes. A final adjustment to a pH of 4.0 to 5.0
and titration at this pH prevents interference by phosphate ion.

For the initial adjustment of pH O.IN hydrochloric acid or
O.IN sodium hydroxide was added; O.OIN sodium hydroxide
was added for the final close adjustment.

The titration range that can be covered by the use of 0.025N
potassium sulfate solution is 25 to 3750 p.p.m. of barium. By
using O.IN potassium sulfate, the upper range can be extended
from 3750 to 15,000 p.p.m. If 0.0025N potassium sulfate is
used in the titration of very low barium concentrations, the end
point is too indistinct.

Best results are obtained when the solution to be titrated
contains 500 to 2500 p.p.m. of barium and a 0.025N potassium
sulfate solution is used as titrant.

Present Found

16.8 16.8
16.8
19.2
19.1
22.3
21.6
21.1
28.5
24.4
30.0
22.7
30.2
25.4
25.8
26.3

Barium, Mg.Sr
Present,

Mg.

o
o
5.5
5.5

11.0
11.0
21.9
21.9
21.9
21.9
32.9
43.8
43.8
54.8
54.8

0.0250N
K,SO"

Ml.

9.8
9.8

11.2
11.1
13.0
12.6
12.3
16.6
14.2
17.5
13.2
17.6
14.8
15.0
15.3

Effect of Strontiulll on Bariulll Titration"
0.0250N

SrCh,
M!.

o
o
5.0
5.0

10.0
10.0
20.0
20.0
20.0
20.0
30.0
40.0
40.0
50.0
50.0

Table IV.
0.0245N
BaClo,

MI.

10.0

The following cations were found to have no effect when present
in a concentration of 1500 p.p.m.: nickel, cadmium, magnesium,
manganese, zinc, mercury(II), chromium(III), and cobalt(II).
Interlerence was caused, however, by the presence of appreciable
amounts of lead, aluminum, iron(IU), tin(IV), and copper(II).

The majority. of interlering cations can be removed by render­
ing the test solution basic and filtering off the hydrous oxide
precipitates before titration.

EFFECT OF OTHER CATIONS

EF.FECT OF CALCIUM AND STRONTIUM

Relatively large concentrations of calcium can be tolerated
during ~ion, as shown in Table III. The use of silver chlo­
ride end-point i3harpener is necessary, however, in order to obtain
a definite end point.

The presence of strontium in an appreciable amount leads to
extremely high and inconsistent results. Strontium sulfate is
soluble in water to the extent of 0.0114 grams per 100 m!. (3) at
30" C. but is much less soluble in an alcohol-water mixture.
The use of a water solution for the titration or" barium results in
a much less intense color of the indicator and an indefinite end
point.

Variation of pH had little effect. Results obtained in the ti­
tration of barium-strontium mixtures are presented in Table
IV. Because only a small trace of strontium can be tolerated,
a preliminary separation of barium and strontium is necessary
when strontium is present to any appreciable extent.

Interlerence by phosphate is prevented by adjustment of
pH. Other anions that interlere with the titration, such as car­
bonate and sulfite, are eliminated by boiling at low pH.

" 2 m!. of 1.5% silver nitrate and 2 m!. of saturated potassium chloride
solution added tc sharpen end point.

METHOD OF ANALYSIS

The direct titration method for the determination of barium,
as originally devised, was intended for use in controlling the con­
centration of barium in a barium nitral,e solution.

The reagents used in this work include: standard 0.025N
potassium sulfat.e solution, tetrahydroxyquinone indicator com­
posed of an intimately ground mixture of disodium tetrahydroxy­
quinone and dried potassium chloride in a 1 to 300 ratio, and
isopropyl alcohol.

A ZD-m!' portion of aqueous solution containing 10 to 50 mg.
of barium is transferred to a 25D-mL Erlenmeyer flask, 20 m!.
of isopropyl alcohol are added, and the solution is mixed. Ap­
proximately 0.2 gram of the tetrahydroxyquinone indicator is
introduced by means of a plastic measuring dipper; the solution
is colored deep red when the flask is Bwirled. The solution is
titrated rapidly with standard 0.025N potassium sulfate solution
until the deep red changes to a rose color, indicating the approach
of the end point. The titration is concluded by the addition of
drops of potassium sulfate solution until an orange color appears
throughout the body of the solution.

Although no difficulty was experienced in the titration of pure
barium solution without the addition of an end-point sharpener,
the presence of relatively large quantities of other cations re-
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Detection of Surface-Active Phenol Ethers with
Sulfuric Acid and· Formaldehyde
MILTON J. ROSEN

Department 01 Chemistry, Brooklyn College, Brooklyn, N. Y.

Surface-active agents containing an active benzenoid
nucleus, such as O-substituted alkylphenols and tnono­
sulfonated diphenyls, tnay be detected by the dark red
color which they produce when treated with concen­
trated sulfuric acid and fortnaldehyde. Other func­
tional groups present in surfactants produce no inter­
fering colors.

THE qualitative analysis of surface-active agents is a difficult
and delicate task because of the multiplicity of types of com­

pounds currently used as detergents, wetting agents, emulsifying
agents, germicides, and similar products. Although a number of
authors have described qualitative tests for various types of
surfactants (2-5), the field still suffers from a lack of simple,
definitive, qualitative tests for the various functional groups
present in these materials.

The use of formaldehyde in the presence of concentrated sul­
furic acid constitutes one of the most convenient tests for the
presence of nucleophilic aromatic nucleus in organic compounds
(1). The test consists of the reaction of formaldehyde with an
aromatic nucleus in the presence of sulfuric acid to form a car­
bonium ion, which polymerizes to a colored complex.

H 2SO.
----+ C6H.CH2(C.H.CH2),,_2C.H.CH2 +HSO.-

(red)

Since both the reaction of the formaldehyde with the aromatic
nucleus and the subsequent polymerization are inhibited by elec­
tron-attracting substituents on the aromatic nucleus, a positive
reaction is obtained only with compounds in which the aromatic
nucleus is not deactivated by such substituents-e.g., - Cl,
-SOaH, -N02, -COOH, -CH2N+(Rh. Compounds con­
taining benzenoid nuclei give red complexes, while co·ndensed
polynuclear· aromatics give green, blue, or purple complexes.

The aromatic nucleus appears in a number of types of surfac-.
tants, the most important being alkylbenzene sulfonates, alkyl­
phenol ethers, and benzyltrialkylammonium salts. Of these
types, however, only the alkylphenol ethers give positive results
with this formaldehyde-sulfuric acid test, since, in the other cases,

the aromatic nuclei present are deactivated. by ele<!t'Pl'rn-attract­
ing substituents. Table I lists the reactions to this test of the
major classes of surfactants, with and without aromatic nuclei.

PROCEDURE

Fifty milligrams (or 1 drop) of anhydrous surfactant (obtained
by methanol extraction or other suitable method from a sur­
factant-containing composition) is dissolved or dispersed in 0.5
m!. of carbon tetrachloride. One milliliter of 95% sulfuric acid
is added, the mixture is agitated well, and the color is noted.
One or 2 drops of formaldehyde (approximately 37%) are added,
the mixture is agitated well, and the color is again noted.

DISCUSSION OF RESULTS

Of the various classes of surfactants commercially available
only ethers of phenols (with the exception of the monosulfonated
diphenyls mentioned below) give deep red colors upon addition
of the formaldehyde. Other types of compounds give colors
varying from very pale yellow to brown-black. However, in
these cases the colors obtained are produced upon addition of
the sulfuric acid alone, and the ·addition of the formaldehyde
results only in a slight intensification of the existing color. In
the case of esters of phenols, however, the deep red color. is ob­
tained only upon addition of the formaldehyde; the sulfuric acid
by itself produces merely a yellow color.

The only other substances which give sharp color changes
UpOR addition of the formaldehyde are sulfonated polynuclear
hydrocarbons (diphenyl, naphthalene) in which at least one ring
is unsulfonated. In these cases, the color f:>rmation is presum­
ably due to the reactive (unsulfonated) aromatic nucleus present
in these compounds. Diphenylmonosulfonates give the usual deep
red color, while naphthalene monosulfonates produce a dark
green color.

Although ethers of alkylphenols per se are classified as nonionic
surface-active agents, the test is not confined to this class alone,
but can be used to detect the aryl ether linkage in anionics or
cationics as well, provided the aromatic nucleus has not been de­
activated. Thus, although Triton X-400, Hyamine 2389, and
BTC, whose aromatic nuclei are deactivated by attachment to
-CH2N +(Rh, all give negative results witp. this test; Triton
X-770, concentrated, and Hyamines 10-X and 1622, which con­
tain reactive alkylphenol linkages, give positive results. The
positive results, obtained with both Igepal CO-850, which has a
very long polyethoxyethanol side chain, and with octylphenoxy­
ethanol indicate that the length of the chain attached to the aro­
matic nucleus by the ether linkage has no effect on this reaction.
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Table I. Reaction of Commercial Surface-Active Agents to Treatment with Concentrated Sulfuric Acid and
Formaldehyde

Color
With

Product Source Chemica.l StructureG With H2S0. H2S0. + CHiO Result

1gepal CA-630 Antara Do(cn,C"'b)." Yellow Dark red' +

Igepal CA-710 Antal'a V(C'"C"'")'" Yellow Dark red +

Jgepal CO-li30 Antara DO(CR,C",O)." Orange-yellow Dark red +

1gepal CO-S,50 Antara DO(CR,cn,o,." Orange-yellow Dark red +

Neutronyx 600 Onyx V (CH,CH,O)." Orange-yellow Dark red +

Triton X-lOO Rohm & Haas DO(CH,CH,O).H Orange-yellow Dark red +

Triton X-45 Rohm & Haas ROO(CH'CH'O)'H Pale yellow Dark red +

Dispersant NI-O Gronite DO(CR,CH,o,.H Orange-yellow Dark red +

Dispersant NI- W Gronite V(CR,CH,O)." Orange-yellow Dark red +

Tee-gitol NP-14 Carbide & V(CH,CH,O>.H Orange-yellow Dark red +
Carbon

Tergitol NP-35 Carbide & DO(C,,,C,,,O).H Orange-yellow Dark red +
Carbon

Tergitol NPX Carbide & Do(cn,CH,o).H Yellow Dark red +
Carbon

Octylphenoxyethano Rohm & Haas C'H"OCR'CH'Oil Yellow Dark red +

Triton X-770 (cone.) b Rohm & Haas RO(CH,CR,o).'O,N. Pale .yellow Dark red +

Alipal CO-436 Antara DO(CH,C R,O).OO,NH, Yellow Dark red +

Hyamine lO-X Rohm & Haas [DOCR,C '''OCH,",''N(CR,"CR,O"C' . Pale yellow Dark red +
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Table I. Reaction of Commercial Surface-Active Agents to Treatment with Concentrated Sulfuric Acid and
Formaldehyde (Continued)

Color

113

Colorless Pale yellow

Light orange Light amber

Light orange Light amber

Red-orange Light amber

Red-orange Red-orange

Red-orange Red-orange

Colorless Pale yellow

Light orange Orange

Light orange Orange
Pale yellow Pale yellow
Light orange Ligh t orange
Colorless Yellow

Pale yellow Pale yellow

Pale yellow Pale yellow

Pale yellow Pale'·'Y,'_J:,..
Light orange Amber '.

Pale yellow Light orange

Pale yellow ·Pale yellow

Prodllct

Hyamine IG~2

Areskap 100

Aresket 300

Aerosol OS

Alkanol B

Hyamine 2389 b

Triton X-400b

BTCb

Emulphor VN-430

PEGC 400 mono­
oleate

Sterox CD

Ethofat 242/25

Renex

GlycCl'yl mODo­
stearate

PEG C 400 dioleate

Arlaeel C
Span 60
Emulphor ON-870
Tergitol TMN

Sterox SK

Pluronie L62

Ninol2012A
Ninol201

Ethomid C/15

Ethomeen C/IS

Source

Rohm & Haas

Monsanto

Monsanto

Am. Cyanamid

Du Pont

Rohm & Haas

Rohm & Haas

Onyx

Antara

Kessler

Monsant·Q

Armour

Atlas

Glyeo

Kessler

Atlas
Atlas
Antara
Carbide &

Carbon
Monsanto

Wyandotte

Ninol
Ninol

Armour

Armour

Chemical St,ructurea

["O",N (Gff,),1 'e, ­

[o~CH,N(CH,j,RJ +Cl­

§.

Oe",,,eH,""1 'e'­
o

R-~-O(CH,CH20)zH (oleic acid ester)

o
R-~-O(CH,CH,O)zH (oleic acid ester)

o
R-~-O(CH,CH,O)zH (tall oil ester)

o
R~-O(CH,ClhO)xH (tall oil ester)

o
R~-O(CH,CH,O)xH (tall oil ester)

o
Cl1H,,~OCH,CHOHCH'OH

o 0
II II

RC-O(CH,CH,O)xCR

Sorbitan oleate
Sorbitan stearate
RO(CH,CH,OlxH (oleyl ether) .
RO(CH,CH,O)xH (alkyl ether)

RS(CH,CH,O)x H

HO(CH,CH,O)x(CH,CHO)y(CH,CH,O)zH

6H.
Diethanolamine-coconut F.A. condensate
Dieth~nolamine-oleicacid condensate .

o (CH,CH,O)xH

R~/
"(CH,CH,OlxH

(CH,CH,O)x H

R/
"(CH,CH,O)x H

With H,SO.

Pale yellow

Yellow

Light amber

Red-brown

Red-brown

Colorless

Colorless

With
H2S0. + CH,O Result

Dark red +

Dark red +

Dark red +

Dark green

Dark green

Yellow

Light amber
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Color

Table I. Reaction of COlnlllercial Surface-Active Agents to Treatment with Concentrated Sulfuric Acid and
Forlllaldehyde (Continued)

With
Chemical Structurea With H,SO. H,SO. + CH,O Result

RNH, Colorless Beige
N-C(CH,)CH,CH,OH

J' IR-C Yellow Light orange
"- I

O-CH,

'O'O'N' Pale yellow Yellow

VO'N' Pale yellow Pale yellow

'O'O'N' Pale yellow Light orange

Petroleum sulfonate, oil-free Dark brown Brown-black
0

R~N(CH,)CH,CH,SOINa Yellow Light orange
ROOCCH,CH(SO,Na)COOR Pale yellow Pale yellow
C"H"OSO,Na Colorless Colorless
ClsHuOSOaNa Light orange Orange
Sulfated castor oil Orange Red-orange

Commercial
Solvents

Source

Armour

AtIan tic Refg.

Oronite

Natl. Aniline

Antara
Am. Cyanamid
Du Pont
Du Pont
Am. Cyanamid

Sonneborn

Alkaterge C

Detergent D-40

Product

Armeen"C

Ultra wet Ie

Hyponate L50 b

:Kacconol NR

Igepon T-73
AerosolOT
Duponol ME dry
Duponol LS paste b
Aquaso! 75AR

" R = alkyl.
, Dried at llOo C.
" PEG = polyethyleneglycol.

The color produced with sulfuric acid alone is indicative of the
degree of unsaturation present in the nonaromatic molecules.
Thus, a petroleum derivative (Hyponate L50) gives brown colors,
tall oil derivatives (Renex, Sterox CD, Ethofat 242/25) give
l'ed-orange colors, oleic acid derivatives (Emulphors VN-430
and ON-870, Arlacel C, PEG 400 Dioleate, Ninol 201) yield
light orange colors, and saturated compounds (Span 60, Pluronic
L62, Kinol 2012A, Armeen C, etc.) produce pale yellow or no
('olol's.
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Detection of Beta-Hydroxyethylamines by
Pyrolysis with Sodium Chloroacetate
MILTON J. ROSEN

Department of Chemistry, Brooklyn College, Brooklyn, N. Y.

,B-Hydroxyethylalllines, upon pyrolysis with sodiulll
chloroacetate, decolllpose to yield acetaldehyde. The
acetaldehyde, when led into a solution of sodiulll
nitroprusside containing diethaltlolallline, produces a
blue color which Illay be used as a qualitative test (or
these arnines.

The test depends upon the thermal decomposition of a quater­
nized J'l-hydroxyethylamine to yield acetaldehyde, according to
the following equation:

+
[RaNCH2CH20Hj~ CHaCHO + [RaNH] +

I N A continuation of the work on qualitative tests for the
functional groups present in surface-active agents (2), it has

been. foun.\i..:ia'.; p-hydroxyetb.ylamines may be detected by a
.modifieatir,"(;:J"Of the Hofmann degradation of quaternary ammo­
nium hydfoxides (.1). The J'l-hydroxyethylamine group is pres­
ent in several classes of surfactants, such as diethanolamine-fatty
acid condensates of the Ninol type" J'l-hydroxyethylimidazo­
lines, and various hydroxyethylated long-chain amines. In
addition, such J'l-hydroxyethylamines as triethanolamine, dieth­
anoiamine, and diethylaminoethanol are commonly used to form
salts of fatty acids and other acidic compounds which are im­
portant emulsifying agents.

The formation of acetaldehyde is detected by leading the
volatile material produced during the pyrolysis into a solution
of sodium nitroprusside containing a water-soluble secondary
amine. If acetaldehyde is present, it reacts to form a blue color.
This latter reaction is a revel'sa} of the Simon test (3) in which
water-soluble secondary amines are detected by the blue color
(of unknown structure) which they produce with a solution of
sodium nitroprusside cOl}taining acetaldehyde.

In order to ensure a uniform temperature for the thermal de­
composition, an inert, high-boiling solvent was added to the reac­
tion mixture, and constant temperature was maintained by con­
ducting the reaction at its boiling point. After a number of
trials using various solvents, the dimethyl ether of tetraethylene
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glycol was selected as having physical and chemical characteris­
tics most suitable for the purpose.

Sodium chloroacetate was found to be a more effective reagent
than methyl iodide for quaternizing these amines, since its use
yielded acetaldehyde with both secondary and tertiary ,8-hydroxy­
ethylamines, whereas methyl iodide, under the same conditions,
yielded acetaldehyde only from tertiary ,8-hydroxyethYlamines.
Ethanolamine, the only primary ,8-hydroxyethylamine, does not
yield acetaldehyde when treated with either methyl iodide or
sodium chloroacetate, and therefore does not respond to this

115

test. Moreover, the use of sodium chloroacetate makes it un­
necessary to convert the quaternary ammonium compound
formed to its corresponding hydroxide in order for decomposition
to occur. The action of sodium chloroacetate on a tertiary amine

produces a betaine, R2N(CH2CH20H)CH2COO-, which under
the conditions of the test, decomposes directly to acetaldehyde.

R2NCH2CH20H + CICH2COONa-+

RoN(CH2CH20H)CH2COO- + NaCI

Tahle I. Reactions of Various Amines and Nitrogen-Containing Surface-Active Agents to Pyrolysis with
Sodium Chloroacetate

Color
After 5-min. + 10-min.

Product Source Structure pyrolysis standing Result

Diethanolamine Carbide & Carbon (HOCH,CH,).NH Light blue "CuSO,' blue +
Diethanolamine·HCl a (HOCH,CH,).NH, +Cl- Royal blue Deep blue +
Triethanolamine Carbide & Carbon (HOCH.CH,),N Royal blue Deep blue +
Triethanolamine phosphate Beacon [(HOCH,CH.),NH+j,PO,--- Royal blue Deep blue +
Duponol WATb Du Pont llHOCH.CH,),NH] +OSO.OR c Royal blue Deep blue +
Diethylaminoethanol Eastman Kodak OCH,CH,N~H.CH.). Royal blue Deep blue +
N-Ethyldiethanolamine Eastman Kodak (HOCH,CH,), CH,CH, Royal blue Deep blue +
N-Hydroxyethylpropylenedi- Carbide & Carbon HOCH,CH,NHCH(CH,)CH.NH. Royal blue Deep blue +

amine
N,N'-Dihydroxyethylethylene- Carbide & Carbon HOC,H,NHC.H,NHC,H,OH Royal blue Deep blue +

diamine
N:Hydroxyethylmorpholine Carbide & Carbon HOCH.CH,NC,H,OC,H, Royal blue Deep blue +L __-'

N-a-Methylbenzyldicthanol- Carbide & Carbon (HOCH,CH,),NCH(CH.)C,H, Royal blue Deep blue +
amine

Amine 220 Carbide & Carbon HOCH.CH,NC,H,N=C-Rc Royal blue Deep blue +
[ -'

Amine 0 Alrose HOCH,CH,NC.H,N=C-Rc Royal blue Deep blue +L ___-'

Versen-ol b Bersworth (NaOOCCH.),NC.H,N(CH.COONa)C,H,OH Royal blue Deep blue +
Priminox 43 Rohm & Haas HOCH.CH,NH-Rc Royal blue Deep blue +
Priminox 10 Rohm & Haas H(OCH,CH.)xNH-Rc (z = 5) Light blue "CuSO,' blue +
Priminox 21 Rohm & Haas ·H(OCH,CH.)xNH-RC (z = 15) Light blue "CuSO,' blue +
Priminox 32 Rohm & Haas H(OCH,CH,lxNH-Rc (z = 25) Light blue "CuSO,"blue +

H(OCH,CH.)x

Ethomeen T/I5 Arlnour )N-Rc (z + y = 5) Royal blue Deep blue +
H(OCH,CH.)u
H(OCH,CH,)x

Ethomeen S/20 Armour )N-Rc (z + y = 10) Royal blue Deep blue +
H(OCH,CH,)u
H(OCH,CH,)x

Ethomeen C/25 Armour )N-Rc (x + y 15) Light blue Royal blue +
H(OCH,CH,)u
H(OCH.CH,)x

Ethomeen 18/60 Armour )N-Rc (x + y' = 50) Light blue "CuSO,' blue +
H(OCH,CH.)u

Light blueDi(fJ-hydroxyethyl)aniline Eastman Kodak (HOCH,CH,),N-C,H, "CuSO,'blue +
Diethanolamine-Coc. F.A. Alrose Diethanolamine-Coc. F.A. condensate Royal blue Deep blue +

condensate. (1: 1 molar ratio)
Ninol HAlO Ninol Diethanolamine-Coc. F.A. condensate Royal blue Deep blue +

(1 :1 molar ratio)
Royal blueNinol2012A Ninol Diethanolamine-Coc. F.A. condensate Deep blue +

(2: 1 molar ratio)
Royal blueNinol AA62 Ninol Diethanolamine-lauric acid Deep blue +

Nino!
(2: 1 molar ratio)

Royal blueNinol201 Diethanolamine-oleic acid Deep blue +
. (2: 1 molar ratio)

Roya1.blueAlrosolO Alrose Diethanolamine-oleic acid Deep blue +
(2: 1 molar ratio)

Royal blueDrisyn Drew Diethanolamine-fatty acid condensate Deep blue +
Monoethanolamine Carbide & Carbon HOCH.CH,NH, Pale yellow Pale yellow
Isopropanolamine Carbide & Carbon HOCH(CH.)CH,NH, Pale yellow Pale yellow
Diisopropanolamine Carbide & Carbon [HOCH(CH,)CH,IoNH Pale blue- Gray-brown

r .." purple
Triisopropanolamine Carbide & Carbon [HOCH(CH,)CH.],N Pale purple Purple-gray
Tributylamine Eastman Kodak (C,H.),N Pale yellow Pale yellow
Tributylammonium chloride a (C,H.)aNH +CI- Pale yellow Pale yellow
Tribenzylamine Eastman Kodak (C,H,CH,)aN Colorless Colorless
Diethylenetriamine Carbide & Carbon H,NC.H,NHC,H,NH. Pale yellow Pale yellow
2-Amino-2-methyl-l-propanol Commercial HOCH,C(CH.),NH. Pale yellow Pale yellow

Solvents
2-Amino-2-methyl-l,3- Commercial (HOCH,),C(CH.)NH, Pale yellow Pale yellow

propanediol Solvents
Tris(hydroxymethyl)amino- Commercial (HOCH.),CNH. Pale yellow Pale yellow

methane Solvents
N-Methylglucamine Commercial CH,NHCH,(CHOHj,CH,OH Pale purple Purplish gray

Solvents
H(OC,H,)x

Ethomid C/15 Armour )NCRc (z + y = 5) Purple- Pale blue-
H(OC,H,)u ~ gray gray

.H(OC.H,)x

Ethomid RO/25 Armour )NCRc (z + y 15) Purple- Pale blue-

H(OC,H,)u ~ gray gray

l2 Prepared by adding dilute bydrochloric acid to the amine until acid to methyl orange, then evaporating the resulting solution to constant weight.
b Dried at 1150 C.
c R = alkyl or alkenyl group of 12 to 24 carbon atoms.
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R.~(CH2CH20H)CH2COO- ~
+.

R2NHCH2COO- + CH.CH,O

The water-soluble secondai'y amine chosen'Jor use with sodium
nitroprusside, in detecting the formation of acetaldehyde, was
diethanolamine, since its stability, water-solubility, and low
volatility made it appeal' eminently suitable for the purpose.

Table I lists the reactions to this test of various amines and
nitrogen-containing surface-active agents.

PROCEDURE

Two hundred milligrams (or 4 drops) of a nitrogen-containing
compound, 0.2 to 0.3 gram of sodium chloroacetate (Dow Chemi­
cal Co., technical grade.. was used), and '1 to 1.5 m!. .of tetra­
ethyleneglycol dimethyl ether (Ansul Chemical Co.) are placed
in a 5-inch test tube and agitated vigorously for a few seconds.
The test tube is clamped at an angle of no more than 30 0 from
the horizontal (to eliminate spattering during the pyrolysis) and
a glass delivery tube with a 60 0 -:mgle bend ifI attached by means
of a one-hole rubber stopper. The end of the delivery tube
passes beneath the surfaee of the "detecting solution" contained
in a 'l-inch test tube supported by a wire gau:!e placed across aJ1
iron rin~ In order to facilitate observation of color changes iIi,
the detecting solution, a piece of white paper is placed over the
'\'I,ire gauze supporting the test tube containing the solution.
The detecting solution consists of 1 m!. of water to which hav!;
been added 2 drops of sodium nitroprusside solution (20 grams oj'
.Na2F'e(CX)5NO.2H20 dissolved in 50 m!. of water and diluted
with 450 m!. of inethanol) and 1 drop of diethanolamine.

The contents of the 5-inch test tube are now heated with a small
ftame at such a rate that bubbles of gas pass through the detect­
ing solution at a rate not exceeding one per ,3econd.. The con­
tents should boil vigorously and the solvent should reflux from
the upper portion of the test tube, but distilhttion of any appreci­
able amount. of solvent must be avoided. The heating should
be contiqued' for no .longer than 5 minutes. ,

The appearance of a definite blue color in the detecting solu:
tion during the pyrolysis period constitutes a positive result.
As indicated by Table I, most ,B-hydroxyethyla,mines give a royal
blue color (usually after heating the quaternized amine for about
3 minutes). In those cases. where a light pille .color is obtained,
the detecting solution should be allowed to stand for up to 10
minutes and then re-examined. If the blue color has deepened
to a bri1liant royal or "eoppersulfate" blue; the' test is con­
sidered positive. If the light blue color pemists or 'fades, the
test is considered negative, since traces of blue may be due to

ANALYTICAL CHEMISTRY

,B-hydroxyethylamine impurities present in commercial. mate­
rials of related structure.

DISCUSSION OF RESULTS

All J3-hydroxyethylamines tested give positive results with this
test. In addition, amines containing one or two polyethoxyeth~­

anol groups attached to the amino nitrogen give positive results,
although, as the size of the polyethoxyethanol group increases,
with consequent decrease in the nitrogen content of the mole­
cule, the results become less definite (Priminox 43 vs. 32;
Ethomeen, T/I5 vs.I8/60). In di(,B-hydroxyethyl)aniline, the
presence of the aromatic nucleus, with its electron-attracting
capacity, apparently inhibits the decomposition to acetalde­
hyde, and only a light blue color (which deepens on standing,
however) is obtained. This tendency is intensified in the amides
where the strongly electron-attracting C=O group inhibits the
reaction to such an extent that ethoxylated amides give negative
results (Ethomids C/I5 and RO/25).

Isopropanolamines (mono-, di-, and tri-) all give negative re­
sults, since they cannot decompose to acetaldehyde. This
makes the test v:,tluable in distinguishing between emulsifying
soaps. made with triethanolamine or diethanolamine and those
made \vitil di- or triisopropanolamine.

The positive results obtained with diethanolamine hydro­
chl9ride, and triethanolamine phosphate indicate that in analyz­
ing amine-containing compositions it should not be necessary to
isolate the amine per se, but that a salt of the amine, often more
conveniently obtained, may 'be tested. instead: The triethanol­
amine salt of an anionic surfactant (Duponol WAT) can be de­
tected with this method ..
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Colorimetric Determination of Niobium in the Presence of Tantalum
MOHAMMED NABI BUKHSHl and DAVID N. HUME

,Department of Cbemistry and Laboratory 01 Nuclear Science, Massacbusetts Institute 01 Tecbnology, Cambridge 39, Mass.

The :Illajor sources of error in the thiocyanate method
for the colorimetric determination of niobium are
loss of niobium due' to hydrolysis of tantalum present
and incomplete extraction of the niobium thiocya­
nate complex with ether.. These effects have been
nilnimized by adding tartaric acid to the reagents,
changing the order of additions, and replenishing
the tbio.~yanate and acid between extractions.

rHE greatest drawback to the colorimetric determination of
niobium with thiocyanate has probably been the interfering

effect of tantalum at high ratios of tantalum to niobium. The
authors have observed, in using a recently published procedure
(4), that although satisfaetory results are obtained at a 10 to 1
ratio of t:antalum to niobium at low levels of niobium concentra­
tion, poor results are obtained at the same ratio with 'lal'ger con-

L Present address, Central Testing and Standards :Lnboratories, Karachi,
Pakistan.

centrations. They therefore extended their studies on the
thiocyanate method with particular attention to the tantalum
interference problem. The two main sources of error have been
found to be: .incomplete extraction of the niobium from the aque­
ous phase, and loss of niobium due to hydrolysis of tantalum
present, the latter effect being the more important. It has'been
shown that addition of tartaric acid to the reagents and a change
in the order of addition eliminate the erratic interferences of
tantalum.

EXPERIMENTAL

A majority of the reagents were prepared as in previous work
(.n. Niobium and tantalum stock solutions were made up from
spectrographically analyzed high purity oxide as before. The
oxides were fused in silica crucibles with potassium pyrosulfate,
with special care to obtain clear melts, and the cooled masses
were taken up in 10% tartaric acid. Close attention to detail was
fouJ;ldnec~S(3l).ry in ~igh ta!1talum mixtures if clear solutions
were to result. The pure niobium stock solutions were found to
be stable, but' tantalum stock solutions showed a' tendency
to hydrolyze on standing. The spectrographically pure oxide
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ETHER EXTRACTION

Table I. Absorbance of 19.4'Y ,of Niobium Extracted with
Various Volumes of Ether and Diluted to 25 MI. for

M~asurernent

Extraction Volume, Ml. Absorbance

samples were. sometimes fOl,ln<:l to assay as low as 70% niobium
pentoxide owing to the presence of moisture. and volatile salts.
The stock solutions were standardized gravimetrically by classical
procedures.

Radioactive niobium-95 was prepared from a zirconium-95­
niobium-Q5 mixture derived from uranium fission and obtained
'from the United States Atomic Energy Commission. Pure
radioactive niobium tracer was prepared by carriage on manga­
nese dioxide according to the method of Siegel, Bigler, and Hume
(5). Gamma counting was done on liquid samples mounted in
small glass cups and covered with lacquer films according to the
technique of Freedman and Hume (2). A conventional scaling
circuit and thin window, bell-shaped Geiger Miiller tube was used
for counting. Beta rays were removed by 435 mg. per sq. cm. of
aluminum absorber. .

The techniques of manipulation, extraction, and measurement
with a Beckman DU spectrophotometer were essentially those of
the previous publication.

In previous work, the presence of much tartrate appeared to
affect the absorbance index of niobium in the thiocyanate com­
plex. Since high tartrate concentrations offered the most promis­
ing path to avoidance of tantalum hydrolysis, the first efforts
were directed to the elimination of direct interference by tartrate.
It was observed that even traces of oxalate have a bleaching effect
on the niobium thiocyanate color; howev'er; careful analysis of
the reagent grade tartaric acid used failed to show the presence
of oxalate. Chemical analysis of the' ether extracts revealed,
however, that the initial portion of ether used to extract niobium
also removed about 70% of the total thiocyanate and about 4%
of the chloride. Since a high concentration of thiocyanate in
the aqueous layer is necessary for efficient extraction, especially
in the presence of tartaric acid, subsequent extractions were not
removing much additional niobium. The effect of the volume
of ,ether and removal of thiocyanic acid in a single extraction
step is shown by the data in Table 1.

EFFECT OF TANTALUM

The interfering action of tantalum was studied in some detaiL
If niobium and tantalum solutions were extracted separately
and the ,extracts combined, no interference due to tantahim was
observable. It was found by the use of radioactive niobium,
however, that although niobium could bE\ extracted quarttitatively
when alone, the presence of equal or greater arrlOunts of tantalum
sometimes resulted in the stubborn retention of variable but sig­
nificant amounts of niobium, even on repeated extraction. The
tendency of 'niobium to remain in the aqueous phase increased
with the proportion of tantalum and with the age of the niobium­
tantalum solution.. All evidence pointed to the co-separation of
niobium with colloidal tantalum oxide as the source of the diffi­
culty. ,Factors which tend to diminish the hydrolysis of
tantalum likewise diminish the interference. The best results
were obtained in the following manner.

The hydrochloric acid and st~nnous chloride reagents were

blank correction becomes large. When 5 mL of 20% (grams per
100 mL of solution) potassium thiocyanate are used as in the
standard procedure, 'the blank, against ether, amounts to only
0.01· or 0.02 absorbance unit. If 40% thiocyamtte reagent is
u'~ed, the blank increases fourfold; and with 80% thiocyanate,
the blank increases 50- to 100-fold owing to the rapid formation
of 'colored thiocyanate decomposition products.

The color intensity of the niobium in the aqueous phase arid,
under conditions of incomplete extraction, in the ether phase, is
promoted by a high concentration of hydrochloric acid. It has
been suggested that both the hydrogen and chloride ions are in­
volved, inasmuch as c'olor intmJ.sity is increased by the presence
of magnesium chloride (3): In order to verify the importance of
the chloride ion, the effects ot: hydrogen and chloride ions were
studied separately.

On the assumption that the effect of hydrochloric acid is due to
hydrogen ion alone, it was r,easoned that other acids would. be
equally effective;' and if the effect of magnesium chloride were
due to magnesium ion, other magnesium salts would behave
similarly. When perchloric acid was tried in place of hydrochlOl'ic
acid, and sodium salts substituted for potassium, it was.found that
the color development was again increased by incr;;sing the
acid concentration in the same range; In another experiment,
solutions of equivalent strength, of magnesium chloride and
magnesium perchlorate, were added separately to solution's !l0n­
taining niobium, hydrochloric acid OM rather than 4M" to
allow the effect to be more readily observable), tartaric· acid,
and, potassium thiocyanate. When the solutions were made
OAM in magnesium chloride or. magnesium perc410rate, the ab­
sorbances of the extracted samples were identical and some 35%
greater than if the magnesium salts had not been, used. It was
therefore concluded that the effect of hydrogen ions and mag"
riesium salts was 'due to their reaction with tartrate, thereby
fr~eing the niobium for extraction as the thiocyanate complex,
and that the chloride ion as such did not enhance the color.
Too high a concentration of hydrochloric acid is undesirable,
as it is then extracted into the ether. High' concentrations of
bromide bleach the thiocyanate color.

The efficiency of the ether e;;traction step was next determined
using radioactive niobium-95 as a tracer. Amounts of niobium
of the order of 25 'Y were taken for extraction after the addition
of sufficient niobium tracer to give a gamma counting rate of
around 2000 counts per minute. The residual activity in the
aqueous phase after two ether extractions was found to be very

:~ low, o£ the or.der of 20i~0 'gO ,c;.o.unt,~, per fi.!i~ute.. This corre­
sponds to a minimum extraction efficiency of 98 to 99%, if all the
residual activity is actually niobium, and not trac~s of zirconium
impurity. The estimate by Alimarin (1) of the efficiency as less
than 50% for a two-step extractrdn is evidently not valid under
the conditions of this procedure. For all intents and purposes,

, a two-step extraction is quantitative.
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The extensive removal of thiocyanic acid by a larger volume of
ether results in a significant decrease in the efficiency of extraction.
When the effect of dilution of the already-extracted color with
more ether was determined, it was found that a 5-mL extract
which had been obtained in the usual way was significantly less
intense iIi color when diluted to 25 mL with pure ether than when
diluted with ether which had been sa.turated with,thiocyanic acid.
When two extractions were made with5-ml portions of ether,
with the addition of sufficient potassium thiocyanate and hydro­
chloric acid to bring back the original concentration, the addition
of 1.5 ml., of fresh ether to the combined ether extract had no
bleaching effect. Evidently, sufficient thiocyanic acid is .ex­
tracted in two operations to prevent decomposition of the com­
plex. In case of doubt, however, ether previously equilibrated
with a potassium thiocyanate-hydrochloric acid mixture can
be used profitably., It was concluded that extractions subsequent
to the first should be made only if sufficient acid and thiocyanate
is added to restore the optimum concentrations for niobium
extractiOn, and that the final dilution of·the ether extract should
have ~ high enough concentration of thiocyanic acid to' give the
maximum color intensity of the niobium thiocyanate complex.
Although a' high 'thiocyanate concentration in -the aqueous phase
favo~}l the formation of the complex and its, extraction into ether,
the thiocyanate,conc,el1tration must not be raised .t09 high or the
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made up to be 1M in tartaric acid. The order of addition of
reagents was changed so that thiocyanate was the first reagent to
be added to the sample. Although the change in order of reagents
made no difference when tantalum was absent, a great improve­
ment was observed when tantalum was present. Under these
conditions, the niobium was thus forced into the soluble and ex­
tractable thiocyanate complex before appreciable hydrolysis of
tantalum could take place. For samples containing high percent­
ages of tantalum, it was found necessary to carry through the
analysis promptly after dissolution of the melt in tartaric acid:
the longer the period of standing, the greater the chance for error,
even though the solution appeared to be perfectly clear.

'With these precautions, it was found that the presence of ten
1.0 twenty times as much tantalum as niobium had no effect on the
niobium results, the average values of two series of determinations
agreeing within 3%, an accuracy and precision comparable with
the original method. Reliable standard samples containing high
ratios of tantalum to niobium were not available, but the
results of a few determinations run on oxide mixtures suggest
that the method is applicable without modification at tantalum
to niobium.;atios as high as 100 to 1.

REeOMMENDED PROCEDURE

The sample is prepared for analysis by fusion with potassium
pyrosulfate and dissolution of the melt in 10% tartaric acid.
A volume of 1 to 2 ml. of the solution (containing 1 to 50 I' of
niobium) is measured into a 60-ml. separatory funnel followed
immediately by 5 ml. of 20% potassium thioeyanate, 2 ml. of 15%
stannous chloride containing 1M tartaric acid, and 5 ml. of 9M

ANALYTICAL CHEMISTRY

hydrochloric acid, also containing 1M tartaric acid. The funnel
is shaken thoroughly after the addition of each reagent. When
all the reagents have been added, the mixture is allowed to stand
for 5 minutes, and 5 ml. of ether are added. After 10 seconds of
vigorous shaking, the mixture is allowed to stand for 5 minutes
and the lower (water) portion is run off into a second separatory
funnel. One milliliter of 9M hydrochloric acid and 0:7 ml. of
50% potassium thiocyanate, freshly prepared, are added to bring
back the original concentration of reagents, and a second extrac­
tion is made with 5 ml. of ether. The combined ether extracts
are diluted to 25 ml. with additional ether. Mter standing for
30 minutes to allow water droplets to settle out, the absorbance
of the ether extract is read at 385 m~ against a blank treated in
exactly the same way.
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Polarographic Determination of Cadmium and Zinc
in Zinc Sulfide-Cadmium Sulfide Phosphors
SAMUEL B. DEAL

Tube Division, Radio Corp. 01 America, Lancaster, Pa.

In a method for the quantitative deterIllination of
cadmium and zinc, in which lead is used as an internal
standard, the diffusion currents of CadIlliuTIl and zinc
ions are Illeasured in relation to the diffusion current
of lead ion. The concentrations of cadTIliuTIl and zinc
are deter:mined by cOTIlparison of the results obtained
with a calibration curve. The TIlaterials used include
a maximum suppressor containing 10lethyl red and
bromocresol green, a: base solution of potassium chlo­
ride, and a modified electrolysis cell. The TIlethod is
simple and rapid in application, and the necessity for
constant temper~turecontrol is eliIllinated.

AN IMPROVED method was needed for the quantitative
determination of cadmium and zinc in zinc sulfide-cadmium

sulfide phosphors used in the manufacture of cathode ray tubes
beca.use the established chemical methods for the separation and
determination of cadmium and zinc are difficult and ·time-eon­
surning and not highly accurate.

Polarographic analysis of cadmium and zinc appeared to
afford the best method for this determination because it elim­
inates the need for separating the cadmium from the zinc, which
is the most difficult part of a chemical analysis because of the
similarity in their chemical properties.

Experimental evidence presented by Lingane (8) indicated that
the half-wave potential of cadmium ion in a O.LiV' solution of po­
tassium chloride referred to the saturated ca.lomel electrode at
25° C. is -0.60 volt, and the half-wave value for zinc under

the same conditions is -1.00 volt. Because a difference of only
0.1 volt between the half-wave potentials of two different ions
is necessary for distinction of the polarographic "waves" obtained
on a current-voltage curve, determination of the two ions in
question is feasible. '

Compensation for temperature variations was accomplished
by the use of an internal standard as first suggested by Forche
(2), who worked with cadmium and lead.

In 1948, Loofbourow and Frediani (4) discussed the internal
standard method and provided experimental data for tht: system,
lead, cadmium, zinc, in O.IN potassium chloride.

Lead was selected as an internal standard because the half-wave
potential of lead referred to the saturated calomel electrode 'is
-0.40 volt. The solubility of lead chloride is sufficiently high
for complete solution in the concentrations ordinarily employed
in polarographic analysis.

Only four voltage settings and subsequent current readings
were used in routine work in the manner described by Copeland
and Griffith (1).

EXPERIMENTAL

Apparatus. The Fisher Elecdropode and a modified electroly­
sis cell requiring 5 to 10 ml. of test solution were used to obtain
the current-voltage curves. A saturated calomel electrode was
used as a reference electrode.

Reagents. The following reagents were used.
Potassium Chloride Solution. A 0.2N solution containing 5

ml. of a solution of methyl red and bromocresol green per liter.
Methyl Red-Bromocresol Green Solution. Three parts of a
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Table II. Analysis Results for Zinc Sulfide-Cadmiulll
Sulfide Phosphors

Cadmium Zinc
Sulfide, Sulfide, Total,

Blend % % %
A 32.5 67.3 99.8

33.0 66.8 99.8
33.3 66.1 99.4
32.9 67.6 100.5

B 50.2 50.8 101.0
50.9 49.7 100.6

C 41.6 59.0 100.6
40.4 59.9 100.3

D 70.2 30.5 100.7
70.1 30.8 100.9

E 20.0 79.1 99.1
20.2 80.1 100.3

F 9.6 90.8 100.4
9.9 90.8 100.7

G 79.6 21.2 100.8
79.3 21.1 100.4

ANALYSIS OF ZINC SULFIDE-CADMIUM SULFIDE
PHOSPHORS

Phosphor samples having varying mole ratios of zinc sulfide to
cadmium sulfide were treated in the manner given above. The
diffusion current ratios for cadmium and zinc with respect to
lead were determined, and the corresponding values for concen­
tration of cadmium and zinc were determined from the calibra­
tion curve. Concentrations of cadmium and zinc were converted
to the respective sulfides. A tabulation of the results obtained
~s shown in Table II.

tion of mercury to the noted level at the beginning of each series
of readings.

The choice of voltage points for the current reading was based
on a complete current-voltage curve for lead, cadmium, and zinc
ions in solution.

PREPARATION OF CALIBRATION CURVE

A calibration curve was prepared by polarography of four
solutions having known cadmium and zinc content. The solu­
tions were made from the standard cadmium and zinc solutions.
In each case, a 10-ml. portion of standard lead solution was added
as internal standard.

The ratios of diffusion currents (ratios of i d values) were cal­
culated for both cadmium and zinc in relation to the lead in­
ternal standard.

The calibration curve obtained by plotting the ratios of i d values
with respect to concentration for both cadmium and zinc is
shown in Figure 1.

ANALYSIS OF SYNTHETIC SAMPLES

The accuracy and precision of the polarographic analysis
were ascertained by the analysis of solutions of cadmium and
zinc havillg' known concentrations. The re~ults obtained are
given in Table 1.

CALCULATIONS

The percentage of cadmium or zinc in the test solution was
calculated'as follows:

The inherent error in the observation of galvanometer deflec­
tions was greatly reduced by the use of the maximum possible
sensitivity of the Elecdropode rather than a constant sensitivity
of 20 times. Sensitivities of 1,.2, 5, 10, and 20 times were used,
and all galvanometer deflections were converted to a sensitivity
of 1 before the diffusion-current ratios used in the calculation
of the results given in Table II were obtained.' A second cali­
bration curve was prepared using maximum sensitivities instead
of a constant sensitivity of 20 times.

Sample Cadmium. Mg. Zinc, Mg.
No. Added Recovered Added Recovered

7.0 6.9 7.0 7.1
7.0 6.9 7.0 7.1

2 9.0 8.9 9.0 9.1
9.0 8.9 9.0 9.1

3 12.0 11.9 12.0 12.1
12.0 11.9 12.0 12.1

Figure 1. Calibration Curve
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Nitrogen gas was bubbled through the solution in the electroly­
sis cell for a period of 5 minutes to ensure the complete removal
of oxygen. At the end of the 5-minute oxygen-removal period,
the flow of nitrogen through the solution was interrupted and
directed over the surface of the solution during the course of the
analysis preventing the entrance of oxygen from the air.

The rate of fall of mercury drops from the capillary tube was
adjusted to 3 to 5 seconds per drop by adjustment of the content
of the mercury reservoir above the capillary. After the proper
rate was attained, the height of the.mercury column in the filling
tube of the reservoir was noted, as determined by a graduated
scale attached to the upper end of the filling tube. A constant
height of mercury was maintained in the filling tube by the addi-

0.2% alco'holic solution of methyl red added to 2 parts of a 0.2%
alcoholic solution of bromocresol green.

Standard Lead Solution. One gram of spectrographically pure
lead dissolved in the minimum amount of 1 to 1 nitric acid, and
diluted with distilled water to 1 liter in a volumetric flask.

Standard Cadmium Solution. A solution containing 1 gram
of cadmium in 1 liter prepared by dissolving 1.6309 grams of
anhydrous cadmium chloride in a small amount of distilled water,
and diluting to 1 liter.

Standard Zinc Solution. One gram of spectrographically pure
zinc dissolved in the minimum amount of 1 to 10 hydrochloric
8ICid, and diluted with distilled water to 1 liter in a volumetric
flask.

Analytical Procedure. A phosphor sample of approximately
0.02 gram was weighed in a 1-ml. beaker, and the beaker and
contents were lowered gently into a 50-ml. beaker to prevent loss
of phosphor by brush transferral. The phosphor sample was
dissolved in 10 ml. of 1 to 1 hydrochloric acid, and was heated
slightly to hasten solution. After solution was complete, the
I-ml. beaker was raised above the surface of the liquid by means
of a stirring rod, rinsed thoroughly with distilled water, and
removed.

The solution was then evaporated to a small volume on a hot
plate and to final dryness on a steam bath. Residual salts con­
tained in the beaker after evaporation were dissolved in approxi­
mately 5 m!' of distilled water and were transferred with rinsing
to a 100-ml. volumetric flask. Care was exercised in rinsing so
that the total volume of solution did not amount to more than 35
ml. A 1O-ml. portion of standard lead solution (1 mg. per m!.)
was added as pilot ion or internal standard, and 50 ml. of potas­
sium chloride solution containing a maximum suppressor of
methyl red and bromocresol green were added as supporting
electrolyte or base solution. The solution was then diluted to
100 m!' with distilled water, and mixed thoroughly, and a 5- to
10-m!' portion was transferred to the electrolysis cell of the polar­
ograph.

Table I. Polarographic Determination of Cadmium and
, Zinc in Solutions of Known Concentration
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id of Cel or Zn d'ff' t'--id Pb = I uswn-curren· ratIo·

CONCLUSION

The pOiarogmphic determination of .. cadmium and zinc in
zinc sulfide-cadmium sulfide phosphors provides a 'simple and
rapid means for the quantitative determination of these two

(ZnS)
(Mg. Zn)(Zll)(lOO) = % ZnS

Mg. of sample 0

Galvanometer deflections were. converted from one sensitivity
to another as follows:

(Galvanometer reading) (sensitivity used)
(sensitivity desired)

= convert'ed galvanometer reading

The eliffusion··current ratios were obtained as follows:

Per cent cadmium sulfide
(CdS)

(Mg. Cd)(Cd)(l.OO)
Mg. of sample

Per cent zinc sulfide

% CdS

elements. This method has the added advantage of'providing
a simultaneous determination of cadmium and zinc, thereby elim­
inating the necessity for time-consuming separations. In addi­
tion, the required sample size is reduced to a minimum.

By the use of the internal-standard procedure, the necessity
for constant temperature control is eliminated. If the ratio of
zinc to cadmium is the primary consideration, no internal stand­
ard need be used and no weighing of the sample is necessary.
By this procedure different areas of a cathode ray tube fluores­
cent screen can be compared for zinc-cadmium ratio.
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Ultraviolet Spectrophotometry of Tellurium Sols
RALPH A. JOHNSON and BURTON R. ANDERSEN

University of I/Iinois, Urbana, III.

overlap. The freedom of choice of wave length in the ultraviolet
band gives it an advantage over the visible band, for which the
choice of appropriate wave length for analytical purposes requires
special attention.

The absorbance of the ultraviolet band increases considerably,
with decrease in particle size being about one third greater in red
sols than in blue sols. (The corresponding effect in the visible
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Figure 1. Absorption Spectra of TelluriuD1 Sols
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Sols of elClnentary telluriuD1 present two principal
absorption bands. For the visible band, shifts in spec­
tral positions are observed with variation of particle
characteristics. The behavior and usefulness of the
ultraviolet band are the subject of the present investi­
gations. Good adherence to Beer's law and good re­
producibility are obtained with the ultraviolet band.
It does not shift spectral positiQn with variation in
particle size. Although its D1RxiD1uD1 lies at 280 to
290 D1~, any wave length between 240 and 290 D1~

D1ay be chosen for analytical purposes. This free­
dOI1I1 of choice is a definite advantage.

ULTRAVIOLET BANIl

THE trace determination of tellurium by spectrophotometry
of the elementary tellurium hydrqsol is complicated by the

dependence of spectral properties upon size and geometric charac­
teristics of sol particles. It has been shown that by varying the
conditions appropriately, sols varying in color from blue to purple
to red to amber are produced (6). The color depends upon the
position in the visible range of a broad spectral band (Figure 1).
Unfortunately, the band varies in charaeter and position for a
series varying only in. tellurium concentrg,tion; 'henc'e, the wave
length for quantita,tive visible spectrophotometry must be
chosen with regard to certain unusual considerations described
previously (B)-i.e., the wave length is intermediate in the range
of wave length maxima found in a concentration series.

Tellurium sols also present an ultraviolet band which is specific
for elementary tellurium. This band has an absorption maximum
between 280 and 290 mIL in all sols so far investigated (Figure 1).
It is suitable for qua,ntitative analysis, yielding a satisfactory
Beer's law relationship at any wave length in a rather wide spec­
tral region, 240 to 290 m~, for blue, purple, red, and amber sols.
At longer wave lengths, there is danger that· the two blJ,nds will
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as easily as those with gum arabic. Since gelatin absorbs very
strongly at wave lengths shorter than 300 mil, it must be used in
minimal amounts and be very precisely measured out. Sols in
minimal gelatin have disadvantages that outweigh the advan­
tages of gelatin: The particles are very easily adsorbed on glass
and even on silicone films, and sols show a more pronounced shift
toward blue colors with increasing tellurium concentration than
is observed with gum arabic sols. This shift is associated with
increased deviation from Beer's law. In general, gum arabic is
.preferred to gelatin, for analytical use.

stannous chloride, though effective in forming tellurium sols,
is not useful in ultraviolet spectrophotometry because of its
strong absorption in this region (9).

Instruments Used. Cary Model 11 recording spectrophotom­
eter and Beckman Model DU spectrophotometer.

Reagents Used. Hypophosphorous acid, 3M, is made by
diluting 32 m!. of Mallinckrodt purified 50% (9.5M) hypophos­
phorous acid [or 60 mL of USP 30% (5M) hypophosphorous acid]
with water to 100 m!. .

Gum arabic powder (Schaar and Co.) in 100 ml. of hot water,
centrifuged to remove large particulate matter. (For best re­
sults, gum arabic solution is prepared fresh daily.)

Tellurium standard, ,'50 p.p.m.. of tellurium in 0.2N hydro­
chloric acid; 0.537 gram of potassium tellurium hexabromide
(5) is dissolved in 100 mL of 4N·hvdrochloric acid and diluted to
2 litem. -14126 8 /0

p.p.m TELLURIUM
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BEER'S LAW AND REPRODUCIBILITY

Prototype blue sols- and red sols were prepared, divelopment
taking place in 0:Q6M and OAM hypophosphorous acid, respec­
tively. Absorbances were measured at 287. and 250 mil as

Recommended Procedure (Red Sols). To a solution contain­
ingO.l to 0.7 mg. of quadrivalent tellurium and 1 to 8 meq. of
hydrochloric acid in a 125-m!. Erlenmeyer flask, add 3 m!. of 4%
gum arabic and sufficient water to make the volume 35 m!. .
Heat to boiling. While rapidly swirling the mixture, add rapidly
from a pipet 5 m!. of 3M hypophosphorous acid. Continue
swirling for a few seconds after addition is complete. Allow to
digest near the boiling point for 15 minutes and cool in a bath of
tap water for 15 minutes.· Transfer to a 50-ml' volumetric
flask and dilute to the mark. Read the absorbance at a wave
length in the region 240 to 290 mil.

band is very small). Because this is so, the slope 'of the Beer's
law curve may vary slightLy with changes in reagents, techniques,
and analysis. Frequent calibration checks are therefore indicated
until the method has been well established in a given laboratory,
and whenever changes are made which might affect particle for­
mation.

REAGENTS AND SOL PREPARATION

Tellurium sols formed from the hypophosphorous acid-gulll
arabic system proved most satisfactory for analytical ultraviolet
spectrophotometry. ,The conclusions reachedin the previous in­
vestigation of this system generally hold forthe present analysis,
and the recommended procedure is based on'them (6; 8). 'A few
points have received special or further attention in this investiga­
tion.

Both hypophosphorous acid and gum arabic absorb in the ultra­
violet, and precision measurement of these reagents into the
blank and each test solution is necessary.

All oper~tions in the process of so.lJormation should be carried
out as reproducibly as possible. The reaction medium should be
vigorously swirled throughout addition of the reagent and for a few
seconds afterward. Reagent solution may be blown from the
pipet or allowed to drain by gravity. The former method yields
slightly greater absorbance and linearity.

Adsorption of sol particles on glassware introduces an error,
which is significant in higher sol concentrations and is more
noticeable in blue than in red sols. This adsorption can be
greatly decreased by applying a silicone film-e.g., Desicote-to.
the glass. The film is simply and readily applied, arid should be
frequently renewed. Satisfactory results may be obtained: with­
out the silicone treatment, but it is recommended when the best
results are sought. Adsorbed tellurium is instantly removed with
nitric acid. Silicone treatment of absorption cells is also recom­
mended.

As a protective colloid, gelatin has both advantages and dis­
advantages in comparison with gum arabic. Gelatin is effective
in lower concentrations th~n gum arabic is. Satisfactory sols
are produced in gelatin concentrations as low as 0.01 %. Hypo­
phosphorous acid concentrations specified for' various sols in
0.25% gum arabic must be:approximately doubled to obtain the
respective solin 0.01 % gelatin. Rols with gelatin do not foam
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The error Uabout regression" represents deviations from Beer's law
(linearity). .

The error "within replications" represents errors not attributable to
changes in tellurium concentration-e.g., errors in pipetting or reading ab­
Borbances.

The "total" error includes both of the aforementioned errors and best
represents the error in a determination in which a linear relationship (Beer's
law) is assumed for the data.

The mean squares are variance estimates. 8 2 for absorbances.
The F values compare deviations from linearity with deviations within

replications, a high F value indicating nonlinearity.

Blue sols at 250 m!'
About regression 0.00110 4 0.000274

2.1
Within replications 0.00078 6 0.00013

Total 0.00188 10 0.000188 0.32
Blue sols at 287 m!'

About regression 0.00102 4 0.00026
1.0

Within replications 0.00159 6 0.00027
Total 0.00261 10 0.00026 0.33

Red soja at 250 m!'
0.000057About regression 0.000229 4

1.8
Within :eplications 0.000194 6 0.000032

Total 0.000423 10 0.000042 0.14
Red sols at 287 m!'

A bOllt ~regreBBion 0.000314 4 0.000078
1.4

Within .replications 0.000335 6 0.000057
Total 0.000549 10 0.000065 0.15
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Error

Precision of Method in an Analysis of Variance
Degrees Mean Standard

Sum of of Square, Error,
Squares Freedom A F P.P.M. Te
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APPLICATIONS AND INTERFERENCES

Elementary tellurium sols have been used in visible colorim­
etry and spectrophotometry for analysis of ores (12, 13),
steels (2), industrial atmospheres (4, 11) and biological material
(,n. Preliminary separations are usually indicated.

Notable among methods for separating trace amounts of tel­
lurium is coprecipitation of tellurium in selenium by hypophos­
phite followed by volatilization of selenium as the bromide (10).
Reduction with stannous chloride is also useful (1, 2, 4, 7). If
stannous chloride is used, measurements should be made at 280 to
290 mIL, because of strong absorption by chloro tin complexes at
shorter wave lengths. Other ions whose chloro complexes 'ab­
sorb in the ultraviolet are ferric, bismuth(III), vanadium(V),
molybdenum(VI), titanic, cuprous, plumbous, mercuric, and
thallous. Absorption spectra of these ions are given by Rogers
et al. (3, 9). In most cases, interferences can be eliminated by
proper selection of wave length for measurement. Alkaline
earth ions and chloro complexes of chromic, nickelous, zinc, and
aluminum ions do not absorb in the ultraviolet. Other general
classes of interferences are strong oxidizing agents, agents which
strongly complex tellurium, substances forming'sols under similar
conditions, and indifferent electrolytes in concentrations greater
than 0.5M (8).

shown in Figures 2 and 3. The wave length 287 mIL is at the
maximum; 250 mIL is an arbitrarily chosen wave length not on
an absorption plateau. There is no significant effect on reprodu­
cibility (standard deviation in parts per million of tellurium)
fr~m choice of wave length between 290 and 240 mIL (Table I).
Measurements made at 260 and 240 mIL further support this
statement. In this greater freedom of choice of wave length
lies a distinct advantage of the ultraviolet band over the visible
band.

The superior reproducibility of red sols recommends them for
analytical purposes. All curves are linear according to analyses
of variance-i.e., no significant F-values are found (Table I).
Red sols give a negative intercept on the concentration axis,
which becomes more negative with increase in wave length.
In these sols, tellurium concentration of 2 p.p.m. or less tend to
give low absorbances relative to the linear calibration curve.
Reproducibility and linearity characteristics for the ultraviolet
band are very similar to those for the visible band; the sensitivity
is slightly less for the ultraviolet band.
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Coulometric Determination of Orthophosphate
W. N. CARSON, JR., and H. S. GILE

Hanford Atomic Product! Operation, General Electric Co., Richland, Wash.

Orthophosphate is determined hy passing the sample
through a cation excha~nge column in hydrogen form
and determining orthophosphoric acid by differential
titration with electrolytically generated hase,

A SHORT investigation of the use of the method of Helrich
and Rieman (2) for the determination of orthophosphate

in microsamples has been made. The sample is converted to a
mixture of acids by passing it through a cation exchange column
in the hydrogen form; the orthophosphoric acid is then deter­
mined by ditTerential titration with standard base. For micro­
samples, the base is added coulometrically in order to avoid the
interferenc,\ of carbonate in the procedure. Excess strong acid
does not interfere; weak acids such as acetic must be removed
prior to titration.

To determine the first end point of the differential titration,
,Helrich and Rieman used methyl red, which the .authors also
found to be useful. The second end point is in the range of
phenolphthalein or thymol blue; for microsamples, thymol blue
is preferred because of the sharper color change.

EQUIPMENT

The resin is used on a 3-ml. coarse fritted funnel (Corning
36290). About 1 gram of resin is placed on the filter and covered
with carbon dioxide-free water. The flow through the filter
should be slow, so that the sample can be held for 5 to 7 minutes.

The coulometric apparatus for titration with base has been
described (1). A bromide medium was used with a silver anode
and a platinum cathode. Sample vials of 8-ml. capacity were
the titration vessels. Stirring was done with a magnetic stirrer,
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U<;h++

0.. 24
0.24
0.24
0.28

Table I. Titration of Phospbate in Standards

Sample Compn., M No. of Found, Av. Precision,
PO.---- SO.-- NO.- Detns. M of PO.--- M

0.277 3.2 13 0.282 ±0.013
0.139 0.6 3.2 7 0.145 0.004
0.208 0.5 3.2 8 0.202 0.005
0.416 0.5 3.3 9 0.408 0.016

electrodes must be freed of silver bromide. Use hydrogen iodide
(specific gravity, 1.7), followed by acetone, then rinse with water.

CALCULATIONS

. iXtX60
Grams per lIter of orthophosphate = 96 500 X,

123
X PO. 59.054 i ~ t

PROCEDURE

To exchange metallic cations for hydrogen ion: Pipette
sam~le onto a filter holding 1 mI. of resin covered with carbon
dioXide-free water. Hold in the filter 5 to 7 minutes. The
sample must be 1 to 2N mineral acid. It should contain 0.005
to 0.05 millimole of phosphate.

Slowly pass treated sample into titration vessel. Rinse with
5 mI. of carbon dioxide-free water. Rinse with 1% hydrochloric
acid if much iron or aluminum is present to prevent precipitation
of basic phosphates.

To provide electrolyte for the base generation: Add 500 J.d.
of 500 grams per liter of potassium bromide solution to the vessel.
Add 100 1'1. 0.1 % methyl red indicator.

To preneutralize the strong acids: Add O.IN sodium hydroxide
dropwise until the methyl red end point is passed. Add O.OIN
nitric or hydrochloric acid until the end point is reached, then
about 10 to 25 1'1. more. The sodium hydroxide must be carbon
dioxide-free. PrE,pare from 50% sodium hydroxide and carbon
dioxide-free water daily.

To achieve precise adjustment of strong acid neutralization:
insert electrodes and titrate to the methyl red end point. A
buffer solution with indicator can be used to match the end point.
See (t).

Titration step: Reset the clock. Add 1001'1. of 0.1 % thymol
blue indicator. Titrate to the blue end point. The end point
can be matched as indicated above.

At the completion of the titration: Record the time. Clean
the assembly. Clean the electrodes. Replace the resin. The

i current, mil..
t time, minutes
S sample size, 1'1.

RESULTS

Table I gives the results of a series of runs made on samples
containing uranium, orthophosphate, sulfate, and nitrates.
The precision is the standard deviation of a single value. Sample
size was 25 1'1. The samples were made up from aliquots of
standardized solutioD8 to give the indicated solutio eomposition.
The phosphate solution was standardized by precipitation as
ammonium phoBphomolybdate and titration with a base.

'These results show that the method is practical on the micro
scale and that orthophosphate determinatieR in the presence of
uranium is feasible.
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Automatic Titrating and Recording Ap,.rllus
·f

For Microbiological Assays
CHARLES H. EADES, JR., B. P. MCKAY, W. E. ROMANS, and G. P. RUFFIN
Department of Biochemistry, University of Tennessee, Memphis, Tenn.

An automatic titrating and recording apparatus for
microbiological assays has been developed to facilitate
the handling of the vast numbers of titrations that
must be performed in running routine assays. This
instrument can automatically titrate and record
results on 225 samples consecutively with a high degree
of precision (less than 1% standard enor) and an
accuracy of better than 97 %. The precision and ac­
curacy of the instrument: are m.uch better than the
limits of error normally experienced in the micro­
biological procedures themselves. By suitable modifica­
tion, the principles involved can be adapted to assays
of vitam.ins and amino acids, acid base titrations,
oxidation and reduction titrations; and similar pro­
cedures.

I N ROUTINE analytical procedures the trend toward time­
saving, automatic instruments with recording attachments

has gained momentum in recent. years. One of the simple op­
erations which has been notably improved with respect to the
time factor is volumetric titrations. Great strides have been
taken to remove the buret from the hands of the chemist and
technician and place it in the steel clasp of an automatic titrator.
Various techniques are used for adding titrant and measuring its
volume (1, 2, 5-8, 10, 11). Lingane (8) pointed out that the

motor-driven, screw-pushed syringe could be timed to measure
the volume delivered. The Coleman and Beckman titrators
use burets; the Precision titrator uses a syringe; whereas Cannon
in his dispenser-titrator (International Instrument Co., Los
Angles, Calif.) uses a timed rate of flow of liquid through a cali­
brated orifice, the liquid being under a controlled constant head
of pressure. However, none of the present devices incorporates
a mechanism for automatically recording the titration value, nor
provides for mechanically and automatically changing the sam­
ple.

APPARATUS

The instrument (Figure 1) is an automatic titrating and record­
ing apparatus designed primarily for use in microbiological
assays but offering, through suitable modifications, several other
applications.

The apparatus consists of: a pH-sensitive electronic controller,
a glass-calomel electrode assembly, a sample carriage and auto­
matic sample changer, a solenoid-operated polystyrene valve
(9), an automatic recording interval timer, and electronic
manometers for maintenance of constant pressure head (of
nitrogen) on the alkali supply for titration, and the nitrogen gas
supply for stirring samples during titration.

The pH-sensitive electronic controller was designed and built
to include the following features:

Sensitivity to inputs of 2 to 3 mv. (less than 0.1 pH unit) with
input electrode currents of the order of lO-H ampere at normal
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pH equivalent potentials-i.e., 58 mv. per pH unit from a glas<'­
calomel electrode system.

Operation with. power from 117 volts alternating current.
Extended time stability within 0.1 pH unit (5.8 mv.).
Adjustability to provide output control action when input

pH increases from a lower pH to a higher preset value such as 7;
("off" to "on" action being achieved with a change of as little
as 5.8 mv.).

Provision for output control action of: a solenoid-operated
polystyrene titration valve to open when the sample pH is below
that set in the controller and to close when the desired pH is
reached; an automatic sample changer which controls the
sample change action following completion of a titration; and
the starting of an automatic recording interval timer when the
titration valve is open and the stopping of the timer when the
valve is closed.

Schew.atic Diagra~ of pH-SeD8itive Electrical
Controller

Figure 2.

Rl. 6 mego)lIhs R21, R25. 1 megohm
R2. 25 ohms. , . R22, -R23. 33 kilo-ohms
R3, R4, R5. 50 ohms R24. 10 kilo-ohIDs
R6. 200 ohms C. 275 mmfd.
R7. R9. 1000lims CH: 2.5 mho
RS. 300 ohms. . RE. Advance, Type 850.
RIO, Rll. R13.' '500 ohms 16 kilo-oluns, 5 mao pull.in
RI2, R15. RI6.' 1 kilo-ohm REC. IN34 diode
RH, R20. 3.9 'megohms VI. 954 (selected)
RI7. 6 kilo-ohinB V2. 12AX7
RIS, RI9. 47& kilo-oluns V3. 12 AU7
Resistors R2 to.RI2·and R2.4.ar.e·~wattwire-:w.ound.
Resistors RI, RI3. RH, R17, ,RlS, R19, R22, R23 are Continental Carbon

.Co., 5%·.Nobeloy, Type X-I

3 ;"ni:
, GLASS

ELECTRODE

, lm~,_

SAT~ATEO

KCI·BRIOGE TO
, CIII.~EL.

,·,ELECT~qoE

. "\ -tt,';, ";.

Figure 1. The Apparatus
Left. Front view
Right. Back view

A schematic diagram of this controller is shown in Figure 2.
Gapus and Pool (4) and Wu and Rainwater (12) have shown

that it is not difficult to select standard Type 954 tubes for use
in electrometer service. The authors' results confirm their·find-

. ings with regard to the use of these tubes in measuring currents
as low as 10-14 ampere. Therefore, the 954 was chosen for the
input tube and wired for electrometer service, using the suppres­
sor grid as the control element, and tying the control and screen
grids together to a positive potential. The 954 tube is followed
by a balan'ced direct current amplifier utilizing a 12AX7; a
12AU7 operates a plate current relay for output control. Elec­
tronically regulated direct current is used to provide filament
current as well as high voltage and bias potentials. The Vic­
toI\een 5800 tube can serve as well as the 954 in a similar circuit.

The Glass-Calomel Electrode Assembly is shown in Figure 3.

This assembly includes a glass electrode (prepared by Milton
T. Bush, Department of Pharmacology, Vanderbilt University,
Nashville, Tenn.) and three plastic tubes. The glass electrode
makes junction with the calomel electrode by means of a satu­
rated potassium chloride bridge carried in one of the I-mm.

. dillllD.~ter plastic tubes. Anothl'lr of the. tubes conveys the alkali
from the polystyrene vlJ-lve to the sample being titrated; the

Figiue3; Glasa-Calomel Electrode
Assembly

third tube admits bubbles of niCrogen gas in a continuous stream
to provide sti.rrP;l,g of. ,the, slJJP.fle during the titration. This
assembly, of neC~ity,.. is :smal in its. ero'ss-sectional area in
order that thii"voJuirie "it will displace witliiir the sample tube
may be at a minimUm. 'Actually, the volume' oftitrant that can
be added is onhe order of 10 to 15 ml. in 18 X 150 mm. culture
tubes contajniQ.g ~ to.5 ml: of sample. Obv:j~W!,ly, the concen­
tration of th'e titrant must be adjusted to accommodate the
sample and the volume of ""the sample tube.' 'The authors'
experience has involved the1.lSe of O.04N sodium'hydroxide with
a 5-m1. cl,l!ture or 0.02N som.uin hy4roxide with a ~ml. culture.

The autoJl1l!.tic sample'changer system and sa~ple tube car­
riage are s.hown in,:FigUres· 'fa~d 5, resp!lctiv!lly.

A supply 9f~ test tuQes to be titrated may· be loaded in the
test tube carriage. This consists of a rectan~¥ cart divided
by polystyrene separators into 15 rows· 'capable of holding 15
tubes each. '.

Test tubes from the carriage are presented' to "a rotating turn­
stile at the.t~p of the chang~ !p~chanism (Figure 6)1 by weight­
actuated sliding push plates m each row of the camage (Figure
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7). As the pH-sensitive controller calls for a change, one tube
at a time is removed from the carriage for each quarter turn of
the turnstile. A tube moved through 180 0 of the turnstile is
presented to a rack and pinion-lifting mechanism, and raised
mto the electrode assembly.

The lower limit of the lifting rack's travel -actuates a switch
for reversing the motor drive. As the lifting rack rises, a Geneva
motion is engaged to give the .turnstile another quarter turn.

When the last test tube from one row of the carriage is de­
livered, the push plate of that row engages a trip lever, releasing
the test tube carriage. This allows the carriage to move by
weight actuation to a new row of tubes. The action is repeated
until all tubes have been delivered and titrated. The mechanical
change system is automatically turned off, and a signal buzzer
informs the operator of completion when the carriage moves
from the last row il'lto a stop position.

The polystyrene valve has been described (9). This valve,

Figure 4. Automatic Sample
Changer System

Figure 5. Sample Tube Carriage

125

when open, permits alkali to flow from the constant pressure­
head reservoir to the sample. The flow is at a constant rate and
is timed by the interval timer. Whenever the valve is closed
the timer is also stopped. The use of this type of valve, rathel
than the pinching of a rubber tube, eliminates lag in the beginnin@
of flow and "squirt" of alkali when flow is cut off. The plasti<
tubing which conveys the alkali from the valve to the sample if
not elastic enough to permit "ballooning." The use of this valve

Figure 6. .Sample Changer Turnstile
Mechanism

affords the system a constant volume, and as a result, the smal
error due to the lag in flow is eliminated. The solenoid whicl
opens and closes the valve is operated by the pH-sensitive con·
troller in response to the pH sensed by the electrode assembly.

The automatic recording interval timer (Simplex Time Re­
corder Co., Gardner, Mass.) is a commercially available instru­
ment modified by installing auxiliary relays to make the time:
start and stop with the opening and closing of the polystyrenf
valve and to print on the recording tape the total time the valvf
was open. Also, the reset to zero time is automatically per
formed after the titration time.

The electric manometers used in controlling the pressure head 0

nitrogen on the alkali and in regulating the flow of nitrogen to thf
sample for stirring are similar to those used by Cannon.

The principle of the electronic manometer is well known, in
volving simply a mercury manometer, one side of which is con
nected to the gas pressure system, the other side making contac
with a carbon electrode. The electrical contact makes or break
an electronic circuit that operates a release valve in the gas pres
sure system. In operation, the pressure is maintained at a con
stant value within a few tenths of a millimeter of mercury.

This constant pressure on the alkali reservoir permits the ex
pression of the flow of alkali in terms of time, the volume bein;
directly proportional to time under constant rate of flow. Thm
only time of flow must be recorded. Actual volumes of alkal
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Figure 8. Operation Sequenee Diagram

CONTROt.S 'PRINT: 'INDEX' AND
"RESET' or PRINTING TIMER.

0.1
0.1
0.1
0.0
0.1
0.2
0.2
0.2
0.3
0.2
0.1
0.3

0.200
0.300
0.350
0.400
0.500
0.600

NITROGEN TO
BUBBLE

SAMPL[ fOA
STIRRING

ELtCTAONlCAUT
CONTROlLED
PRESSURE

REGULATOR
SYSTEM

12.6
24.0
30.4
35.5
41. 7
46.7
53.2
59.1
66.4
72.0
78.1
85.5

0.206
0.296
0.344
0.402
0.489
0.598

Found Theoretical

Accuracy of TitratioD8
Milliequivalenta of Acid

Precision of TitratioD8
Standard

Average of Error t

12 Second. Second.

Table II.

Table I.

Sample

1
2
3
4
5
6
7
8
9

10
11
12

Count Average
of 4, Seoonds

27.6
39.6
46.1
53.8
65.3
80.1

10 mi., is registered as 600 on the printing timer. which records
600 time units per minute-i.e., a resolution of 0.1 second. For
more precision, the time could be lengthened by slowing the
rate of alkali How.

PRECISION AND ACCURACY

In operation, the instrument yields reproducible results well
within the limits of desired accuracy obtainable in routine
assays. Table I summarizes the results of 144 titrations. The
standard error of precision does not exceed 1% and in most cases
is less than 0.5%. Table II shows the data from a recovery
experiment to determine the accuracy that could be expected
with the use of the instrument. The accuracy is well within the
limits of error inherent in the microbiologi,eaL aBBay techniques.
Differences observed in this' recovery experiment may actually
be reflecting, in part, a certain amount of error involved in pipet­
ting the samples.

The instrument can be modified for other routine assays by
relatively simple changes. Any acid-base titration technique
can be used, whether it be for microbiological aBBay of vitamins,
amino acids, or other essential nutrients or for the acidity from
some other source. By using a different set of electrodes, oxida­
tion-reduction titrations may be run and recorded.

By replacing the electrode assembly with a dipping type Geiger
counter, and using a modifier scaler instead of the pH-sensitive
controller, liquid samples containing radioactive materials could
be handled. Collection of fractions from chromatographic col­
umns on either a time or volume basis could be accomplished by
using suitable controlling 'systems in place of the pH controller,

rhe titrated sample is disposed of down a chute into a container
)f washing solution. If the pH of any sample is above that set
m the pH controller as the desired end pomt, the sample will
'emain around the electrodes only the preset time (5 to 10 sec­
mds) and be changed. A recording of zero will be made for such
I sample, since no titrant was added. A signal indicates com­
)Ietion of titration for a batch of samples and the mechanical
;ube changer is inactivated. The technician in charge may then
)lace more samples in the machine and start the process over.
rhe time consumed in titrating a sample is governed by the
'ate of the flow of the alkali through the Leur-Lok needle on
he outlet side of the polystyrene valve, which is controlled by the
Iressure head on the alkali and the size opening of the needle.
rhe volume of titrant to be added is governed by the amount of
~cid to be titrated and the concentration of alkali used as the
itrant. The alkali flow under the authors' conditions of opera­
ion gave approximately 10 mi. per minute. One minute, or

delivered can be obtained by knowing t.he rate of flow in milli­
liters per minute, but this is unnecessary in microbiological assays.
Calibration of the instrument is accomplished daily by timing the
flow of a definite quantity of titrant in order that the desired
volume to be delivered per unit of time may be obtained.

Figure 7. Weight-Actuated Push Plates
Moving Tubes into Turnstile

OPERATJON

The principles of operation and sequence of events are given in
Figure 8 in block diagram.

The sample carriage is loaded with samples to be titrated in
the order in which the titration is to proceed. The ,carriage is
shifted until the first tube is directly in contact with the Geneva­
controlled turnstile. The tubes are moved to the electrode
assembly by successive 90° turns of the turnstile. The first
tube is raised by the lifting mechanism, so that the sample comes
in contact with the glass electrode assembly. If the pH is below
7 (assuming that 7 is the value present on the electronic con­
'troller), the electronic controller causes the polystyrene valve to
open (permitti,ng alkali to flow) and the recording interval timer
to start. When the pH reaches 7, the controller stops the flow
of alkali and the interval timer. If the pH remains at 7 for a
predetermined delay time, the sample changer is activated, and
the titrated sample is lowered from around the electrode assembly
back into the turnstile. The delay period may be varied, depend­
ing on time required for the sample to be mixed to a uniform pH
throughout. Five to 10 seconds have been found satisfactory
for this work. After the sample is lowered, the time of titrant
flow in units of seconds and tenths of seconds is printed on a tape,
and the interval timer is automatically reset to zero in prepara­
tion for the next sample. After the titrated sample is lowered
into the turnstile, the changer shifts the next sample in sequence
under the electrode assembly and lifts it up around the elec­
trodes. Again, if the pH is below 7, the titration proceeds auto­
matically and is repeated until all samples in the rack are titrated.
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and receiving the samples into a collecting rack instead of dis­
posing of the tubes. There are many possibilities in which the
Bample changer and principles involved in this instrument could
be incorporated to reduce the time which is used in routine ana­
lytical procedures.
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Paper Chromatography of Cobalt(UI>, CopperClI>,and
NickelClI) icetylacetonates
EUGENE W. BERG and JACOB E. STRASSNER

Coates Chemical Laboratories, Louisiana State University, Baton Rouge, La.

Acetylacetone, one of the siIllplest ,B-diketones, was
selected for study because its availability and low cost
Illake it a desirable reagent for chroIllatographic sep­
arations. Cobalt(III), copper(II), and nickel(II) acetyl­
acetonates were separated using Illixtures of cyclo­
hexane, dioxane, and Illethanol as the developing sol­
vent. A Illixture of 84% cyclohexane, 10% dioxane, and
6% Illethanol gave. good separations. The Illean R{
values were reproducible to ±0.02. Solubilities of the
Illetal chelates were Illeasured in the developing sol­
vents. Relative adsorption affinities were obtained
froIll dielectric constant IlleasureIllents. A qualitative
relation was found to exist between the relative se­
que!1ce of R{ values and the relative solubility and ad­
sorption affinity (polarization) of the Illetal chelates.

ALTHOUGH a large number of metal ,B-diketone complexes
.f\.. are well known (10, 16), these complexes have not been
extensively used for chromatographic separations. Increasing
interest in the use of chelating agents for inorganic chromato­
graphic separations has been shown in the appearance of a number
of recent articles (1-7, 9, 11-15). Acetylacetone, one of the
simplest ,B-diketones, was selected for this study because its
availability and low cost make it a desirable reagent.

Burstall et al. (5) and Pollard et al. (11) have used solvent
systems containing acetylacetone in the chromatographic separa­
tion of some inorganic ions. A number of factors may influence
this type of separation-namely, the rate of chelate formation,
the presence of excess chelating agent, and the possibility of
chelate hydrolysis in the presence of strong acids.

In order to avoid these factors the authors have preferred to
spot the paper with the preformed metal acetylacetonates and to
develop the chromatogram with a solvent mixture in which the
chelates are ·stable.

REAGENTS

Acetylacetone (Matheson Co.), redistilled.
Methanol, C.P.
Cyclohexane (practical grade), redistilled.

Dioxane (technical grade), redistilled.
Aqueous solutions, 1%, of the metal ions prepared.from: C.P.

cobalt(II) nitrate, C.P. copper(II) nitrate, and C.P. nickel(II)
nitrate.

Solution of dimethylglyoxime in ethyl alcohol, 1%.
Solution of dithio-oxamide in ethyl alcohol, 0.3%.

PROCEDURE

Acetylacetonates of cobalt(III), copper(II), and nickel(II)
were prepared by shaking 1% solutions of the ions, adjusted
approximately to a pH of 7 with sodium acetate, with acetyl­
acetone. The nickel acetylacetonate was extracted with n-butyl
alcohol and shaken with distilled water to remove nickel ions.
The copper and cobalt acetylacetonates were extracted with
methyl isopropyl ketone and shaken' with water to remove any
ions. In the extraction of the cobaJt acetylacetonate, the methyl
isopropyl ketone was kept in contact with the original solution
until the ketone layer developed a dark green color. This chelate
corresponded to the cobalt(III) acetylacetonate described by
Gach (B). The oxidation of the cobalt(II) to cobalt(III) was
probably due to impurities in the methyl isopropyl ketone.
Final colors of the extracted and washed solutions of cobalt,
copper, and nickel acetylacetonates were dark green, blue-green
and yellow-green, respectively. .

Hydrometer cylinders, 43 em. tall and 7 em. in diameter, served
as chromatographic chambers. A part of the cylinder was lined
with filter paper soaked with the solvent in order to saturate the
chamber more efficiently. Twelve hours were then allowed for
complete saturation of the chamber.

Whatman No.1 filter paper strips 2.5 inches wide were spotted
with the extracted solutions of the metal acetylacetonates and
dried in air for 1 hour. The strips were then placed in the cham­
ber saturated with vapor and equilibrated for 1 hour before im­
mersion in the solvent. The chromatograms were developed
completely in 3 hours, the solvent front having ascended ap­
proximately 25 em.

Preliminary work indicated that methanol and cyclohexane
would be desirable solvents for this study. The cobalt(III),
copper(II), and nickel(II) acetylacetonates all moved with rather
large R{ values in methanol, whereas only the' cobalt acetyl­
acetonate moved in cyclohexane. An appreciable amount of
methanol was not soluble in cyclohexane; therefore, a third
component, dioxane, was used to form a completely miscible
solvent.



128 ANALYTICAL CHEMIS.TRY

8.63.13

o·.(io
0.00
0.02
0.02
0.03

0.00
0.00
0.00
0.00
0.00
0.01

0'.'0'0
0.00
0.00
0.00
0.00

3 6 9

0.00

Nickel(II) Acetylacetonate
Methanol, %

17.5

reproducible with an average
deviation of ±0.02.

Table I shows the average
R j values of the metal acetyl­
acetonates related to an
increasing concentration of. di­
oxane in three fixed concentra­
tions of methanol with cyclo­
hexane complementing the
dioxane concentration.

It is noted that the Rj value
of the copper(II) acetylaceto­
nate increases with increasing

concentration of dioxane and/or methanol. The solubility data
for copper(II) acetylacetonate in Table II show a similar relation­
ship between solubility and concentrations of dioxane or meth­
anol. Both the R j and the solubility values of the copper acetyl­
acetonate give a straight line relationship when plotted against
increasing concentration of dioxane.

Table' II. Solubility of Metal Acetylacetonates in Mixed
Solvent System (Cyclohexane, Dioxane, Methanol)

Cobalt(III), Grams/Liter Copper(II), Grams/Liter Nickel(II), Grams/Liter
Methanol, % Methanol, % Methanol. %

3 9 3 9 3 9

5.3 17.4 gJ~ 2'.(>"2 0.63 1.35
10.1 1.24 2.60 1.07

27.3 1.64 3.05
2.13 3.76
3.08' 5.08

0.27
0.37
0.44
0.48
0.60

5
10
15
20
25
35

Dioxane, %

0'.:)2
0.27
0.34
0.39
0.47
0.57

3

0.58

0'''69
0.57

0.'250.64 0.56
o.n 0.72 0.65 0.29
0.79 0.77 0.73 0.34
0.83 0.81 0.75 0.43
0.90 0.88 0.84 0.56

Table I. Rj V.alues of Metal Acetylacetonates in Mixed Solvent Syste:rn
(Cyclohexane, Dioxan~,Methanol)

Cobalt(HI) Acetylacetonate Copper(II) Acetylacetonate
Methanol, % - Methanol, %

6 9 369

0.185
7

10
15
20
25
35

Dioxane, %

The position of the cobalt aeetylacetona,te was easily detected
by its green color and by the orange coloration when sprayed
with dithiooxamide. The nickel acetylacetonate was detected
by spraying the paper with an alcoholic Eolution of dimethyl­
glyoxime and then exposing it to ammonia fumes. The copper
acetylacetonate was detected last by spraying with dithio­
oxamide and exposing it to ammonia fumes.

To verify that the metal ace.tylaceton;1tes were
being chromatographed and not the ions, a paper
was spotted with the metal nitrates and chroma1.0­
graphed uIider conditions identical to the procedure
used with the metal acetylacetonates. When the
chromatogram was sprayed with an alcoholic solu­
tion of dithioox!Lm!d!J, ~h~ metals wer.!J detected
only in the position oft-he' original spot. No migra­
tion of ions was observed.

The applicability of this technique to the separa­
tion of a mixture of cobalt(II), copper(II), and
nickel(II) ions was determined in the following
manner.

An equimolarmixture of the three ions was' converted to their
metal chelates using the following procedure. Sixty.milliliters of
It 2% solution of cobalt, copper, and nickel nitrates were treated
with 20 inI. of 3% hydrogen peroxide, and heated on a steam
bath for 15 minutes. The solution was then adjusted to a pH of
7 with sodium acetate,and 20m!. of a 1 to 1 mixture of acetyl­
acetone-ethyl alcohol was added to form the metal chelates.
The solution was heated for a few minutes and then treated with
50 mI. of a 1 to 1 mixture of methyl isopropyl ketone and n-butyl
alcohol, heated on a, steam bath for 30 minutes, and allowed to
stand for several hours or until the organic layer was dark green.
The organic layer was then removed and used to spot the chro­
matographic paper. The chromatographs of the mixture were
identical with those of the individual chelates spotted together.

Sufficient amounts of solid metal chelates for solubility deter­
minations were obtained by the following procedures.

Copper(II) acetylacetonate was precipitated by shaking ace­
tylacetone with a 1% solution of copper(II) nitrate, adjusted
approximately to a pH of 7 with sodium acetate. The pale blue
precipitate was waEhed with hot water, dissolved in hot methanol
and recrystallized by addition of water.

The cobalt(III) and nickel(II) acetylacetonates were obtained
by evaporating the solutions of extracted chelates to dryness in a
vacuum desiccator. The solid cobalt(III) and nickel(II) acetyl­
acetonates were, respectively, dark green and pale green.
. The solubility of each metal acetylaeetonate in various com­
positions of the developing solvent· was determined by saturating
the solution with the solid chelate, ev:~poratingan aliquot of the
satura,ted solution to dryness in a vacuum desiccator, and weigh­
ing.

A Sargent Model V chemical oscillometer with cell holder-Type
A and a fixed frequency of 5 X 10' eycles per second was used
for the relative dielectric constant measurements of O.OlM solu­
tions of the metal ehelates in methanol.

The R j values of the cobalt acetylacetonate increased with in­
creasing concentration of dioxane but decreased slightly with in­
creasing concentration of methanol over the concentration range
studied. The R j values of the nickel acetylacetonate are very
small, but seem to increase slightly with increasing concentration
of dioxane and/or methanol.

If solubility of the metal acetylacetonates in the developing
solvent were the governing factor in this system, then the
solubility of the metal acetylacetonates would be expected to be
cobalt> copper> nickel. Table III shows that cobalt acetyl­
acetonate is the most soluble chelate as one might anticipate,
but also shows that the solubilities of the copper and nickel
acetylacetonates are too similar for these compounds to be sep­
arated on the basis of solubility alone.

Table III. Solubility of CobaIt(III), Copper(II), and
Nickel(II) Acetylacetonates in Pure Solvents

(Grams per liter)

Chelate Cyclohexane Dioxane Methanol

Co 1.0 89.8 58.0
Cu 0.2 16.3 3.5
Ni 0.2 26.0 78.2

Table IV. Capacitance Measurelllents of O.OIM Solutions
of Metal Acetylacetonates in Methanol

Chelate Capacitance

Cu 29,800
Co 30,140
Ni >32,000

RESULTS

The most effective separations occurred with.the lower concen­
trations of methanol and dioxane. Mixtures of cyclohexane
and dioxane did not give chromatograms suitable for measure­
ment. Solvent mixtures near 6% methanol, 10% dioxane, and
84% cyclohexane gave good separations. The R j values were

Capacitance measurements for the oscillometer cell filled with
O.OlM solutions of the various metal acetylacetonates in methanol
are given in Table IV. The relative dielectric constants of the
solutions are directly proportional to the measured capacitance.
It is also recognized. that the relative dielectric constants of the



VO L U M E 2 7, N O. 1, JAN U A R Y 1 95 5

equal molar solutions are a measure of the relative total polariza­
tion of the solute molecules. '. Thus the relative total polarization
of the various metal clielates should be in the order, nickel> >
cobalt> copper. The greater the polarization the greater the
strength of adsorption.

Comparison of the solubility and polarization data indicates
that the relative R I values fall in a logical sequence:

Solubility Co » Cu, Ni
Polarization Ni >> Co > Cu
RI values Co > Cu > Ni

The small difference in solubility of the copper and nickel
chelates coupled with the large polarization of the nickel chelak
gives a RI sequence copper> nickel, whereas the much largm
solubility of the cobalt chelate coupled with only a slightly larger
polarization than the copper chelate gives a RI sequence cobalt>
copper. Thus the relative R I values can be explained qualita­
tively by these two factors. Another p-diketone chelate system
has been studied by the authors (not yet published) in which five
chelates have been measured with a similar correlation between
solubility, polarization, and RI values.

LITERATURE CITED

(I) Al-Mahdi, A. K., and Wilson, C. L., Mikrochemiever. Mikrochim.
Acta, 36/37, 218 (1951); 40,138 (1952).

129

(2) Anderson, J. R. A., and Lederer, M., Anal. Chim. Acta, 5, 396
(1951).

(3) Ashizawa, T.; Repts. Balneol. Lab. Okayama Univ., No.5, 1-42
(1951) .

(4) Berg, E. W., and McIntyre, R: T., ANAL. CHEM., 26, 813(1954) .
.(5) Burstall, F. H., Davies, G. R., Linstead, R. P., and Wells,

R. A., J. Chem. Soc., 1950,516.
(6) Erlenmeyer, H., and Dahn, H., Helv. Chim. Acta, 22, 1369

(1939). .
(7) Fernando, Q., and Phillips, J. P., ANAL. CHEM., 25, 819 (1953).
(8) Gach, F., Monatsh., 21, 98 (1900).
(9) Laskowski, D. E., and McCrone, W. C., ANAL. CHEM., 23, 1579

(1951).
(10) Martell, A. E., and Calvin, M., "Chemistry of the Metal Chelate

Compounds." New York, Prentice-Hall, Inc., 1952.
(11) Pollard, F. H., McOmie, J. F. W., and Elbeih, 1. 1. M., J. Chem.

Soc., 1951, 466, 470.
(12) Pollard, F. H., McOmie, J. F. Woo and Elbeih, 1. 1. M.,

Discusswns Faraday Soc., No.7, 183 (1949). .
(13) Pollard, F. H., McOmie, J. F. W., and Stevens, H. M., J. Chem.

Soc., 1951,771; 1952,4730.
(-14) Reeves, W~ A., and 'Crumpler, T. B., AN.n. CHEM., 23, 1576

(1951) .
(15) Venturello, G., and Ghe, A. M., Ann. chim. (Rome). 43, 267

(1953).
(16) Welcher, F. J., "Organic Analytical Reagents," New York, D.

Van Nostrand Co., 1947.

RECEIVED for review June 9,1954. Accepted September 1,1954.

Determination of Tetraethyllead in Gasoline by X-Ray Fluorescence
FRANCES W. LAMB; LEONARD M. NIEBYLSKI, and EDWARD W. KIEFER

Research Laboratories, Ethyl Corp., Detroit, Mich.

This work was undertaken to deternline the possible
advantages in speed and accuracy offered' by x-ray
Ouoresc';nce for the deternlination of tetraethyllead in
gasoline. A study of the nlatrix effect has shown that:
the Sanle analytical curve nlay be used to deternline
tetraethyllead in gasoline whether present alone or as
nlotor nlix or aviation nlix antiknock cOnlpound; the
error due to sulfur is very snlall, the error due to possible
gasoline additives such as phosphorus is negligible; and
the effect of the carbon-hydrogen ratio is directly re­
lated to density. The nlethod is rapid (5 to 10 nlinutes
per sanlple) and has an average error of "=0.026 nll. of
tetraethyllead per gallon.

I N 1950, Birks et ai. (4) reported on the application of x-ray
fluorescence to the determination of lead and bromine in

aviation gasoline. From their work, it was readily, apparent that
the x-ray fluorescence method had certain advantages in prin­
ciple, at least, over the direct x-ray absorption method for the
determination of tetraethyllead (TEL) in gasoline because of its
speeificity. Absorption methods using polychromatic radiation
lack selectivity of the measurement, x-ray absorption being an
additive function of all the elements present in the sample.
Factors in the determination of tetraethyllead in gasoline by this
method, according to a number of investigators (7, 12, 20) are:
the effect of absorption by sulfur, and the effect of absorption of
the type of antiknock mixture present. In practice, data on the
sulfur content and the type of antiknock mixture present are
usually available, and, therefore, these factors are not serious
drawbacks to the x-ray absorption method, which has proved to
be a very useful tool and a great time saver in the routine analysis
of gasoline samples (14). A rapid; instrumental method which is
based on a unique property of lead and is free from the above
factors would be desirable, however. The x-ray fluorescence
method offers such a possibility and an investigation has been

made to determine its advantages and disadvantages for this
particular application..

The principles of x-ray fluorescence and its earlier applications
• '. i .

to elemental analysis are fully discussed by von Hevesy (1n.
Recent advances in instrumentation, .particularly ",the replace­
ment of the photographic film with a Geiger counter for accurately
recording the intensity of radiation, have result!ld in more wide­
spread use of the method. Several 'applications have been re­
ported recently in the metallurgical field (6, 9, 15, i7) and for the
analysis of elements difficult·to separate and'determine by chemi­
cal analysis (2, 3, 5, 16). For the most part, these applications
represent the analysis of elements present in binary or ternary
systems in concentrations from 1 to 50% or more. : Interest in the
petroleum field has turned 'to the analysis of much smaller- con­
centrations of elements in a matrix of low atomic number-for
example, the analysis of tetraethyllead in gasoline, wherein the
range of lead concentration is from 0.02 to 0.24 weight %. With
certain variations in instrumentation, the intensity of the fluores­
cent radiation may be greatly increased. In reporting·on recent
advances in instrumentation, Behr (1) has predicted that it will be
possible to increase the intensity of fluorescent radiation and the
sensitivity of detectors to the point that it will be possible to deter­
mine 10to 100 p.p.m. of sulfur in lubricating oils.

MATRIX EFFECT

In x-ray fluorescence the sample is irradiated with a primary
x-ray beam of sufficient energy to excite the elements at the sur­
face and within the sample to emit their characteristic fluorescent
x-rays. These characte~istic x-rays excited within the sample
radiate in all directions, a small portion emerging from the sample
surface in a direction suitable for the analysis and the recording
of their intensities. The fluorescent x-rays are subject.to a de­
crease in intensity depending on the absorbing properties of the
matrix elements for the ..particular wave. length in question.
Also, the fluorescent x-rays·are subject to' an increase in intensity



130 A N A L Y TIC ALe HEM 1ST RY

Table I. Mass and Linear Absorption Coefficients of
COInpounds Occurring in Gasoline at A = 1.17 A.

if the characteristic radiation from any of the matrix elements is
close to but slightly lower than (0.1 to 0.2 A.) the wave length of
the absorption edge of the element being determined (11).

Quantitative knowledge of the matrix absorbing and exciting
effects may be obtained from published data. In the present
system the possibility of an enhancement of the lead La line at
1.17 A., by the elements present in the matrix, may be virtually
discarded. The elements which by theory should prove most
effective for this purpose are rubidium, strontium, yttrium,
zirconium, and elements of higher atomic number up to and pos­
sibly including rhodium. The relative matrix absorbing effects
of the various compounds concerned in the present problem may
be obtained from a consideration of their linear absorption co­
efficients at 1.17 A., the wave length of the lead La line. The
data as calculated from the published mass absorption coefficients
of the elements are presented in Table I.

Compound

Benzene, C,H,
Iso-octane, CsH18
1,2-Dibromoethane, C,H,B"
1,2-Dichloroethane, C,H,Cr,
Thiophene, C,U,S
Tetraethyllead, (C.H,),Pb
Aviation mix (equivalent to neat TEL)
Motor mix ("quivalent to neat TEL)

I'm

1.954
1.817

36.51
34.56
16.84
74 63
98.62
97.64

1'1

1. 717
1.267

79.61
43.30
18.02

123.32
162.91
160.80

that the presence of 0.1 % sulfur should not increase the absorb­
ing power of the matrix sufficiently to decrease the measured
tetraethyllead content at the 5-m!. level by more than 0.05 m!'
An experimental investigation of the method has shown it
to be even more favorable than these predictions indicate.

EXPERIMENTAL

The instrument used for the x-ray fluorescence measurements
was a General Electric XRD-3 spectrometer with fluorescent
attachment. A Machlett AEG-50 T type tungsten target tube
operated at 47.5 mao and 50 kv. was used to produce a continuous
spectrum of sufficient energy to excite the La line of lead at a
wave length of 1.17 A. to a suitable intensity. The sample
was placed in a specially designed aluminum cell having a 1.5 X
1.75 inch window of 0.25-mil thickness of Mylar. The volume of
the cell is about 40 m!' Two cells were used in this study, one
having the window fixed at an angle of 45° to the primary radia­
tion and the other at 60°. The cell holder was water-cooled to a
temperature of 20 ° ± 1. 0 C.

The fluorescent radiation, consisting of the characteristic
radiation of lead and bromine plus a certain amount of scattered
or background radiation, passes through a focusing soller slit on
to a b~nt mica crystal oriented so as to produce reflections from
the 331 planes. The mica crvstal used was 4.4 mils thick and
gave a relatively high intensity of the lead La radiation with
relatively poor but satisfactory resolution. To increase the
intensity further, the 0.3 0 detector slit supplied with the instru­
ment was not used, since the 0.4° slit of the Geiger tube housing
proved to give sufficient resolution.

Figure 1. Calibration Curves for Neat Tetraethyllead, I-T
Aviation, and 62 Motor Mix Antiknock COInpounds in
Iso-octane, and for 62 Motor Mix Antiknock COInpound

in Toluene

1.267 1.267
1.3090 1.3095
1. 3510 1. 3520
1. 3931 1.3946

5001.4771 1. 4796
1. 717 1.717
1. 7588 1. 7593
1. 8006 1. 8017
1.8424 1.8440

01.9260 1.9287
1.9504 Z

0 4002.2704 ()..,
0

Table II. Linear Absorption Coefficients of TEL in
Benzene and Iso-octane at A = 1.17 A.

TEL Added as

ML TEL PER GALLON

12 62 MIX IN TOLUENE

NEAT TEL IN

100

300

600

200

The instrument performance was standardized daily by means
of a Lucite block containing a uniform ac!mixture of lead bromide.
The angular setting of the goniometer for a maximum intensity of
the lead La line was determined and ten intensity measurements
were obtained in terms of the time required for 16,384 counts.
The standard period of time for the conditions selected was 32.0
± 0.3 seconds. The probable counting error for 16,384 counts
is ±0.5%. For the mica crystal used, the goniometer setting

Motor Aviation
mix mixTElL

1 267
1.2992
1 3314
1.3637
1.4281
1. 717
1. 7491
1. 7'812
1. 8133
1.8775

CaH" + 0.0+ 1.0+ 2.0+ 3.0+ 5.0
C,Ha + 0.0

+ 1.0+ 2,0+ 3.0
+ 5.0+ 5.0 + o. 1% sulfur+ 5.0 + 1% sulfur

Ml. TEL per Gallon
of Hydrocarbon

Calculations were also made of the linear absorption coeffi­
cients of 1, 2, :3, and 5 m!' per gallon of neat tetraethyllead, and
tetraethyllead as motor mix and as aviation mix antiknock com­
pound in iso-oetane (2,,2,4-trimethylpentane) and in benzene. (In
these calculations, "milliliters of tetraethyllead per gallon" is used
as defined by the petroleum industry to be 1.65 grams of tetra­
ethyllead per gallon of base stock at 15.5 ° C. The term "neat"
tetraethyllead refers to commercial tetraethyllead to which no
halogen compounds have been added. The term "tetraethyllead
as motor mix antiknock compound" refers to tetraethyllead in
combination with 1,2-dichloroethane and 1,2-dibromoethane in
the amounts required to convert all the lead to lead chloride and
one half the lead to lead bromide, respectively. The term "tetra­
ethyllead as aviation mix antiknock compound" refers to tetra­
ethyllead in combination with the amount of 1,2-dibromoethane
to convert all the lead to lead bromide). These data are given in
Table II.

From the data of Table II it might be predicted that the matrix
absorbing effects of tetraethyllead, motor mix, and aviation mix
in a specific hydrocarbon would be so nearly the same for anyone
concentration level of tetraethyllead that a single analytical
curve would serve for their analysis.. Further, one would ex­
pect that the same analytical curve would be suitable for varia­
tions in the lead-to-halogen ratios of tetraethyllead antiknock
mixtures. A comparison of the absorption coefficients for the
benzene and iso-octane standards shows an appreciable increase
in absorption. with increase in carbon to hydrogen ratio, indicating
a need for a correction factor baBed on density. It would appear
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Table III. Comparison of Milliliters of Tetraethyllead
per Gallon in Iso-octane and Toluene at Same Intensity

Level

to obtain milliliters of tetraethyllead per gallon and then multiply
by the calculated density factor, DF, to correct to milliliters of
tetraethyllead per gallon of sample. The calculated density
factor for a particular sample is obtained from the following
equation:

(~ ~ 1) X (1.133 - 1) + 1 = DF
di8D 1.241 - 1

in which d 8 and di8D are the densities at 15.5 0 C. of the sample and
iso-octane, respectively. If greater accuracy is desired,' the ex­
perimental ratio corresponding to the measured intensity level
(Table III) should be used instead of the average experimental
ratio of 1.133. If a quick manual scanning at the position of the
bromine K a line shows absence of bromine, the neat tetraethyllead
curve must be used for tetraethyllead levels above 3 ml.

During the course of this investigation, the possibility of
observing Compton scattering was called to the authors' atten­
tion by Van Nordstrand (19). Data were obtained which showed
modified scattering of the characteristic tungsten lines from the
primary source, as described by Compton and Allison (8). In
accordance with theory (briefly, the intensity of modified scatter­
ing varies inversely with the atomic number of the scattering
element), the intensity of the modified radiation was greater
from unleaded iso-octane than from unleaded benzene. More­
over, these respective intensities were observed to decrease with
the addition of tetraethyllead. However, the intensity of the
Compton scattering was small, and also, the difference in intensity
from the two extreme scatterers, iso-octane and benzene, was not
sufficient to make this a satisfactory method for differentiating
base stocks on the basis of their carbon to hydrogen ratio.

1.146
1.131
1.133
1. 121
1.133

0.86
2.15
3.57
5.01

Average

MI. of TEL per Gallon in

0.75
1.90
3.15
4.52

Iso-octane Toluene Ratio
Intensity

Level, C.P.S.

200
300
400
500

TEMPERATURE EFFECT

On first thought, one might expect that the measured intensity
of the lead La line for a specified tetraethyllead concentration
would vary inversely with temperature. Several tests were made
which showed, however; that there was no appreciable change in
the measured intensity of the lead La radiation at the 5-ml.-per­
gallon level for a temperature range of 12 ° to 30 ° C. This tem­
perature range represents about a 2% change in sample volume.

It is realized from a more careful consideration that the meas­
ured intensity of the lead radiation would not be altered because
the ratio of the concentration of lead to the other elements present
(carbon, hydrogen, chlorine, bromine, sulfur, etc.) would remain
consta~t regardless of the amount of contraction or expansion of
the sample. As the sample expands the absorbing effect of the
matrix is correspondingly decreased and the effective depth,
from which the fluorescent radiation generated within the sample
might emerge from the surface, is increased. Within certain
.limits, this compensating effect results in a constant intensity
regardless of temperature. Considering the necessary geometry
of the sample cell, area of the soller slits, etc., there should,
however, be a small decrease in intensity with increased tempera­
ture, because as the sample expands, the effective depth of the
sample increases and as this takes place the effective cross-sec­
tional area of the sample decreases. For this reason, it is advis­
able to hold the temperature of the sample at some selected tem­
perature ± 1° C.

for ·the maximum intensity of the lead La line was at 46.25°,
the bromine Ka at 40.60°, and the lead L{J at 38.35°.

CALIBRATION DATA AND METHOD

Using the standardized conditions as described, intensity
measurements were obtained for a series of standards in iso­
octane and in toluene containing neat tetraethyllead, Motor
mix, 'and aviation mix antiknock compound at levels of 1,
2, 3, 4, and 5 ml. of tetraethyllead per gallon. All intensity
measurements, including the bar;kground measurements, were
made at the goniometer setting for the lead La line. The data
obtained are shown graphically in Figure 1. The intensity
measurements were the average values for three to five time­
readings of 16,384 counts each. The 'intensity for 3 ml. of tetra­
ethyllead per gallon of iso-octane was 390 c.p.s. (counts per
second) and that of unleaded iso-octane was 131 c,p.s. The limit­
ing accuracy, when the instrument is operating properly, is en­
tirely dependent on the statistical accuracy of the Geiger counter.
The equation for calculating the relative probable error of a line
above background as given by Birks and Brooks (2) is:

% relative P.E. (Ns - NB) = 2/3 C;s +:B)1/2 X 100
s- B

where. N s is the total number of counts for the line plus back­
ground and N B the total number of counts for the background.
Applying this equation to the data for the 3-ml. level, the per cent
relative probable error of the line above background measure­
ment for a I-minute count is 0.76%.

The calibration data of Figure 1 show that the same analytical
curve is obtained for tetraethyllead in a specific hydrocarbon
whether it is present as neat tetraethyllead, motor mix, or as
aviation mix for concentrations up to 3 ml. of tetraethyllead per
gallon. At higher tetraethyllead concentrations, the intensity
readings of the neat tetraethyllead standards are slightly higher
than are those for the motor mix and aviation mix antiknock
compound. This presents no difficulty, however, because a
:rapid manual scanning through the posit,ion of the bromine K a

line at 1.64 A: (2 () of 40.60°) will serve to determine whether the
neat tetraethyllead curve is required for the analysis of a specific
sample.

A comparison of the calihration data for neat tetraethyllead,
motor mix, and aviation mix antiknock compound in Figure 1
with the calculated linear absorption coefficients of Table II
shows good agreement between the experimental and theoretical
:results. The fact that the experimental results are more favor­
able than could be predicted from a direct comparison of the
absorption coefficients is because of. the variations in the effective
absorbing paths. The data reported by Birks (4, Figure 5)
show a much greater divergence between the calibration data for
neat tetraethyllead and aviation mix than was observed in the'
present study. This difference in observed data may be due to
some difference in instrumentation although, in view of the
calculated absorption data of Table II, it is not readily under­
standatlle.

The calibration data of Figure 1 also show that the higher the
carbon to hydrogen ratio of the base stock the greater is its ab­
sorptivity and the lower the measured intensity of the lead La
radiation. The two curves are related to each other by a linear
function of the ratio of the densities of the two hydrocarbons.
A comparison of the data for the two different hydrocarbon curves
is given in Table III.

The data of Table III show that for a specified intensity level
·the average ratio of the milliliters of tetraethyllead concentration
in toluene to that in. iso-octane is 1.133. This· value will vary
depending on the standardized conditions selected, geometrical
differences of the optical system, etc. The density ratio of these
two hydrocarbons is 1.241. For the standardized conditions
selected, the procedure, therefore, is to refer the determined av­
erage intensity measurement of a sample to the iso-octane curve
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The temperature selected is unimportant as 10ng:;1s all tetra­
ethyllead values of standards are expressed as milliliters of tet­
raethyllead per gallon at 15.5 ° C. and all measured deJ;lsities of
samples are corrected to 15.5 ° C. A temperature of 20 o'± 1° C~
was used for the present study because of the convenience in
handling samplesl at a tempel'lJ.ture close to room temperature.

EFFECT OF SULFUR AND OTHER IMPURITIES

To determine the effect of sulfur, 1% sulfur as thiophene was
added to a standard sample of 5 mL of tetraethyllead 'Per gallon
as motor mix in toluene. Measurements before and after the
addition of sulfur showed that 1% sulfur decreased the intensity
of the lead La line by 3.3%. The presence of 0.1 % sulfur in a
gasoline sample containing 3.0 mi. of tetraethyllead per gallon
would therefore decrease the determined value by only 0.01
ml. The error at the 5-mL level would be -0.0165 mi.. This
error is small compared with the direct x-ray absorption method in
which 0.1 % sulfur increases the determined tetraethyllead value
by 0.185 mi. of tetraethyllead per gallon at all tetraethyllead
levels (7). The most recent motor gasoline survey (18) shows
that, with the exception of the Pacific coast states, the range of
sulfur concentration in commercial gasolines is 0.014 to 0.210%,
the average increasing from (1).043 to 0.095% as one travels
west across the United States. For these average sulfur values,
the resulting error in tetraethyllead determination would be
negligible by x-ray fluorescence. At the maximum sulfur con­
tent of 0.21 %, the measured' tetraethyllead values will be 0.02
mi. low at t,he 3.0-ml. level as compared with 0.39 mL high by
the x-ray absorption method, if no correction is made for sulfur.
The range of sulfur concentration for the Pacific coast states is
0.072 to 0.4:32% the average varying from 0.132% in premium
grade gasoline to 0.262% in regular grade gasoline. Even with
these high sulfur values, the error due to sulfur by the fluorescence
method would not be excessive for routine control analysis.

Tests with fuels containing phosphorus additives in concen­
trations ten tinies'tIlosenormally li"dded;to gasoline ITave shown
no measurable &bsorption effect 01) the intensity of the lead line
at the level of 3 mi. of tetraethyllmid per gallon.

The possible error introduced by other impurity elements has
not been completely investigated, but would depend on the
amount present and its absorptivity 'at 1'.17 A. For example,
measurements: made on nickel in a manner similar to those on
sulfur showed t·hat 1% nickel decreased the measured intensity
of the lead La line by 8.5%.

COMPARISON OF 45° AND 60° SAMPLE CELLS

The GE fluorescent instrument was supplied with a sample
holder which fixed the sample at an angle of 60° to the primary
radiation. The first gasoline sample cell fabricated for this study
also ha<!l the window at a,n angle of tiO 0. In an effort to decrease
the matrix absorbing effects, as discussed by Friedman (10)
and Noakes (17), a second sample cell was made with the window
at an angle of 4;j ° to the primary beam. If the effective sample
area were the . same in both cells, the matrix absorbing effects
should vary with the tangent of the angle of the sample to the
beam or be 1.7:32 times greater in the 60° cell than in the 45·° cell.
A comparison of the measured fluorescence in the two cells
tends to confirm this.

The matrix a.bsorbing effect in the two cells was compared
for a standard containing 5 m!. of tetraethyllead per gallon as
motor mix in toluene before and after the addition of 1% sulfur.
as thiophene. The original intensity of the fluorescent radiation
was decreased to 96.7% in the 45 ° cell and to 93.1 % in the 60°
cell. Using the standaI1d Lambert absorption equation and the
calculated linear absorption coefficients in Table II, the effective
sample depth or absorbing path was found to be 0.11 em. in the
45° cell as against 0.20 cm. in the 60" cell. These two 'effective
abso:rbing paths are roughly proportional to the ratio of the tan­
gents of the two angles.

ANALYTICAL CHEMISTRY

J' A similar experiment was performed by adding.l % nickel as a
nickel organometallic compound to the stand~rd containing 5 m!.
of tetraethyllead per gallon as motor !nix in toluene. Fluorescent
measurements made before and after the addition of nickel
showed a decrease in the original fluorescent intensity of the lead
line to 91.5% in the 45° cell and-to 87.7% in the Soo cell. The
calculated effective absorbing paths for the two cells were 0.055
and 0.09 cm., respectively. These results clearly show a smaller
matrix absorption effect with the 45 ° sample cell, which was
therefore selected as the preferable cell for the present.stl.ldy.

RESULTS AND DISCUSSION

The fluorescent method has been applied to the analysis of 46
samples giving an average difference of 0.026 mi. of tetraethyllead
per gallon and a standard deviation of 0.028 mi. of tetraethyllead
per gallon based on a comparison with the chemical method of
analysis, ASTM D526-42 (molybdate titration). These samples
were selected to cover gasolines containing 0.1 to 6.0 mi. of tetra­
ethyllead per gallon as neat tetraethyllead, as motor mix, and
as aviation mix. The sulfur content varied from 0.003 to 0.125
weight %.

The time required for a complete tetraethyllead analysis is
from 5 to 10 minutes, depending on the tetraethyllead concentra­
tion. Sample preparation consists simply of rinsing and filling
the fluorescent cell. The method compares with the direct x-ray
absorption method with respect to time required per determina­
tion and to average error. It is less effected by sulfur and other
impurities in the order of 10 to 15 times, which enhances its
value for the analysis of gasolines. Further experience with the
method and subsequent development in instrumentation should
result in an improvement in its accuracy and its application.
The present accuracy, however, approaches the limit imposed on.
the method from statistical counting errors, which for the present
selection of conditions is 0.76%, equivalent to 0.023 ml. at the
3;0-ml. level. It has come to the authors' attention that simihr
results have been obtained in other labor.atories (13, 19),
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Acetic'Ailhydride' in: Nonaqueous TitrilDetry
Determination of Sulfuric Acid Catalyst in Ethyl Alcohol Esterification Mixtures

. ALCUIN F. GREMILLION'

Car6ic/e anc/ Car60h Cbemicals Co., Division of .Union Carbic/e and Carbon Corp., Texas City, Tex.

700,........,....,.....-,..-------------,Acetic anhydride has been used to detennine sulfuric
acid catalyst in industrial ethyl alcohol esterification
mixtures, and other solvents in the rrlixture have been
studied-. Acetic anhydride has been used as a solvent
for the titration of a number of weak organic bases.
'Pyridine, some amines, and ureas have been titrated
with considerable sharpness of end point, and in sOlDe
cases large potential changes at the end point. A
technique for use of this solvent in titrating weak
primary .and secondary alDine bases is applicable to
:the deterlDination of some bases whose K b values in
water are 10-15 or larger.

THE concentration of sulfuric acid catalyst in continuous in­
dustrial ethyl alcohol esterification mixtures is important as

regards yield of ethyl acetate and the corrosion of some types of
plant equipment. These esterification mixtures are composed in
the main of varying amounts of ethyl alcohol, acetic acid, ethyl
acetate, and water. A simple method of analysis for the sulfuric
acid catalyst consists of the potentiometric titration of the sulfuric
acid in a sample of esterification mixture with a standard acetic
.acid solution of sodium acetate after an equal volume of acetic an­
hydride has been added to the sample.

The suceessful use of acetic anhydride in this instance has
prompted its use in the titration .of a number of weak organic

1 Present address, Tulane University of Louisiana, New Orleans 18, La.
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'Figure 1. Titration Curves of Sulfuric Acid
-in a Low Water Content Industrial Ethyl

AlcQhol E.sterification Mixture

A. Without acetic anhydride .
B. With acetic anhydride
.c. With acetic anhydride plus 0.0285 gram of sulfuric acid
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Figure; 2. Titration Curves of Sulfuric Acid in Som.
Industrial Ethyl Alcohol Esterification Mixtures witlJ

Weight Per Cent of Water Shown

P~rformed in presence o~ acetic anhydride·

bases including some with primary and secondary amine function
In addition, these results have been viewed as a part of the wholl
position of acetic anhydride in nonaqueous titrimetry (2-4, 6-8)

REAGENTS

Acetic acid,A.C.S. reagent grade.
Acetic anhydride, A.C.S. reagent grade.
Ethyl alcohol, Carbide and Carbon Chemicals Co.
Ethyl acetate, Carbide and Carbon Chemicals Co.
Sulfuric acid, Baker and Adamson, reagent grade. .
Sodium acetate, O.IN, A.C.S. reagent grade in acetic ·acid.
Allylthiourea, O.02N, A.C.S. reagent grade in acetic acid.
p~Aminodimethylaniline, O.OI9N, technical grade in aceti.

acid.
Dimethylaniline, O.Q22N, technical grad~ in acetic acid.
Diphenylamine, O.02N, technical grade in acetic acid.
Glycine, O.02N, A.C.S. reagent grade in acetic acid.
Pyridine, O.OI8N; A.C.S. reagent grade in acetic acid.
Urea, O.02N, A.C.S. reagent grade in acetic acid. '
Perchloric acid, O.IN, A.C.S. reagent grade in acetic acid.

PROCEDURE

Sulfuric Acid Determination. A IOO-ml. sample of, t1l
esterification mixture· is pipetted into a beaker containing l

magnetic stirring bar. An equal vol~me of acetic anhydride i
added. The sulfuric acid contained is titrated using a pI
meter (Beckman, Model H2 glass electrode) fitted with a fiber
tip calomel and a glass electrode. ,A standard acetic acid solu
tion of sodium acetate is used as titrant.
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Under various eonditions of exposure in acetic anhydride
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Curve B represents the titration of the same material in the pres­
ence of 100 ml. of acetic anhydride and curve C is for the titration
after some of the acetic anhydride had reacted with only 47.7% of
the water present and undoubtedly some or all of the ethyl alcohol.
Ethyl alcohol effects the titration' in the same manner as does
water. After the titration, 52.3% of the water was still present,
as determined by the Karl Fischer method.

The removal of some water from all of these systems tends to
decrease the "leveling" power of the solvent. Total removal of
water is not essential, but very large concentrations of water must
be decreased somewhat before its adverse influence is sufficiently
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In adding acetic anhydride to those esterifieation mixtures con­
;aining appreeiable quantities of water or "thyl aleohol, a large
tmount of heat may be given off, so that it may be necessary to
larry out the operation in a flask fitted with B, reflux condenser.

In some ,cases the reaction between the acetic anhydride and
he water and/or ethyl alcohol caused the generation of heat so
hat the mixutres CBme to a boil before the titrations were com­
Ileted. However, in many cases duplicates of the titration mix­
ures remained as much as 15 to 30 minutes longer than would be
ecessary for titration before they came to a spontaneous boil.
:his boiling was preeeded by a rapid change in temperature.

Titration of Amine Bases. In the titration of a base con­
aining primary or secondary amine function, an aliquot· portion
f an acetic acid solution of the base is added to 100 mi. of acetic
nhydride at 0° C. The base is then l·apidly titrated with a
tandard solution of perchloric acid in acetic acid or acetic
nhydride.

For bases that do not readily react with acetic anhydride, the
itration may be carJ"ied out at,room temperature.
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Figure 5. Titration Curves of Sulfuric Acid in
Acetic Acid-Ethyl Acetate Mixtures

550

Figure 4. Titration Curves of Sulfuric Acid in
Several Solvents

700

ROLE OF ANHYDRIDE IN SULFURIC ACID TITRATION

In all cases the presence of acetic a,nhydride in the titration
lixture is of value, Without the acetie anhydride the titration
,roceeds sufficiently well in some cases (Figure 1), but in other
ases (Figures 2, 3) acetic anhydride must be added if the presence
f the sulfuric acid is to be known. This has prompted an in­
estigation of the influence of the constituents of the esterification
lixture.

Sulfuric acid titrates as a monobasic acid in the solvent systems
sed. The advantage of using acetic anhydride as a solvent in
tIe titration of sulfuric acid is well illwltrated in Figure 4. The
lfluence of ethyl acetate is exemplified by the data of Figure 5.
·hese data were more readily obtained than the data in the ethyl
;letate curve of Figure 4.
An adverse effect is attendant with 'the presence of water as

lustrated by the data of Figure 2 collected for several industrial
sterification mixtures. The weight per cent of water for each
ase was determined by the KarLFischer method. For the cases
f the larger water concentrations this effect can be prevented by
artial removal of the water through rell,ction with acetic anhy­
ride. Three tit:ra,tions performed on one esterification mixture
)ntaining 19.7% water are shown in Figure 3. Curve A repre­
mt5 the titration performed in the absence of acetic anhydride.
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Table 1. Base Dissociation Constants in Water
removed. In some cases not all of the water originally present had
been removed. Therefore, it may be that the results are not
attributable .to complete removal of water only. Russell and
Cameron (7) have concluded that "sulfuric acid, perchloric acid,
and certain sulfonic acids show increased acidities in the presence
of acetic anhydride which cannot be accounted for by dehydration
of the solution."

Base

Diphenylamine
Glycine
Pyridine
Thiourea
Urea

Kb

6.3 X 10-14

2.26 X 10-"
1.4 X 10-'
1.1 X 10-15

1.5 X 10-14

Refer­
ence

(1)
(6)
(6)'
(6)
(6)

9

800

TITRATION OF BASES IN ACETIC ANHYDRIDE

The use of acetic anhydride as a solvent has permitted very
sharp end points to be obtained in the titrations of some weak
bases (Figures 6, 7, and 8). In the titration of a tertiary amine
there has been no difficulty due to reaction with acetic anhydride,
However in the case of a primary or secondary amine the reaction
with acetic anhydride has been prevented only by titrating in
systems at 0° C. This has been accomplished in four case,
(Figures 6 and 7).

ACETIC ANHYDRIDE IN TITRIMETRY

L.. 700
-+
~

Acetic anhydride has been used as a dehydrating agent for
either titrant (2, 3,6) or some organic solvent (4) or as a reactant
for the removal of'some interfering substance. Wagner, Brown,
and Peters (8) have used it in this latter way in the determination
of tertiary nitrogen. In titrating some weak organic bases,
Fritz and Fulda (4) used acetic anhydride-nitromethane mixtures
as the solvent. They concluded that completely anhydrous con-
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Figure 6. Titration Curves of Weak Bases in
Acetic Anhydride at 0° C.
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Figure Titration Curves of Weak Bases
at 0° c.

Figure 8. Titration Curves of Weak Bases at
ROOin Telllperature in Acetic Anhydride

A. 10 ml. of O.019N p-aminodimethylaniline in acetic acid added
to acetic anhydride'

B. 10 ml. of O.018N pyridine in acetic acid added to acetic anhy­
dride

C, 10 ml. of O,022N dimethylaniline in acetic acid added to acetic
anhydride
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Purity Found.
%

100·
99·
98.5·

100·
100·
100·
100.5 b

Base

Allylthiourea
Dimethylaniline
p-Aminodimethylaniline
Diphenylamine
Glycine
Pyridine
Urea

a AU bases were used as received.
b Reagent grade· materials.
C Technical or practical grade.

Table III. Titrations of Weak Organic Bases in Acetic
Anhydride"

The· data of Table II have been collected on a number of mixc.

tures into which a known amount of sulfuric acid had been added.
Table III gives the quantitative data on the titration of several
weak bases in acetic anhydride.

Sulfuric Acid Content
Used, Found,
gram gram

0.057 0.053

0.057 0.057

0.057 0.058
0.171 0.172

0.057 0.056
0.171 0.172

Titrations of Sulfuric Acid in Several Solvent
Mixtures"

Solvent Mixture,
100 Ml.

Acetic acid

Table II.

Acet·ic acid, 50% }
Acet.ic anhydride, 50%

Ethyl alcohol, 300/" }.
Acetic anhydride, :'0%

Ethyl acetaI.e, 50% \
Acetic anhydride, 1;Oo/"f

Water,300/" . t. 0.057 0.057
Acetic anhydride, 7'0% I 0.171 0.170

a IVlixtures were brought to a boil, then cooled to room temperature before
titrating.

b Because of spontaneous reaction of wate-r and ethyl alcohol with acetic
anhydride, concentration of each ,component of solvent was uncertain at
moment of titration.

ditions so obtained give rise to the large potential changes ob­
served at the end point.

Although the conditions under which the sulfuric acid has been
titrated seem favorable for dehydration, the titrations have been
carried out in the presence of water. Aeetic anhydride makes
possible the simple~nd rapid determination of some weak organic
bases (Table I) whose base ionization constants in water are less
than 10-".. In the absence of K. for allylthiourea the value for
thiourea has been included in Table I. It is suspected that the
K. values for these two substances are about the same. Mar­
kunas.and Riddick (6) have recommended the use of acetic acid in
titrating weak organic bases whose Kbvalues in water are 10-12 .

or larger. Urea, whieh does not give an insoluble perchlorate in
acetic acid, has been listed by Fritz (2) as giving an unsatisfactory
end point in acetic acid. The use of acetic anhydride in this in­
stance removes this diffieulty (Figure 7).
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Semimicromethod lor Determination 01 Cyanate lOR in
Presence of Intertering Substances
WILLIAM H. R. SHAW and JOHN J. BORDEAUX

The Univer~jty of Texas, Austin, Tex.

The nlethod described employs ion eltC·:bange removal of
interfering cations, conversion of cyanate ion to am­
monium ion by dilute acid, separation of ammonium
ion by ion exchange, and photoele~!tric colorimetric
analysis of ammonium ion with Nessler's reagent.

produce cations which, in turn, interfere with the Nessler's
reaction.

At elevated temperatures in aqueous solutions, . urea dpcOJn­
poses according to the following reaction

(1)

A COLORIMETRIC method for the determination of cya­
nate ion in the presence of interfering substances has been

developed. The mixture cont.aining cyanate ion is passed
through a cation exchanger; the effluent is collected; the column
is eluted with a sodium hydroxide solution and rinsed, thus freeing
it from all cntions except the sodium ion. The original effluent
containing only anions, EOdium ions, and neutral molecules is
,~cidified, and cyanate ion is rapidly converted to ammonium ion.
The resultant solution is again passed thmugh the cation ex­
changer. Ammonium ion is quantitatively retained, and the an­
ions, exchanged sodium i,)ns, and neutral molecules are rinsed
from the column and dis'Jarded. Ammonium ion is eluted, the
elutriate is treated with Nessler's reagent, and the absorbance)s
determined. A calibration curve relates abs~)rbance to the cya­
nate ion coneentration. Interference may be expected from 'a
rather limited number of substances that react with dilute acid to

In the course of a kinetic study of this reaction (13), an ex­
trem~ly rapid conversion of cyanate ion to ammonium ion by
dilute sulfuric acid waS observed.

This same reaction had been employed by Hertig (4, 5, 14), and
others at elevated temperatures for the quantitative determina­
tion of cyanate.

Previous work (6-8, 12) had established a convenient method
for the determination of the ammonium ion based on an ion ex­
change separation and subsequent colorimetric analysis with
Nessler's reagent. Consequently, if Reaction 2 were quantita­
tive at room temperature, cyanate ion could be easily determined
by a technique similar to' that employed for ammonium ion.
Since this method had proved useful in the presence -of int€r­
fering substances, and treatment of complex mixtures c({ntaining
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cyanate at a lower. temperature· than that employed by 'Hertig
seemed desirable, the proposed technique was' subjected to
fWlther investigation.

APPARATUS AND REAGENTS

Colorimeter. A Lumetron photoelectric colorimeter Model
402E equipped with a blue glass filter M 440- and lO-mm. rec­
tangular cuvets was employed.

Ion Exchange Columns. A convenient column may be pre­
pared by joining a 38 X 200 mm. test tube to 32 cm. of 15-mm.
borosilicate glass tubing. A 2-mm. stopcock is attached to the
tubing to regulate the drop rate. Twelve columns were used in
the work.
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Figure.!. Absorbance as a Function of
Nitrogen Content

o Standard am.:m.omulll chlori"deo Standard potassiuItl cyanate

Xesskr's Reagent.
described (1).."

Ion Exchange Resin. For each column 11 ml. of low color
Dowex 50 (20 to 50 mesh) was employed after it had been purified
by recycling three times from the hydrogen to the sodium form.

Ammonia-Free Water. Distilled water passed thrOl~gh a large
capacity Dowex 50 exchanger was used throughout the WOFk.

All other reagents were of analytical reagent grade and con­
formed to A.C.S. specifications.

PROCEDURE

The separation and determination of cyanate, when inter­
fering substances are present, ~re accomplished by the "following
steps:

1. To an appropriate aliquot of the ·solution containing
cyanate add several drops of citrate buffer, to effect easy attain~

ment of a' sharp end point, and enough bromothymol blue to
ensure a good color change.

2. Titrate the solution to a light green erid point with· dilute
sulfuric acid or sodium hydroxide. Proper pH is essential for
quantitative adsorption on the column.

3. Quantitatively transfer the solution to the .ion exchange
column (sodium. form).

4. Adsorb at the rate of 1 drop every3 seconds, retaining the
effluent in a 100-m!. volumetric flask. Interfering cations are
retained on the column; anions, including the cyanate ion,
exchanged sodium ions, and neutral molecules are in the effluent.

5. Wash, retaining washes until total volume is about 90
m!'

6. Fill the columns with about 90 nil. of water and add 10
drops of 4M sodium hydroxide. Allow'to fIowat full rate and
rinse thoroughly with water.' This removes the interlering
cations trapped in step 4. ..

7. To the retained effluent (steps 4 and 5) add 10 nil. of LON
sulfuric. acid. , , .

8. Dilute to volume, mix, and let stand 10 minutes or more.
Cyanate ion is converted to ammonium ion.

9. Pipet appropriate aliquot into a beaker.
10. .Repeat steps 1, 2, 3, and 4, but do not retain the effluent.

Interfering :;Lnions and neutral molecules are discarded in this
step, . .. ,

11. Wash lihtil effluent is fnie of indicator color.
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12. Add approximately 90 nil. of water and 10 drops of 4M
sodium hydroxide. .

13.' Elute into a 100-m!. flask at a rate of 1 drop every 2
seconds. . . .

14. Add 4 m!' of Nessler's reagent and dilute to mark.
15. Allow to stand 15 minutes, and determine absorbance.
When interfering substances are known to be absent, only

steps 6 through 15 need be followed.

RESULTS

Figure 1 shows a representative calibration curve obtained
with both standard potassium cyanate and standard ammonium
chloride. Figure 2 demonstrates the effect of increasing acid
concentration with a p.xed cyanate concentration. C'omplete
conversion requires a mole ratio of 'acid to cyanate of at least
2.5 X 103• At high acid concentration a slight decrease in the
appareu"t 'concentration of cyanate is observed. This presum­
ably occurs because of the very high sodium content of these
solutions after neutralization (step 10 in procedure). A com­
petition of the sodium ion and ammonium ion for the resin takes
place, producing'the observed effect.. No interference from ure~,
ammoni~m ion, or common cations and anions at moderll:te con­
centrations was observed (6). A series of experiments··showed
that the conversion of cyanate ion to ammonium ion i~ 'O.l'N
sulfuric is complete in 10 minutes ,or Jess (step 8).· Th~ range
of the method as descrlbed is apprpximately. 40' to 200 micro­
moles of cyanate' per liter of nes.slerized solution (step 14).
Appropriate dilution before adsorption (step 3) can readily be
made to cover a wide. range of concentrations. The standard
deviation of a set of ten duplicate analyses of a solution containing
170 micromoles per liter was 1.5%.

DISCUSSION

A search of the literature has revealed several methods for
cyanate determination; a gravimetric method (3)' based on the
comparative insolubility of silver cyanate, argentometric
methods (10,11), and two colorimetric methods (9,2).

.05 .10 .15 .20 .25
H2S0. MOLAR'ITY

}'igure 2. Effect of AcilJ Concentration on
Cyanate-AIllIlloniurn Conversjon

The gravimetric and argentometric methods were not well
suited to'semimicrodeterminations, and, like the first· colorimetric
method, had not been extensively evaluated in the presence of
interfering substances. Dodge and Zabban (2), however, em­
ployed a method similar in some respects to the one reported
here. In their determination cyanate ion was converted to
ammonium ion by digestion with sulfuric acid (4; 5, 14), for 0.5
hour, keeping the solution near the boiling point. The ammon­
ium ion formed was ·analyzed with Nesslees reagent.. If inter­
fering substances were present, the method was' somewhat
difficult to apply.' In the presence of ammonium salts or other
nitrogenous materials cyanate was precipitated as silver cyanate,
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which was subsequently digested with acid. Before analysis,
the silver ion had to be removed to prevent reaction with the
Nessler's reagent. If interfering cations were present a Rochelle
salt solution was used to complex them. This procedure, how­
ever, could be applied to only a limited number of cations present
in low concentration. In some instances, a modified Kjeldahl
method was employed to separate the ammonia.

The present method is well suited to the analysis of mixtures.
The preliminary pass through the column removes interfering
cations, which are subsequently eluted and discarded. The
comparatively gentle treatment of the elutriate containing the
anions, including cyanate, exchanged sodium ions, and neutral
molecules \\oith 0.1N acid at room temperature for 10 minutes
"hould convert only the most easily hydrolyzable substances to
ammonium ion. The second pass of the solution through the
I}olumn retains only sodium ion and anions or molecules that are
converted by mild acid t,reatment to cations. Of these cations
only those that on elution interfere with the Nessler's reaction
will prove troublesome. 'It seems unlikely that many substances
other than the cyanate ion will exhibit this sequence of chemical
behavior.

Ammonium ion and cyanate ion can be readily determined in
solutioll3 containing both, without resorting t,o a method of dif­
ferences.

The procedure is easy to perform and fairly rapid. In the

ANALYTICAL CHEMISTRY

current study, 24 analyses per day are made routinely by a.
single analyst.
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Determination of High Molecular Weight Ketones
L. D. METCALFE and A. A. SCHMITZ

Research Division, Armour & Co., Chicago, III.

A simple': rapid method fOil" the determination of high
molecular weight ketones uses hydroxylamine hydro­
chloride and a high molecular weight amine in non­
aqueous solvents. The method has been used to de­
termine varying amounts of t'-llrbonyl compounds in
mixtures, and has heen used successfully as a control
procedure.

H YDROXYLAMINB hydrochloride h8.s been used as a
reagent for the determination of aldehydes and ketones

in analytical procedures for a number of years.
The reactions involved are

RCHO + NH20H·HCI- RCH=NOH + H20 + HCI (1)

RCOR' + ~H20H·HCL - RR'C=NOH + H 20 + HCl (2)

The use of the reagent W8:S reported by Broehet and Cambier
un as early as 1895 for the quantitative determination of formal­
dehyde. Bennett and Donavan (1) and Mar,asco (5) later used
it to determine acetone.

The procedures employing hydroxylamine reagent to determine
carbonyl compounds are or four general types:' titration of the
hydrochloric acid produced as shown in the above equations
(3, 9); neutralization of the hydroxylamine hydrochloride lib­
erating free hydroxylamine to react with the carbonyl groups,
followed by titration of unreacted hydroxylamine (10, 11);
determina.tion of the water produced in the reaction using
Karl Fischer reagent (7); and measurement, of the change in
pH caused by the liberation of hydrochloric acid as indicated in
Bquatiomi 1 and 2 (4, 8). An excellent summary of hydroxyl­
amine procedures has been prepared by Mitchell (6).

A procedure has been developed to fill the need for a rapid and
simple determination of high molecular weight aliphatic ketones

in the presence of varying amounts of free fatty acid. No previ­
ously mentioned method could be applied to the determination of
such ketones as stearone and palmitone, because of their limited
solubility in all but a few suitable solvents. Using as the reagent
O.5N hydroxylamine hydrochloride in a mixed solvent of 65%
isopropyl alcohol and 35% methanol, the analytical procedure
has been used effectively to determine these ketones. A measured
excess of an organic base (octadecenylamine) in isopropyl alcohol
is added to facilitate complete reaction between the ketone and
hydroxylamine hydrochloride by combining with the hydro­
chloric acid liberated. At the end of the reaction period, unre­
acted amine is titrated with standard hydrochloric acid solution
in isopropyl alcohol to a bromophenol blue end point. A titra~

tion is run on a blank containing the exact quantities of hydroxyl­
amine hydrochloride and octadecenylamine used with the
sample. The difference between blil.llk and sample titrations
gives a direct measure of the carbonyl groups present in the
sample. Since hydrochloric acid formed in the reaction is
never liberated and is constant, it does not affect the titration of
either the sample or the blank. Under these conditions, any
free fatty acid present will not affect the titration. If amine
salts of the fatty acid are formed, they will titrate as free amine.

A procedure using free hydroxylamine in a proper solvent
mixture, omitting the organic base, may be used. However,
since the stability of a solution of free hydroxylamine is poor,
this procedure is impractical where a great number of control
analyses must be made constantly.

Although the results of this paper deal e~tirely with ketones,
the procedure has been applied successfully to some high
molecular weight aldehydes.

REAGENTS

Hydroxylamine Hydrochloride Reagent. Dissolve 35 grams
of hydroxylamine hydrochloride (reagent grade) in 350 rill. of
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wt. of sample (grams) X 10 X number of carbonyl groups in molecule
(ml. blank ml. titration) X N HCl X mol. wt. of ketone

are very easily compared with the blank determination using
the 500-ml. Erlenmeyer flasks.

Apparent molecular weight of ketone =
wt. of sample (grams) X 1000 X no. of carbonyl groups

(ml. blank - ml. titration) X N HCl

CALCULATIONS
% ketone

An equation for estimating the sample weight of an unknown
having one carbonyl group and consisting mostly of ketone is as
follows: weight of sample in grams = 0.007 X molecular weight
of ketone.

methanol, heating jf necessary. Dilute to 1 liter with isopropyl
alcohol. .

Amine Reagent. Dissolve 140 grams of octadecenylamine
(Armeen SD, Armour and Co., Chicago, Ill.) in isopropyl
alcohol to make 1 liter of solution. Theoretically, any amine
that gives a sharp bromophenol blue end point when
titrated with standard hydrochloric acid in isopropyl
alcohol and which forms an isopropyl alcohol-soluble hy­
drochloride may be used as a substitute for octadecenyl­
amine. Armeen SD satisfies these requirements.

Standard Hydrochloric Acid in Isopropyl Alcohol. Prepare a
0.5N solution by dissolving 43.5 ml. of concentrated hydro­
chloric acid in 300 ml. of isopropyl alcohol. Dilute this solution
to 1 liter with additional isopropyl alcohol. Standardize accord­
ing to one of the usual procedures. This solution should be
standardized weekly, although it will keep without changing
strength for several weeks if stored in a well-stoppered bottle.

Bromophenol Blue Indicator. Prepare a 0.1% solution in
Formula 3A alcohol.

Table III. Per Cent Ketone DeterDlined in Crude Laurone
at Various Reaction Periods

DISCUSSION AND RESULTS

Strong acids or bases in the sample will interfere with the ti­
tration. They may be removed effectively by washing the sam­
ples with boiling water. Weak organic bases will interfere also;
they may be removed by washing the sample with hot dilute
aqueous mineral acid, after which the acid must be removed by
washing the sample with boiling water. Some metals and their
salts may oxidize the hydroxylamine. Such contaminants can
be removed by filtering the sample in an oven at 100° C.

Some results obtained on high molecular weight ketones using
the described method are summarized in Tables I, II, III, and
IV. The ketones were prepared and purified in the Research
Division Laboratories of Armour and Co.

Tables III and IV show the results of analyses of samples
subjected to various reaction periods at 70° C. The period
commenced from the time solution of the sample was attained by
heating the flask gently on a hot plate.

ANALYTICAL PROCEDURE

Melt the sample, and if turbid, filter in an oven at 100° C. to
obtain a sparkling clear sample. Weigh into a 250-ml. glass­
stoppered volumetric flask. Choose the sample weight so that
about half the reagent will remain unreacted after the reaction is
complete (see Calculations for equation by which size of sample
may be estimated). Pipet 25 ml. of the amine reagent into the
flask, and then pipet 25 ml. of the hydroxylamine hydrochloride
reagent into the flask. It is important to add the reagents in this
sequence if this method is applied to aldehydes, to prevent the
formation of acetals with the isopropyl alcohol. For difficultly
soluble samples, heat the flask moderately on a hot plate, swirling
the contents until the sample is dissolved.

Place the flask in a water bath at 70° C., loosen the stopper
momentarily to expel air, then stopper firmly. After heating for
30 minutes, remove the flask from the water bath. Add 0.5 ml.
of bromophenol blue indicator 'and titrate with the standard
alcoholic hydrochloric acid to a green color; then continue
adding the acid in increments of 0.1 ml., shaking after each addi­
tion until a yellow end point is reached. Make 'a blank deter­
mination, following the same procedure without the sample.
Care should be taken to titrate the blank and the sample at
albout the same temperature. Titration of some samples will
not give a sharp end point; hence, it is helpful to run the blank
first and then titrate the sample to the same color.

When an electrically heated water bath is not available, the
procedure is modified as follows. The samples are weighed into
50D-ml. glass-stoppered Erlenmeyer flasks, the reagents are then
added as before, and the flasks are stoppered. A sheet of heavy
asbestos paper is placed on top of an ordinary steam bath, and
the flasks are placed on the asbestos paper. The asbestos keeps
the alcohol from boiling. The procedure is followed exactly as
before. With a light background the end points of the samples

Reaction Time (at 70° C.l,
. Min.

o
5

15
30

120

Ketone
Found, %

88.5.
90.5
91. 6
90.8
91.6

a All compounds were of 95% purity or higher.
b All samples were run for 30 minutes at 70° C.

Table II. Detennination of Carbonyl in Ketone-Fatty
Acid Mixtures

No. of
Mixture" Detns. Ketone Found, %

a Prepared gravimetrically using materials of known purity.

Table IV. Per Cent Ketone DeterDlined in Purified
Stearone at Various Reaction Periods

Reaction Time (at 70° C.l, Ketone
Min. Found, %

o 91.5
15 96.2
30 98.8
60 98.8
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78.5
49;0
20.7
78.2
51.4
20.4
78.9
52.5
21.6

3
3
3
3
3
3
3
3
3

DeterDlination of Carbonyl in Purified Ketones
No. of % of Theoretical b .
Detns. Carbonyl Found

5 99.5 ± 1,0
5 99.2 ± 1.0
5 99.5 ± 1.0
5 99.0± 1.0
4 99,0 ± 1.0
5 99,1±1.0
3 99.0 ± 1.0
2 98.2 ± 1.0

Compound"

Laurone
Myristone
Palmitone
Stearone
Diheptyl ketone
Oleone
Nonyl heptadecyl ketone
Dionyl ketone

Table I.

Laurone, 80%-lauric acid, 20%
Laurone, 50%-lauric acid, 50%
Laurene, 20%-lauric acid, 80%
Palmitone, 80%-palmitic acid, 20%
Palmitone, 50%-palmitic acid, 50%
Palmitone, 20%-palmitic acid, 80%
Stearone, 80%-stearic acid, 20%
Stearone, 50%-stearic acid, 50%
Stearone, 20%-stearic acid, 80%
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Permanent Color Standards for Determination of
Phosphate by Molybdenum Blue Method
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This note describes the characteristics of solutions
which have been found to be very suitable as permanent
color standards for the routine estimation of phosphate
in the concentration range from 10 to 100 parts per
billion of phosphorus. Application of the standards
to the field determination of phosphate in natural
waters is described elsewhere (7).
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Figure 1. Spectral Transmittancy Curves for Molyb­
denum Blue Test on 500 Parts per Billion of Phos­

phorus and Its Visibly Matched Color Standard

l-Clll. cells used in Model B Beckman spectrophotometer
• Color standard
o Standard phosphate

Table II. Variation of Spectral Transmittance with Tirne
for Copper Sulfate-Bromophenol Blue Color Standard

Solution
A mixture of 4.88 mg. of CuSO, and 0.920 mg. of bromophenol blue in 10
ml. of a sodium acetate-acetic acid buffer solution of pH 4.53, in solutions

continually exposed in east window for time indicated

of the components needed to prepare the standards. Although
these values will prepare solutions which show a reasonably close
color match, in every instance the final adjustment should be
made empirically against a known phosphate solution under
conditions identical with those to be used in the actual unknown
determination. Changes in hue of the standard can easily
be made by changing the pH of the solution, as this changes the
hue of the bromophenol blue.

Figure 1 compares the spectral transmittancy curves of a
molybdenum blue solution containing 500 parts per billion of
phosphate phosphorus and its visually matched color standard.
A Model B Beckman spectrophotometer with I-em. cells was used
to obtain the curves. The fact that the spectrophotometric
curves do not exactly match does not necessarily mean that the
colors do not match by visual comparison. To obtain a measure

Cu80t,
Ml.

0.40
o 70
0.96
1.17
1.40
1.60
1. 79
1.95
2.17
2.40
2.82
3.40

Conen.
Phos~horus,

P.P.B.

10
20
30
40
50
60
'10
80
90

100
120
150

Table I. Volurnes of Coppf,r Sulfate (0.00883 Gram' of
Copper per Ml.) and BrOlDophenol Blue (0.010%) Needed

to Prepare Color Standards
(Diluted to 30 mi. with buffer of pH 4.53)

Bromophenol
Blue,
Ml.

0.085
0.150
0.210
0.330
0.400
0.500
0.620
0.750
0.900
1.000
1.145
1.540

I N THE course of the development of a field method for the
determination of phosphate, it became evident that there is a

definite need for stable, well-matching, permanent color standards
for use with the molybdenum blue method of phosphate deter­
mination.

The most widely used method for the determination of traces of
phosphorus involves the> re.duction of a heteropoly molybdo- ~

phosphate to gh-e a blue color, commonly referred to as molyb­
denum blue (8). The need, for standards is emphasized by the.
fact that the molybdenum blue solutions <fade after about 15
minutes. This method can be adapted for field use in the con­
centration range from 10 to 100 parts per billion phosphorus by
using tall-form Nessler tubes of 50·ml. capacity as the viewing
tubes' and permanent solution color standards for comparison of
the unknowns.

Several permanent solution color standards have been pro­
posed for visual color comparison of the molybdenum blue
solutions in the phosphate determination (1,2,6).

H;owever, Woods and Mellon (8) have found that most of
the color standards suggested do not give. a good visual match
with the reduced molybdophosphate; one mixture (6) is no
more stable '~han the reduced molybdophosphate itself. Per­
manent color standards are needed which are not 'only stable
upon exposure to air and sunlight but also closely match the
color of the reduced molybdate.

Color standards composed of mixtures of copper sulfate and
bromophenol blue in an acetate buffer of pH 4.53 make very
satisfactory and useful color standards for phosphate determina­
tion in the range from 10 to 100 parts per billion> of phosphorus.
The color developed by this system is stable, and matches the
color well enough so that unknown phosphate solutions can be
determined to ±5 parts per billion. Table I gives the amounts

140
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of visual matching the chromaticity coordinates, x arid y, based
on the International Commission on Illumination standard
observer and coordinate system (3), were calculated. The·
method of ten selected coordinates (5) and Standard Illuminant C
were used. For the reduced molybdophosphate, values of x and
y were 0.153 and 0.200, r~spectively; for the visually matched
color standard, 0.149 and 0.190. These figures show that the
solutions match well in color hue. With the aid of the Maxwell
triangle (4-) to indicate hue deficiency, an even closer match
probably could be obtained by a slight empirical adjustment of
solution pH. .

The stability of the color standards is demonstrated by the data
of Table II. Spectral transmittancy curves were determined peri­
odically on a mixture of 4.98 mg. of copper sulfate and 0.920 mg.
of bromophenol blue in 10 mI. of acetate buffer of pH 4.53 during
the time it remained in an east window exposed to considerable
direct morning sunlight. There was no change in the absorption
spectrum of the mixture even after 24 days, indicating that the
color standards have good stability characteristics.

141

The colilr standards should prove valuable for routine use in the
visual estimation. of traces of phosphate by the molybdenum blue
method.
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Method for Sparking Thin Sheet SllDples. for Spectrographic ·Analysis
Application to Manganese and Niobium Determination in Stainless Steel
F. P. LANDIS and L. P, PEPKOWITZ
Knolls Atomic Powe, Laboratory, General Electric Co., SchenectaJy, N. Y.

A technique has been developed for sparking thin sheets

of steel and applied to the spectrographic determina­

tion of manganese and niobium. The sample is cooled

by heliutn during sparking.

A TECHNIQUE has been developed for sparking thin sheets
of steel for the spectrographic determination of manganese

and niobium. Normally, reproducibility and accuracy ate
achieved by using massive samples which do not become appre­
ciably warmer than room temperature when sparked. However,
wben thin sheets of stainless steel are sparked, the heat produced
by the spark is sufficient to cause oxidation of the sheet on the
unsparked side. Whenever this evidence of overheating occurs,

Figure 1. Apparatus

manganese and niobium values are very erratic and unusually
high, manganese being affected much more than niobium. It is
believed that, because of the high local temperatures of the steel,
excessive volatilization of manganese and niobium occurs (with
respect to the amount of iron volatilized).

An attempt to cool the sample while sparking by attaching it
to a solid block of steel or copper was unsuccessful, probably
because of the poor thermal contact of the thin sample with the
cooling block. More successful was the technique of using a flow
of cooled helium on the upper or unsparked side of the sample
during the analysis. Helium was chosen because of its high
thermal conductivity.

To accomplish helium cooling, the clamp on the Petrey stand
sample holder was replaced with a hollow fitting into which the
cooled gas could flow and inIpinge on the upper surface of the
thin sample (Figure 1). The gas was passed through a flow­
meter and then through a copper coil immersed in an ice bath and
from there into the Petrey stand clamp. Ice was used as a cooling

Table I. Effect of Variation in Coolant Flow

He Flow, Apparent Apparent
Liters/Min. %Mn % Nb

0 0.76 0.61
1.09 0.95
1.98 1.73
2.80 2.75

4 1.38 0.95
1.00 0.92
1.15 0.93
1.17 0.99

9 0.79 0.71
0.74 0.70
0.74 0.71
0.70 0.61

15 0.68 0.67
0.61 0.60
0.63 0.60
0.53 0.55

28 0.57 0.54
0.62 0.53

. 0.58 0.51
0.60 0.49
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agent tather than dry ice or liquid nitrogen because of the pos­
sibility of condensing atmospheric water on the sample and
thereby causing erratic sparking conditions. .

With the cooling system described, a flow of helium of from 5
to 25 liters per minute, depending upon sample thickness, pro­
duced the desired results. In all cases, the results were read from
working curves that had been prepared using massive standard
samples. Given inTable I are manganeseand niobium values deter­
mined from a sheet of O.OlO-inch steel. For this thickness of
sample, optimum flow is approximately 28 liters per minute. The
apparent values for manganese and niobium are not reduced to
the true values of 0.40 and 0.38, but they do approach minimum,
reproducible values. These values must be corrected to

ANALYTICAL CHEMISTRY

the true value by a chemical anaIyaill of one piece of each proposed
sample thickneBB from a given heat of steel. Heat identification
of large quantities of sheet stock can then be rapidly performed.
For a general application of this technique to thin sheet stock of
varied manganese and niobuim concentrations, complete working
curves based on chemical analyses w!>uld have to be drawn for
each sample thickness.

The precision of this method is now as good as that obtained
with massive samples.

RECEIVED for review March 4, 19M. Accepted September 16, 19M. The
Knolls Atomic Power Laboratory is operated by the General Eleotrio Co.
for the Atomio Energy Commiaeion. Work oarried out under oontract
No. W-31-109 Eng-52.

Reduced-Scale Reid Vapor Pressure Apparatus
R. L. LETOURNEAU, JULIAN F. JOHNSON, and W. H. ELLIS

California Research Corp., Richmond, Calif.

An apparatus to measure Reid vapor pressure of small
samples consists of a sample cup to fix the liquid­
vapor ratio and a pressure transducer to convert the
pressure into an electrical equivalent, which is meas­
ured by an auxiliary detecting circuit. The range is
oto 20 pounds. A sample ofonly 3 ml. is required. The
time required to handle a sample properly and make a
measurement is about one third less by this method
than by standard methods, and less bench space is re­
quired. The precision is as good as that of standard
methods.

T HE Reid vapor pressure test is widely used in the petroleum
industry as a measure of the vapor pressure of volatile,

nonviscous petroleum products. The standard ASTM method
(1) uses a bomb-type apparatus and requires at least a 5-ounce
sample. Although quarter-sized bombs are available, the amount
of sample· required is still too much to be taken directly at
the carburetor or other parts of the fuel system where only small
quantities of fuel are available. Such information is often
desirable in studying vapor lock and weathering characteristics
of fuels. .Therefore, an apparatus to measure Reid vapor pres­
sures on small samples was developed and tested. It differs
from apparatus previously reported for this type of measurement
(08).

DESCRIPTION OF APPARATUS

Figure 1 is a photograph of the apparatus with a cell in the con­
stant temperature oil bath. The cell, a drawing of which is shown

Table I. Stability of Reduced Scale Reid Vapor Pressure
Apparatus

(Measurements on pure acetone)

Pressure,
Date Operator Scale Lb./Sq: Inch

7-3-53 E 365 7.30
7-6-53 E 370 7.40
7-7-53 E 370 7.40
7-22-53 B 367 7.34
7-22-53 .C 365 7.30
7-22-53 D 368 7.36
7-22-53 B 365 7.30
7-22-53 A 367 7.34
7-23-53 B 364 7.28
7-23-53 D 362 7.24
7-23-53 A 362 7.24
8-3-53 C 366 7.32
8-4-53 D 369 7.38
8-5-53 D 363 7.26
9-1-53 B 371 7.42

in Figure 2, consists of a sample cup tilthtly clamped to a pressure
transducer. .A polyethylene gasket, lightly greased, is used to
ensure a vapor-tight seal. The transducer element is a full­
bridge transducer operating on the unbonded lltrain wire prin­
ciple (3). This transducer converts preBBure applied to a bellows
element into an exact electrical eqwvalent, which is then meas­
ured by a detector circuit. The opposite side of the bellows is
open to the atmosphere; the pressure measured by the circuit
is a differential pressure. The detector is essentially a null po­
tentiometer operating 80 that the measured readingis independ­
ent of the voltage applied to the transducer. Asimplified diagram
is shown in Figure 3.

Figure L Apparatus

Hot air required to dry the vapor space is obtained 'from a
2-foot coil of O.25-inch stainless steel tubing (not shown) heated
by connecting each end of the coil to the low voltage side of a
U5- to 5-volt transformer. The U5-volt winding is aoross a
Variac. Air is blown directly through the steel tubing. On the
outlet side, the steel coil is connected through a piece of rubber
tu~ing to a s~ort len~ ?f 11ts-inch outer diameter steel tubing
which can be·IDserte<finmde the pressure transducer. The heat
generated and the temperature of the air can be controlled by
adjusting the Variac.

The scale on the calibrated balance control, Helipot, in the
bridge circuit has 1000 divisions, and the bridge can be bal­
anced to ±1 division or ±O.02 pound. The transducers were
calibrated against a ·meroury manometer and are linear over the
oto 2O-pound range. A iypical calibration is shown in Figure 4.

Electrical stability was determined by measuring the vapor
pressure of pure acetone. The results are listed in Tables I and
III. These results show that the standard deviation due to
factors which include b~dge stability is 0.044 over a period of
2 months, and that stability is not the limiting factor in the
repeatability of the method.
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Figure 3. SiIDplified DiagraID of Reid Vapor Pressure
Indicator

lOGlOG

IS

utes. The air temperature is such that the temperature in the
vapor space of the transducer is as near 100° F. as possible when
the sample cell is connected to the transducer. Experiments
have shown that a temperature of 102° F. from the air preheater
will compensate for the drop that takes place while the cell is
being connected.

The sample cup is wiped clean and immersed almost to the top
in an ice water bath. A piece of absorbent paper or a cork is in­
serted in the liquid space to prevent moisture from condensing
in the cup. To prevent cooling of the air in the vapor space of
the transducer and heating of the cup and sample while the ap­
paratus is being assembled, the following sequential steps are
carried out as quickly as possible. When the cup has cooled
sufficiently and the sample is ready to charge, the gasket is coated
lightly with vacuum stopcock grease. The sample bottle is in~

verted and shaken vigorously to mix the liquid and the air. The
cup is removed from the ice water bath, the water is wiped off,
and the gasket is placed on the top of the cup. The hot air tube
is removed from the vapor chamber, the Helipot dial is set at zero,
the potentiometer circuit is adjusted to the null position by means
of the 500-ohm zero adjustment in series with the Helipot, and the
air jet is replaced to keep the vapor chamber at the proper tem­
perature. The sample is charged to the chilled cup, the hot air
jet is removed, and the cup and transducer are clamped together.
After the cpll is assembled, it is shaken, upside down, for 30 sec­
onds. The cell is placed in the 100° F. bath in an upright posi­
tion. After a minimum of 15 minutes, the galvanometer is again
brought to null position by use of the Helipot and the dial is read.
The Helipot dial reading times a constant factor gives the Reid
vapor pressure in pounds.

SCALE X 0.0200: PSI

LINE
POWER

VAPOR SPACE =5.6ML.

PRESSURE TRANSDUCER
STATHAM LABORATORIES
MODEL P5-20(; -875
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Pressure Transducer and
Cell AsseIDbly

Figure 2.

CANNON PLUG
.. -C.ONNECTION

..:.. DC
~ .sQUACt

IS.

Operation.. The method of operation is as nearly the same as
that of ASTM D 323-52 as is practical with the reduced scale
apparatus.

Samples are drawn into chilled containers through a cooling
coil if possible. The size of the sample container should be such
that it is approximately 80% filled, and stored cold until used.
Dewar flasks filled with ice water make convenient baths if the
samples are to be stored for only a few hours; otherwise, cold room
storage is more convenient.

Before the first determination in a series is made, the assembled
cell is preheated in the 100° F. constant temperature oil bath for
10 to 15 minutes. The cell is removed from the bath and care­
fully cleaned. The vapor space in the transducer is flushed with
isopentane, the isopentane is removed by suction, and the vapors
are blown out by use of the steel tubing connected to the hot air
source. Hot air is blown into the transducer for at least 10 min-

Although the apparatus is not checked against a mercury
manometer each time, as in the standard method, the original
calibration of the dial is done in this way. A standard
sample is run frequently to check the accuracy. This procedure·
also detects leaks or other difficulties in operation. The new
apparatus has one scale to cover the 0 to 2~pound pressure
range, eliminating the necessity for three separate gages. The
sample storage container can be of any size larger than 2 ml.,
and an elaborate transfer procedure is replaced by simply pipet­
ting the sample from a chilled pipet.

It is important that the sample be kept cold while it is being
transferred from the sample container to the cell. This can be
accomplished by using· chilled pipets. The ends of the pipet
are sealed with rubber policemen while they are being chilled,
to prevent internal condensation of moisture; the outside
should be wiped dry to keep extraneous moisture out of the sam­
ple. If sufficient sample is available nearly to fill a 4-ounee

SCALE REAOING

Figure 4. Calibration of
Reid Vapor Pressure

Apparatus

B
B
B
B
A
B
A
A
B
D
D
B
B

B
A
B
B
A
A
C
A
D
A
A

Operator

7-28
7-28
7-28
7-29
7-30
7-31
7-31
7-31
8-4
8-4
8-5
8-5
8-5

7-28
7-28
7-28
7-29
7-30
7-31
8-3
8-3
8-4
8-4
8-5

Date Run

13X

Sample

lOX

Table II. Typical Replicate MeasureIDents of Reid Vapor
Pressure of Gasolines on Reduced Scale Apparatus

Reid Vapor
Pressure,

Lb./Sq. Inch

7.24
7.46
7.30
7.34
7.66
7.08
7.18
7.66
7.44
7.20
7.26
7.16
7.50

13.62
13.90
13.70
14.28
14,,12
13.86
13.70
13.98
13.64
14.08
13.96



144 ANALYTICAL CHEMISTRY

a Based on all gasoline samples measured. 76 degrees of freedom.

sample bottle, the sample can be transferred to the cup through
a wash bottle top in place of the cork. If 10 to 12 ml. of sample
are forced through the delivery tube before charging sample to
the cup, the system will be cold enough for safe transfer of the
sample. Heating the vapor space to 100° F. eliminates the need
for correcting for ehange in air pressure on heating and for
change in the vapor pressure of water. This technique also
eliminates the necessity for measuring the temperature of the air
chamber when the apparatus is assembled.

Performance. The repeatability of the method by different
operators within one laboratory was evaluated by determining
the Reid vapor pressure approximately 100 times. The standard
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deviations and replicate results are summarized in Table III.
The vapor pressures of the samples listed in these tables were
determined in a random order by various operators over a period
of about 2 weeks. The individual samples were identified only by
numbers, and the relationship of the samples was unknown to the
operators. The smaller samples permitted easier handling and
storage than macro samples so that the small scale measurements
require about one third less time than the standard measurements.
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0.044
0.18
0.15
0.19
0.14
0.23
0.22
0.12
0.17

7.33
7.34
904
1~L55

lil.17
13.66
13.89
14.00

15
13
12
12
5
5

11
3

101"

Standard Deviation of Replicate Salllpies
No. of Av. Heid Standard

Observations Vapor Pressure DeviationSample

PJre acetone
lOX
6X
2X

35
30
13X
13

Table Ill.

Determination of Boron in Silicates after Ion Exchange Separation
HENRY KRAMER

U. S. Geological Su.rvey, Claremont, Calif.

METIIOD

Existing lllethods for the deterlI1ination of boron in
silicates are not entirely satisfactory. Separation as
the lDethyl ester is lengthy and frequently <erratic. An
accurate and rapid lI1ethod applicable to glass, lI1ineral,
ore, and water salllpies uses ion exchange to relllove
interfering cations, and boron is determined titri­
lI1etrically in. the presence of mannitol, using a pH
lI1eter to indicate the end point.

R ECENTLY :Martin and Hayes (3) have shown that boron
can be separated from interfering cations by ion exchange.

Their experimental data aI'€: restricted to the analysis of steel
samples, although their basic data imply wider applications.
This investigation confirms the earlier work and tests the method
forehe determination of bomn in silicates.

The conventional procedure for the isolation of boron is by
distillation as the methyl ester. This method was investigated
and, as others have found (3, 4), incomplete volatilization was
obtained from. large amounts of aluminum, and frequently a
double distillation was necessary in the presence of both iron
and silicon. As such, the method is unwieldy and time-consum­
ing.

In this investigation only minor modifications were made in
tlle procedure described by Martin and Hayes. Boron is brought
int,o solution either by an acid extraction or by fusion, eluted
through an ion exchange bed, and determined titrimetrically in
the presence of mannitol, using a pH meter to indicate the end
point.

Reagents. Methyl red indicator solution.
Concentrated hydrochloric add.
Sodium carbonate, c.p., anhydrous.
Sodium hydroxide, standardized 0.05N.
Sodium hydroxide, 20% weight per volume (carbonate free,

prepared from 50% sodium hydroxide).

Mannitol, neutral, boron-free.
Amberlite IR 120 (H), analytical grade (exchange capacity of

the dry resin is approximately 5 meq. per gram). This material
may be regenerated after use by transferring the accumulated
resin from a number of determinations toa large glass tube and
washing with (1 + 9) hydrochloric acid until the issuing liquid
gives a negative test for adsorbed ions. The hydrochloric acid is
removed by washing with distilled water.

Apparatus. Beckman, Model 2H, line-operated pH meter
with saturated calomel and glass electrodes.

Preparations of Ion Exchange Column. A borosilicate glass
chromatograph tube, 20 X 400 mm., with sealed-in, coarse poros­
ity, fritted disk provided with a small rubber tube extension and
screw clamp is used. Fill the tube with water and add the resin
slowly as a slurry until a column 10 inches in length is formed.
The column should be free of air spaces.

Before using, wash the column with 100 ml. of (1 + 9) hydro­
chloric acid and follow with 50-ml. portions of water until the
effluent gives a negative test for chlorides.

Solution of Borates. ACID-SOLUBLE BORATES. 'Veigh a
sample containing 10 to 20 mg. of boron oxide into a 125-mI.
Erlenmeyer flask. Add 30 ml. of (5 + 25) hydrochloric acid and
connect the flask to a reflux condenser. Heat the mixture to
boiling and reflux slowly for 20 to 25 minutes. After allowing
the mixture to cool slightly, pour 5 m!. of water through the top
of the reflux condenser; disconnect the condenser and wash the
tip of the condenser carefully with water. Filter the mixture
while hot through a 9-cm. Whatman 41 H filter paper, and wash
the residue with hot water to a volume of about 50 ml.

ACID-INSOLUBLE BORATES. Weigh a sample containing 10 to
20 mg. of boron oxide (not more than a I-gram sample) into a
platinum crucible, add six times the sample weight of anhydrous
sodium carbonate, and, with a platinum stirring rod, mix the
sample and flux intimately. Cover the crucible and heat gently
for 5 to 10 minutes to expel moisture. Now gradually increase
the heat so that after 5 to 10 minutes more, a liquid melt is
formed. When fusion is complete, grasp the crucible with tongs
and give it a rotary motion so as to spread the contents over the
sides of the lower half of the crucible, thus expediting subsequent
solution. Cool, and place the crucible in a 150-mI. beaker con­
taining 20 ml. of water. Cover the beaker with a watch glass
and add concentrated hydrochloric acid down the sides of the
beaker until there is an excess of 1 ml. over the theoretical amount
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Table III. Analysis of Synthetic Mixtures

Several "refractory borosilicates" were analyzed using the
methanol distillation as described by Hillebrand et al. (1) and
the proposed procedure. The results are presented in Table IV.

chloride 23.49 grams, zinc chloride (metal dissolved in hydro­
chloric acid) 0.50 gram, water to make 500 m!.

The master solution was analyzed for boron, and none was
found. Various amounts of boric acid were then added to 10 m!.
of the master solution. Results by the proposed procedure are
given in Table I.

.National Bureau' of Standards glass samples were fused and
analyzed by the proposed procedure. The results are given in
'fable II.

Hollander and Riemann (2) report boron oxide values for NBS
92 as 0.65% and for NBS 93 as 12.51 %, and conclude that their
values are closer to the actual content.

Synthetic mixtures of colemanite (CasB60 11 . 5H20) and bento­
nite [(Mg, Ca) O.Al,Os.5Si02 .nHsOj, and 'howlite [CasSiB60.
(OH)5] and bentonite were also analyzed. The results are pre­
sented in Table III.

Recoveries Method of
Solution

Acid leach
Acid leach

Fusion
Fusion

Acid leach
Acid leach

Fusion
Fusion

%
99.9

100.0

100.2
100.2

100.4
100.4

100.2
99.4

Mg.

16.05
16.07

20.36
20.37

18.02
18.02

17.98
17.85

17.95 (howlite)

20.32 (colemanite)

17.95 (howlite)

B,O, Taken,
Mg.

16.07 (colemanite)

.calculated to decompose the carbonate. After decomposition of
the melt diss<;>lve any carbonate adhering to the crucible or cover
with hot dilute hydrochloric acid; remove any adhering material
with a rubber policeman, and rinse into the beaker with a stream
of hot water. Filter the mixture through a 9-cm. Whatman 41 H
paper, and wash with hot water to a volume of about 50 m!.

Neutralize the solution obtained from the above treatment
with 20% sodium hydroxide until a precipitate just starts to form;
add concentrated hydrochloric acid dropwise until the precipitate
just dissolves or until the solution is just acid to litmus paper.
Pass the solution through the ion exchange column into a 400­
m!. beaker and follow with four 50-m!. portions of water, adding
the wash water when there is 0.5 inch of supernatant solution
above the resin. Adjust the rate of flow so that the total elapsed
time for the solution and the four washings is 15 minutes (flow
rate of 16.7 m!. per minute). At the conclusion of the last wash­
ing the effluent should be only slightly acid to pH test paper. (If
not, the amount of resin in the column should be increased to
ensure the complete removal of cations. No additional amount
was ever necessary in this investigation.) Add 2 or 3 drops of
methyl red indicator to the solution and make alkaline with 20%
sodium hydroxide, and then barely acid with concentrated
hydrochloric acid. Cover the beaker with a watch glass and boil
gently for 3 t05 minutes to remove carbon dioxide. Cool the
solution to room temperature, preferably in a water bath. Intro­
duce the pH meter electrodes and stirrer into the beaker, and
adjust the pH of the solution to 7.0 with 0.05N sodium hydroxide.
The indicator needle of the pH meter should be steady and not
drift from the reading of 7.0. Add 40 grams of mannitol, and,
using a microburet (calibrated 0.05 m!.), titrate rapidly with
standardized 0.05N sodium hydroxide until the pH of the solu­
tion approaches a value of 7 and then slowly near the end point
to allow for any slight lag in response of the pH meter. When
the indicator needle remains steady on 7.0 for at least 10 seconds,
record the volume of standard base used.

A blank correction (usually less than 0.10 m!. of 0.05N sodium
hydroxide) for the reagents is subtracted from the sample titra­
tion and the boron oxide is calculated:

PROCEDURE

2.02
5.98

1:93
5.86

Analysis of Refractory Borosilicates
Methanol Ion Exchange

Separation.. Separation,
% B,O, % B,O,

9.79 10.03
10.51 10.70

Table IV.

Mineral

Black tourmaline (Nuevo, CaliL)
Green tourmaline (Calif.)
Dumortierite (impure) (Carge Mucharcho

Mts., Imperial Co., Calif.)
Axinite (North Hills Quarry, Riverside, CaliL)

1 m!. of 0.05N NaOH = 1.741 mg. of BsOs

If the titer is small, repeat the determination, collecting the
eluate in a 250-mi. volumetric flask, and determine the boron
colorimetrically.

Tin, rarely encountered in boron analysis, should be removed
before the ion exchange separation is made. This is most easily
done by plating out the tin with granular zinc after the borate is
in acid solution.

EXPERIMENTAL DATA

A master solution was prepared containing a number of cations
to test the effectivene~sof the outlined procedure. It contained:
sodium chloride 12.71 grams, potassium chloride 1.91 grams,
calcium chloride 13.84 grams, magnesium chloride 20.90 grams,
barium chloride 0.79 gram, ferric chloride 24.20 grams, aluminum

Table I. Recoveries of Boric Acid

The high iron, alumina, and silica contents of these minerals
preclude complete volatilization of the boron in the first distilla­
tion. Only one distillation (collected in two fractions) per sample
was made.

CONCLUSIONS

The proposed method has decided advantages over the methods
currently used in that the accuracy and reproducibility are
good; less manipulative skill is involved; blank corrections are
very low; and time of analysis is greatly reduced.

Boric Acid Taken,
Mg.

4.96
4.96

19.83
19.83
39.66

Mg.

4.97
4.97

19.83
19.83
39.76

Recoveries
%

100.2
100.2
100.0
100.0
100.3
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o Sample dried at 500 0 C.

Analysis of National Bureau of Standards
Glasses

Table II.

Glass

NBS 92

NBS 93

B,O, Reported,
%

0.70
0.70

12.7
12.7
12.7

B20a Found,
%

0.63
0.62

12.430

12.44
12.45
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Determination of Carbon and fluorine in Highly Fluorinated Substances
H. E. FREIER, B. W. NIPPOLDT, P. B. OLSON, lind D. G. WEIBLEN
Minnesota Mining ana ManuFacturing (0., St. Paul, Minn.

In a general rnethod for the deterrnination of carbon
and fluorine in organic compounds containing a high
percentage of fluorine, a combustion procedure is used
in which the sample is burned with moist oxygen in a
quar1l:z tube. Gases, liquids, and solids can be handled.
The fluorine is determined by an acid-JOase titration
of the hydrofluoric acid formed and the carbon, which
is simultaneously converted to carbon dioxide, is ab­
sorbed by Ascarite. Carbon and fluorine foan be deter­
Dlined in a large variety of compounds with a relative
error of less than 1%.

FLUORINE-containing organic compounds have become of
general int.erest and importance. A method more univer­

sally applicable than those available was needed for the simul­
t.aneous determination of carbon and fluorine in these materials.
The first problem encountered is that of decomposing the ma­
terial so as to convert the fluorine into the ionic form. Belcher
and Goulden (1) in their review article have conveniently ar­
ranged these methods into Jive main groups-eombustion in oxy­
gen, combustion in other gases, alkali metal fusion, fusion with
alkalies, and decomposition in solution. Decomposition by
combustion in oxygen appeared to be the most suitable and
the least objectionable in regard to handling of reagents. Of
the various combustion methods available for the determination
of fluorine (1-10) the only methods which appeared applicable
were those of Teston and McKenna (10), Milner (7), and Clark
(3).

Teston and McKenna. (10) reported a sernimicromethod for
the simultaneous determination of carbon, fluorine, and chlorine.
Their met.hod of determining fluorine does not, however, give
correct fluorine values in hydrogen containing compounds.

~Iilner (7) described a procedure in which the sample is burned
in a stream of moist oxygen, utilizing a platinum tube. This
method is reported to be useful for compolmds boiling at about
60 0 C. or higher. Milner's procedure with various modifications
was used successfully in this laboratory. Several disadvantages
in addition to the high eost of the platinum tube were soon real­
ized. Controlled vaporization of the sample is difficult when the
sample cannot be observed. Maintaining an even flow of steam
without increasing the flow rate of the sample through the tube
is bothersome. The over-all size of the apparatus is relatively
large and the length of time per analysis is somewhat long for
routine analyses.

The quartz tube micromethod of Clark (3) for the determina­
tion of fluorine only was then investigated. It was faster and less
costly than Milner's platinum tube method, but yielded low
results with certain types of compounds. A study of this method
was made in an attempt to apply it to the types of compounds
which gave erroneous results. The proposed procedure differs
from Clark's in several important respects.
First, a simultaneous carbon determination
has been incorpor,!l.ted in the procedure.
Second, owing to (lifficulties encountered in
decomposing many compounds, the tempera­
ture has been raised from 900 0 C. to a,bout
1150 0 C., and a small amount of moisture has
been introduced into the combustion tube. ~
Third, the Grote absorber has been modified
slightly, and modifications have been made
in the apparatus to facilitate handling of
gas samples. Fourth, the acid-base titration
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has been modified. With these modifications of the apparatus
and procedure, carbon and fluorine have been determined suc­
cessfully in a large variety of fluorinated materials including the
compounds which gave erratic results originally.

APPARATUS

The equipment listed is advised where a permanent setup
capable of handling a variety of samples is desired (see Figure
1).

Standard pressure regulator, A, giving sufficient pressure to
allow an oxygen flow rate of approximately 25 ml. per minute.

Gas sample bulbJ B, of IQ-ml. capacity, 7/10 standard-taper
joints, is used for all gas samples and low boiling liquids.

Two gas bubble traps, C, filled with water which serve as flow
rate meters as well as a source of water vapor.

A movable electrically heated furnace, D, 3 to 5 cm. in length,
and operating at 800 0 to 900 0 C., is used to vaporize the liquid
and solid samples.

Fused quartz combustion tube, E, with body length of ap­
proximately 650 mm. and outside diameter of 11 mm. The tube
is equipped with a side arm at the entry end and a 10/30 male
joint at the exit end (available from The Arthur H. Thomas
Co., Philadelphia, Pa.). The joint is sparingly greased with
Celvacene heavy vacuum grease. The section of the combustion
tube within the hot part of the main furnace, P, is packed alter­
nately with quartz chips and rolls of platinum gauze freshly
etched with aqua regia. The packing used consists of four sec­
tions of platinum gauze and three sections of quartz chips. The
section of platinum at the entrance end protrudes out of the fur­
nace for 1 to 2 cm.

An 8-cm. silver gauze roll is placed in the section of the com­
bustion tube within furnace N. This serves to remove interfer­
ing sulfur compounds and halogens other than fluorine from
the gas stream.

Lindberg high temperature micro furnace, P, operating at
11000 to 1200 0 C. (available from The Arthur H. Thomas Co.).

A IQ-cm. electrically heated furnace, N, which is kept at
350 0 C.

Spray trap and modified Grote absorber with a medium frit,
G. Ideally, this should be made of quartz, but borosilicate
glass has been found to be satisfactory. This has been modified
by using a standard-taper joint which facilitates removal of the
acidic material from the absorber (Figure 2). The entrance
end of the absorber is so constructed that the condensed water
vapor will drain into the absorber and not form a pool of water
near the standard-taper joint.

Concentrated sulfuric acid trap, H.
Anhydrone absorber, [.
Standard-taper microabsorption tubes, J, K, filled with

Ascarite. Tube J is the carbon dioxide absorption tube and K
is used as a tare.

Guard tube containing Anhydrone, L.
Standard Mariotte bottle assembly, M.

REAGENTS

Sodium hydroxide, O.OIN, carbonate-free, stored in poly­
ethylene bottle equipped with an automatic buret. Alkali
remaining in glass buret after a titration is discarded and not
allowed to return to the bottle.

Phenolphthalein solution, 1% in ethyl alcohol.
Saturated mannitol solution, reagent grade.

Figure 1. Combustion Apparatus
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CALCULATION FOR PER CENT FLUORINE

[Titration volume (ml. of standard alkali)] X [titer of alkali
(mg. of F/ml. of NaOH)]/sample weight in mg.

X100=%F

DISCUSSION

The decomposition of a fluorocarbon sample in a quartz tube,
in the presence of oxygen and at elevated temperatures, can be
represented as in Equation 1 for perfluoropropane.

(3)

(4)

(5)

(1)

(2)

1/3.41/3.9

BFa + H 20 ~ HBFaOH

BFa + HF ~ HBF.

HBF. + H 20 ~ HBFaOH + HF

21.9% C
78.1% F

19.1% C
80.9% F

CaFs + 2Si02 + O2 ~ 2SiF. + 3C02

SiF. + 2H20 ~ 4HF + Si02

Theoretical
Values

Combustion at 900 0 C. without Water Vapor
Values Found Low in Ratio of C/F

Sample Sample Sample Sample
A B A B

20.0% C 19.5% C 1/4.4 1/3.8
64.5% F 63.5% F

17.9%C 16.8%C
73.3% F 68.2% F

C.F.

Sample

C,F18

Accordingly, he added mannitol after reaching the first end point
and then titrated to a second end point. The difference between
the two end points he assumed represented the monohydroxy­
fluoroboric acid present. Hence, he added three times this value
to the first titration volume to obtain the volume of base equiva­
lent to the fluorine present.

The experience in this laboratory is in agreement with that of
Clark's, in that there is definitely a mannitol increment using the
procedure described. Furthermore, if the base is standardized
acidimetrically, fluorine values are low if no increment is added
and near-theoretical values can be obtained by adding three times
the mannitol increment to the titration volume.

Nevertheless, there is some question as to the validity of this
use of the mannitol increment. In attempting to reduce the
increment to a minimum, the following was observed. The
O.OIN alkali on standing slowly picks up boron from the glass.
Very little boron appears to result from combustion in the quartz
tube-most of it comes from the absorber. As was shown by
Clark (4) and also found in ~his laboratory, the pH of the colori­
metric equivalence points before and after adding mannitol are
not the same. Borate ion at concentrations which might be
found in the Grote absorber does not affect the titration of hydro­
fluoric acid. The mannitol increments from a large number of
individual determinations were small (about 0.10 ml. of O.OIN
sodium hydroxide); in the range of 1 to 10 mg. of fluorine, the
variation was no greater than the titration error.

The use of the mannitol increment decreases the precision oj
the titration, since three times the error in its determination is
added to the error in ascertaining the titration volume. Hence
an empirical standardization of the alkali, eliminating the man­
nitol increment, was adopted. This simplifies the titration and
at the same time increases the accuracy. It is advisable to rUIl
reference samples periodically to ensure that the conditione
have remained constant.

In the course of deciding on the best conditions for the quantita­
tive decomposition of highly fluorinated materials, it became ap·
parent that both temperature and moisture are important factors,

Table II. Decomposition of Tetrafluoromethane at
Various Temperatures in Presence of Water Vapor

Temperature Observed Values Theoretical Values
o c. % C % F % C % F

1000 0.4 2.1 13.6 86.4
1200 0.6 3.1

In Clark's (3) procedure, as in the present one, the silicon tetra­
fluoride is absorbed by hydrolysis in a Grote absorber containing
water according to Equation 2. The hydrogen fluoride can then
be titrated with sodium hydroxide, using phenolphthalein as the
indicator. Clark postulated that some of the fluoripe was tied
up as the weak acid, monohydroxyfiuoroboric acid which was
formed from the reaction of silicon tetrafluoride or hydrogen
fluoride with boron in a Grote absorber.

Table I.

PROCEDURE

Standard-Taper
Joint

Figure 2.

30"""

Samples of 8 to 10 mg.
are used. Solids are
weighed in platinum
boats, liquids. in glass
capillaries, and gases
either directly in the gas
bulb or the weight is cal­
culated by the method
of taking gas aliquots.
The usual oxygen puri­
fication train is used,
and the oxygen flow rate
is adjusted to approxi­
mately 25 mI. per
minute. The joint con­
necting the combustion
tube with the modified
Grote absorber is cooled
with a stream of air.
Glass capillaries for
liquid samples are sealed
on both ends before
weighing. The liquid is
frozen by immersing one
end of the capillary in
liquid air. The other
end is snapped off and
both pieces are quickly
in troduced in to the
combustion tube. The

solid or liquid sample is slowly vaporized into the hot portion
of the tube, taking about 15 to 20 minutes for combustion with
a 2D-minute sweeping time. In the case of a gas sample, the
apparatus is so arranged that the main flow of oxygen bypasses
the sample bulb and only one bubble every 2 seconds goes
through the bulb. After about 10 minutes, the ratio of oxygen
going through to that bypassing the bulb is increased until
finally the entire flow of oxygen is directed through the bulb.

After about 40 minutes the Ascarite tubes are removed and
weighed. Cooling of the joint between the combustion tube and
modified Grote absorber is discontinued. This allows the joint
to warm up so as to drive any condensed moisture into the
absorber. When the joint is dry and free of acid, the oxygen
flow is turned off, the absorber is removed, and its contents are
transferred to a 125-ml. flask. To remove all acid from the
absorber, the titration is started by adding a few drops of phenol­
phthalein and small amounts of standard O.OIN sodium hy­
droxide directly to the absorber. After the latter is scrubbed
with a swab made of cotton on a platinum wire, the washing is
added to the 125-ml. flask. This process is repeated until 1
drop of alkali in the absorber remains pink to phenolphthalein.
The titration is continued by titrating the combined solutions
in the flask with standard O.OIN sodium hydroxide. Before the
end point is reached, the solution is boiled a few minutes on
the acid side to remove carbon dioxide absorbed from the atmos­
phere, is quickly cooled, and the titration is completed to the
permanent pink color of phenolphthalein.

The titer of the alkali is determined by running a series of
determinations for fluorine on fluorine-containing organic com­
pounds whose purity is well established. Purified samples of
perfluorobutyric acid; polytetrafluoroethylene; 1,I-dihydro­
perfluorobutyl acrylate; or perfluoropropane have been used.
In order to check the "mannitol increment" occasionally, as dis­
cussed below, 10 m!. of neutralized saturated mannitol solution
are added after the end point has been reached. The titration is
then continued to a reappearance of the pink phenolphthalein
color.

The carbon is weighed as carbon dioxide, which is absorbed by
the Ascarite. A carbon dioxide blank is determined, using the
same volume of oxygen over the same period of time. The
blank is usually about 50 'Y or less.
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Table III. Effect of l\fois!ture in DecoUlposiing SOUle
COUlpounds at llOO" C.

Without With
Moisture Moist.ure Theoretical

Effect of TeUlperature in Presence of lUoisture
Found at Found at Found at Theo-
10000 C. 11000 C. 12000 C. ,,;tical

21.8%C 22.4%C 22.2%C
64.;1% F 70.0% F 70.4% F

18.1%C 22.2%C 22.2%C
54 ..5% F 69.8% F 70.4% F

Compound

C,F..

C,F160

Table IV.

Compound.

C,F160,

19.5% C
63.5% F

21.1% C
62.8% F

220% C
77.7% F

23.1% C
72.9% F

21.9% C
78.1% F

23.1% C
73.1% F

Table V. General Table of Results
Carbon, % Fluorine, %

Compound Calcd. Found Calcd. Found

C14Fao 22.8 22.7 77.2 77.4
(C,F,)x 24.0 24.0 76.0 75.8
C,FuR 22.2 22.4 77.4 77.4
C7F,iR 22.7 22.6 77.0 76.7
C,F,OC,F,OC,F, 21.1 21.1 73.3 73.4
C,F130C,F13 22.0 21.8 75.5 75.0
CF,CH,OH 24.0 24.1 57.0 56.9
C,F19CH,OH 24.0 23.9 72.2 71.8
C,F,COOH 22.0 22.0 57.9 57.8
C,F,COOC,H, 31.3 31.2 49.5 49.8
C,F7COOCH,C,F" 24.2 24.2 69.0 68.6
CH,=CRCO,CH,C,F7 33.1 33.1 52.4 52.3
C,F7CH(OH), 22.2 22.2 61.6 61.3
(C,FllCOJ,O 23.6 23.4 68.5 68.0
C,FllCCh 18.6 18.5 53.9 54.0
C,F7I 12.2 12.2 44.9 44.8
CF,BrCFBrCO,CH,C,F7 18.0 18.1 40.6 40.7
C,F,CH,NCO 27.4 27.5
C,H,NHCH,C,F7 43.6 43.3

Table VII. SUUlUlary of Results and Conditions Used for
Analyzing Certain Sulfur COUlpounds

Per Cent Fluorine Found
With With

general V205 in
Compound Calcd. packing packing

water. vapor. By using the apparatus and procedure as described,
a large variety of compounds has been analyzed for carbon and
fluorine with a relative error of 1% or less (Table V). The
reproducibility of this method is demonstrated by the results
from ten analyses of 1,1-dihydroperfluorobutyl acrylate (Table
VI). Most of these and many other research samples were sup­
plied by the Central Research Department, Minnesota Mining
and Manufacturing Co.

Table VI. Reproducibility of Results froUl Ten Analyses
of 1,1-DihydroperOuorobutyl Acrylate"

By Analysis Theoretical
%C % F % C % F

32.9 52.2
33.1 52.4
33.1 52.3
33.2 52.5
33.1 52.6
33.0 52.5
33.0 52.2
33.1 52.0
33.1 52.2
33.1 52.3

Average 33.1 52.3 33.07 52.36
±0.05 ±Q.16

a Obtained by three analysts using two combustion trains.

SULFUR-CONTAINING COMPOUNDS

Most sulfur compounds present no partieular problem with the
usual procedure. However, in the case of certain sulfur com­
pounds in which the sulfur is in a low state of oxidation, both the
carbon and fluorine results were high. To overcome the high
fluorine values it has been found advantageous to have one of the
sections of quartz chips (in the hot zone of the furnace) impreg­
nated with vanadium pentoxide. Vanadium pentoxide has
long been used as a catalyst for the oxidation of sulfur to sulfur
trioxide. At these temperatures, fluoride ion is not held by vana­
dium. In addition, the carbon values on this type of sulfur­
containing compound were high, probably because some acidic
material other than hydrofluoric aeid was swept out of the

18.0
16.7

18.8
21.7

66.0
61.2

Per Cent Carbon Found

18.9
19.8

69.5
65.6

With With With V,O, in
general V,O, in packing with

packing packing KMnO, trap

17.9
16.6

66.2
61.4

Following are some results obtained on a few compounds analyzed
under various conditions which will serve to demonstrate these
effects.

It was observed in the analysis of perfluoro-octane and per­
fluoropropane at 900 0 C. with no water vapor present that both
carbon and fluorine results were low in a ratio of approximately 1
carbon to 4 fluorines (Table I). This would lead one to believe
that the results were probably low owing to the formation of tetra­
fluoromethane. If this were formed during the combustion, one
would expect to obtain low carbon and fluorine values since
tetrafluoromethane does not, under the conditions of the analysis,
decompose quantitatively at even higher temperatures and in the
presence of water vapor (,rable II). An effort was then made
to isolate and identify the breakdown products formed in the
combustion to see whether tetrafluoromethane could actually be
found in the gas stream from compounds which did not yield
quantitative results under the conditions used. The exhaust
gases from a typical run of perflll,oro-octane and a cyclic pet­
fluoro ether (c-C.F120) were collected and identified by infrared
spectroscopy. In both cases with.decomposition at 900 0 C. and
no water vapor present, tetrafluoromethane was identified in the
exhaust gases. It must be realized, 'however, that other break­
down materials might be found in the exhaust gases if the sample
is introduced into the hot part of the tube too rapidly. For
example, when the cyclic perfluoro ether (c-C6F I20) was volatil­
ized in about one fourth the ilOrmal time, carbon monoxide and
hexafluoroethane were produced in addition to tetrafluorometh­
ane.

From these observations it appears that if one could prevent
tetrafluoromethane from forming during the combustion, quan­
titative remIts might be obtained. Several investigators have
reported that the addition of moisture aids in the decomposition
(1, 8). Since tetrafluoromethane was realized with compounds
containing no hydrogen, the introduction of hydrogen-containing
material, such as water, should alleviate this difficulty.

Table III shows the results obtained on two compounds which
demonstrates the effect of the addition of moisture into the com­
bustion tube. Of course, repeated runs without water vapor
gave variable results. The percentages listed are averages of
several individual determinations.

The addition of moisture alone is no'; always sufficient to
decompose the compound quantitatively, a,nd an increase in tem­
perature as well is required. In the case of c-CBF1.02, 1100 0 C.
was sufficient to yield quantitative results whereas cyclic per­
fluorobutyl ether gave low carbon and fluorine results at 1100 0 C.
but yielded quantitative results at 1200 0 C. (Table IV).

Koone set of conditions is necessarily essential to decompose
the various fluorine-containing compounds quantitatively.
Polytetrafluoroethylene gives correct carbon and fluorine values
at 900 e to 1000 0 C. with no water vapor present. On the other
hand, several of the eyclic ethers were quantitatively decomposed
only after temperatures of 1200 0 C. were used in the presence of
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absorber. To correct this difficulty, a small bubble trap filled
with acidic potassium permanganate was inserted in the train
between the modified Grote absorber and sulfuric acid trap.
Table VII gives a summary of the results for two sulfur-con­
taining compounds analyzed under various conditions.

INTERFERENCES

Metal ions which retain fluorine at the operating temperature
of the furnace will give low fluorine results. In the case of nitro­
gen compounds, acidic oxides of nitrogen are formed, so that the
fluorine cannot be determined by an acid-base titration. Quan­
titative carbon values are, however, obtained. Several phos­
phorus-containing compounds have been successfully analyzed
for both carbon and fluorine.
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Interference of Sulfhydryl Groups in Analysis of Urinary
Mercury and Its Elimination
I. M. WEINER and OTTO H. MULLER
Department 01 Physiology, State University 01 New York, Upstate Medical Center, Syracuse, N. Y.

The lllercury in the Salyrgan-cysteine cOlllplex, which
contains a lllercury-sulfur bond, was found to be Dlore
difficult to deterllline quantitatively than either the
lllercury in Salyrgan or inorganic lllercury. The sallle
difficulty was encountered in the analysis of lllercury'
in the urine of dogs treated with Salyrgan. The urinary
lllercury is believed to exist in a forlll analogous to the
Salyrgan-cysteine cOlllplex. Minor changes in Kozel­
ka's lllethod for lllercury analysis lllade this procedure
satisfactory for the quantitative deterlllination of lller­
cury in these sulfur containing cOlllpounds.

T HE usual procedure for studying the applicability of an ana­
lytical method to biological material is to analyze for known

amounts of a particular substance added to tissues or body fluids.
However, in the intact animal such a substance may be converted
to a form which cannot be duplicated in dead tissue, and which
might complicate the analysis. This was found to be true in the
case of mercury excreted in urine, in contrast to mercury added
to urine.

In earlier experiments performed in this laboratory with a
variety of analytical procedures, recoveries of mercury were
poor. The authors suspected the deficiency was due to the loss
of mercury through volatilization and, therefore, turned to an
ingenious method by Kozelka (2), which actually takes advantage
of this volatility. The authors found it to be adequate for stand­
ard solutions of either inorganic mercury or Salyrgan (mersalyl),
an organic mercurial. In the course of studies on the excretion of
mercury after the administration of Salyrgan to dogs, simultane­
ous determinations of urinary mercury were made with Kozelka's
method and the polarographic method. Results obtained by
these two methods showed considerable discrepancies which had
not been present in the control experiments. The reason for
this was suspected to be the formation, in vivo, of a compound
considerably more resistant to digestion than Salyrgan itself.
The nature of this compund was suggested by further polaro­
graphic study (5) to be RHgSR', where R represents the organic
part of the Salyrgan molecule and -SR' represents a small,
unidentified sulfhydryl compound. To test this hypothesis an
analogous compound was prepared from Salyrgan and cysteine,
and analyzed by K()zelka's method. This compound was found
to be more difficult to analyze, but this difficulty can be sur­
mounted by relatively minor changes in the original method.

The interference by sulfhydryl moieties is not noticeable when
solutions of mercurials are added to urine, because urine does not
usually contain enough neutral sulfur to form an appreciable
amount of the mercury complex. In this respect, Simonsen (3)
implied that mercury determinations in urine were 'unsatisfac­
tory if the urine contained much protein.

METHODS

In Kozelka's original method, 100 ml. of urine is concentrated
and then digested with 50 ml. of concentrated sulfuric acid, 20
grams of ammonium sulfate, and 1 gram of copper sulfate in II

Kjeldahl flask fitted to a cQndenser which ends in a water trap.
Any mercury that is not distilled over during the digestion pro­
cedure is carried over as a complex chloride by a stream of chlorim
gas and heat. The mercury in the distillate is determined
colorimetrically with dithizone. This method was used by thE
authors with the following modifications.

Kozelka did not specify the time necessary for digestion nor
the rate of chlorine flow. The time of digestion and the time 01
chlorine flow were therefore varied while the rate of chlorine ftO'l'l

was controlled at approximately 150 ml. per minute with a differ·
ential water manometer as an indicator.

Urine from animals treated with Salyrgan contains enougl
mercury to allow analyses to be made on 0.1 to 3 m!. of urine
Therefore, the procedure for concentrating solutions was elimi·
nated. In addition to the previously mentioned chemicals, ~

grams of sodium chloride were added to the digestion mixture t(
simulate the chloride content of concentrated urine.

Instead of an Evelyn colorimeter at 470 mIL, a Beckman Dl
spectrophotometer was used at 480 mIL, which is closer to th,
absorption maximum of mercury dithizonate (2).

The grade of dithizone (Eastman, white label) used did no
require purification (4), but some difficulty was experience(
with the carbon tetrachloride in which it was dissolved. Th,
dithizone solution was tested by subjecting it to the same pro
cedure as in the analysis-that is, 25 ml. of dithizone solutiol
was washed twice with 50-ml. portions of 9N ammonium hy
droxide and the absorption of the solution at 480 mIL determined
Different brands and 'even different lots of the same brand 0

carbon tetrachloride (all marked "suitable for dithizone test"
gave different blank readings. Moreover, a given solution in
creased in absorbance from day to day. Redistillation of th,
carbon tetrachloride did not remedy this. As a consequenc,
daily dithizone blanks were run in addition to the usual reagen
blanks, which were obtained at the beginning of each series 0
analyses.

In the authors' experience the extraction of mercury is bes
!pade from less than 75 ml. of total fluid, distillate plus was]
water.

Because the most critical step in the procedure is the extractioJ
of all the mercury containing distillate and wash water witl
exactly 25 ml. of dithizone solution, even minute losses througl
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'able l. Analysis of Sulfur-Free Mercury CODlpounds

Urine Digest Cli (Nfl.),- Hg, 'Y

Type of Added, Time, Time, SO., Ex-
Mercury ML Min. Min. G. pected Found
Hg++ 20 55 20 30 30

20 55 20 50 50
20 50 2() 40 39.5
20 50 20 20 19.5

Salyrgan 5 30 60 20 9.5 9.5
Hg++ 20 50 20 50 47.5
Salyrgan 5 30 60 20 56.8 51.5

5 30 60 20 56.8 51.5
5 30 60 40 56.8 57.8
5 30 60 40 56.8 57.8

RESULTS

The data presented in Table I indicate that for small quantities
)f mercury the procedures employed were satisfactory whether
;he mercury was present as inorganic mercury or as Salyrgan in
;he presence or absence of urine. However, for the 50- to 60-1'
'ange the results were low. In these experiments it was not
lecessary to concentrate the urine; consequently the final con­
lentration of salts in the digestion flask was lower than that in
K:ozelka's experiments. Since the resulting lower boiling tem­
lerature might possibly be responsible for the incomplete dis­
;illation of the mercu:ry, the amount of ammonium sulfate was
loubled in the digestion flask. The last two analyses of Table I
,how that this procedure gave satisfactory recoveries.

However, in Table II, the recovery was poor whenever the
nercury was present as the Salyrgan-cysteine complex, even when
elatively small amounts of mercury were analyzed. Doubling
he concentration of ammonium sulfate and lengthening the diges­
ion period to 2 hours did not improve the recoveries.

a stopcock (which obviously cannot be greased) must be avoided.
The distillate was therefore transferred dire'ltly to a 250-ml.
glass-stoppered Erlenmeyer flask where the iniUal extraction was
then periormed. The aqueous layer was drawn off by suction.
In the subsequent opera.tions where the preservation of total
volume is not critical, separatory funnels with water lubricated
stopcocks were used.

S & S No. 589 filter paper was found to be suitable for use in
this analysis without previous extraction with dithizone.

The standard solution of inorganic mercury was prepared from
metallic mercury (2). The standard solution of Salyrgan was
prepared from salyrganic acid (powder, Sterling Winthrop,
Control No. N-360HH). The concentration of mercury cal­
culated from the weight of Salyrgan in solution was 37.9 l' per
2 mI., by the modified procedure, 37.8 and a8.2 1'.

The standard solution of the RHgSR' was prepared from the
standard Salyrgan solution and cysteine. An equivalent
amount of cysteine hydrochloride was plaeed in a volumetrie
flask and made up to the mark with standard Salyrgan solution,
after clearing the latter of oxygen to preven~ the oxidation of the
cysteine. Removal of oxygen wasaceomplished by bubbling
nitrogen saturated with water vapor at room temperature
~hrough the solution for 3 hours. The eompleteness of the
reaction was verified polarographically (1).

OCH.COONa

C
~COKHCH'CH(OCH3)CH'HgOH+ HSCH,CHNH,COOH

~ ~

)

OCH,COONa

ij' ~ CONHCH.CH(OCHa)CH2HgSCH,CHNH2COOH

§ + H 20

In experiments performed to ascertain the effect of urine on
the analysis, 5 ml. of urine from an untreated dog were added to
the mercury solution in the digestion flask.

Hg, 'Y

Table IV. Results with Modified Procedure

Digest C12 (NH,),- Hg, 'Y

Type of Time, Time, SO" Ex-
Mercury Min. Min. G. pected Found

Salyrgan-cysteine 60 120 40 37.9 39
60 120 40 37.9 38
60 120 40 37.9 37
60 120 40 37.9 37
60 120 40 37.9 38.5
60 120 40 56.8 57.5
60 120 40 56.8 57.8
60 120 40 9.5 9.5
60 120 40 9.5 9.5

Digest Cit • (NH,),- Hg, 'Y

Type of Time, Time, SO" Ex-
Mercury Min. Min. G. peeted Found

Salyrgan-cysteine 60 60 40 37.9 38
60 60 40 37.9 36.5
60 60 40 37.9 37.5

Table III. Effects of Strong Heat

The digestion can be somewhat improved (Table III) if, du:r­
ing the passage of 'chlorine gas, the solution is very strongly
heated. Unfortunately this causes so much sulfuric acid to be
distilled over that the neutralization of the distillate becomes
hazardous.

By doubling the time of chlorine flow and using moderate heat
(enough to keep the solution boiling) all the organic mercu:ry was
digested and distilled without the hazards of excess acid distilla­
tion (Table IV). The total time involved in the last two un­
successful analyses in Table II is 3 hours, the same as that for the
successful analyses in Table IV. The only difference is the time
of exposure to chlorine gas. The superior oxidizing power of the
digestion mixture in the presence of chlorine gas probably ac­
counts for the completeness of the digestion.
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CONCLUSION

The results show that it is possible to make a complex which
cannot be accurately analyzed by Kozelka's method unless the
procedure is modified. The essential modifications are: a higher
boiling temperature produced by adding 40 grams of ammonium
sulfate to the digestion mixture, and a 2-hour period of chlorine
flow at 150 m!. per minute. With these modifications the method
gives results accurate to 11' in the range of 9.5 to 57 1'.

In general, it may be concluded that any method based solely on
the analysis of inorganic mercury added to urine or other biologi­
cal material is open to question. An additional criterion for the
adequacy of a method should be simultaneous analysis of aliqiIots
of the same biological material by an independent and widely
different technique, if possible. In the authors' case the polaro­
graphic technique did not require digestion of the u:rine. In a
series of .simultaneous analyses of 18 samples of dog urine con­
taining excreted mercu:ry the modified Kozelka method was
found to yield results in good agreement with the polarographic
method.

Found
34
33
34.5
31.0

Ex­
pected
37.7
37.9
37.9
37.9

Table II. Interference, of Sulfur
Digest Cli (NH,),-
Time, Time, 804,
Min. Min. G.

60 60 :!O
60 60 :~O

120 60 ·10
120 6010

Type of
Mercury

Salyrgan-cysteine



Hydrolysis Constants of n-AliphaticAmine Salts
W. H. SLABAUGH
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The hydrolysis constants of n-prin1llry amines in ap­
proximately 22% ethyl alcohol solutions were deter­
mined froID potentioIDetric titration data. The pKh

values determined by extrapolation to zero ionic
strength were in good agreeIDent with published values
of pKh in water solutions deterIDined by conductance
and e.m.f. lOethods.

Figure 1. PotentioIDetric Titration Curves

For 0.1, 0.05, and 0.025N CaH,NH, with standardized hydrochloric aei'
at similar concentrations

• ML. H(1 ADDEO

in a 44% ethyl alcohol-water solvent with standard hydro­
chloric acid in water having a normality of the sume order
of magnitude as the amine solution. The end point of a
potentiometric titration can be satisfactorily determined by
means of plotting the change in pH (.1pH) against the milli­
liters of acid added. However, there is considerable difficulty
in determining the exact pH at which the pure amine hydro­
chloride exists. To find the pH of the end point, a graphical
analysis, as in Figure 1, was made by bisecting the distance
between the linear portions of the curve prior to and following
the stoichiometric end point.

A Beckman, Model H2. glass electrode pH meter was calibrated
at pH 4, 7, and 10 with Clark and Lubs' buffer mixtures, and re­
checked at pH 7 with a buffer supplied by the manufacturer of

Table!. Hydrolysis Values Based on Titration Data and COIDpared with Pnblished Valuel
End Point Data

Ethyl pKh (ale.) pKh (H,O)
alcohol by Salt Extrapolated lOT Hoerr Ha.ll

Amine pH weight cancn. pKh VP, to VP.= 0 (6) W (II)

NH. 5.26 23.3 0.0459 9.20 0.214
5.40 23.1 0.0242 9.18 0.156
5.56 22.6 0.0122 9.20 0.110 9.22 9.25

CH,NH, 5.83 21. 4 0.0495 10.36 0.222
6.00 21.3 0.0246 10.39 0.157
6.19 21.4 0.0124 10.43 0.111 10.56 10.59 10.64

C,H,NH, 5.90 22.0 0.0482 10.48 0.220 (10.60) 10.65 10.67
C.H,NH, 5.92 23.6 0.0504 10.54 0.224

6.06 23.6 0.0273 10.56 0.165
6.22 23.6 0.0136 10.57 0.117 10.58 10.58 10.58

C,H,NH, 5.96 20.0 0.0458 10.57 0.214
6.10 20.1 0.0228 10.60 0.151
6.28 20.1 0.0114 10.62 0.107 10.64 10.55 10.60 10.71

C.HuNH, 5.94 21.4 0.0495 10.57 0.222
6.16 21.4 0.0248 10.60 0.157
6.28 21.4 0.0124 10.65 0.111 10.68 10.62 10.70

C.H12NH, 5.96 22.3 0.0515 10.63 0.227
6.12 22.3 0.0255 10.65 0.160
6.25 22.2 0.0128 10.61 0.113 10.62 10.63

C,H"NH, 5.94 22.6 0.0523 10.60 0.229
6.10 22.6 0.0261 10.62 0.162
6.24 23.1 0.0130 10.59 0.114 10.60 10.65

C.H17NH, 5.82 22.1 0.0510 10.35 0.226
5.98 22.1 0.0255 10.37 0.160
6.18 22.1 0.0127 10.46 0.113 10.55 10.64

CIOH21NH, 5.34 22.0 0.0487 9.37 0.220 9.40 10.63
C12H"NH, 5.22 21.7 0.0501 9.06 0.224

5.35 21.8 0.0251 9.10 0.158
5.52 21.8 0.0126 9 .12 0.112 9.14 10.62

C"H"NH, 4.98 22.7 0.0472 8.64 0.217 (8.70) 10.61
'C"H"NH, 4.80 21.8 0.0502 8.32 0.224

4.98 21.4 0.0248 8.36 0.158
5.16 21.5 0.0124 8.39 0.111 8.42 10.60
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I N AN ordinary titration of an amine solution 'with a strong
acid, using a glass electrode pH meter, it was noted that

the data obtained at the end point provided a very simple method
of calculating the hydrolysis constant of the amine ion. In
view of the agreement of this method with more rigorous and con­
ventional methods, it was considered of interest to apply this
titration method to a group'of amines in order to assess its value.

An excellent summary of references and data is made by Hoerr
and coworkers (4) who used the conductance ratio method and
by Hall and Sprinkle (2) who measured electromotive force
values of cells without liquid junctions. Both groups of workers
overcame the problem of solubility of the higher amines in water
by making measurements on ~lcohol solutions of various concen­
trations and subsequently extrapolating the results to zero alco­
hol concentration. These workers have shown that the change
in conductance and electromotive force, both attributed to the
ionization of the systems involved, is relatively small in dilute
alcohol solutions. Consequently, the present study was based
on amine solutions which contained approximately 22% ethyl
alcohol at the end point of the titration.

In titrating a weak base with a strong acid, a salt is formed
which undergoes partial hydrolysis according to the equation

B + + H 20!:::> BOH + H +

According to typical deriva-
tions (3) of the hydrolysis
constant

pKh = 2pH - pC (1)

the expression was used to de­
termine the values for the hy­
drolysis constant at various
concentrations, C, of the
amine salt.

By applying the principle
used by Everett and Wynne­
Jones (1) the values for pKh

at zero ionic strength were
determined. This method
involved three determinations
at approximately 0.05, 0.025,
and 0.012 ionic strength.

EXPERIMENTAL METHODS
AND MATERIALS

In order to use Equation 1,
it was necessary to measure
accurately the pH of the amine
hydrochloride solutions. This
was accomplished by titrat­
ing a solution of the amine
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the instrument. Temperature was controlled to ±O.I ° C. for
calibration and to :±0.5° C. for the IGitrations. Ammonium
hydroxide and hydrochloric acid (c.p.), '95% ethyl alcohol, and
freshly distilled water were used. The lower amines were pur­
chased directly from Eastman Kodak and Matheson & Coleman
Bell Co. according to their current catalog listings. The higher
amines, beginning with octyl amine were kindly supplied by
ihmour & Co. as distilled grade Armeens. All amines were
used from freshly opened packages in order to minimize the pres­
ence of carbon dioxide which is absorbed by the amines to form
carbamates. All titrations were performed as rapidly as possible
in order to eliminate the effect of atmospheric carbon dioxide.

RESULTS

The results of this study are summarized in Table 1. The
end-point data were derived from a series of graphical analyses
similar to that in Figure 1. An error of ±0.04 pKh unit was at­
tributed to errors in reading and interpreting, these graphs.
Values for pKh , calculated by using Equation 1, were plotted
against the square root of the ionic strength for each amine, and
the extrapolated values of pKh were obtained. The experimental
error, attributed to all factors concerned, was ±0.85% of the
pKh values or ±0.09 pKh units. Reliable. values from three
published sources are listed for comparison. The pK(al•. )
values refer to those determined in alc<!lhol solutions, while the
pK(H20) refer to values determined or calculated for water solu­
tions of the amine salt.

ANALYTICAL CHEMISTRY

For the higher amines, a considerable deviation from Hoerr's
values was noted. These deviations, which follow a definite
trend, may be attributed to the formation of micelles evim in the
alcoholic solutions. The micelle reduces' the concentration of
the amine ion and at the same time introduces a different ionic
species. These effects would undoubtedly affect the activities of
the ions concerned and the resulting values of the hydrolysis
constants.

LITERATURE CITED

(1) Everett, D. H., and Wynne-Jones, W. F. K., Trans. Faraday Soc.,
48, 531 .(1952).

(2) Hall, N. F., and Sprinkle, M. R., J. Am. Chem. Soc., 54, 3469
(1932).

(3) Hamilton, L. F .. and Simpson, S. G., "Calculations of Analytical
Chemistry," 4th ed., p. 194, McGraw-Hill Book Co., New
York,1947.

(4) Hoerr, C" W., McCorkle, M. R., and Ralston, A. W., J. Am.
Chem. Soc., 65, 328 (1943).

(5) International Critical Tables, Vol. VI, McGraw-Hill Book Co.,
New York (1929).

RECEIVED for review July 19, 1954. Accepted September 29, 1954. Ap­
proved for publication by the Oregon State College Monograph Com­
mittee. Research Paper No. 257, Department of Chemistry, School of
Science.

Amperometric Method for Mercaptan Sulfur in 'Hydrocarbons
M. D. GRIMES, J. E. PUCKETT, B. J. NEWBY, and B. J. HEINRICH

Phil/ips Petroleum Co., Bartlesville, Okla.

The am.perom.etric titration of total m.ercaptan sulfur
with silver nitrate has heen applied to synthetic blends
of' lDercaptans in hydrocarbons. The average deviation
f'rom the true value was 1 p.p.m.. for liquid hydrocarbons
containing m.eI'.~aptan sulfur in the range of 0 to 100
p.p.lID., and 3 p.p.m.. for gaseous hydrocarbons contain­
ing :mercaptan sulfur in the rallge of 0 to 400 p.p.m..
Organic sulfides, disulfides, thiophene, and tetraethyl­
lead do not interfere. Free sulfur in am.ounts of less
than 0.001 % does not interfere. The apparatus is
sim.ple, com.pact, and portable. The am.perom.etric
titration can be com.pleted in less than 10 m.inutes, and
is especially suitable for use in routine determ.inations
of' total m.ercaptan sulfur in hydrocarbons.

THE increasing use of high-sulfur crudes has made it de­
sirable to have rapid, accurate methods for the determina­

;ion of mercaptan sulfur (thiols) in liquid and gaseous petroleum
>roducts. Previously reported methods include those based
m the reaction of the mercaptan with iodine (7, 13, 15), with a
:opper salt (2; 6, 14, 17, 1'9), and with silver nitrate (1, 3-5,
1-12, 16). Kolthoff and Harris (10, 11) described the ampero­
netrie titration of mercaptan sulfur with silver nitrate using a
'otating platinum electrode.

The method presented here is based on the work of Kolthoff
md Harris (11), and has been used succe1'sfully in this laboratory
or several years. It was ehosen over other reported methods
lecause of its speed, accuracy, and adaptability to routine de­
erminations. Liquid samples are dissolved in ammoniacal
~cetone and titrated with silver nitrate, according to Kolthoff
md Harris (11). The mercaptan sulfur from a gaseous sample
s absorbed in an exeess of silver nitrate, and the excess silver is

titrated with standard dodecyl mercaptan according to the pro­
cedure used by Warner (18).

The apparatus is simple, inexpensive, compact, and portable
(Figure 3). For use in routine analysis it was found more con­
venient to substitute a commercial pencil-type calomel electrode
for the reference electrode used by Kolthoff and Harris (11).
This modification requires the application of a negative potential
to the electrode system.

APPARATUS

Microammeter, direct current, 0- to 30-!La. range, with a sensi­
tivity of 0.2 !La. per division, and an internal resistance of ap­
proximately 490 ohms. A Weston Model 931 is suitable.

Voltmeter, direct current, 0- to 0.25-volt range, with a sensi­
tivity of 0.01 volt per division, and an internal resistance of 40,000
ohms per volt.

Stirrer. A stirrer is required that will maintain a constant
speed of approximately 1000 r.p.m., and in which eleetrical con­
nection can be made between the rotating electrode and the poten­
tial divider. A Cenco No. 18802A stirrer with electrode holder
attachment No. 18809 is suitable.

Rotating electrode. This electrode is similar to the one de­
scribed by Kolthoff and Harris (11).

Reference eleetrode. A sleeve-type calomel pencil electrode,
such as Beckman No. 1170-71 is used. (Warning. Select an
electrode that has a low internal resistance. Some of these elec­
trodes have a relatively high resistance, and would cause diffi­
culty in this titration.)

Electrical circuit. The electrical wiring diagram is shown in
Figure 1.

Gaseous sample container. A 100- to 200-m!. cylinder of stain­
less steel or aluminum, and fitted with a stainless steel needle
valv". is used.

REAGENTS

Supporting electrolyte. Dissolve 100 grams of reagent grade
ammonium nitrate in 500 m!. of concentrated ammonium
hydroxide.
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Cadmium sulfate solution, 12%. Dissolve 150 grams of reagent
grade cadmium sulfate (3CdSO•.8H20) in distilled water, add
10 m\. of 6N sulfuric acid, and dilute to 1 liter.

n-Dodecyl mercaptan solution, standard O.OIN. Dissolve 2.1
grams of the purified n-dodecylmercaptan in isopropyl alcohol
and dilute to 1 liter. Standardize this solution daily against
O.OIN silver nitrate amperometrically.

Table I.
Estimated Weight %

Mercaptan Sulfur

0.0001-0.001
0.001 -0.01
0.01 -0.1

Size of Sample

Ml. of Sample

50
20

5

0.0000
+0.0001

0.0000
0.0000

+0.0001
0.0000
0.0000
0.0000

0.0000
0.0000

+0.0001

+0.0002
+0.0001
+0.0003
+0.0002

0.0000
+0.0001

0.0001

Ml. of O.OlN
Silver Nitrate

10.00
10.00
25.00

0.0005
0.0006
0.0005
0.0005

o.oon
0.0010
0.0010
0.0010

0.0035
0.0035
0.0036

0.0052
0.0051
0.0053
0.0052

0.0082
0.0083

+0.0001
+0.0002

+0.0004
+0.0004

+0.0001
+0.0003

0.0003

Size of Sample
Grams of
Sample

100
20

5

o.oon
0.0012

0.0054
0.0054

0.0083
0.0085

2.0 4.0 6.0
ML. DOOECYL MERCAPTAN. o.olN

Silver Nitrate Method Used

'i
I

•

~•,i
t-~.-

•
-\i,.END POINT

v .-.1..._

+0.0003
+0.0003
+0.0002
+0.0004

o
0.0

Figure 2. Typical Titration Curve for
Gaseous Hydrocarbon Samples

Table II.
Estimated Weight %

Mercaptan Sulfur

0.0001-0.001
0.001 -0.01
0.01 -0.1

8

2

7

6

Colorimetric Potentiometric Amperometric
Found Deviation Found Deviation Found Deviation

0.0013
0.0013
0.0012
0.0014

ard O.OIN silver nitrate solution as indicated in Table II. Weigh
the sample container to the nearest 0.01 gram.

If the sample container is too bulky to be weighed conven·
iently, attach a we~test meter to the exit side of the second gaE
washing bottle. Liquefied petroleum gas samples should bE
taken from the liquid phase. Regulate the How of sample through
the gas-washing bottles at a rate of about 1 gram per minute.
After sufficient sample has passed through the system, as indio

Added

0.0005

0.0010

0.0035

0.0050

0.0082

Description

Iso-octaneCJ

Jet fuel b

Iso<-octaneeJ

Jet fuel b

Jet fuel b

Sample

A

B

C

D

E

No.

0.0054 +0.0004
0.0052 +0.0002
0.0052 +0.0002
0.0053 +0.0003

0.0083 +0.0001
0.0083 +0.0001

Av. 0.0003
B Mercaptan sulfur added as tort-butyl mercaptan.
b Mercaptan sulfur added as n-dodecyl mercaptan.

Table III. Analyses of Liquid Hy~bons of Known Mercaptan Sulfur Conten
Weight % Mercaptan Sulfur

CALOMEL
ElECTRODE

Figure 1. Diagram of Apparatus

VOLTMETER

PROCEDURE

rlOOOll RESISTOR

\ 1.5 VOLT
_ :!:rBAnERY

+ = looon
POTENTIOMETER

n-Dodecyl mercaptan may be purchased from Bios Labora­
tories, Inc., 17 West 60th St., New York 23, N. Y. The commer­
cial product may be purified as follows. Distill a large portion
in an efficient column and collect the center cuts boiling from
1500 to 1580 C. at 24 mm. Shake a portion of this product with
small portions of metallic mercury until the mercury remains
bright and shows no evidence of reaction after 2 hours of shaking
in a mechanical shaker.

Preparation of Apparatus. Assemble the titration apparatus
as shown in Figure 1, using soldered connections wherever prac­
tical in the electrical circuit.

Place 100 m!. of acetone and 5 mi. of the supporting electrolyte
solution in a beaker, and immerse the tips of the electrodes at
least 1 inch below the surface of the liquid. Adjust the speed of
the rotating electrode to approximately 1000 r.p.m.; maintain
this same speed throughout a titration. Close the electrical cir­
cuit and adjust the potential divider so that -0.23 ± 0.02 volt
is applied to the electrode system. The current may increase to
15 or 20 p.a. at first, but it
will decrease to near zero in a
few minutes.

Analysis of Liquid Samples.
If hydrogen sulfide is present,
it can be removed by shaking
the sample with acid cadmium
sulfate solution.

Measure with a pipet the
quantity of sample as shown
in Table I into a beaker, and
add 100 m\. of acetone and
5 m\. of the supporting elec­
trolyte. Titrate with O.OIN
silver nitrate to the ampero-
metric end point, as described
by Kolthoff and Harris (11).

Analysis of Gaseous Sam­
ples. REMOVAL OF HYDROGEN
SULFIDE AND ABSORPrION OF
MERCAPrAN. Introduce 50 mi.
of the acid cadmium sulfate
solution into a gas-washing
bottle. In another gas-wash­
ing bottle place 50 m\. of
acetone and an accurately
measured quantity of stand-
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Present Found Deviation

0.0036 0.0034 -0.0002
0.0016 0.0015 -0.0001
0.0139 0.0110 -0.0029
0.0036 0.0030 -0.0006
0.0615 0.0569 -0.0046

0.0045 0.0046 +0.0001
0.0045 0.()045 OOסס.0

0.0029 0.0029 OOסס.0
0.0029 0.0029 OOסס.0

0.0029 0.0029 OOסס.0
0.0029 0.0029 OOסס.0

0.0029 0.0028 -0.0001

Disulfideb

Substance

Elemental sulfur

Thiophene

Organic sulfideG

Tetraethyllead

Weischt%
Acfded

0.0001
0.0005
0.0058
0.0066
0.0289

g:m
0.010
0.110

0.020
0.250

3.00
ml.jgal.

G Added as isobutyl sulfide.
b Added 88 isobutyl disulfide.

Table V. Effects of InteJ:fering Substances on AJ:npero­
Dletric Detennination of Mercaptan Sulfur in I~tane

Weight % Mercaptan Sulfur

ACCURACY

The data in Table III indicate that for liquid hydrocarbons
eontaining mercaptan sulfur in the range of 0 to 100 p.p.m.
the average deviation from the true v,s.lue waa 1 p.p.m. Simi­
larly, the data in Table IV indicate that the average deviation
mm the true value waa 3 p.p.m. for gaaeous hydrocarbons
containing mercaptan sulfur in the range of 0 to 400 p.p.m.

ca.ted in Table II, close the sample'cr.linder valve and sweep out
the system for about 5 minutes 'wIth nitrogen. Reweigh the
sample cylinder, or record the wet-test meter reading.

Titration. Quantitatively transfer the contents of the gaa­
waahing bottle containing the silver mercaptides to a beaker,
rinsing with acetone. Add 5 mI. of supporting electrolyte to the
silver nitrate solution and titrate amperometrics.lly with the
standard O.OIN dodecyl mercaptan solution. A typical titra­
tion is plotted in Figure 2.

Figure 3. Photograph of Apparatus

of mercaptan sulfur (conducted by the Research Division III,
Section A, AmericaD.. Society for Testing Materials).

The data in Table IV by the iodometric method were obtained
by a modification of the method of Shaw (15). The propane­
mercaptan blends were prepared by adding a weighed amount
of previously analyzed Eaatman Kodak, white label, ethylmercap­
tan, or National Bureau of Standards tert-butylmercaptan (905­
5S) in the case of sample C, to a weighed amount of Phillips
Petroleum Co. pure grade propane.

Kolthoff and Harris (11) reported that chlorides and sma.ll
amounts of bromide do not interfere but that cyanides and other
ions, such as iodide and sulfide, which form iilsoluble silver salts
in ammoniacal medium"do interfere with the amperometric silver
nitrate titration for mercaptan sulfur. The results tabulated in
Table V indicate that organic sulfides, diaulfides, thiophene, and
tetraethyllead do not interfere. If the free sulfur content is
less than about 0.001 %, there is practically no int-erference with
the mercaptan analysis. .

['able IV. Analyses of Propane of Known Mercaptan
Sulfur Content

Weight % Mercaptan Sulfur
Iodometric Method Amperometric Method

Sample Added Found Deviation Found Deviation

A OOסס.0 0.0000 OOסס.0 OOסס.0 0.0000
OOסס.0 OOסס.0 OOסס.0 OOסס.0

BG 0.0004 0.0005 +0.0001 0.0005 +0.0001
0.0005 +0.0001 0.0005 +0.0001

0.0005 +0.0001

Cb 0.0018 0.0020 +0.0002
0.0019 +0.0001
0.0018 0.0000

DG 0.0038 0.0043 +0.0005 0.0040 +0.0002
0.0041 +0,0003 0.0041 +0.0003

0.0038 0.0000

EG 0.0391 0.0444 +0.0041 0.0410 11I-0.0013
0.0451 +0.0054 0.0402 +0.0005
0.0437 +0.0040 0.0401 +0.0010

0.0406 +0.0009
Av. 0.0011 0.0003

G Mercaptan sulfur added sa ethyl mercaptan.
• Mercaptan sulfur added as tert-buty mercaptan.

DISCUSSION

The data in Table III for the colorimetric and potentiometric
lethods were obtained by methods essentially the same as those
rBorgstrom l\Ild Reid (3) and Tamele and Ryland (16), respec­
'Vely. In preparing the iso-octane-·mercaptan blends A and
liated in Table III, a weighed amount of 2-methyl-2-propane­

Dol (tert-butyl mercaptan, National Bureau of Standards sam­
Ie 905-5S) waa added to a meaaured quantity of Phillips Petro­
urn Co. pure grade iso-octane. The theoretical mercaptan­
iliur contents of the jet fuel samples B, D, and E represent the
rerage values obtained by 13 laboratories during a cooperative
:sting program of instrumental methods for the determination
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Analylical Procedures Using I Combined
Combuslion-Diffusion Vessel
An Improved Method for the Degradation of Carbon-14-Labeled Lactate and Acetate
JOSEPH KATZ, S. ABRAHAM, and I. L. CHAIKOFF

Department of Physiology, University of California School of Medicine, Berkeley, Calif.

a Obtained from Richard Lemmon, Donner Laboratory, University of
California.

b Obtained by persulfate combustion (6) of lactate.

Procedure. Two hundJ:ed micromoles of lactate were intro­
duced into the main compartment of the vesseL One milliliter
of standardized, carbonate-free alkali was placed in the center
well, and immediately thereafter 2 ml. of 5% potassium man­
ganate in 2N sulfuric acid were added. The flasks were quickly

Sitnple cotnbustion-diffusion vessels tnay be used for
the cotnplete degradation of carbon-l4-labeled lactate
and acetate. The results obtained COtnpare favorably
with those of other standard tnethods. This flask is
useful for general degradation procedures of carbon-l4­
labeled cOtnpounds.

Degradation Scheme

CH...CHOH-COOH KMn04, H+ CH...COOH + CO2 (1)
(3) (2) (1) ...... (3) (2) (1)

CHa-COOH NaN" H 2SO. CH,NH2 + C02 (2)
(3) (2) (3) (2)

CH.NH2KMnO., OH- CO2 (3)
(3) • (3)

capped and evacuated through a hypodermic needle (6). The
vessels were heated for 30 minutes in an oven set at 80° C., and
allowed to cool. The barium carbonate was precipitated and
assayed in the usual manner (6). The acetate was recovered by
steam distillation of the permanganate solution in a Markham
still (7); 20 volumes of distillate were collected, and the acetic
acid was titrated with alkali. Results of typical experiments
with variously labeled lactates are presented in Table 1.

Degradation of Acetate (Equation 2). The sodium acetate
solution was evaporated to dryness on a steam bath, and the
residue was taken up in a small volume of water (exactly 1 or 2
mI.). Aliquots were taken for persulfate combustion··(6) and for
decarboxylation by the Schmidt reaction. The carbon dioxide
obtained from the persulfate combustion is derived from the a
and fJ carbons of lactate.

The aliquot used for the Schmidt reaction was transferred to a
shell vial and evaporated to dryness. About 0.2 ml. of 100%
sulfuric acid (8) was added, followed by the addition of about
30 mg. of recrystallized sodium azide. The contents were mixed
with a short stirring rod which was left in the vial.

The vial was put in the center well of the reaction flask, and
the flask was capped and evacuated. In most cases the Schmidt
reaction does not begin until the flask is heated, but with some
samples of 100% sulfuric acid, considerable heat was evolved
'immediately after the addition of the acid to the acetate-azidf
mixture. For this reason, an alternate procedure was employed.
The vial containing acetate and azide was placed in the centel
well of the flask, and the flask was capped and evacuated. ThE
acid was cautiously injected into the vial with 0.5-m!. syringe t(
which was attached a 2-inch, 23-gage needle;

The flask was placed in an oven, at about 80° for an hour
After cooling, about 2 m!' of carbon dioxide-free alkali were in·
jected into the main compartment of the flask with a hypodermil
syringe. One hour was allowed for carbon dioxide absorption
and the vacuum was then released by inserting a hypodermi(
needle through the cap. The vial was removed for subsequen'
methylamine distillation.

In the Schmidt reaction, the sulfur dioxide formed is also ab
sorbed by the alkali. To eliminate this contamination it wa,
necessary to regenerate the carbon dioxide. Base was delivere<
into the center well, and the flask was capped and evacuated
The carbon dioxide was liberated by injecting several milliliter
of 2N sulfuric acid. containing 1 to 2% of hydrogen peroxide int,
the main compartment. The hydrogen peroxide served to oxi
dize the sulfite, and eliminated the variable blanks obtaine(
otherwise. The carbon dioxide was collected and assayed a
described previously.

The amount of sample used for degradation by the Schmid
reaction is limited by the flask size, as two equivalents of gas ar
formed during the reaction (carbon dioxide and nitrogen). Wit'
the 50cm!. reaction flasks used here, as much as 0.5 millimole c
acetate can be degraded.

Oxidation of Methylamine (Equation 3). The vial containin
the methylamine was put into a small distillation flask contain
ing a few milliliters of water, and the solution' was made alks
line. The contents of the flask were concentrated to a sma]
volume, and the methylamine distillate (about 5 m!.) was trappe
in an excess of sulfuric acid contained in another combustio
flask. One milliliter of 2N sodium hydroxide and 3 m!' of 5~
potassium permanganate were next added, and the flask W2
evacuated and heated for about 30 minutes in an oven set 2
80° to 90° C. After cooling, alkali was put into the center weI
and the flask was re-evacuated. The carbon dioxide liberate
by injecting excess sulfuric acid into the main compartment W2
collected in the manlier described above.

An alternative procedure for the combustion of methylamir
with potassium persulfate can be used. In a previous paper (I
it was reported that the carbon dioxide yields from this oxidatio
were low. However, amines of this type can be completely ox
dized, provided a large excess of persulfate is utilized (9). Vi'1lf
200 micromoles of methylamine were being burned, 1 gram ,
potassium persulfate was found to yield satisfactory results.

96.5
2.3
2.4

%
Activity in

Carboxyl
Carbon of

Lactate

8.5
35.8
18.1

C02

24.6
2.4
1.3

Yield. %
CO, Acetate

97 98
99 96
95 96

Oxidation of Lactate-Carbon-14 with
Pertnanganate

Specific Activity.
Counts/Min./

Mg. BaCO,
Av. b

lactate
carbon

Table I.

Compounda

Lactic acid-I-carbon-14
Lactic acid-2-carbon-14
Lactic acid-3-carbon-14

THE use of combustion-diffusion vessels of very simple con­
struction in analytical procedures has been described (2, 6).

The application of this technique to the degradation of carbon-14­
labeled lactate and short-chain fatty acids is reported here.
Although several methods for the degradation of these com­
pounds are available (1, 3, 8, 10, 12), they do not lend them­
selves readily to simultaneous determinations, and often require
specialized and expensive equipment.

The procedure used here involves the oxidation of lactate to
acetate and the degradation of the latter by means of a modifica­
tion of the Phares method (8). The degradation scheme is
outlined below.

EXPERIMENTAL

The combustion-diffusion vessel has been described (6). It
consists of a 5O-ml. Erlenmeyer flask provided with a center well
for carbon dioxide absorption, and closed with a rubber serum
cap. However, a variety of vessels or screw-top vials can also
be employed (2).

Oxidation of Lactate (Equation 1). Dichromate has been
used for decarboxylation of lactate to acetate (12). In the
authors' hands, however, about 10% of the a-carbon was also
oxidized, a finding in agreement with that of Daus et al. (5). Use
of permanganate as oxidant reduces contamination to 2 to 3%.
In this reaction the yields of both acetate and carbon dioxide were
nearly quantitative (Table I).
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TaMe II. Degradation of Acetate--Carhon-14

=---,~-"P~r~odlLctsof Reaction
Per Cent Re,covery Specific Activitya

Compou"d Reaetion CO, CH,NH,b CO, CH,NH,c

Acetate-l-carbon-14 1~?d?;:~:!f;~~on ~~ flO ;~:l '0'
Aeetate-2'-carbon-14 K,S,O" oxidation 96 18.2

Azide reaetion 90 91 0 35.9
Acetate--carbon-14

d
1~~?;:.:':!f;~~on ~g 93 gg 7'9' .'9

a Counts/min./mg. BaCO, assayed! with an end-window Geiger-MUller
lube.

o Determined by titration of volatile base.
, Oxidized to CO, with KlVI110,.
d BiologicaUy prepared (4).

M,ethylamine can also be combusted directly after the Schmidt
'eaction, without distillation.. The contents of the vial are
Iansferred, with water, to the main compartment of a reaction
ressel, and the combustion is conducted as previously described
6). This direct combust,ion greatly simpli.fies the procedure.
Iowever, if .any unreacted acetate is pJ:esent,.it also will be oxi­
lized.

Table II shows that the recoveries of both earbon dioxide and
nethylaniine were abom 90%. The specifie activities of the
abeled carbons of either acetate-l-carbon..14 or acetate-2­
'arbon-14 were twice the average values obtained by persulfate
ombustion. It appears that there is no significant cross-con­
amination by this method.

The advantages of this procedure are especially apparent when
ilany samples are degraded simultaneously. The method was

ANALYTICAL CHEMISTRY

also found suitable for the degradation of propionate and butyr­
ate. It is likely that a variety of degrad~tions can be carried
out by means of the simple apparatus described here, with a con­
siderable saving of time. In this laboratory the complete degra­
dation of serine by the periodate method of Sakami (11) was per-
formed in the combustion-diffusion vessel. .
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,Argentimetric Procedure for Borohydride Determination
HERBERT C. BROWN and ALFRED C. BOYD, JR.

Department 01 Chemistry, Purdue University, Lafayette, Ind.

In order ito avoid errors arising frOID loss of horohydride
uadell' acidic conditIons, an analytical procedure was
developed which perlDits the deterlDination of horohy­
dride under alkaline conditions. The llnalysis is hased

ethylene­
upon the rellction: 8Ag+ + BH,- + 80H- dialDine ......

SAg J + HoBO, - + 5H.o. The precipitated silver is
reDloved by filtration and the excess silver ion in the
solution lis deterlD'ned hy standard ~olulDetric proce­
dures. The procedure allows the deterlDination of
horohydride in the presence of iodate and shows ihat
the reaction of iodate with horohydride is very slow.
No interference occurs with potasshlln chlorate, so­
diulD forlDate, ethyl alcohol, acetone, and cyclohexa­
none. Benzaldehyde interferes, resulting in high horo­
hydride values. Au alDlDoniacal solution of silver
nitrate provides a convenient sensitIve s,pot test for horo­
hydride s~.lutious.

-N THE original investigations of the chemistry of the borohy­
_ drides, the determination of active hydrogen utilized hydro­
~ic decomposition of the borohydride ion under acidic condi­
JollS, followed by measurement of the hydrogen evolved (4, 5, 9).
Jolumetric methods based upon the oxidation of borohydride by
line (7), hypochlorite (3, 8), and iodate (6) have been proposed.
The iodate method is a simple procedure whieh appears to have
lny advantages for the rapid analysis of borohydride solutions.
1 exeess of standard potassium iodate solution is added to the'
ueous borohydride SamplE), stabilized by alkali. A large excess
solid potassium iodide is added, followed by 4N sulfuric acid.

After 2 to 3 minutes in the dark, the liberated iodine is titrated
with standard sodium thiosulfate solution.

An attempt was made to simplify the iodate procedurEj by
eliminating the need for two standard solutions. Lyttle et al.
had stated that the borohydride reduction of iodate appears to
be an instantaneous reaction (6). It therefore appeared that the
analysis could be carried out by the addition of a large unknown
excess of iodate to the borohydride solution,. conversion of the
iodide (presumably formed in the rapid reduction) to free iodine
by acidification, followed by titration of the free iodine by stand­
ard arsenious oxide under controlled pH.

The results obtained were erratic. In the course of investi­
gating the cause of the difficulties, it became evident that the
reaction of iodate with borohydride is not so fast as it had been
postulated to be. The iodate procedure must depend upon the
formation of iodine or other intermediate oxidation products,
upon the acidification of the iodate-iodide solution, followed by
the reaction of these products with the borohydride.

In the course of this study an argentimetric procedure for boro­
hydride determination was developed which permits the analysis
of borohydride solutions under strongly alkaline conditions and
the determination of borohydride in the presence of iodate.
Application of the method definitely established the slowness
with which iodate and borohydride react under alkaline condi­
tions.

The new analytical procedure depends upon the reduction of
silver ion by borohydride ion under alkaline conditions. In order

8Ag+ + BH,- + 80H- ...... 8Ag t + H 2BO.- + 5H20

to maintain the silver ion in solution under alkaline conditions,
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" A standard solution of sodium borohydricle in 2M sodium hydroxide was
diluted with 2M sodium hydroxide in ratio indicated.

a complexing agent must be used. Both ammonia and ethylene­
diamine were investigated. The latter proved advantageous in
a number of respects. Consequently, all analytical data reported
in the present paper are derived from the procedure utilizing this
complexing agent. -

RESULTS AND DISCUSSION

Typical results obtained by the argentimetric procedure as com­
pared with the iodate procedure are summarized in Table I.

In order to ascertain whether the analysis was sensitive to
interference by substances that might be present in solutions be­
ing analyzed for borohydride, a number of tests were made by
adding several millimoles of the substances examined to the silver
nitrate-ethylenediamine solution immediately before addition
of the borohydride sample and carrying out the analysis as de­
scribed. The results are summarized in Table II.

The precision of these results is somewhat lower than those
reported in Table I, presumably because of the necessity for
rapid addition and mixing of the reagents. The results, however,
clearly establish that the reaction of borohydride with the silver
ion reagent is much faster than the reaction of the reducing agent
with the aldehyde or ketones used, or with the other added ma­
terials investigated.

PROCEDURE

Aqueous sodium borohydride solutions, 2M in sodium hydrox­
ide, were employed for the analyses. In the presence of the
strong base such solutions were observed to be relatively stable
for long periods of time. The ethylenediamine solution con­
tained 40 grams of ethylenediamine per liter of solution (approxi­
mately 0.7M). Standard solutions of silver nitrate (0.2000N)
and ammonium thiocyanate (O.l000N) were prepared and
standardized.

The reagent is prepared by mixing 25.00 m!. of the standard
silver nitrate solution with 25 m!. of the ethylenediamine solu­
tion. As this mixture ·is swirled in an Erlenmeyer flask, a 2.00­
m!. sample of the borohydride solution is added. The solution
immediately darkens as metallic silver precipitates. The mix­
ture is immediately poured into a sintered-glass funnel of fine
porosity. The filtrate is collected under slight vacuum. The
flask in which the reduction had occurred is washed with 10 to
20 m!. of water, and this wash water is used to rinse the precipi­
tated metal in the funne!. The wash water is drawn into the
flask containing the original filtrate. At least three washings are
made similarly to ensure quantitative removal of the silver ion.
The precipitate is not permitted to become dry until the final
washing has been made. .

The filtrate is now made acid with 5 m!. of concentrated nitric
acid, 2 m!. of standard ferric ammonium sulfate indicator are
added, and the solution is titrated in the usual manner with
standard ammonium thiosulfate solution (10). Addition of 20
m!. of nitrobenzene shortly before the stoichiometric point sharp­
ens the end point considerably (2).

0.3
3.5
8.0

24
102

Substance Added

Time, Hr.

None
2.5 mmole cyclohexanone
2.5 mmole benzaldehyde
2.5 mmole acetone

None
2.5 mmole ethyl alcohol
2.5 mmole benzaldehyde
2.5 mmole sodium formate
5.0 meq. potassium chlorate

Table II. Borohydride Determination in the Presence of
Added Substances

Borohydride Found, Meq./Ml.
Detn. 1 Detn.2 Av.

1.611 1.593 1.60
1.630 1.593 1.61
1.859 1. 717 1. 79
1. 622 1. 609 1. 62

1. 592 1. 566 1. 58
1. 599 1. 618 1. 61
1.755 1.748 1.75
1.590 1.557 1.57
1. 622 I. 633 1. 63

Table III. Decrease of Borohydride Concentration with
Time in Presence and Absence of Potassium Iodate"

Borohydride Found. Meq./MI.
Blankb Iodate soln. b

2.58 2.63
2.57. . 2.61
2.51 2.44
2.48 2.23
2.36 1.59

(l Room temperature.
b Solutions O.IN in sodium hydroxide.

Of the materials tested, only benzaldehyde interfered. In
the absence of borohydride, the addition of freshly distilled benz­
aldehyde to the silver nitrate-ethylenediamine reagent in the
presence of alkali results in the reduction of silver and the con­
sequent loss of silver ion from solution. The high figures for
borohydride in the presence of benzaldehyde (Table II) presum­
ably are due to this side reaction.

The reaction was applied to an examination of the postulated
rapid rate of reaction of borohydride with iodate. Two solutions
were prepared which contained identical cOI;lcentrations of sodium
borohydride in the ·presence of O.lM sodium hydroxide. One
solution was made O.lN with respect to potassium iodate. The
solutions were maintained at room temperature. At appropriate
times, aliquots were removed from each solution and analyzed
for borohydride content (Table III). It is apparent that in
3 hours the decrease in borohydride concentration is approxi­
mately 1% and after 102 hours more than half of the original bol'O­
hydride is still present.

Reduction of iodate would presumably form iodide ion. This
should remove silver ion from solution. Consequently, the anal­
yses in Table III should be considered to represent only ap­
·proximately the amount of borohydride remaining. It is prob­
able that the amount left is somewhat less than that given by the
analytical figures_ The data nevertheless establish that iodate
does not interfere with the proposed method of borohydride anal­
ysis and that the reaction of potassium iodate with sodium
borohydride is very slow.

The analytical procedure could be considerably simplified il
the excess silver ion could be titrated in the presence of the
precipitated silver. However, the black color of the precipitate
makes a colorimetric determination of the end point impractical.
Thus an attempt to apply the titration method of Bloom and
McNabb (1) failed for this reason. No attempt was made tc
apply conductometric or potentiometric methods to such a ti·
tration.

An ammoniacal silver nitrate solution provides a sensitiVE
qualitative test for borohydridc ion. The t-est is run by placin~

1 drop of a 1M silver nitrate solution in concentrated aqueous am­
monium into a depression of a white, glazed porcelain spot tesl
plate and allowing a drop of the borohydride test solution to fal
into the silver nitrate drop. A black precipitate forms immedi·
ately. The limit of detection by this method was determined t<
be 1 X lO-<M with respect to hydride ion, or 2.5 X 1O-5M witi

1.576
1.576
1.592
1.588
1.590

1.584 ± 0.007

1.186
1.195
1.197
1.187
1.194

1.192 ± 0.004

0.792
0.799
0.800
0.795
0.801

0.798 ± 0.003

1.574
1.581
1.581
1.597
1.605

Av. 1.588 ± 0.01l

1.196
1.204
1.196
1.194
1.206

Av. 1.199 ± 0.005

0.806
0.815
0.817
0.805
0.803

Av. 0.809 ± 0.005

Determination of Borohydride
Borohydride Found, Meq./Ml.

Iodate method Silver method

3: 1

1: 1

Table I.

Dilution"

None



158

respect to borohydride ion. (The usual precautions with ammo­
niacal silver nitrate solutions shoulli be observed.)

The iodate method has' consisteittly yielded excellent results
in this laboratory. This method has yielded low results in other
laboratories. In view of the present study, it is probable that
these low results arise from failure to acidify the borohydride­
iodate solution promptly and carefully, thus resulting in hydro­
lytic loss of active hydrogen. Where acidification of the reaction
solution can be tolerated, the iodate method appears the most
satisfactory of those now available. The argentimetric procedure
of the present paper provides a satisfactory alternative procedure
for borohydride determination, which should be especially useful
in cases where acidification is undesirable.

ANALYTICAL CHEMISTRY
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CRYSTAL10G-RAP·H.lC DATA

90. CyloliDe Hydrale (4-AlDiAo-2-hydrol,pyri.i~ile Iydrlle)
Contributed by HARRY A. ROSE, Lilly Research Labor.lorics, Indi.n.polis, Ind.

......~TOO 0019>110

760 12t>.<J .011--....:..._-
FiguI'e 2. Orthograpliic Projection of Typical

Crystal of Cytosine Hydrate

N OR

~tH~
NH!

Structural Formula for Cytosine Hydrate

CYTOSINE may be easily recrystallized from water, giving
flat blades. The hydrate may lose water upon standing at

room conditions for some time. The dehydration process can be
speeded by heating the hydrate to 110° C. for 15 minutes.

The optical properties of the hydrate have been briefly !Ie­
scribed (2, S). X-ray powder diffraction data have also been
given for the anhydrous crystals (1), but the fact that the data
were for the anhydrous material was not made clear in the paper.

CRYST.U. MORPHOLOGY
Crystal System. Monoclinic.
Form and Habit. Blades lyillg on {IOO / elongated parallel to

b, showing the prism {110/, clinodome (011/, and basal pinacoid
{OOI}.

Figure 1. crystals ofCytosine Hydrate froln Hot Water on
Microscope Slide

d

7.70
6.05
5.06
4.92
4.12
3.85
3.78
3.53
3.19
3.03
3.01
2.939
2.865
2.828
2.740
2.566
2.451
2.435
2.237

d

6.46
5.33
4.43
3.65
3.53
3.40
3.28
3.09
3.07
2.97
2.89
2.85
2.73
2.70
2.55

Cytosine Hydrate Powder Data
III, hkl d(Calcd. from .., b, e.ndZc)
1.00' 100 7.70
0.33 110 6.06
0.20 III 5.07
0.20 020 4.91
0.33 120 4.14
0.07 200 3.85
0.53 002 3.78
0.66 121,012 3.50,3.53
1.00 102,201 3.19,3.19
g:~ . ~~g, 1,12, 211 ~:g~, 3.03, 3.03

0.07 221, 202 2.931, 2.939
0.07 131 2.865
0.13 212 2.816
0.07 131 _ 2.737
0.07 300, 301 2.567, 2.561
0.27 040 2.455
0.20 132 2.436
0.13 123 2.245

Anhydrous Cytosine Powder Data
III, d III,
1.00 2.45 0.03
0.66 2.39 0.27
0.66 2.27 0.07
0.27 2.22 0.07
0.66 1.849 0.07
0.66 1.820 0.03
1.00 1.716 0.13
0.20 1.640 0.07
0.20
0.13
0.13
0.53
0.13
0.07
0.27
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Axial Ratio. 0.7951: 1: 0.7812 (x-ray).
Beta Angle. 99° 46'.
Interfacial Angles (polar). 110 A 110 = 76°12', 011 A 011

75° 10'.
X-RAY DIFFRACTION DATA

Cell Dimensions. a = 7.81 A.; b = 9.82 A.; c = 7.67 A.
Formula Weights per Cell. 4 (3.99 calculated from x-ray data).
Formula Weight. 129.12.
Density. 1.476 grams per cc. (flotation), 1.481 grams per cc.

(x-ray).
OPTICAL PROPERTIES

Refractive Indices. a = 1.445, fJ = 1.747 'Y = 1.782 (2).
Optic Axial Angle. 2V = (- )36° (cal~d.) (3); 2E = 65°

(calcd.).
Dispersion. Not observed.
Optic Axial Plane. Perpendicular to OlD.
Acute Bisectrix. a.
Extinction. aAc = 30° (in obtuse fJ).
Molecular Refraction (R) (5893A.; 25° C.). ~ = 1.685.

R(calcd.) = 33.3; R(obsd.) = 33.2.
FUSION DATA. On heating, cytosine hydrate loses water in the
range from 65° to 75° C. and melts with decomposition in the
range 320° to 325° C.
X-RAY POWDER DIFFRACTION DATA. All x-ray powder diffrac­
tion data were obtained using a camera 114.6 mm. in diameter
and chromium radiation with vanadium pentoxide filter. A
wave-length value of 2.2896 A. was used in the calculations.

should be a more selective reagent than oxine, for it resembled 2­
methyloxine (8-hydroxoquinaldinel in giving no precipitate with
aluminum and failed also to give insoluble complexes with gallium,
indiuln, or magnesium. Unfortunately, this reagent proved to be of
no·practical value, for it did not precipitate quantitatively any of the
commoner metals-even copper and zinc. Reasons for this behavior
were suggested from a study of its absorption spectruIn, dissociation
constants, and lack of reactivity toward bromine.

The 47th ordinary meeting of the Physical Methods Group
was held in Oxford on October 22, jointly with the London
Section of the Royal Institute of Chemistry. The following
papers on radiochemistry were presented and discussed.

Assay Equipment for a Radiochemical Laboratory. J. E. JOHNSTON,
Isotope School, A. E. R. E., Harwell, Nr. Didcot, Berks.

The measurement of radioactive isotopes by ionization chambers,
proportional counters, Geiger counters, and scintillation counters
was briefly outlined. The features of each of these instruments of
possible interest to the analytical chemist were described, such as
sensitivity, stability, and specialized applications, and a list (in­
cluding cost) was given of the electronic equipment required for each
of the measuring methods. Three years' experience in the Isotope
School with equipment supplied by the various manufacturers was
described.

Society for Analytical Chemistry

Theoretical Basis of Sensitivity Tests and Their Application
to Potential Organic Reagents for Metals. H. M. N. H. IRVING AND
MRS. H. S. ROSSOTTI, Inorganic Chemistry Laboratory, South Parks
Road, Oxford.

AN ordinary meeting of the Society for Analytical Chemistry
was held October 6 in London, at which the following papers

were presented.

Investigation of 5-Nitroso-oxine as an Analytical Reagent. H. M.
N. H. IRVING AND R. G. W. HOLLINGSHEAD, Inorganic Chemistry
Laboratory, South Parks Road, Oxford.

The results of sensitivity tests suggested that 5-nitroso-oxine

A meeting of the Scottish Section of the Society for Analytical
Chemistry was held October 27 in Glasgow.

Determination of Gamma Isomer in Crude Benzene Hexachloride
by a Carbon-14 Isotope Dilution Method. D. E. PALIN, General
Chemicals Division, I.C.I. Ltd., Widnes, Lancs.

An isotope dilution method for the determination of gamma isomer
in crude benzene hexachloride has been developed for use as a check
on other analytical procedures. A weighed amount, a, of radioactive
pure gamma isomer of known specific activity, x, was mixed with a
suitable weight, b. of the crude benzene hexachloride and a sample of
pure gamma isomer of diluted activity was separated by a combina­
tion of solvent extraction and partition chromatography. The
specific activity, y, of this sample was determined by beta-particle
counts, made in a methane flow proportional counter, on thick speci­
mens of barium carbonate prepared by standard techniques of micro­
combustion, absorption, precipitation, and filtration. The per­
centage of gamma isomer, g, in the original crude sample was then
given by the expression:

lOOa(x - y)
g = by

Physical and Analytical Control of the Radioactive Effluent from
A. E. R. E. Harwell. R. H. BURNS, Industrial Chemical Group,
A. E. R. E" Harwell, Nr. Didcot, Berks.

Thcpaper gave details of the permissible levels of activity in the
effluent from the Atomic Energy Research Establishment. These
levels were based on the internationally accepted drinking water
tolerances for radioactive isotopes. In order to ensure that the limits
laid down were not exceeded, it was necessary to estimate the radium,
other alpha emitters. calcium, and strontium and the other beta­
active isotopes in the liquid wastes. Details of the methods de­
veloped for this analytical control were given.

The main source of activity in the effluent was derived from the
isotopes formed during the fission of uranium. These fission prod­
ucts were numerous and very varied in chemical character. Brief
details were given of the treatment processes used to decontaminate
the effluent prior to discharge to the river Thames.

Physical control of the wastc material was accomplished by the
design of special containers, a separate active drainage system, and
treatment in a plant erected for this purpose. A description was
given of the controls exercised at each stage of the disposal system
from the laboratories to the Thames.

Determination of Sodium Carboxymethylcellulose. K. SPOREK
AND A. F. WILLIAMS, Research Department, Nobel Division, I.C.I.,
Ltd., Stevenston,.Ayshire.

Sodium carboxymethylcellulose is a product d.erived from cellulose
materials by treatment with alkali and monochloroacetic acid. In
addition to sodium carboxymethylcellulose, the reaction mass con­
tains sodium glycollate and inorganic salts, much of which may be
removed by washing the product with aqueous alcohol. Depending
upon the degree of washing and type of cellulose, different grades of
sodium carboxymethylcellulose are obtained and these have many
industrial applications. .
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The concentration of a given metal-ligand complex in a solution
c.ontaining fixed total amounts of a metal ion and a reagent is ex­
pressed in terms of the pH of the solution and of the stability con­
stants of the metal-ligand and ligand-proton systems. Equations
describing the absorbancy of such a solution and the solvent extrac­
tion and precipitation of a given complex are derived, and the factors
governing precipitation in a solution containing two metal ions were
discussed. If the stability constants and relevant physical properties
of each complex were known, the value of a potential analytical re­
agent could be predicted. In practice, as insufficient data are avail­
able and the equations are often complicated by competitive com­
plex formation, a potential reagent is best investigated more empiri­
cally.

The results of "sensitivity tests" on R·hydroxycinnoline, 8-hydroxy­
quinazoline (and its 2,4-dimethyl derivative) and 5,8-dihYdroxy-2,3­
dimethylquinoxaline with 33 cations were reported and discussed.

The effect of substituents in the ligand on the stability of a com­
plex, and hence on the sensitivity of an analytical reaction, was dis­
cussed. The influence of solvent On stability was considered, and it
was shown that, in favorable circumstances, approximate stability
constants in water can be calculated from values found in other
solvents. Reference was also made to the influence of the central
metal ion on the intrinsic solubility of the complex in water and in
organic solvents.
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A method of analysis based on precipitation of the free acid of
sodium carboxymethylceHulose in water-alcohol solutions of mineral
acid has been compared with methods based on precipitation of the
insoluble uranyl and copper salts. The behavlor of relatively pure
and impure samples has been examined by a procedure involving di­
alysis.

Determination of sodium carboxymethyl by precipitation in acid
solution, in material derived from wood pulp, gave values which were
considerably lower than those obtained by dialysis whereas similar
values were obtained for material prepared from pure a-cellulose. A
colorimetric, method was described for the determination of the glycol­
lic acid which may be prl,sent in the manufactured product.

Properties of Ling (Heather) Honey. T. J. MITCHELL, Department
of .Technical Chemistry, Royal Technical College, Glasgow.

Ling honey from the nectar of Call'una 'oulg'lris may contain rela­
tively large amounts of colloidal matter, a eonsiderable proportion
of whieh is nitrogenous, eonsisting of proteins, amino aeids, and mela­
noidins. Ling honey has been shown to possess properties of thixo­
tropy and elastie recoil whieh prevent its extraction from the combs
by eentrifugal force in a honey extractor. This colloidal property of
thixotropy is shown by setting or gelatinizing of the liquid when at
rest, with reconversion to liquid on shaking. It has an important
part in many biological processes. It is believed that these un­
usual properties are due to the presence of a protein which is readily
precipitated by heat or by the addition of various reagents.

By the cooperation of leading beekeepers, samples were obtained
from widely scattered districts in Scotland and Northumberland.
These honeys were examined for water content, pH value (protein
content), ash or mineral matter, colloid content, color, and taste.

Correlation was found between the pH and the ash content of the
honeys. There was some evidence of relationship between the colloid
content and the total nitrogen and thixotropy. The relation between
these properties was not exact, probably because of the variation
in floral source of the hooeys. .

An ordinary meeting organized by the Biological Methods
Group was held November 3, in London. 'The following papers
on the biological evaluation of the purity of water and effluents
were presented.

Introduction. B. A. SOUTHGATE, 'Water Pollution Research, D. S. I.
R., Watford, Herts.

The extent to which the quality of water is evaluated by biological
methods depends on the use to which the water is put. A source of
domestie supply is usually examined bacteriologically, but ehemical
or physical methods are used to evaluate most of its other important
qualities, including the concentration of poisonous or physiologically
undesirable substanc,es, such as toxic metals or fluoride, and sub­
stances that cause eorrosion or deposition of scale. The ability
of a stream to support fish can be examined either by conducting tests
with fish in the laboratory or by maintaining captive fish in special
boxes in the river itself; usually such tests are supplemented by chem­
ical examination of the river water. In a fishing stream the concen­
tration of dissolved oxygen is very important; it is usually governed
by the ratc of oxidation of organic matter in the river by bacterial
activity. Hence it i.s important to be able to determine the rate of
oxidation, in respirometers or by other methods, of effluents dis­
charged to the stream. The direct determination of the toxicity to
fish of effluents--pa:rticularly industrial effluents-is also very desir­
able. In the examination of streams, which usually fluctuate rapidly
in composition, it is a great advantage to use automatic sampling
gear or, better, automatic devices to record continuously the concen­
tration of constituents of particular importance.

Measurement of Toxicity to Fish. D. ,"'. M. HERBERT, Water
Pollution Research, D. S. I. R., Watford, Herts.

One method of attempting to determine whether an effluent,
when discharged to a river, will inj ure fish, is to make laboratory
tests of the toxicity of dilutions of the efl~uent. A toxicity test can
conveniently last for only a few days. while waste waters are often
discharged continuously; consequently, long-term effects must be
predieted from short tests. The logarithm of period of survival is
linearly related to the logarithm of the concentration of many poisons;
with some this relation holds approximately from a few hours to 3
months.. Use of this relation to extrapolate from tests of short
duration might prc:dict the mortality expected from prolonged ex­
posure to high dilution, although precision would be low. Studies on
a river and in the laboratory show that. survival is affected by the
interaction of many factors. Toxicity of some poisons is altered by
,~hanges of temperature, dissolved oxygen concentration, and pH
value within the ranges tolerable to fish. Although such variables
can be controlled in a laboratory test, they vary in streams, and allow­
ance must be ma.de for this in the interpretation of results. One
poison in a river may alter the toxicity of others-for example, in a
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sewage effluent, carbon dioxide seems to reduce the toxicity of am­
monia but to increase sensitivity to lack of oxygen.

Some Aspects of the Biology of Polluted Rivers. J. E. FORREST,
Queen Mary College, Mile End Road, London E. 1..

To the biologist·, effluents discharged into rivers fall roughly into
three classes: heated effluents, which, at best, may consist solely
of cooling water, effluents containing harmful inorganic chemicals,
such as cyanides, and effluents containing organic matter. Com­
binations of these may occur, and frequently cooling water is dis­
charged mixed with an effluent of another kind. The effects of heated
and inorganic effluents were not considered in detail. The discharge
of a significant amount of organic matter usually has a far-reaching
effect on the plant and animal life of a river. Depending upon the
degree of organic pollution, an abnormal and easily recognizable
type of fauna is found, leading, in extreme examples, to a dead river.
Below the point of discharge, a sequence (')f changes in the fauna oc­
curs, and this is passed through in the reverse order farther down­
stream during the recovery of the river. Changes in the river de­
pend to a great extent on its nature. There are indications that traces
of certain metals in an effluent may have a damaging effect on water
plants. The establishment and maintenance of a normal growth
of weed in a river are of extreme importance. An excessive growth
of Cladophora may cause widespread damage, and it usually thrives
in an organically polluted river. Many present-day effluents contain
traces of detergents, and little is known of the biological effects of
these.

Determination of the Safety of Water. E. WINDLE TAYLOR,
Metropolitan Water Board, New River Head, Rosebery Ave., Lon­
don E. C. 1.

The chief object of the bacteriological analysis of water is to en­
sure that the water is free from pathogenic bacteria by the time it
passes into supply to consumers. The criterion of purity from the
bacteriological standpoint has been based, since the inception of this
form of examination, on the isolation of normal intestinal micro­
organisms from water. If it can be shown that the water is free
from bacteria normally present in human and animal intestines, it
can be reasonably assumed that the water is free from any disease­
producing bacteria.

For larger 'parasites, such as leptospira, protozoa, helminth ova,
etc., it is necessary to examine a deposit under the microscope ob­
tained from a large quantity of water by means of filtration or a
centrifuge.

The examination of water for virus infection is a difficult procedure.
but such infection is usually associated with other evidence of gross
pollution which can be detected by the usual bacteriological methods.

At a joint meeting of the Scottish Section with the Glasgow
and West of Scotland Section of the Royal Institute of Chem­
istry,held November 26 in Glasgow, a talk on "Sea Water"
was given by H. Barnes, Scottish Marine Biological Association,
Millport, Scotland.

Oceanography-pure and applied-is a complete science. Its
study calls on many disciplines, among which that of the chemist
is by no means the least important. Sea water is a complex medium
containing dissolved gases, inorganic ions, and soluble, colloidal, and
particulate organic matter in varying quantities. Some of these con­
stituents are present in relatively constant proportions, while others,
in particular those which take part in cyclical nutritive processes,
vary considerably in time and place. A knowledge of the chemistry
of these nutritive cycles is fundamental to our comprehension of the
whole economy of the sea. The chemistry of the bottom sediments
is a necessary background to our knowledge concerning past and
present geological processes. Apart from being considered a source
of vast quantities of food, the mineral wealth of the sea is of tre­
mendous importance; in this field applied chemistry plays a domi­
nant part.

The tenth annual general meeting of the Biological Methods
Group was held in London, December 10. The following papers
were presented and discussed.

Evaluation of Vegetable Purgatives. J. 'V. FAIRBAIRN, Depart­
ment of Pharmacology, School of Pharmacy, 17 Bloomsbury Square,
London, W.C. 1.

Various methods have been suggested for the evaluation of vege­
table purgatives. For the past 5 years the author has used white
mice as test animals for the assay of the anthraquinone group of
purgatives, and he compared results with chemical methods and
mentioned certain clinical trials that are being carried out.

Disk Plate Method of Assay with Neurospora Mutants for An­
eurin, Pyridoxine, Choline, Inositol, and p-Aminobenzoic Acid.
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E. C. BARTON-WRIGHT AND N. J. BUTLER, 33 Hyde Park Gardens
Mews, London W. 8. '

To overcome the tedious and cumbersome assay procedure usually
followed with Neurospora mutants, a modified method has been
adopted. In place of growing the organisms in a liquid medium,
they are grown on a solid agar medium in Petri dishes.

To operate the method, the different levels of standard and test
solutions are pipetted into Petri dishes and the total volume in each
case is made up to 5 m!. with water. 15 m!. of melted basal medium
are added to each plate, and the contents are well mixed and allowed
to set.

The "inoculum" for the assay is also grown on solid medium con­
taining the vitamin which is to be assayed. Disks, 8 mm. in diam­
eter, are cut out with a sterile cork borer, and a single disk is trans­
ferred to the center of each plate. The plates are incubated at either
22° or 25° C. and the diameters of the zones of growth formed at the
end of the incubation period are measured.

The results are plotted as log dose against diameter of growth.
In a valid assay parallel straight lines are obtained for standard and
test solutions. The medium used is a modification of the synthetic
one usually employed for these assays. This modified method of
assay has a number of advantages over the older method, not least
of .which is the fact that it is approximately ten times JUore sensitive.

Biological Estimation of Vitamin E. T. MOORE, Dunn Nutritional
Laboratory, University of Cambridge, Cambridge.

The classical method of testing for vitamin E depends on its ability
to prevent resorption of the fetuses in rats which have been made
pregnant after prolonged restriction to a diet deficient in the vitamin.
This method is very laborious, requires large numbers of animals, and
usually takes 5 to 6 months to complete. Alternative methods might
be based on the long established effects of the vitamin in preventing
brown discoloration of the uterus, depigmentation of the incisor
teeth, or degeneration of the testes. Such methods might be less
laborious than the classical procedure, but would allow no saving of
time. Recently hopes of much more rapid assays have been raised
by Gyorgy's observation that the red blood' corpuscles of rats de­
ficient in vitamin E are hemolyzed in vitro on treatment with dialuric
acid, a substance related to alloxan. Sensitivity of the corpuscles to
dialuric acid may be produced by restricting rats to a deficient diet
for only a few days, and may be rectified within a few hours by the
administration of a single adequate dose' of vitamin E. Only a drop
of blood, obtainable from the tip of the tail, is requireclfor each exami­
nation. Cures are temporary, and the same rat may therefore be
used many times. Repeated small doses of vitamin E tend to be less
effective than a single large dose, which makes the method more
suitable for assaying strong sources of the vitamin than weak sources.
Promising results have been obtained, however, with cereal products.
Methylene blue, and certain other redox dyes, present a problem to
the bioanalyst in being able to prevent some of the injuries in vitamin
E deficiency but not others.

Conference on Molecular Spectroscopy
THE Conference on Molecular Spectroscopy was held by the

Hydrocarbon Research Group, Spectroscopic Panel, Institute
of Petroleum, in London on October 28 and 29. The papers pre­
sented included the following:

Use of Fluorescence for Industrial Analysis and Examination.
E. J. BOWEN, Physical Chemistry Laboratory, Oxford University,
Oxford, England.

The value and limitations of fluorescence observations for detecting
and estimating substances were examined. General principles of
measurement with special reference to fluorescence spectrometry
were given and attention was drawn to matters leading to error.
The proper way of plotting fluorescence spectra was also discussed.

Spectroscopic Studies of the Phosphorescent States of Aromatic
Hydrocarbons. GEORGE PORTER AND MAURICE W. WINDSOR, De­
partment of Physical Chemistry, Cambridge University, Cambridge,
England.

Many aromatic molecules on illumination pass to an excited metas­
table form which is identified with the phosphorescent state. By
means of the technique of flash photolysis and spectroscopy, the
absorption spectra of these labile molecules in degassed fluid solvents
have been recorded for a large number of polycyclic aromatic hydro­
carbons and also for many benzene derivatives. Lifetimes investi­
gated lie between 10-' and 10-2 second, and are longer the more vis­
cous the solvent medium. Decay of the phosphorescent molecule
occurs, in solution, by a predominantly nonradiative process. The
.triplet state and other theories of the phosphorescent state were dis­
cussed, none being found to give a completely satisfactory account
of the observed phenomena.
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Raman Spec~rometry. Instrumentation and Application. B. F.
DUDENBOSTEL, JR., Standard Oil 'Development CO.,Linden, N. J.

The development of photoelectric detection .and high speed"pen
recording of Raman spectra has tremendously extended the applica­
tions of the Raman effect to the analysis of liquid samples. The
widest application of this technique has been in the petroleum field.
Since photoelectric recording Raman spectrometers have not been
commercially available until recently, 'these instruments have been
restricted to laboratories which have constructed their own. Conse­
quently, much more rapid advance in analytical application has been
achieved in the'fields of infrared and mass spectrometry, where ex­
cellent commercial instruments have been available for many years.

Determination of Aromatic Hydrocarbons in Lubricating Oil Frac­
tions by Far Ultraviolet Absorption Spectroscopy. R. A. BURDETT,
L. W. TAYLOR, AND L. C. JONES, JR., Wood River Research Labora­
tory, Shell Oil Co., Wood River, Ill.

The most intense absorption band system of the benzenes occurs
in the region just beyohd the lower wave-length limit of conventional
photoelectric spectrometers. The intensity of this absorption band
is independent of the number and location of alkyl substituents.
This band system has been used for the determination of homologs
of benzene'in lubricating oil fractions' and found to give results in
good agreement with chromatography. Near ultraviolet absorption
b;;'nds have 'been used for the estimation of the naphthalenes and
phenanthrenes in the same oils.

Infrared Instrumentation, Present and Future. VAN ZANDT
WILLIAMS, The Perkin-Elmer Corp., Norwalk; Conn.

Specific infrared instrumentation is available today for laboratory,
pilot plant, and process control applications. The laboratory instru­
ment meets 'present problem requirements as set by a centralized
group servicing its own research facilities for "unknown" identifica­
tion, molecular structure analysis, or quantitative multico;"PQnent
analysis. Future requirements include a simple, inexpensive infra­
red spectrophptometer which the individual chemist can afford on a
"standby" basis, a,n attachment for automatic measurement of
integrated absorption coefficients, and a basic study of quantitative
analysis to permit transfer of usable data from one site to another.
In general, the present status of pilot plant and process control infra­
red equipment is well ahead of the ability of the industry to make use
of such instruments.

Preparation and Use of Additively Colored Alkali.Halide Crystals as
Infrared Transmission Filters. W. G. BURNS, Hilger and Watts,
Ltd., London, AND J, GAUNT, Chemistry Division, Atomic Energy
Research Establishment, Harwell, England.

Crystals containing high concentrations of F-centers, made by
heating alkali halides with potassium metal and cooling them quickly,
have already been shown to have suitable characteristics for use as
near infrared transmission filters. The effect of controlling the
cooling of such crystals has been studied, and it has been shown pos­
sible to vary the infrared transmission from a sharp cut-in at about
1 to 2 microns to a slow increase in transmission starting at 10 to 15
microns, caused by very slow cooling. The extension of 'the visible
absorption into the infrared is accompanied by a decrease'in the
sharpness' of the transmission' edge. The outer layer of the crystal
has also been shown to have a great effect in extending the infrared
absorption. Work on very thin sections has shown that in the center
of the crystal the effect of slow cooling is to cause the formation
of R, M, and N centers, but at the edge the colloidal band predomi­
nates. The use of such additively colored alkali halide crystals as,
infrared transmission filters was aemonstrated and discussed.

Further Infrared Measurements with a Cesium Iodide Prism.,
E. K. PLYLER, National Bureau of Standards, Washington, D. C.

Infrared measurements with a cesium iodide prism have been,
made to 54 microns. The single-pass and the Walsh double-pass.
systems were compared and their advantages noted. The transmit~
tances of crystals of CsBr, TiBr-I, and CsI, and of films of polystyrene·
and polyethylene have been measured. In addition, the absorption
spectra of three halomethanes and seven halobenzenes have been
observed. Prism spectrometry from 24 to 54 microns with a CsI'
prism is handled by the same methods as those used with a CsBr·
prism.

Pressed Drsk Technique in Spectroscopy. M. A. FORD, G. R.
WILKINSON, AND W. C. PRICE, King's College, London University,.
London, England. '

Equipment for the production of transparent disks from alkali[
halide powders was described. The technique of using these disks
for obtaining the spectra of solid materials finely dispersed within
them was discussed. The nature of the process has been investi.
gated with special reference to the production of good quality disks.
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Intensities of Vibrational Absorption Bands. H. W. THOMPSON,
St. John's College, Oxford University, Oxford, ICngland.

The significance of vibrational band intensities was explained, and
methods were outlined for determining the true intensities from the
"apparent" integrated band areas. The relati',e merits of molecular
extinction coefficients at peak maxima, or of integrated band areas,
were considered. Applications of measurements on band intensities
were surve~red with particular reference to analysis and structural
diagnosis, and typical values were collected! :for some key groups.
The derivation of bond polar properties from band intensities was
outlined and results of r,ecent work were reviewed critically. Inter­
esting conc!,usions have been drawn with regard to the properties of
C-H bonds. The limitations of this method were indicated and the
importance of studying the electrical anharm.onicity of bonds was
emphasized.

Characteristic Vibration Frequencies of Substituted Benzenes.
R. R. RANDLE AND D. H. WHIFFEN, Department of Chemistry,
Birmingham University, Birmingham, England.

Tables of the vibration frequencies, which appear to be essentially
independent of substituent but depend only on the substituent posi­
tions, were given for all types of substituted benzenes. The fre­
quencies were assigned as far as possible to the type of mode in­
volved, C-H deformation, C-C stretch, etc.

Infrared Spectra of Some Monodeutero Aromatics and Their Ana­
lytical Application. E. D. KUNST, Koninklijke/Shell-Laboratorium,
Amsterdam, Holland.

The infrared spectra between 3 and 15 microns of several mono­
deutero aromatics were studied in order to develop a method for the
determination of these compounds in the presence of their parent
compounds. It appcared that some of the empirical rules correlating
the spectrum with the type of substitution around the aromatic nu­
cleus in alkyl aromatics remain approximately valid if one of the
alkyl groups is replaced by a deuterium atom. The bands to which
these rules apply and which lie in the region between 11.5 and 15.0
microns an, fairly intense and are very useful in quantitative analysis.

Low Temperature Infrared Spectroscopy. N. SHEPPARD, Depart­
ment of Colloid Science, Cambridge University, Cambridge, Eng­
land.

Au account was given of the applications of low temperature tech­
niques to the study of infrared spectra, with examples taken from
recent work. Changes occurring in such spectra on passing from the
gaseous to the liquid, or the liquid to the solid states, and on lowering
the temperature in anyone of these states, were described for rigid
molecules. Additional effects which occur on change of state for
flexible molecules exhibiting rotational isomerism were discussed.
The applications of low temperature techniques to the spectroscopic
study of molecular complexes and problems of qualitative and quan­
titative analysis were outlined.

Chemical Applications of Nuclear Magnetic Resonance Spectros­
copy. R. E. RICHARDS, Lincoln College, Oxford University, Oxford,
England.

Many atomic nude; behave as though they possess a nuclear spin,
and when placed in a magnetic field a number of energy levels become
available to them. Nuclear resonance spectra occur when transi­
tions among these energy levels are induced by radio-frequency radia­
tion. Interactions of differen't kinds occur between neighboring
nuclei which broaden or split the enllrgy levels, and from a study of
these effects much information of interest to the chemist can be de­
rived. The spectra yield information on molecular structure and
internuclear distances in crystals, on the nature of chemical bonds
and electron distribution in them, and on the potential barriers which
hinder molecular motion in solids. The spectra can be used for the
analysis of samples for different elements, for specific groupings in
molecules, and for the analysis of mixtures. Rates and equilibria
in chemical reactions can be studied and estimates of the rates of
very rapid chemical exchange processes can be obtained. Many
other important chemical properties can be studied, and the pos­
sible applications have not been by any means fully explored. Only
very smaIl amounts (l to 0.001 cc.) of matedal are used, which can
be recovered unchanged after measurement.

An attempt was made to present a simple explanation of the proc­
e,;ses which occur, with particular emphaSIS on the chemical applica­
tions. Examples were given and the applications were summarized.
A brief description of the experimental method indicated the sort of
equipment used.

SpeCtroscopic Studies on Reactions at High Temperatures. D. F.
HORNIG, ~\1etcalf Chemical Laboratories, Brown University, Provi­
dence, R. I.
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Strong shock waves may be used to heat substances several thou­
sand degrees in times short compared to those required for chemical
reactions. Such shock waves are often intensely luminous. Emis­
sion spectra from BrCH and CICN show lines from CN and C.;
spectra of CHaBr and CHal show a continuum, CH and C2. Absorp­
tion spectra have also been obtained. Methods of following spec­
tral changes through intervals of a few microseconds were described
and results presented.

The Emission Spectra of Molecules and Radicals in the Infrared.
G. R. WILKINSON, M. A. FORD, AND W. C. PRICE, King's College,
London University, London, England.

The infrared emission from gases excited by an R; F. discharge has
been studied in the region 1 to 5.5 microns. The conditions for
maximum emission were discussed. Preliminary spectra were pre­
sented for several molecules, the essential features being the occur­
rence of high vibrational and rotational transitions, which should
lead to more accurate values of the rotational constants. It was
shown that the emission from HCl and CO forms a convenient
method of calibration of high resolution spectrometers. The favor­
able frequency factor occurring in the transition probability for
emission enables overtone bands to be observed with a far smaller
quantity of gas ,than that required in absorption.

Infrared Absorption Bands of Hydrocarbons under High Resolving
Power. H. W. THOMPSON, St. John's College, Oxford University,
Oxford, England.

The objects of an analysis of vibrational-rotational absorption
bands of polyatomic molecules, measured under high resolving power,
were outlined, and the method was compared with others leading to
similar information. Some results obtained recently for simple
hydrocarbons were considered in relation to each other.

Interpretation and Use of Infrared Reflection Spectra. T. S.
ROBINSON AND W. C. PRICE, King's College, London University,
London, England.

A description was given of the technique for obtaining infra­
red reflection spectra from small samples of material, such as small
crystals. The theory of the process was developed and it was shown
how the absorption spectrum and the dispersion can be calculated
from the reflection data. The method can be applied where the ab­
sorption is so strong that direct measurements of extinction coefficient
are difficult owing to the small thickness involved. The use of polar­
ized radiation gives information concerning the direction of certain
bonds with respect to the crystal axes. Applications to polythene,
polytetrafluoroethylene, urea, and glycine served to illustrate cer­
tain features of the method.

Diffraction Gratings and Their Use in Infrared Spectroscopy. L. A.
SAYCE AND A. JACKSON, National Physical Laboratory, Teddington,
Middlesex.

The high cost of equipment has limited the use of infrared spectros­
copy in identification and estimation of molecular species and in
process control. Diffraction gratings can be made at low cost and
an indefinite number of identical gratings can be generated from one
master helix. Thus, if suitably inexpensive detecting systems can be
made available, routine molecular spectroscopy ceases to be a luxury
and the way is open for infrared monochromators to be used for the
general control of chemical processes.

Spectroscopic Studies on Oxidation of Hydrocarbon Mineral Oils.
H. LUTHER.

This complex subject has received a great deal of study by others,
but an examination of the literature shows that results and conclu­
sions vary according to conditions. The author's study of the reaction
mechanism involves the continuous analysis of the' circulating gases
containing carbon monoxide and carbon dioxide after the reaction
is started-first through a magnetic-oxygen analyzer and then into a
carbon monoxide-infrared gas analyzer. Au apparatus for carrying
out the oxidation studies is described which permits the following:
operation as a closed system, control of temperature and pressure,
continuous measurement of oxygen consumption, proper mixing of
inserted material with oxygen to permit study of reaction in the liquid
or gas phase, control of gaseous reaction products and their separa­
tion from the oxygen, provision for separation of gaseous products
in a cold trap at - 180 0 C., means of estimation of amount of material
consumed, and finally the means for continuous or discontinuous char­
acterization of the liquid reaction products.

Chemical, chromatographic, and infrared methods were used in
identification. While the author adds little to clear up the complexi­
ties of this subject, it is stated that under the conditions used, in
contradiction to published data, no peroxides were found as inter­
mediate products.
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B. L Tuffly and W. J. Lambdin, Carbide & Carbon Chemioals Co.,
Division of Union Carbide & Carbon Corp., South Charleston, W. Va.

Trap for Attenuating Mercury Vapors
in the Mass Spectrometer
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Method of Adding
Concentrate

Added down side of t.ube 3
minutes before agitation

Added to floating beaker
Added to floating beaker
Added to floating beaker
Added to floating beaker
Added to floating heaker

Figure I. Diagram of Trap

t
FROM

MERCURY
ORIFICE

THE presence of mercury parent peaks at mle 198 to 204 and of
their half-peaks at mle99 to 102 has caused difficulty in the

interpretation of some mass spectra.
Mercury in the ionization chamber of the Consolidated mass

spectrometer Model 21-103 arises from three different sources:
the manometer in the gas inlet system, the diffusion pumps in the
exhaust vacuum unit, and the mercury orifice (liquid inlet).
Mercury vapors from the manometer of the gas-inlet system are

Table' I. Details of a Typical Comparison".
Hardness

(as CaCO.),
Tube No. Water Used P.P.M.

1 Tap 40 (approx.)

2 Tap 40 (approx.)
3 Distilled 0
4 . Artificial hard b 250
5 Artificial hard b 500
6 Artificial hard b 1000

• Results shown in Figure 1.
b Equal moles of calcium chloride and magnesium chloride.

A typical example is shown in Figure 1; the emulsifiable concen­
trate in tube 1 was added slowly down the side of the tube into the
water 3 minutes before agitation, while the same concentrate in
tube 2 was added to the floating beaker; thus, introduction of
concentrate into the water was simultaneous with agitation.
Otherwise the two emulsions received identical treatment (ex­
perimental details appear in Table I). This does not appear to be
a problem with emulsions containing 10% or more of oil phase,
when evaluated as described above, and may not be a problem
with all emulsifier-solvent systems. Tp.e range between 1% oil
phase and 10% oil phase is doubtful.

marked on the cylinder along side the 2O-cm. mark. In use, it is
desirable that all the cylinders in anyone test have substantially
the same dimelisions-e.g., hold the same volume up to the 20-cm.
mark. When calibrated, the cylinders generally held from 185 to
195 mi.; the greatest nUJIiber held 185 mi. A pulley wheel is
attached to the end of one of the axles, and also a handle for
manual turning. Manual turning has been found to be quite
sufficient for all ordinary comparisons; however in some cases
it might be desirable to use a constant-speed motor attached to the
pulley wheel.

DISCUSSION

Where dilute emulsions containing 1% or less of oil phase are
evaluated, it has been the experience of the author that variable
and erratic results are obtained when there is a delay between the
introduction of the emulsifiable concentrate into the water and
a.gitation of the mixture. While believed to be due to extraction
of part of the emulsifying agent by the water before agitation, this
effect has not been investigated beyond establishing that it exists.

TEST MlETHODS

Concentrated Emulsions, containing 10% or more of oil phase.
EMULSIFIABLE CONCENTRATES HEAVIER THAN WATER. The

emulsifiable concentrate is measured directly into the bottom of
the glass cylinders, then the water used is added slowly down the
side of each cylinder so as to leave the concentrate as a discrete
layer beneath. A small amount of emulsion almost invariably
forms at the interface, but the two layers must be clear. Keeping
the frame slightly tilted aids in this operation. Afterward, the
tubes are stoppered (No.7 rubber stoppers or corks may be used)
and the fram.e is closed and tightened. Rotation of the frame 10
to 20 times then forms all emulsions simultaneously, except for
the traces of emulsion which fonmed during the previous opera­
tion. Comparisons are made at c:onvenient time intervals there­
after-for example, 1, 5, and l(i) minutes, 1 hour, and 24 hours.
If it is desired to take numerical readmgs of creaming or sedi­
mentation rates, a thin strip of millimeter paper may be cemented
to the side of each cylinder and readings taken from this.

EMULSIFIABLE CONCENTRATES LIGHTER THAN WATER. The
procedure is exactly as described above, except that the water is
measured into the tubes first, then the emulsifiable concentrate(s)
are meaBUl'ed carefully onto the surface of the water in each tube.

DENSITY OF EMULSIFIABLE CONCENTRATE Is EXACTLY l.000.
It is desirable to run a preliminary test at room temperature to
see whether sediment rises or falls. Either may occur through
slight composition changes in the two phases. Thereafter by

. raising or lowering the temperature at which the' test is run, it
should be possible to carry out the test as described for the two
types above.

'Dilute Emulsions, containing 2% or less of oil phase. The
emulsifiable concentrate(s) are measured into 5-ml. Griffin
beakers, which in turn are floated on the surface of the water used
in the respective cylinders. The cylinders are stoppered, the rack
is closed and tightened, and the frame turned through 10 to 20
rotations, as before. If the volume of the concentrate is less than
about 1 mi., it is necessary to weight the bottom of each beaker
to prevent tipping. This may be done by cementing a small disk
or metal washer to the outside.

In use, the beaker almost invariably comes to rest in an up­
right position on the bottom of the emulsion tube. In the rare
instance when one does not, it can nearly.always be righted by
allowing all the beakers to fall through one more complete revo­
lution. Turning the rack to an angle about 30° with the verti­
cal, then- allowing it to come to rest in vertical position, causes all
the beaker.s to move to one side, after which sedimentation rates
are observed from the other side. Since the vertical edge of each
beaker occupies a relatively small, nearly constant area, it does
not interfere seriously with readin$" of sedimentation rates, even
though some of the sediment falls illSide the beaker.

Wettable Spray Powders, suspension and foaming. The pow­
ders are weighed directly onto the surface of the water. It is
desirable to weigh the powders first, then drop them all into the
cylinders containing water, at as nearly the same time as possible.
The cylinders are stoppered and frame is closed, tightened, and
rotated 20 to 30 times (more if necessary to break up agglomer­
ates). If foaming is to be compared, it is desirable to fill the tubes
only about half full and use vigarous agitation (rotate the frame
quickly for about 30 seconds).

Re-emulsification and Resuspension. These qualities may be
determined after a suitable time .interval by rotating the frame
again and noting the number of complete revolutions necessary
to resuspend or re-emuJaify the sediment, in each case.
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of little importance because this portion of the spectrometer is
usually closed to the metal valve block; a trap of solid' carbon
dioxide and another of oxygen (or nitrogen) prevents mercury
vapors in the diffusion pumps from entering the ionization cham­
ber to /!-ny great extent. Mercury vapors most often arise from
the sample inlet region. The entire inlet system becomes satu­
rated with mercury; passage of the vapors into the ionization
chamber is, therefore, unavoidable, particularly with the intro­
duction of higher boiling liquids.

Many of the metals readily fGrm amalgams with mercury; how­
ever, the material selected to attenuate the vapors must be suf­
ficiently inert to organic vapors. Although gold foil is commonly
used to check mercury in vacuum systems, the expense of the
metal makes the use of such a trap less attractive, especiaIly if
the trap must be changed periodicaIly. While zinc is known to be
active toward the more polar materials, it was selected in this
investigation because of ready availability. In order to test the
efficiency of zinc as an attenuator, mercury vapors at a pressure
of a few microns were pulled through a trap filled with 100mesh
(Baker's analyzed) zinc, followed by a liquid oxygen trap. There
was no evidence of mercury in the cold trap even after 48 hours.

The installed trap is illustrated in Figure.1. The trap is be­
tween the mercury orifice and the metal valve block. The gas
inlet line has not been modified, and therefore, mercury may still
enter the chamber from this region. To facilitate removal of the
trap for cleaning and refilling, ball joints were used. Platinum
gauze was placed over the two openings, thus preventing migra­
tion of zinc to otherparts of the spectrometer. Because ofthelarge
increase in surface area of the inlet system, considerable back­
ground effects from absorbed materials will be noticed. This can
be avoided by heating the trap with resistance wire. The tem­
perature should be held below 100° C. to prevent damage to the
wax joints. Numerous runs at 50° C. using air, water, or meth­
anol as flushing agent indicated that background effects were not
increased, if the pump-out time was at least 5 minutes.

The height of the mercury half-peak (mle 101) is shown in
Table I for different compounds expanded in the inlet system
before and after installation of the trap.

acetic anhydride, and acetic acid, were also examined. Com­
parison of the spectra obtained with· and without the trap re­
vealed no apparent differences in peak ratios or intensities. This
indicates that there is no discrimination of the more polar mole­
cules while passing through the trap. Sensitivity values were not
affected in any way; imleed, there should be no change in base
peak height per micron because the trap does not alter the cali­
brated volume. The micromanometer measures the pressure
within the3-liter preleakbulb, and the trap is in the line prior to the
metal valve block. The authors do not use calibrated volumes
for sensitivity measurements, but instead use a micromanometer
for measuring the pressure in the expansion volume. If cali­
brated dippers are used, there will obviously be a volume change,
and, consequently, a pressure change; therefore the volume of the
system must be determined after installation of the trap.

The zinc in the trap was changed after 6 months (1500 complex
nonroutine samples) of continuous use. Mercury peaks are ob­
tained only after prolonged pumping of the orifice system and
operating the instrument with five times the normal sensitivity
(50 l'a.).

Versatile Polarographic Cell

Robert L. Pecsok and Richard S. Juvet, Jr., University of. Callfamia,
Los Angeles 24, Calif.

A POLAROGRAPHIC "dilution" ceIl of. conventional design
(Kolthoff,1. M., and Lingane, J. J., "Polarography," Vol. I,

p. 364, New York, Interscience Publishers, 1952) fails when
strongly acidic or basic test solutions are to be analyzed. In
these cases, the test solution slowly dissolves the agar plug,
resulting in contamination of both the test solution and the refer­
ence electrode. Carritt (Carritt, D. E., Ph.D. thesis, Harvard
University, 1947) recommended a modified H-ceIl which pre­
vented the diffusion of chloride ion from the reference electrode
into the test solution. However, his cell was somewhat fragile,
and did not prevent the eventual contamination of t.he reference
electrode.

T
3cm.

l-

A

B

A ceIl of rugged construction has been ~esigned to eliminate
these problems. Volumes of solution from 2 to 55 mI. may be
analyzed, and the opening is large enough so that a glass electrode
may be permanently mounted in the stopper, if desirable.

Compartment A contains the saturated calomel electrode. B
is an agar plug saturated with potassium chloride. A sintered-

Before installation After installation

4.0 2.5G

2.1 2.1G

4.6 0.2
15.1 0.0
6.3 0.0
5.0 0.0
4.1 0.0

18.3 0.1
76.1 0.3

0.3 0.1
1.1 0.0

Effect of Zinc Trap
Height of m/~ 101

Arbitrary Unite

Table I.

Compound Examined

Methanol
Ethyl alcohol
2,4-Hexadienal

Acetic acid

Isopropyl alcohol
Dodecene

Methanol
Ethyl alcohol

G Examined shortly after installing trap.

Samples admitted through the gas inlet are obviously not af­
fected by the trap, whereas those admitted through the mercury
orifice show a marked decrease in peak height at mle 101. These
data were taken several months after instaIlation of the trap;
mercury peaks were detectable at normal ionizing current (10
I'a.) for about 2 weeks after installation because of adsorbed mer­
cury in the metal valve block; after this period, however, the de­
vice functioned satisfactorily for several months without service.

In order to determine the effect of zinc on organic samples, the
following compounds were examined mass spectrometrically be­
fore and after fabrication of the trap: ethylene dichloride, meth­
anol, n-butyl alcohol, 2,4-hexadienal,acetic acid, water, propylene­
diamine, acrolein, ethyl acetate, and benzene. Mixtures con­
taining ethylene chlorohydrin, ethylene dichloride, and ethylene
oxide-20 hydrocarbons, saturated, unsaturated, and aromatic-
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of Heater Unit

I

HEATING UNIT ASSEMBLY

I. Vertical section through middle of assembly
1. Heater spacing plate (detaila in II)
2. 7la-inch circular holes in top and bottom
3. Heating unit, A
4. No. 4-40 hexagonal nut (brass), four required

~: r~~t.::f~f:"~~1~ostat
7. No. 16 gage brad (steel), four required

II. Horizontal section across assembly at level of heater
support plate

8. '1...inch diameter holes
9. Darker area is heater spacing plate, which olip­

fits into box

Figure

Figure 2. Separated Parts of Heater Assem.bly

Box, cover, and plate to.=~t:~:~~~ unit is attached are of

container where electrical contacts might possibly touch, pieces
of insulating plastic were cemented to the walls. The cost of the
two basic items, the small heater and a control (rated at 1 ampere
and 115 volts) is from $10 to $17. For direct current operation, a.

Figure 1. Heater Assem.bly with Resistance Assem.bled
with Van Slyke Combustion Equipment

giaBs disk, coarse porosity, separates B from D. Compartment C
contains saturated potassium chloride solution which is used to
flush D from time to time. Compartment E, which contains the
test solution, is separated from D by a Corning fine-porosity
sintered-glass disk.

Resistance. The cell resistance was measured with an Indus­
trial Instruments ModelR~16 conductivity bridge with a decade
capacitor in parallel using 1000 cycles per second. The resistance
was ca. 195 ohms when cOIli.partment E contained O.IM potassium
chloride and a platinum foil electrode of 1 sq. cm.· A second
measurement made through a dropping mercury electrode at
the instant of the drop fall, gave a value of ca. 265 ohms. The
first value was checked by a less sensitive oscillographic met.hod
with agreement of ca. 5%.

Diffusion Experiment. Fifty milliliters of distilled water was
allowed to stand in E for 21 hours with a slow stream of nitrogen
pasaing through. At the end of this period, the chloride content
of the water had increased to only 0.0064M. Therefore, over
normal periods of time, the diffusion of ions from D to E, or vice
versa, is negligible for most purposes. Moreover, C and D may
be filled with an indifferent electrolyte in special cases where even
traces of chloride ion must be excluded from the test solution.

Eledric Heater for Van Slyke-Folch Carbon
Combustion Apparatus

L V. Hankes. Medical Department.
Brookhaven National Laboratory, Uptan, L I., N. Y.

I N THE original Van Slyke-Folch manometric carbon combustion
[Van Slyke, D. D., and Folch, J., J. Biol. Chern., 136,509-41

(1940)] a micro gas burner is used as a source of heat. Air drafts
sometimes make the control of the heat difficult. An easily con­
structed electric heater, which provides more readily regulated
heat and a temperature range adequate for the various steps
of the process, simplifies the technique of the combustion.

Figure 1 shows how the heater unit and power control appear
when llIBSembled on the Van Slyke machine for a carbon combus­
tion. The control illustrated is a variable auto-transformer
'(Variac Type No. 200-B, General Radio Co., Cambridge 39,
Mass.) of power rating suitable for the heater used. This control
is mounted in a standard 4 X 5 X 6 inch aluminum box which
has been reworked to receive it. At places on the inside of the
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rheostat must be used in place of the autotransformer. The use
-of a I-ampere rheostat of proper resistance for either alternating
-or direct current operation would reduce the cost of construction
to possibly $5.00 to $7.00. An autotransformer was preferred for
the heater, as a transformer does not heat up as readily as a rheo­
titat and, thus, provides a more constant volt-amperage supply
to the heater.

An exploded view of the heater (rated at 110 watts and 115 volts,
in Figure 2 shows how it may be disassembled for replacement of
burned out heating units (available from' American Instrument
Co., Silver Spring, Md., as replacement parts of an electric micro­
Kjeldahl digestion apparatus). When assembled, the small plate
(containing side vents for air cooling) which has the heater at­
tached to it, fits into the box and the lid fits tightly over the top.

The details of·the heater construction are shown in scale draw­
ings in Figure 3. This box and support plate are made of Transite.
The heater unit, A, is fastened to the support plate beneath it
with four small spacing nuts. A similar set of spacing nuts fastens
the electrical contacts to the unit; the nuts are easily removed to
replace a heater unit. As the heating unit never becomes ex­
tremely hot during an analysis, ordinary coated wire was found to
be satisfactory for lead wire from the heater to the power control.
Complete heater units will be available from Arthur H. Thomas
Co., Philadelphia, Pa.
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Self-Balancing System for Continuous
Control of Current or Voltage

tritium mixtures during the course of an extended series of sepa­
rations of these isotopes, employing Hertz-type diffusion pumps
(1). Because these separations proceeded almost continuously,
it was advantageous to achieve as nearly automatic operation of
the analysis apparatus as was feasible. Reproducibility to
0.02% has been achieved with the aid of the servo-system de­
scribed below.

TWIN PHOTOTUBE

(TYPE 920)

2-STAGE
CLASS B

AMPLIFIER

MANUAL

_ ~AOJUST

TRANSICO'l METRON fRiCTION 10 - TURN
MOTOR GEAR BOX COUPLING HELlP01

Figure 2. Block DiagraD1 of Galvanometer Servo

In general, the thermal conductivity method consists of passing
a constant current through a wire surrounded by the gas to be
analyzed, and measuring the wire's resistance. The experience
of the authors has been that the greatest single difficulty with
the method is in the precise control of this heating current.
Since gases vary in their abilities to conduct heat, the tempera­
ture of the filament and hence its resistance will be a function
of the gas and of its pressure. Empirical calibration curves may
be constructed by using known gases or known mixtures of gases.

Frank J. Dunn, Joseph B. Mann, and John R. Mosley
University of California, Los Alamos Scientific Laboratory,
Los Alamos, N. Mex.

THE thermal conductivity method has long been used for the
analysis of binary gas mixtures, including mixtures of isotopes

(2-6). The accuracy usually claimed for this method is approxi­
mately 0.05 to 0.1 %, and the gas analyzed may be recovered
unaltered and undiluted. These facts led to the adoption of
this method of analysis for hydrogen-deuterium and hydrogen-

VOLTAGE CONTROL

Recently the servo system has been adapted to assist in the
continuous and accurate control of the temperature of an elec­
tric furnace, as shown in Figure 3. The Brown recorder is fed

CURRENT CONTROL

The bridge circuit employed is outlined in Figure 1. Upon
operation of the thermal conductivity cells as received from the
manufacturer (Leeds and Northrup), it became apparent that
the limiting factor in the sensitivity was instability of the heating
current, even though three thermostated 120 amp.-hr., 12-volt
storage cells were employed in parallel to supply this current.
Therefore, a 5-ohm resistor in series with the bridge and So 500­
ohm, 10-turn Helipot and a 200-ohm fixed resistor in parallel
with this resistor were added. The galvanometer employed had
a sensitivity of 0.02 !-'v. per mm. This combination served to
allow more precise current control, and with the servo-driven
Helipot, allowed this control to be accomplished automatically.
The servo is of the closed-loop type (Figure 2); its operation
depends on the differential signal received by a twin phototube
(Type 920), masked except for a narrow vertical slit at the front
to prevent interference from room lighting, and also to increase
the slope of the signal VB. beam deflection function. It is now
possible to control the 0.5-ampere current to 1 part in 100,000,
which allows reproduction of analyses to ±O,02%.

For continuous monitoring of the e.mJ. developed across the
bridge, a Rubicon Type B potentiometer, a Leeds and Northrup
microvolt direct current amplifier, and a Brown 2.5-mv. Elec­
tronik potentiometer were employed'- The potentiometer is
used to oppose all but a few microvolts of the e.mJ. to be meas­
ured, and the remainder is fed to the direct current amplifier,
where its magnitude is increased to a value suitable for recording
on the Brown.instrument. Thus, the output e.mJ. is recorded,
making possible continuous and automatic observation of such
phenomena as the self-equilibration of H 2 + T 2 = 2HT.
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I '
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Figure 1. Schematic Diagram of Current
Control for Gas Analysis Apparatus

GALVANOMETER
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the remainder of the system. Safety devices described include a;

thermoregulator sealed into the system for protection of elec­
trically heated water stills (3), a pressure-sensitive relay (1), and
more recently, a bellows-type pressure switch (2) for use in con­
junction with a mercury diffusion pump or other electrically
heated equipment. The device described here is of simple con­
struction and has been in use for some time with a mercury dif­
fusion pump.

A Type W lever arm microswitch, S (normally closed and re­
quiring 35 grams for opening), is mounted on the wall above a
large glass test tube (3.5 em.), which serves as a float chamber, as
shown in the·figure. A length of No. 16 copper wire is soldered t(}
the switch lever and after bending is run through two corks (No.8
and No. 10). A piece of solder wire is placed around the copper
wire above the corks so that its weight is just sufficient to operate·
the switch to the down or open position.

The return water from the condenser enters the float chamber
by the inlet tube, A, and leaves by the drain tube, B, at a rate de­
termined by the setting of the pinchcock. The pinchcock is ad­
justed to pass water at a rate below that desired for cooling the
system. When the rate of water flow increases beyond this
amount, the water level rises to the overflow tube, C, and thereby
raiseS the float to switch on the heater. Conversely, a decrease in
water flow will switch off the heater, and if a double throw type
of switch were used an alarm could be operated. There is an
automatic check every time the still is switched on, as power is not
supplied to the heater until the water has been turned on.
Furthermore, should the cork float become waterlogged after long
continuous use, power failure rather than failure to switch off
would result.

If a separate pilot flame is used, gas burners (using butane in
this laboratory) may be controlled electrically by the use of a rela­
tively inexpensive and commercially available magnetic gas valve
(Minneapolis-Honeywell V495A). Thus, an electric safety
switch may be used for gas or electrical heating.

/\, ,
: SOOA "GAL~ANOMETER
L_., HEUPOl /1 \\

I / \

D~
GALVANOMETER

SERVO

IOO.1'\.

FURNACE

HEATER

SHUNT

RELAY

a boosted signaJ corresponding to the difference between the
setting of the Rubicon Type B potentiometer and the e.mJ. of
a Chromel-Alumel furnace thermocouple. The recorder is
equipped with a cam, relay, and resistors so that it controls the
temperature that it measures. By this arrangement-essentially
zero suppression-·it is possible to record temperature over a wide
range without loss of sensitivity. It was found that room tem­
perature changes overnight. were sufficient to change the potenti­
ometer working battery voltage by more than 1 mv., or the opposi­
tion voltage by more than 12 J-lV. (equivalent to a temperature
change in the furnace of about 0.3 0 C.). The servo system moni-

~ FURNACE

THER"'OCOUPL~
,--------'-'-,F

Figure 3. Schematic Diagram of Voltage­
Controlling System

tors and adjusts the 6-volt supply by comparing it continuously
with an Eppley standard eell (unsaturated type). The expe­
rience of the authors is that after 16 hours of unattended operation
the working supply voltage seldom differs by more than 50 p.V.

from the desired value, and is usually within 10 p.V. of this value
in spite of the fact that room temperature changes of 20 0 F.
are commonplace.. All the components of this system, including
the components of the servo, are commercially available.
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Water-Flow Safety Switch for
Gas or Electric Heaters

R. P. Harpur, Institu,te of Parasitology, McGill University,
Macdonald College, P. Q., Canoda
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WITH the dependence of many laboratory operations upon
water cooling of condensers, there exists the hazard of water

pressure failure. If the condenser is part of a mercury diffusion
pump, insufficient cooling may permit, the mercury to distill into
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