





Hobart H. Willard Wins 1951 Fisher Award

Dr. Willard joined the staff of the University of
Michigan as an instructor in 1905, became an assistant
professor in 1912, an associate professor in 1918, and a

HE announcement, at the general meeting of the

- AMERICAN CHEMICAL SocIETY in Chicago, September
6,.1950, that Hobart H. Willard, of the University of
Michigan, had been selected to receive the 1951 Fisher
Award was received with wide acclaim. We are happy
to congratulate Dr. Willard and the committee in its
selection of him as the fourth to receive the Fisher Award
in Analytical Chemistry. Dr. Willard joins an illus-
trious company. The first award was made in 1948 to
N. Howell Furman, President-Elect of the AmerIcan
CaeMICAL Socikry, the second to the late G. E. F.
Lundell, of the National Bureau of Standards, and the
third to I. M. Kolthoff, University of Minnesota.
 We are especially proud to have had Dr. Willard on
the advisory board of Awavyricar CHEMISTRY from
1935 through 1948. It was during some of these years
when this journal was in its formative stage and suffer-
ing from growing pains that we bad the benefit of his
broad experience and drew heavily upon his knowledge,
not only of analytical chemistry but of the men work-
ing in that field, for advice and counsel. ANALYTI-
caL CHEMISTRY has profited immeasurably from this.

Aluminum was the first element to engage Dr.
Willard’s attention, but he soon broadened his interests
to include gallium, zirconium, titanium, thorium, and
iron. He and his assistants were the first to discover the
importance of slow precipitations, eareful control of
pH, and the presence of a suitable anion. Hisimproved
method for the determination of fluorine, reported in
1933, is in general use today, essentially as he devised
it. By steam distillation of hydrofluosilicic acid he was
able to make the separation from interfering ele-
ments and achieve a satisfactory volumetric method.
He and his associates have recently completed two
papers reporting refinements in this determination.

" He has coauthored a series of papers which have es-
tablished the use of periodate, perchlorates, ozone, and
ceric sulfate as analytical reagents.

Dr. Willard has written several textbooks, and has
published considerably over 100 papers which em-
brace a wide field of analytical chemistry. Many of
these papers will be found in the pages of ANALYTICAL
CuemistrY. His first book, “Elementary Quantitative
Analysis,” of which Dr. Furman was coauthor, has also
been published in Spanish and German. His papers on
the precipitation of various elements from homogeneous
solutions are too well known for comment here.

full professor in 1922. He has taught there continu-:
ously, except for an interim in 1917-18 when he served

‘as director of the chemical and metallurgical labora-

tory of the Bureau of Aircraft Production, Detroit
district. He has no retired—so he says—after 45 years
of teaching. But anyone who knows Dr. Willard and
the active life he has always led questions this state-
ment. With the announcement that he is retiring,
comes the information that he is directing a number of

" research problems, has considerable consultant work on
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hand, and is actively engaged in revising the textbooks
which will always be a monument to his name.

In addition to his invaluable service as a member of
the advisory board of AwnavyricarL CHEMISTRY, Dr.
Willard has been quite active in the affairs of the-
AMERICAN CHEMICAL Sociery for many years, having
joined the Society in 1902. He has held various offices
in the Society—national as well as local—having been a
Director (1934—40), a Councilor-at-Large, served several
terms as chairman, as secretary-treasurer, and as
councilor of the Universily of Michigan Section, and as
secretary and chairman of the Division of Physical and
Inorganic Chemistry. At present he is chairman-elect
of the Division of Analytical Chemistry, and since 1946
has been a member of the Committee on Predoctoral
Fellowships and of the Committee on Standard Ap-
paratus. He is a member of the American Association
for the Advancement of Science, the Electrochemical
Society, and Deutsche Chemische Gesellschaft.

The Willards have a cottage on a lake near Ann
Arbor where Dr. Willard indulges in two of his favorite
hobbies—swimming and hiking. Those of us who have
seen him start out for an early morning swim when
practically everyone else was sound asleep can give elo-
quent testimony to how much he enjoys this pastime.
Another hobby is photography.

The influence which Hobart ‘H. Willard has had
upon his students during his 45 years of teaching
reaches far beyond the confines of the United States.
He has always enjoyed the zest of living to an unusual
degree, has led an active, full, and useful life, and has
entered into every task with an enthusiasm that has
been contagious. We predict life has many more pro-
ductive years in store for him.



RAMAN SPECTRA

Hydrocarbons and Oxygenated Compounds

W. G. BRAUN, D. F. SPOONER, AND M. R. FENSKE
School of Chemistry and Physics, The Pennsylvania State College, State College, Pa.

HE variety of analytical problems to which any spectrosecopic

method of analysis can be applied depends to a large measure
on the number of calibration spectra of pure materials which are
available. To a great extent the usefulness of a “library” of
spectra is enhanced by graphically showing the intensity dis-
tribution of the lines or bands, as well as by listing such data in
tabular form. Collections of this type have been useful in ex-
tending the applications of infrared absorption spectroscopy
(1, 3, 6); however, comparatively few Raman spectral data
which show this intensity distribution are available. Recently
there has been an attempt to obtain such data and present them
on a uniform basis (1, §).

This paper presents the Raman spectra of 119 different com-
pounds in the form of graphs and tables. These data supplement
the spectra of 172 compounds reported previously (§) and have
been obtained with the same apparatus and procedure. The
spectra of materials which are solid at 20° C. have been deter-
mined in the liquid state by circulating heated ethylene glycol
solution” through a jacket on the Raman sample tube. These
samples and the temperatures used are: naphthalene (110° C.),
2-methylnaphthalene (110° C.), 2,3-dimethylnaphthalene (110°
C.), and pentadecylcyclohexane (53° C.). All other samples have
been run at 20° C.

The indexes of the spectra of the hydrocarbons are given in
Tables I to V. These tables list, in addition to the name and
spectrum number, the physical properties of the compounds ex-
amined, the best literature data on the properties (2, 4, 7), and,

when known, the purities of the materials. Where purities have
not been determined it is believed, from the method of prepara-
tion and the physical properties, that they are 98 mole % or better.

The indexes of the spectra of the oxygenated and miscellaneous
compounds are given in Tables VI and VII. The compounds of
this group have all been fractionated at reflux ratios of approxi-
mately 40 to 1 in columns having the equivalent of about 40
theoretical plates. The purities of these compounds are be-
lieved to be 95 mole 9, or better.
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Table I. Spectra Numbers and Properties of Pure Paraffin Hydrocarbons
oe
Spec- Boiling Point at 760 Mm. Hg, ° C. Refractive Index at 20° C., n} Estimated SOE{
. trum Deter- Literature Deter- Literature Purity, Com-
Name of Compound No. mined values® mined values? Mole % ° pound ®

9-earbon atom

2,3-Dimethylheptane 1 138.3 140.5 1.4087 1.4085 B

2,4-Dimethylheptane 2 131.5 133. 1.4037 1.403 B

2,5-Dimethylheptane 3 134. 136. 1.4038 1.4038 B

2.6-D§methylheptane 4 133. 135.21 1.4000 1.4007 B

3,3-Diethylpentane 5 .. 146.5 1.4205 1.4200 C

2,2,3-Trimethylhexane 6 131.7 133.4 1.4100 1.4105 B

2,2,3,3-Tetramethylpentane 7 140.27 140.23 1.4236 1.4234 D
10-carbon atom

2,2,4-Trimethylheptane 8 146.0 147 .4 at 736 mm 1.4091 1.4097¢ ... B

2,2-Dimethyl-4-ethylhexane 9 147. 148.0 at 726 mm.¢ 1.4131 1.41204 L0l B
1l-carbon atom .

2,2,4-Trimethyloctane 10 168.5 169.9 at 736 mm. ¢ 1.4155 1.4158¢ ... B

2,2,3,5,5-Pentamethylhexane 11 164.2 e 1.4215 e e B
12-carbon atom

2,2,4,4,6-Pentamethylheptane 12 185.55  L.......... 1.4875 ... Ll F
16-carbon atom

7-n-Propyltridesane 3 .. 1.4350 ... ... E
19-carbon atom

7-n-Hexyltridecane 4 L 1.4406 ... ... E
21-carbon atom

8-n-Hexylpentadecane D 1.4439 ... LL.... E
23-carbon atom

9-n-Hexylheptadecane 16 ae e 1.4461 e e E
26-carbon atom

11-n-Amylheneicosane 17 . 192.0 at 1 rom.¢ 1.4499 1.4497¢ ... BE
28-carbon atom

9-n-Octyleicosane . 1,450 ... L. E
34-carbon atom

9-n-Octylhexacosane 19 et 1.4552 A B

¢ All physical groperties except those marked ¢ are from (7).
b Purities liste
€ Source of compounds: B.

were determined from freezing point measurements by donor.
Organic Research Laboratory, School of Chemistry and

It is beligved that all other materials had a purity of 98 mole % or better.
hysics, Pennsylvania State College. C. American Petroloum

Institute Research Project 45, Ohic State University. D. American Petroleum Institute Research Project 6, National Bureau of Standards. E. New
Y%rl&?tate Agricultural Experiment Station, Cornell University. F. Anglo-Iranian Oil Co., Sunbury-on-Thames, England.
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Table Il. Spectra Numbers and Properties of Pure Olefin Hydrocarbons

Boiling Point at .
760 Mm., Hg, ° C. Refractive Index at 20° C., n¥¥ Estimated Souroe
Spec- Deter- Literature Deter- Literature Purity Com-
Name of Compound trum No. - mined values?® mined values® Mole %’b pound
Olefins
$-carbon atom
1-Hexene 20 83.5 63.55 1.3878 1.3878 B
cis-2-Hexene 21 68.7 68.6 1.3977 1.3954 B
trans-2-Hexene 22 66. 67.9 1.3933 1.3935 B
trans-3-Hexene 23 .. 68.1 1.3944 1.3938 (o]
2-Methyl-1-pentene 24 62.2 62.2 1.3921 1.8925 B
2-Methyl-2-pentene 25 .e 67.2 1.4003- 1.4004 C
3-Methyl-1-pentene 26 54.2 53.8 1.3840 1.384 B
2¢3-3-Methyl-2-pentene 27 70.6 70.52 1.4044 1.4045 B
trans-3-Methyl-2-pentene 28 67.7 67.8 1,4016 1.4016 B
4-Methyl-1-pentene 29 53.9 54.0 1.3825 1.384 B
cis-4-Methyl-2-pentene 30 56.5 55 1.3881 1.388 B
trans-4-Methyl-2-pentene 31 58.8 58.4 .3888 1.389 B
2-Ethyl-1-butene 32 .. 64.95 1.3969 1.3969 C
2,3-Dimethyl-2-butene 33 73.2 73.21 1.4121 1.4122 e B
7-carbon atom .
2-Methyl-1-hexene 34 91.8 91.3 1 4033 1,404 ceree B
3-Ethyl-2-pentene 35 95. 95. 1.4148 1.4143 ceeeraes B
2,4-Dimethyl-1-pentene 36 .. 81. 1.4038 1.3%7 .. [o}
4,4-Dimethyl-1-pentene 37 72.50 72.2 1.3919 1.3918 Ll F
c18-4,4-Dimethyl-2-pentene 38 80. . 78. 1.4022 .39¢ Ll B
trans-4,4-Dimethyl-2-pentene 39 76.75 76. 1.3983 1.3 ... F
8-carbon atom
trans-3-Octene 40 .. 123.3 1.4128 1.4128 e C
trans-4-Octene 41 .. 122.4 1.4120 1.4118 99.65 = 0.14 C
6-Methyl-1-heptene 42 113.2 113.2 1.4082 1.4070 LL...... B
LB-carbon atom
2-Methyl-1-pentadecene 43 .. 1.4440 1.4468at 19.7°C ..., F
Diolefins
g-carbon atom
1,3-Hexadiene (cis and trans) 44 72. 73. 1.4403 1.438 .. A
2,4-Hexadiene (high boiling
isomer) 45 83. 80. 1.4566 1.450 Ll A
2,3-Dimethyl-1,3-butadiene 46 . 68.5 1.4394 1.4392 L. A
8-carbon atom
2,5-Dimethyl-1,5-hexadiene 47 114. 114.39 1.4290 1.42934 PR B
2,5-Dimethyl-2,4-hexadiene 18 .. 134.59 1.4778 1.47819 29+ o]

2 All physical properties except those marked 4 are from (7).

% Purities listed were determined from freezing point measurements by donor, It is believed that all other materials had a purity of 98 mole % or better.

¢ Sourco of compounds: A. Petroleum Refining Laboratory, School of Chemistry and Physics, Pennsylvania State College. B. Organic Research
Labceratory, School of Chemistry and Physics, Pennsylvania State College. C. American Petroleum Institute Research Project 45, Ohio State University.
F., Anglo-Iranian Oil Co., Sunbury-on-Thames, England.

4 4.
Table III. Spectra Numbers and Properties of Pure Cycloparaffin Hydrocarbons
Boiling’ Point at Refractive Index at
Spec- 760 Mm. Hg, °C. 20° C., n¥ Estimated 8°§{°°
trum Deter- Literature Deter- Literature Purity, Com-
Name of Compound No. mined values? mined values?® Mole %? pound ¢
Monocyeclic
Alkylcyclobutanes
Ethylcyclobutane 49 .. 70,79 1.4021 1.4021 99.7 4 0.1 (o]
Alkylcyclopentanes .
trans-1,2-Dimethylcyclopentane 50 91.87 91.87 1.4120 1.4120 99.81 = 0,10 D
eis-1-Methyl-2-ethyleyclopentane 51 .. 128.0 . 1.4295 ... B
n-Butyleyclopentane 52 .. 156.56¢ 1.4316 1.4316°¢ 99.92 = 0.03 (o]
Isobutyloyclopentane 53 .. .. .. . 99.84 = 0.08 D
Alkylcyclohexanes
ots-1,3-Dimethyleyclohexane 54 .. 120.09 1.4229 99.91 = 0.05 D
trans-1,3-Dimethylcyclohexane 55 .. 124 .45 .. 1.4309 99.84 = 0.07 D
1,1,3-Trimethyleyclohexane 56 136.63 e 1.4296 e 99.79 = 0.05 D
n-Butyleyclohexane 57 180.95 180.90° 1.4408 1.4407¢ 99.92 % 0.04 D
Isobutgrlcyclohexane 58 171.32 171.4 1.4386 '1.43869 99.83 = 0.09 D
Pentadecyleyclohexane 59 .. 366. Melting pt. = 25.1° C. 99.4 F
Dieyelic
css-Hydrindane 60 .. N 1.4719 C
1.Cyclohexyl-3(2-¢yclohexylethyl)- 61 .. - 1.47564 E
hendecane .

a All physical properties except those marked ¢ and ¢ are from (7). .
% Purities listed were determined from freezing point measurements by donor. It is believed that all other materials had a purity of 98 mole % or better.

? Source of compounds: B. Organic Research Laboratory, School of Chemistry and Physics, Pennsylvania State College. C. American Petroleum
Institute Research Project 45, Ohio State University., D. American Petroleum Institute Research Project 6, National Bureau of Standards. E. New
Yo;k Stat.c: Agricultural Experiment Station, Cornell University. F. Anglo-Iranian Oil Co., Sunbury-on-Thames, England.

4.

Table 1V. Spectra Numbers and Properties of Pure Cyclo-olefin ACKNOWLEDGMENT
Hydrocarbons . For financial assistance the authors
 Boiling Refractive are indebted to the Esso Laboratories
Foint at 20° C. of the Standard Oil Development Com-

o, o Source 1
Spec- _He, °C. n3s Estimated — of pany. They are also grateful to N. C.
trum Deter- Deter- Purity, Com- Cook of this school, K. W. Greenlee of
Name of Compound No. mined mined Mole %% pound? The Ohio State University, S. F. Birch
2,4-Dimethyl-1-cyclopentene 62 93.2 1.4283 .. B of the Anglo-Iranian ©il Company, and
1,2,4-Trimethyl-1-cyclopentene 63 118.7 1.4391 .. B G. W. Pearce of the New York State

% Purities are belicved to have been 98 mole % or better. Agricultural Experiment Station for
Soﬁrce(gf °°’,ﬂpﬁund5= b Lab Sehool of Chori d Phvsics. P \vani making available some of the com-
Btate Collega T C TvoseRren La oratory, School of Chemistry and Physics, Pennsylvania pounds used.
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Table V. Spectra Numbers and Properties of Pure Aromatic Hydrocarbons
Refractive Index at

Boiling Point at 20 Source
Spec- 760 Mm. Hg, ° C 20° C., n’> Estimated _ of
trum Deter- Literature ° Deter- Literature - Purity, b Com-
Name of Compound No. mined values® mined values® Mole %® pound®
Monocyclic
1-Methyl-2-n-propylbenzene 64 184.75 184. 1.4998 1.4993 99.4 F
1-Methyl-3-n-propylbenzene 65 181.75 182, 1.4936 1.4951 98+ . F
D _1-M1qthyl-4—n-pr0pylbenzene 66 183.10 183.45 1.4918 1.493 93.6 F
icyelic
Naphthalene 67 .. .. Solid A
1-Methylnaphthalene - 68 .. .. 1.6167 A
2-Methylnaphthalene 69 . . Solid A
1,6-Dimethylnaphthalene 70 .. .. 1.6073 F
2,3-Dimethylnaphthalene 71 .. .. © Solid F
2-n-Butylnaphthalene 72 .. .. 1.5740 F
1-a-Naphthylhendecane 73 1.5400 B
1-Phenyl-3(2-phenylethyl) . 74 1.5194 E
hendecane

¢ All physical properties are from (7).
? Purities listed were determined from freezing point measurements by donor, It is believed that all other ma-
terials had a purity of 98 mole % or better. ’
¢ Source of compounds:
A, Petroleum Refining Laboratory, School of Chemistry and Physics, Pennsylvania State College.
. New York State Agricultural Experiment Station, Cornell University. .
F. Anglo-Iranian Oil Co., Sunbury-on-Thames, England.

Table VI. Spectra Numbers and Properties of Pure Oxygenated Compounds
Spec- Refractive Index Spee- Refraction Index
trum at 20° C., nzﬁ), Source of trum at 20° C:‘ 2%, Source of
Name of Compound No. Determined Compound® Name of Compound No. Determined Compound*®
Acetals Ethers
Dimethyl acetal Diethyl ether . 103 1.3523 -A
(1,1-dimethoxyethane) 75 1.3666 A Ethyl isopropyl ether 104 1.3627 A
Ethylal (diethoxymethane) 76 1.3730 Di-n-propyl ether : 105 1.3803 A
Acetal (1,1-diethoxyethane) 7 1.3805 A Ethyl n-butyl ether 106 1.3816 A
Alcohols Ethyl isobutyl ether 107 ig’;g?’ ‘1:
Methanol s 1.3986 A Ethy! tert-butyl ether 108 .
Ethanol 79 1.3616 A Ketones
1-Propanol 80 1.3853 A Acetons 109 1.3586 A
2-Propanol 81 1.3772 A 2-Butanone (methyl ethyl
.1-Butanal . 82 1.3988 A ketone) 110 1.3785 A
2-Butanol 83 1.3973 A 3-Methyl-2-butanone
2-Methyl-2-propanol (methy!l isopropyl ketone) 111 1.3870 A
(tert-butyl aleohol) 84 Solid A 3-Pentanone {diethyl ketone) 112 1.3919 A
3-Pentanol 85 1.4108 A 2,4-Dimethyl-3-pentanone
2-Methyl-1-butanol (diisopropyl ketone) 113 1.4000 A
(active amyl alcohol) 86 1.4105 A 4-Methyl-2-pentanone
2-Methyl-2-butanol (methyl isobutyl ketone) 114 1.3956 A
(tert-amyl alcohol) 87 1,4046 A ;
Miscellaneous
Aldehydes 1,2-Epoxycyclohexane 115 1.4523 A
n-Butyraldehyde 88 1.3800 A Benzofuran (coumarone) 116 1.5663 A
Isobutyraldehyde 89 1.3723 A
Isovaleraldehyde 90 1.3893 A
Esters
Isobutyl formate 91 1.3852 A
Ethyl acetate 92 1.3721 A
Isopropyl acetate 93 1.3770 A
sec-Butyl acetate 94 1.3890 A
Isobutyl acetate 95 1.3900 A
Methyl propionate 96 1.3767 A
Isobutyl propionate 97 1.3972 A
Ethyl n-butyrate 98 1.3922 A
Ethyl isobutyrate 99 1.3873 A
Dimethyl carbonate 100 1.3686 A
Diethyl carbonate 101 1.3840 A
Methyl orthoacetate
(1,1,1-trimethoxyethane) 102 1.3884 A

@ Source of compounds:

A. Petroleum Refining Laboratory, School of Chemistry and Physics, Pennsylvania State College.

Table VII. Spectra Numbers and Properties of Pure

Alkylhalide Compounds

Spec- Refractive Index
trum at 20° C., n¥,  Source of
Name of Compound No. Determined Compound?®
Isobutyl bromide - 117 1.4360 B
sec-Butyl bromide 118 1.4361 B
tert-Butyl bromide 119 1.4277 B

¢ Source of compounds: i X
B. Organic Research Laboratory, School of Chemistry and Physics,

Pennsylvania State College.
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Raman Spectral Data for Hydrocarbons

Wave Wave Wave Wave
No. Depolari- 0. Depolari- No. Depolari- No. Depolari-
Shift,  SBcattering zation Shift, Scattering zation Shift, Secattering zation Shift, Secattering zation.
A7, om. ~1 Coefficient® Factor, p A%, Cm. ! Coeflicient  Factor, p A, Cm. -1 Coefficient Factor, p Ap, Cm. 1 Coefficient Factor, o
No, 1. 2,3-Dimethylheptane No. 5. 3,3-Diethylpentane Di No. 9. h No. 12
1890 0.031 0.4 176 0.027 0.93 2,2-Dimethyl-4-ethylhexane 2,2,4,4,6 Pentamethylheptane
228 0.010 - 362 0.028 . 190 0.034 . 189 0.024 0.6
294 0.014 0.6 398 0.129 - 0.21 307 0.034 0.6 250 0.026 .
308 0.014 L. 454 0.010 - 456 0.030 . 314 0.027 0.3
169 0.025 664 0.075 491 0.038 . 374 0.010 .
549 0.026 414 0.007
521 0.007 . 684 0.089 0.1
603 0.007 - 909 0.075 0.92 608 0.013 - 462 0.012 .
714 0.022 0.5 986 0.031 ... 739 0.107 . 480 0.014 .
760 0.046 0.2 1015 0.119 .62 785 0.016 . 506 0.018 .
793 0.017 . 1048 0.034 . 835 0.034 . 1579 0.014 0.9
862 0.034 .. 675 0.012 0.5
813 0.016 0.4 1087 0.072 .. :
872 0.040 0.6 1267 0.055 0.3 906 0.071 1. 729 0.173 0.1
891 0.028 0.4 1355 0.027 .. 926 0.088 0.95 825 0.047 0.3
926 0.038 0.6 1450 0.191 0.85 983 0.017 . 858 0.061 0.7
954 0.010 . 1023 0.051 0.8 880 0.040 0.6
1033 0.054 0.7 919 0.091 0.87
1006 0.012 0.7
1061 0.025 1. No. 6. 2,2,3-Trimethylhexane 1097 0.025 0.5 952 0.058 0.95
1159 0.032 0.8 1150 0.015 .. 972 0.025 0.9
1208 0.013 0.7 191 0.027 0.4 1205 0.043 0.81 1032 0.012 0.8
1249 0.008 . 310 0.064 0.6 1245 0.052 0.98 1086 0.015 -
375 0.021 - 1301 *0.033 1. 1105 0.014
1273 0.018 0.7 459 0.026
1304 0.066 0.84 492 0.023 1362 0.027 1 1146 0.029 0.7
1352 0.034 1. . 1397 0.028 1. 1171 0.047 0.6
1391 0.032 0.9 528 0.044 0.2 1455 0.221 0.59 1214 0.057 0.88
1454 0.144 0.87 ggg 3-3?? - 1245 0.062 1.
720 0.099 0.2 1275 0.027 0.8
X 2.4-Disothvih 765 0.012 x No. 10. 2,2,4-Trimethyloctane }ggg g .ggg 8'(85
0. 2. » imethylheptane . 02" .
843 0.031 1. 240 0.014 .. ;
186 0.030 0.3 880 0.067 0.4 484 0.014 0.7 1455 0.165 0-85
233 0.010 0.9 924 0.100 0.98 520 0.009
S0 oo o3 109 0:0% 0k %4 008 ol
4 . . 102 . . . . n-
il 0.007 09 No. 13. 7-n-Propyltridecane
1050 0.035 0.9 878 0.044 0.5 176 0.069 0.4
732 0.009 .. 1095 0.024 0.6 898 0.063 0.6 213 0.061 .
809 0.067 0.2 1113 0.014 0.5 926 0.068 1. 508 0.015
889 0.024 0.5 1209 0.048 0.7 1065 0.025 0.7 870 0.042
956 0.024 1. 1223 0.052 0.82 1105 0.021 0.6 918 0.038
1033 0.025 0.8
1239 0.052 0.9 1147 0.011 i. 1096 0.061 0.7
1078 0.011 0.8 1272 0.009 . 1204 0.042 0.8 1168 0.038 0.9
1158 0.051 0.73 1309 0.024 1. 1252 0.035 0.7 1239 0.034 0.7
1210 0.008 1. 1332 0.034 0.8 1292 0.029 0.9 1299 0.038 .
1267 0.018 - 1402 0.025 1. 1358 0.011 0.7 1327 0.099 1
1334 0.052 0.6 1453 0.157 0.84 1453 0.153 0.87
1457 0.151 0.72 1469 0.175 0.60

1568 0.019

No. 7. 2,2,3,3-Tetramethylpentane

No. 11
No. 3. 2,5-Dimethylheptane 2,2,3,5,5-Pentamethylhexane

363 0.105 0.40 e £
190  0:020 . 467 0.041 0.80 184 0.030 0.5 No. 14 7-n-Hexyltridecane
257 0.014 .. 511 0.024 0.3 241 0.040 0. 218 0.040 0.4
432 0.027 . 557 0.008 . 288 0.052 1. 875 0.040 0.6
615 0.006 . 601 0.031 0.3 364 0.016 . 918 0.040 0.6
768 0.036 0.3 385 0.020 .. 1053 0.040 ..
658 0.290 0.09 1101 0.079 0.6
801 0.039 0.5 860 0.107 0.71 469 0.020 0.7
830 0.069 0.2 919 0.174 0.95 537 0.077 0.2 1134 0.036 .
907 0.023 0.9 1015 0.061 0.74 613 0.010 . 1172 0.040 ..
954 0.035 1. 1055 0.050 0.868 657 0.012 .. 1234 0.032 0.8
1045 0.023 0.6 701 0.026 .. 1275 0.018 ..
1239 0.161 0.79 1299 0.032 .
1090 0.011 1308 0.011 1. 720 0.037 .
1152 0.051 0.7 1460 0.180 0.82 753 0.205 1. 1321 0.103 0.51
1167 0.043 0.8 1478 0.127 0.87 854 0.059 0.66 1344 0.079 ..
1298 0.034 0.7 888 0.048 0.8 1399 0.024
1345 0.055 0.8 024 0.162 0.89 1464 0.174 0.76
1455 0.158 0.86 1572 0.024
No. 8. 2,2,4-Trimethylheptane 951 0.042 0.7
1019 0.012 .
293 0.038 0.5 1088 0.016 1.
“No. 4. 2,6-Dimethylheptane ig% 8-8(1)3 - 1108 0.014 0.9 No. 15. 8-n-Hexylpentadecane
. 1188 0.060 0.90
192 0.019 0.4 480 0.020 197 0.055 .
255 0.053 0.5 524 0.011 1211 0.082 0.80 493 0.016
297 0.010 . 1255 0.080 0.85 860 0.040 0.5
374 0.022 0.9 750 0.092 1. 1294 0.027 0.5 909 0.040 0.6
493 0.041 0.2 833 0.031 0.4 1354 0.018 0.8 1010 0.040 .
528 0.008 0.87 1401 0.020 -8 1072 0.079 0.3
g%? 888; o 963 0.014 0.8 1455 0.177 0. 1096 0.087 0.58
731 0.014 o 1153 0.040 ..
784 0.037 0.2 1018 0.022 0.5 1224 0.024
809 0.076 0.1 1041 0.030 0.6 1286 0.032
1% 0:003 0.8 1317 0.095 0.77
] 115 . .. . .
S0 302 38 1202 0.034 0.7 1455  0.198 0.73
.062 .
oo g oms o
1058 0-025 0.9 1354 0.016 1.
1095 0.009 0.7 1454 0.164 0.87
1149 0.053 0.7
1171 0.046 0.7 . . .
1208 0.010 1. ¢ Scattering coefficient is defined as ratio of
1309 0.048 0.9 intensity of sample’s Raman line to that of
A# = 459 cm. ~1line of carbon tetrachloride (5).
1341 0.066 0.6
1458 0.150 0.78
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Raman Spectral Data for Hydrocarbens (Continued)

Wave Wave Wave Wave
No. . Depolari- No. Depolari- No. Depolari- No. A Depolari-
Bhift, Soattering _zation Shift, Scattering  zation 8hift, Secattering _zation Shift, Scattering zation
45, Cm. =1 Coefficient Factor, 4%, Cm. 1 Coefficient Factor, p 4%, Cm. "1 Coefficient Factor, p a5, Cm. ™! Coefficient Factor, p
No. 16. 9-n-Hexylheptadecane No. 21  ¢is-2-Hexene No. 25. 2-Methyl-2-pentene No. 29. 4-Methyl-1-pentene
202  0.048 0.4 (Continued) (Continued) 187 0.032 0.3
875 0.040 0.2 1457 0.127 0.73 909 0.023 0.93 238 0.017 i,
018 0.032 0.7 1564 0.008 . 981 0.012 . 346 0.041 0.5
1053 0.032 .. 1609 0.014 o 1015 0.023 0.8 426 0.076 0.2
1106 0.068 0.98 1866 0.199 0.i6 1063 0.079 0.38 454 0.023 .
1125 0.024 1206 0.020 0.7 821 0.045 0.3
1168 8:333 . No. 22. (rans-2-Hexene 1267 0.030 0.9 724 giggg 0:é
. .. .04 0.5 . .
1322 0.112 0.67 319 0.014 0.5 1351 0.038 1. 819 0.094 0.1
1459 0.184 0.93 22? g-ggg g-‘é ﬁzg °-’°§ 0.60 911 0.040 1.
No. 17. 11-n-Amylheneicosane 491 0.029 0.3 0.14 0.94 960 0.044 0.8
207 0.046 0.7 530 0.018 0.8 1604 0.020 0.33 990 0.014 0.6
20t 9.01¢ . 608 0.012 1682 0.218 0.26 1041 0.010 ..
oot S B b Se 1
1106  0.100 05 858  0.032 0.4 No. 26. 3-Methyl-1-pentene 1240 0.056 0.8
. 252 0.020 0.7 X .
1163 0.046 889 0.039 0-7 316 0.046 0.7 s 5.9 o3
2 oo e oo 07 ge oo i S S
1455 0.208 0.81 1147 818% 8:? 653  0.013 i 1421 0.088 0.61
121 . .
No. 18. 9-n-Octyleicosane 1265 0.055 0.6 g(lig 8.832 0-% %éig 8:333 0:?1
. 0.
égg 8'833 0.5 1308 0.125 0.45 899 0.034 0.8 %23}; 8;33 oi
Ses o 053 - 1385 0.065 0.8 984 0.034 0.9 ’
1048 0.038 0.9 %g?; g‘l)gg 0.80 1027 0.034 0.7 No. 30. cis-4-Methyl-2-pentene
1096 0.069 0.91 1623  0.016 0.5 1093 0.038 0.8 333 0.085 0.4
1140 0.031 0.3 1681 0.170 0.22 1153 0.015 0.8 430 0.03 0.5
1140 0 0as 02 1204 0.133 0.44 483 0.079 0.3
. : No. 23. trans-3-Hexene 1425 0.072 0.3 566 0.021 0.4
1317 0.115 0.80 1459 0.123 0.83 611 0.007
1445 0.196 0.90 172 0.056 .. ’ : ’ "
407 0.039 0.3
Ko.19. 9-n-Octylhexacosane 73 003 - e 0% 1 ™ 008 0%
3 00 ¥ 782 0028 0% 893 oos1 o3
826 0.016 826 0.053 0.76 No. 27, c¢is-3-Methyl-2-pentene 908 0.022 1.
884 0.032 . .
. 906 0.043 0.5 323 0.042 0.6
v oo o ST woosar g3 oo o
1905 0:678 1° 1007  0.059  0.48 @2 0.017 o' {(1)3:3 0018 68
1234 0.028 087 1034 0.030 0.5 ' ) nr 0.023 0.7
1368 0.024 ' 1070 0.071 0.48 549 0.027 0.9 1203 0.011 0.6
lies 0.512 0,69 1210 0.019 0.8 612 0.005 o 1250 0.018 -9
1253 0.072 0.73 651 0.006 1302 0.174 041
No. 20, 1-Hexene 1311 0.092 0.42 693 0.013 1383 0.058 0.6
e . (.’ o 135 0,020 749 0.148 0.1 1456 0.147 0.76
361 0.042 0.3 1367 0.026 0.4 823 0.027 1. 1822 0.014 ..
309 0.020 1441 0.115 0.8 925 0.031 1. 1679 0.183 0.17
N I e g g
552 0.007 6 . 24 . . o. 31
1116 0.033 0.9 naede 2~
627 0.024 0.8 No. 24. 2-Methyl-1-pentene 1200 0015 ‘;;;“’ 4 M:‘(‘)‘;’; 2 Dent;n:
731 0.005 S . .. . .
816 0.042 0.4 344 0.025 0.7 1256 0.049 0.5 351 0.033 0.6
Bt o o g o wooge o
897 0.044 0.7 i - - . 0. . .
;(2); 8'82% 8'3 1386 0.123 0.51 592 0.048 0.3
911 0.054 0.5 - .
290 0.022 1. 1451, 0.180 0.79 720 0.016 0.3
1058 0.051 0.6 738 0.058 0.1 1578 0.010 . 764 0.017 ..
1107 0.034 0.7 821 0.116 0.2 1622 0.024 0.3 818 0.155 0.1
1224 0.031 0.6 890 0.079 0.85 1681 0.273 0.21 844 0.011 ..
: . 264 0.016 0.3 902 0.024 0.6
1208 o.u% 0.45 e 0.0 0-2 No. 28 953  0.073 0.5
1 . .. o. . .
1423 0.102 0.50 1048 0.083 0.81 trane-3-Methyl-2-pentene 1040 0.040 0.4
1448 0.113 0.77 1102 0.090 0.51 1105 0.047 0.8
1548 0.006 . 1219 0.051 0.6 257 0.031 1. 1163 0.014 0.7
ggg 8'8%2 8'% ggg g.ggg 8' 1205 0.008 0.4
1590 0.015 .. . . . 4
1649 0.197 0.i3 1395 0.162 0.60 551 0.051 0. }ggg 0.09; 0.61
607 0.013 . 0.04 0.7
No. 21. cis-2-Hexene {ggg g«ggg 0.66 8 0.006 1373 g.ogs 0.7
300 0.024 0.6 1601 0.014 - P 0.023 0.3 ii(lsz oﬁ?zg 3'21
370 0.032 0.9 1663 0.266 0.17 739 0.155 0.2 :
466 0.025 0.6 799 0.026 0. 1563 0.007
ggg gggi .. No. 25. 2-Methyi-2-pentene 837 0.013 o 1611 0.018 e
.02 . 176 0.036 0.4 016 0032 1672 0.191 0.1
769 0.015 239 0.010 ¥y 990  0.085 0. No. 32. 2-Ethyl-1-b
884 0~051 0-:_-‘ 305 0.020 0.9 X . 0.65 0. 32. . yl-1-butene
. .8 S50 0013 0 80 1028 0.071 0.54 176 0.038
892 0.059 0.3 . . 1081 0.056 0.4 .
a1 0.038 0.3 407 0.020 0.2 1111 0.037 0.11 300 9.018 0.9
L
: : 468 0.035 0.2 3 2
1045 0.067 0.4 83 0.030 “ sz 0.007 - s 00 0-8
1093 0.035 0.5 513 0.037 0.3 1208 0.026 1.
1208 0.019 1. 752 0.033 0.5 1271 0,029 o9 523 0.011 ..
1260 0.115 0.75 821 0.070 0.48 : : 608 0.014 ..
1315 0.036 1.
1379 0.031 0.5 658 0.009 ..
1361 0.114 0.63 708 0.031 0.4
1385  0.111 0.71 757 0.073 0.3
1456 0.198 0.83
1578 0.010 0.7
1625 0.021 0.3
1680 0.258 0.21
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Wave
No. Depolari-
Shift, Scattering zation
A5, Cm. ™' Coefficient Factor,
No. 32. 2-Ethyl-1-butene
(Contin
782 0.024 R
801 0.024 .
894 0.054 0.4
943 0.021 1.
1005 0.070 0.68
1039 0.070 0.1
1092 0.081 0.2
1111 0.038 .
1206 0.018
1262 0.047 0.3
1358 0.028
1413 0.088
1427 0.105 1
1445 0.088
1536 0.014
1582 0.017 ..
1636 0.182 0.20
1662 0.019
No. 33. 2,3-Dimethyi-2-butene
409 0.059 0.4
502 0.119 0.7
633 0.032 ..
690 0.250 0.15
947 0.018 0.6
1027 0.045 0.77
1071 0.039 0.7
1205 0.009 B
1269 0.027 0.8
1397 0.217 0.37
1456 0.199 0.78
1623 0.015 .
1683 0.237 0.24
No. 34. 2-Methyi-i-hexene
325 0.011 1.
367 0.011 .
398 0.038 1.
459 0.014 0.6
528 0.014 0.2
704 0.020 0.2
727 0.015 ..
782 0.037 0.4
825 0.047 0.4
887 0.068 0.5
953 0.009 0.5
1004 0.020 0.8
1057 0.051 0.7
1110 0.058 0.7
1208 0.025 0.7
1305 0.063 0.82
1441 0.148 0.90
1603 0.014 0.2
1663 0.1556 0.31
No. 35. 3-Ethyl-2-pentene
269 0.034 0.9
313 0.017 ..
414 0.060 0.4
518 0.038 0.8
566 0.008 0.7
603 0.019 ..
665 0.018 ..
723 0.151 0.1
793 0.011 0.4
827 0.027 0.9
924 0.086 0.76
942 0.076 0.8
1012 0.126 0.54
1031 0.145 0.44
1052 0.158 0.3
1117 0.068 0.7
1205 0.017 0.8
1238 0.096 0.56
1329 0.072 0.4
1370 0.121 0.48
1458 0.311 0.74
1621 0.023 ..
1678 0.343 0.20
No. 36, 2,4-Dimethyl-1-pentene
171 0.063 0.4
315 0.045 1.
387 0.042 1.
422 0.052 0.54
533 0.049 0.48

Raman Spectral Data for Hydrocarbons (Continued)

Wave

No.
Shift, Scattering

Depolari~
zation

Ay, Cm. =t Coefficient Factor, p

COO00 00000 CO0O0 ©EOO0o

No. 36. 2,4-Dimethyl-1-pentene
(Continuedg
898 0.042 0.41
811 0.118 0.21
894 0.035 0.62
1111 0.049 0.92
1163 0.028 0.7
1224 0.065 0.63
1331 0.066 0.71
1377 0.059 0.82
1404 0.104 0.48
1445 0.104 0.71
1639 0.139 0.21
No. 37. 4,4-Dimethyl-1-pentene

182 0.052 0.6
231 0.036 .
325 0.063 0.7
339 0.057 0.9
376 0.029 0.9
459 0.036 0.5
522 0.009 ..
561 0.008 .
619 0.089 0.2
654 0.013 0.8
703 0.020 0.6
755 0.154 0.08
885 0.063 0.85
925 0.088 1.
956 0.039 0.9
1029 0.026 0.7
1064 0.009 ..
1092 0.010
1100 0.011
1122 0.011
1193 0.088 0.91
1199 0.088 0.81
1241 0.083 0.78
1293 0.161 0.46
1372 0.011 1.
1419 0.090 0.56
1450 0.122 0.83
1550 0.013 0.6
1588 0.012 ..
1646 0.169 0.2

098 0.91
047 0.73

0.7
038 0.9
0.2

T DD e
&8 &k

BN IR e
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oooo0 ooo0o core
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No. 39
trans-4,4-Dimethyl-2-pentene

90000 00000 0000

032 0.88

Lrans-«i.«i—(l()jimethyl-z-pentene

No. 42. 6-Methyl-1-heptene

No.

Wave

-No.
Shift, Seattering
4a#, Cm. "t Coefficient Faotor, »

No. 40.

No. 39

ontinued)

0.031
0.107
0.048
0.145
0.012

0.048
0.138

e oooow
[
B woowe

0.27

trans-3-Octene
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1.
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0.027 0.4
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oo oo0e0
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0.26
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o
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00 e a)

o
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S
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146 0.1

017 0.5
023 1.

076 0.9
041 0.8
092 0.67
.018 0.9

163 0.88
021 .

Depolari-
zation

1079

Wave
No. Depolari-
Shift, Scattering _sation
a5, Cm.~? Coefficient Faector,
No. 44. 1,3-Hexadiene
{¢is and trans)
380 0.076 0.4
470 0.065 0.5
499 0.083 0.5
611 0.024 1.
785 0.017 1.
843 0.081 0.87
898 0.138 0.89
933 0.062 0.7
960 0.028 1.
1022 0.079 0.4
1070 0.055 0.5
1110 0.029 0.4
1182 0.453 0.53
1245 0.299 0.46
1279 0.312 0.46
1292 0.345 0.36
1328 0.074 0.4
1372 0.039 0.3
1426 0.198 0.54
1440 0.190 0.60
1558 0.111 0.31
1608 0.402 0.33
1660 2.53 0.36
No. 45. 2,4-Hexadiene
(High Boiling Isomer)
264 0.028 0.7
320 0.108 0.35
438 0.113 0.68
465 0.182 0.36
600 0.045 0.3
705 0.045 0.6
817 0.091 0.77
920 0.062 0.2
946 0.034 0.5
987 0.023 ..
1034 0.113 0.7¢
1082 0.028 0.2
1153 0.346 0.53
1246 0.682 0.50
1281 0.402 0.51
1312 0.244 0.39
1382 0.238 0.47
1458 0.385 0.58
1563 0.158 0.35
1609 0.464 0.34
1668 3.65 0.35

No. 46
2,3-Dimethyl-1,3-butadiene

0.080 0.
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Raman Spectral Data for Hydrocarbons (Continued)

;. Wave
Wao\',e- Depolari- V‘I:?:e Depolari- Vg?‘:e Depolari- No. ) Depolari-
Shift, Scattering zation Shift, Secattering zation Shift, Scatterjng zation _Slnft. _ Bca.t.tenpg zation
Ap ,Cm. ' Coefficient Factor, p A7, Cm. =t Coefficient Factor, p -A#, Cm.? Coefficient Factor, p A3, Cm. "' Coefficient Factor; p
5-Di th° '1457 hexadi is-1-Methyl g °'nf l1 lopent 1,1,3-Tri Nt% ?6 loh No. 60, cis-Hydrindane
2,5-Dimethyl-1,5-hexadiene cis-1-Methyl-2-ethylcyclopentane »1,3-Trimethylcyclohexane .036 0.2
i (Continued) (Contmuedg 32’9 0.062 0.70 é;g 8.826 0.9
1211 0.020 1158 0.009 . 102 0.041 0.8 323 0.041 0.
1310 0.045 0.4 1196 0.027 1. 465 0.082 0.5 353 0.026 .
A A et o 7
1419 - 0.24 . . . .
1554 0.011 1371 0.022 0.8 470 0.020 0.4
1455 0.172 0.78 669 0.014 .. 375 0.053 0.2
1600 0.032 L : 728 0.163 0.1 764 0.192 0.14
1656 0.338 0.20 796 0.032 0.6 798 0.053 0.5
853 88;;:; gg 852 0.033 0.7
912 . .
886 0.105 0.28
0. 48 . No. 52, n-Butylcyclepentane 937 0.047 0.61 925 0.034 0.4
2,5-Dimethyl-2,4-hexadiene 171 0.021 0.2 979 0.047 0.88 983 0.069 0.4
171 0.204 0.69 300 0.083 0.3 1048 0.035 0.5 ;8;; 8-623 g-gl
200 0.198 0.49 723 8'825 0.6 1?80 g.osg 0.75 . .
336 0.057 0.65 8 PR 057 1136 -00 X 1160 0.020 ]
40% 0%% 885 ’ : 1195 0.071 0.66 1203 0.058 0.4
46 0. : 1024 0.048 0.5 1220  0.052 0.70 1269  0.082 0.54
503 0.108 0.59 1063 0.038 0.6 1252 6.040 0.6 }ggg g~g§g ?~87
245 0,197 0.77 1130 3.826 - 1290 0.044 0.6 - .
260 0 172 1 129§ 0.142 Los 1313 0.041 0.6
1072 0.165 0.58 1447 -152 A 1359 0.052 0.6
o1 0.134 0.46 1452 01156 0.80
1153 1.310 0.57 1464 0.158 0.82
271 oo ® ' Cyclotexyl 3 (-cycloh
.. . 53, 1-Cyclohexyl-3(2-cyclohexyl-
1399 0 134 0.36 No. 53. Isobutylcyclopentane y ethyxlghendecine Xy
1372 1.255 0.54 333 8A87g 8'% 236 0.045
42: .04 . . .
1445 0.688 0.62 817 0.077 0.2 No. 57. n-Butylcyclohexzane 463 0.045 0.95
1550 0.153 0.46 889 0.089 0.1 508 0.030 .
1595 0.465 0.41 953 0.039 0.9 284 0.033 0.38 638 0.023
1648 4.780 0.44 443 0.030 0.4 772 0.042
1707 0.089 0-2 ol oo 532 805 0030 = 806 0.129 0.44
1091 0,015 05 773 0,048 0.3 860 0.102 0.3
1143 0.016 . 1053 0.205 0.89
No. 49. Ethyicyclobutane 1174 0.027 0.7 793 0.041 0.3 1072 0.089 0.75
) 017 0.7 845 0.033 0.3 1101 0.076 0.71
e 0. : 1814 0.027 1. 280 0.020 :
ifg 8'333 067 1350 0,016 1 {g§§ 8.112 8'23 1220 0.076 0.28
FHS °'°§i 04 1460 0.173 0.89 5 .056 - iggg 8:?33 0 64
oo IS HU
N . . 185 0 0.71
933 0.188 g-§7 1205 0.041 1.
986 o.o;g <38 1269 0.071 0.89 1382 0.045 N
1092 0.0 0.4 ) _ No. 54 1299 0.033 1. 1450 0.394 0.79
1115 0.031 0.9 cis~1,3-Dimethylcyclohexane 1555 0.023 0.69
1220 0.027 0.9 R 1351 0.032 0.6 : .
257 0.026 0.8 1450 0,158 0.78
1313 0.010 1. 416 0.125 0.43 - B :
1358 0.027 0.3 446 0.052 0.3
1441 0.137 0.67 482 0.014 .
543 0.117 0.2
No. 62
713 0.019 1. 2,4-Dimethyl-1-cyclopentene
No. 50 769 0.147 0.32 ! v -eyelon
trans-1,2-Dimethylcyclopentane 846  0.052 048 No. 58. Isobutylcyclohexane 300 0.014 -
935 0.016 0.7 290 0.081 0.48 376 0.049 1
267 0.021 0.7 984 0.060 0.88 451 0.053 0.3 429 0.036 0.8
438 0.006 03 : : 573 0.011 - 477 0.015 :
4 . . 1058 0.120 1. 721 0.008 . 335 0.023 0.7
o260 9.932 o2 1113 0.029 0.6 778 0.110 029
: -0 1170 0.088 0.85 812 0 074 0.2 588 0.039 0.5
768 0.088 0.2 B 008 7 si7  0.077 0.1 32 00 -
8oa 0008 o8 ’ ) 955 0.028 0.6 780 0.033 0.6
. ' 1305 0.035 1. 979 0.015 0.6 816 0.120 0.3
947 0.026 0.9 1348 0.094 1 1034 0.127 0.72
955 0.021 0.8 : : . : :
1465 0.154 0.94 100 0.013 05 876 8'332 8'3
.01 . 907 . .
1025 o.giz 0.3 1162 0.044 0.5 979 0.020 0.3
108 8'032 8"6 1198 0.024 0.8 1012 ~ 064 0.69
1145 . . 1263 0.095 0.81 1088 0.033 0.6
%ggg 8'8%% 8-2 No. 55 1312 0.027 0.5
* : trans-1,3-Dimethylcyclohexane 1213 0.029 0.9
1348 0.029 0.9 _ 13.§2 0.072 0.78 1264 0.026 0.7
163 0'148 0'84 357 0.033 0.4 1452 0.213 0.80 1334 0.050 0.7
1462 . . 454 0.064 0.3 1386 0.056 0.72
486 0.037 0.3 1455 0.287 0.84
624 0.041 0.5
No. 51 696 0.023 . 1333 8'8%3 .
cve-1-Methyl-2-ethylcyclopentane 1608 . .
310 0.019 ggg gggg (O)é No. 59.  Pentadecylcyclohexane 1666 0.212 0.20
343 0.010 o 860  0.041 0.3 (Observed at 53° C.)
404 0.048 0.2 933 0.056 0.5 317 0.033 0.3
470  0.024 0.6 984 0.043 0.8 470 0.030 0.6
492 0.019 0.8 613 0.040 0.5
1006 0.055 0.3 790 0.040 0.5
748 0.056 0.2 1056 0.100 0.80 845 0.043 .
8 0.033 .. 1101 0.043 0.7
838 0.023 0.3 1165 0.053 0.7 1030 0.083 0.70
889 0.058 0.2 1213 0.036 0.7 1081 0.059 - 0.72
901 0.068 0.3 1210 0.099 0.28
1269 0.101 0.8 1273 0.086 0.65
984 0.035 0.8 1316 0.034 1. 1307 0.056 0.68
1026 0.048 0.4 1339 0.040 0.8
1044 0.062 0.4 1369 0.036 0.6 1450 0.155 0.97
1087 0.028 0.4 1451 0.157 0.78 1557 0.059 0.3
1108 0.019 . 1463 0.152 0.77 1578 0.030
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Wave

. No.
Shift,

8Scattering

Raman Spectral Data for Hydrocarbons (Continued)

Depolari-
zation

A#, Cm. "t Coefficient Factor, o

No. 63
1,2,4-Trimethyl-1-cyclopentene
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No. 64
1-Methyl-2-n-propylbenzene
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Wave

No.
Shift, Scattering
A#, Cm. ™! Coefficient Factor, p-

Depolari-
zation

No. 66
1-Methyl-4-n-propylbenzene

310 0.156 0.54
358 0.074 0.78
390, 0.024 0.4
409 0.036 ..
466 0.050 0.4
538 0.017 6.9
641 0.171 0.78
708 0.028 ..
743 0.032 .
802 0.382 0.09
834 0.470 0.15
871 0.034 .
892 0.046 0.52
1033 0.184 0.45
1099 0.139 0.15
1145 0.066 ..
1205 0.534 0.14
1291 0.026 1.
1340 0.035 0.65
1385 0.097 0.50
1450 0.133 0.87
1521 0.013 ..
1625 0.384 0.70
No. 67. Naphthalene
. (Observed at 110° C.)
309 0.025 ..
388 0.067 0.93
455 0.092 0.62
511 0.885 0.48
611 0.029 0.6
663 0.029 ..
709 0.134 0.35
762 0.952 0.15
882 0.021 0.8
944 0.071 0.63
971 0.067* 0.3
1028 0.611 0.17
1110 0.033 0.7
1151 0.121 0.78
1210 0.021 0.8
1244 0.059 0.63
1280 0.128 0.26
1327 0.314 0.24
1383 2.95 0.23
1466 0.612 0.36
1529 0.046 1.
1584 0.486 0.70
1637 0.017 1.
No. 68. 1-Methylnaphthalene
245 0.126 1.
410 0.105 0.50
438 0.147 0.48
477 0.266 0.78
513 0.449 0.48
567 0.323 0.25
603 0.028 ..
647 0.049 ..
703 0.997 0.19
739 0.091 0.63
799 0.048 .
862 0.175 ..
979 0.204 0.30
1022 0.435 0.29
1077 0.281 0.40

Wave
Length
Shift,

Av, Cm. =1 Coefficient Factor .

No. 68.

Seattering

Depolari-
zation

1-Methylnaphthalene

(Continued)

~ooonro
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No. 69. 2-Methyinaphthalene
(Observed at 110° C.)

No. 70.

No. 71. 2,3-Dimethyinaphthalene
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Ai{.'_Qm." Coefficient Factor,p
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Raman Spectral Data for Oxygenated Compounds

Wave Wave Wave X Wave .
0. Depolari- No. Depolari- No. . Depolari- No. A Depolari-
8hift, Secattering zation 8hift, Soattering zation Shift, BSeattering zation Shift, Scattering _zation
A7, Cm. "t Coefficient Factor, p As, Cm. 1 Coefficient Faector, p A5, Cm. =t Coefficient Factor, » A, Cm.—t Coefficient Factor, p
No. 75. Dimethy! Acetal No. 80. 1-Propanol No. 84. (zctl\gle_thyes)z-propanol No. 88. n-Butyraldehyde
(1,1-Dimethoxyethane) 1412 0.007 - ORiInU 356 0.010 ..
187 0.031 0.4 468 0.058 0.4 1177 0.012 0.9 377 0.017 ..
310 0.024 0.1 777 0.014 0.9 1239 0.097 0.83 407 0.027
202 0.024 0.4 811 0.014 0.9 127 0.075 0.89 483 - 0.007
. : 865 0.119 0.24 1422 0.038 0.5 533 0.023 0.6
493 0.007 1. :
543 0,083 0 52 1482 0.221 0.82
. : 889 0.072 8.38 ggg 8'3??
972 9.040 .84 No. 85. 3-Pentanol .
643 0.021 0.4 1058  0.076 0.75 N N 806 0.030 0.4
816 0.131 0.1 246 0.007 .
840 0 048 0.2 1136 0.040 0.8 Ery o o0 gﬁg 8'833 0.4
879 0.052 3~9 1220 0.011 o 398 0.039 0.2
804 0.035 . 1271 0.043 0.6 473 0.043 0.4 952 0.022 0.6
1299 0.043 1. 498 0.022 0.4 967 0.020
1000 0.062 0.54
1341 0.014 .. . 1063 0.050 0.65
1092 0.035 0.4 530 0.008
1409 0.029 .. 5 1120 0.018
1130 0.059 0.54 598 0.012 :
1450 0.126 0.89 8 1139 0.027
1153 0.041 0.4 1478 0.061 0.83 765 0.041 0.1
1210 0.021 0.9 . . 838 0.022 0.2 1215 0.013
860 0.033 0.2 1308 0.013 0.4
1368 0.045 0.93
M50 o171 N ! 21 0.0% 1 4% oo 0%
. X o. 81. 2-Propanol . - . .
1478 0.052 1. 903 0.040 1. 1469 0.073 1.
S (ST
No. 76. Ethylal . .- 1042 - . 1555 0.010 ..
(Diethoxymethane) g;g 3-85; ?-9 1117 0.033 0.8 1721 0.087 0.44
187 0.032 . 485 0.025 . 1151 0.023 0.4 No. 89. Isobutyraldehyde
220 0.006 .. 1212 0.004 .. v
356 0.024 0.20 763 0.017 .. 1278 0.039 0.7 285 0.018 0.7
483 0.013 0.6 815 0.258 0.21 1301 0.038 0.7 341 0.059 0.84
633 0.016 0.2 949 0.079 1. 1355 0.047 1. 402 0.037 0.7
1033 0.017 .. 553 0.022
849 0.019 1. 1127 0.064 0.68 1445 0.152 0.91 618 0.026 .
796 0.021 0.6 1535 0.004 . .
855 0.175 0.35 1160 0.032 0.7 1640 0.010 638 0.031 0.5
991 0.019 0.7 1207 0.022 1. 1653 0.007 .. 747 0.011 .
1015 0.035 0.6 1340 0.032 .. 801 0.162 0.23
1454 0.125 0.66 No. 86. 2-Methyl-1-butanol 840 0.018 0.5
}(1)?? 8. 8?3 g.gs 1548 0.012 .. (Active Amyl Alcohol) 918 0.070 0.81
1215 0.014 0.6 269 0.007 .. 972 0.033 0.6
1276 0.055 0.56 387 0.023 0.4 1106 0.033 0.7
1364 0.013 .. No. 82. 1-Butanol 444 0.037 0.3 1139 0.033 0.9
198 0.014 0.5 1220 0.015 .
1390 0.035 0.7 342 0.018 0.2 765 0.058 0.2 1276 0.055 0.89
1459 0.119 0.72 390 0.036 0.4
1481 0.064 .73 178 0.017 801 0.042 0.1 1399 0.044 0.6
517 0.011 823 0.037 0.2 1450 0.097 0.75
604 0.009 901 0.037 0.9 1464 0.084 0.92
No. 77.  Acetal 977 0.037 0.6 1698 0.051 0.5
(1,1-Diethoxyethane) gg? g 87g 8,35 1016 .0.047 0.6 1716 0.077 0.46
.01 .4 :
346 0.029 0.7
898 0.015 0.2 1037 0.047 0.5 No. 90. Isovaleraldehyde
361 0.036 0.5 946 0,030 05 1135 0.037 0.6 v
538 0,065 03 955 0.027 0.5 1276 0.023 0.7 0.4
863 0,011 1362 0.019 0.5 .
: o 1031 0.057 0.54 1463 0.124 0.92
816 0.069 0.2 1064 0.064 0.76
: . 1109 0.052 0.48 No. 87. 2-Methyl-2-butanol.
860 0.062 0.87 :
1202 0.019 0.7 (tert-Amyl Alcohol)
923 0.029 0.7
1292 0.070 0.98 0.9
962 0.018 .. 267 0.007 .
1039 0.036 0.7 }égg 8'6?8 3'77 ggg 8'832 o 0%
011 7 . . 0.7
1101 0.062 0.3 367 0.029 0.7 0.5
1139 0.044 0.7 468 0.024 0.8
ot , - oo
12 . - . 52, .016 :
1306 0033 0.7 No. 83. 2-Butanol 62§ 8.812 0d
382 . 0.017 0.3 675 0.024 0.9
1455 0.138 0.80 435 0.028 0.6 731 0.207 0.10 0.59
1478 0.044 1. 501 0.052 0.4 784 0.005
608 0.005 .. 0.59
No. 78. Methanol 723 o.0u 833 0:000 083 0.42
302 0.016 1. . 779 0.058 0.2 940 0.076 0.81 Isobutyl Formate
477 0.016 0.9 823 0.087 0.34 1027 0.025 0.5
603 0.010 .. 914 0.043 0.84 1058 0.035 0. 0.8
1031 0.160 0.34 994 0.075 0.96 1.
1107 0.025 0.9 1034 0.040 0.6 1187 0.046 1. 0.2
1207 0.041 0.8 0.3
1203 0.033 0.5 1113 0.062 0.79 1272 -0.019 0.3 0.2
1268 0.019 0.8 1155 0.026 1. 1292, 0.013 .. .
1447 0.064 0.9 1210 0.012 0.3 1393 0.025 0.8 0.2
1463 0.059 1. 1299 0.028 0.6 ..
1533 0.014 . 1357 0.038 0.5 1438 0.138 0.80 0.3
1455 0.104 0.86 0.2
1445 0.120 0.79 0.50
No. 79. Ethanol 1537 0.008 ..
321 0.009 g‘g
437 0.028 1. :
490 0.012 . No, 84. 2-Methyl-2-propanol 82
g.}g 8863 < (tert-Butyl Aleohol) 1.
213 0.032 0.2 0.7
819 0.015 . 382 0.075 0.67 0.4
1 0.150 0,29 508 0.036 1. 0.82
1050 0.085 0.63 688 0.012 0.3
1094 0.085 0.3 732 0.036 ’
1207 0.027 1.
787 0.409 0.82
1274 0.051 0.87 809 0.012 0.9
1406 0.022 0.8 952 0.182 0.73,
1457 0.096 . 0.94 0.4
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Raman Spectral Data for Oxygenated Compounds (Continued)

Wave Wave Wave Wave
No. Depolari- No. Depolari- No. Depolari- No. Depolari-
Shift, Scattering  zation hxft Scattering  zation thit Scattering  zation Shift, Secattering _zation
A, Cm. 1 Coeflicient Faoctor, p Ap, Cm. - Coefficient Factor, p A, Cm. ! Coefficient Factor, p A%, Cm. ! Coefficient Factor, p
No. 92. Ethyl Acetate No. 95. Isobutyl Acetate No. 99. Ethyl Isobutyrate No. 104. Ethyl Isopropyl Ether
304 0.024 0.3 (Continued) (Continued) 192 0.027 9.3
375 0.097 0.40 1130 0.036 0.5 1220 0.013 . 356 0.039
464 0.013 . 1182 0.025 1. 1281 0.027 0.3 427 0.018 0 7
635 0.131 0.37 1208 0.011 1303 0.042 0.7 493 0.074 0.1
790 0.039 0.3 1253 0.014 1405 0.023 .. 618 0.010
1299 0.018 1464 0.148 0.83
848 0.094 0.2 1730 0.057 0.2 831 0.115 0.34
937 0.024 0.4 1336 0.029 0.7 904 0.064 0.73
1006 0.031 0.3 1450 0.111 0.62 952 0.042 0.9
i(l)g(_} 8(())358» gg 1721 0.047 0.3 No, 100. Dimethyl Carbonate lggi ggzg .
PO I o
1206 .01 .9 . . 1 0. .
1208 9-914 9.2 No. 96. Methy! Propionate g7 0014 0.8 098 3.0 34
1390 0.025 0.8 . . 1153 0.054 0.5
1445  0.098 0.92 ga8 9017 0.4 468  0.019 0.5 1201 01040 )
1721 0.078 0.31 748 0108 0.9 518 0.250 0.30 1224 0.022 .
623 0.040 0.2 693 0‘018 " 1285 0.035
806  0.020 0.3 865 01035 " 1352 00y oF
865  0.159 0.19 T I S 9-22 1400 0.030 0.3
No. 93. Isopropyl Acetate lggz 8%2 817 . o 0147 0-68
320 0.017 . 1096 0076 0.2 15% 0013 i No. 105.  Di-n-propyl Ether
336 0.081 0.76 1191 0.018 0.6 1271 0.011 .. 213 0.020 .
433 0.027 1. 0 1455 0.108 0.78 320 0.010 i
458 0.048 0.2 1215 -018 0.8 1739 0.053 0.1 356 0.033 .
508 0.020 - 1267 0.010 0.5 443 0.036 0.2
1280 0.010 0.4 408 0.016 0.4
598 0.010 . 1399 0.030 0.4
658 0.158 0.31 1427 0.076 0.68 No. 101. Diethyl Carbonate 904 0.056 0:2
787 0.010 - 181 0. 923 0.063 0.1
840 0.134 0.1 1459 O-Igg 0.60 331 0_?33 8 g 938 0.049 0.2
909 0.050 0.93 1730 0.0 0.20 523 0.045 0. 5 962 0.026 0.9
806 0.017 1063 0.040 0.4
1825 8'8(153 8'3 855 0.027 : 1087 0.030
1134 0.048 0.2 No. 97. Isobutyl Propionate 9 0.144 0.17 1144  0.033 0.3
1168 0.037 0.9 290 0.025 . 981 0.021 0.4 1182 0.026 >
1206 0.024 0.3 320 0.018 . 1024 0.024 0.7 1276 0.026 0.9
1224 0.014 ° 3‘% 8 32.) 0.2 105 3 93 1308 0.063 0.85
. 0. . . 1120 0.1 0.28
1359 0.051 1. 623 0.018 - 0o 1414 0.010 .
1382 0.027 0.9 1172 0.007 . 1478 0.138 0.81
1404 0.034 0.9 811 0.025 .. 1208 0.014 o 1500 0.056 0.65
1469 0.129 0.86 840 0.060 0.2 1276 0.031 0.7
904 0. . 1303 0.031 0.7 No. 106. Ethyl n-Butyl Ether
1510 0.010 928 0.035 0.7 1345 0.007 202 0.039
1559 0.017 981 0.046 0.80 202 8.-039
1739 0.061 0.8 1391 0.017 1. 438 0.007 0.3
s o T B
e tE 8 e ool o oo s
1220 0.018 0.7 92g g.ggg 0.2
No. 94. sec-Butyl Acetate No. 102. Methyl Orthoacetate 976 0.017 -
1276 0.025 0.7 (1,1,1-Trimethoxyethane) 991 0013
207 0.031 . 1308 0.025 0.7 :
243 0.017 . 1344 0.032 0.6 826 0.026 .. 1044 0.027
366 0.039 0.7 1399 0.025 0.7 422 0.043 0.2 1096 0
448 0.027 0.5 1432 0.049 1. 498 0.032 0.6 -027 .
483 0.013 . - 528  0.023 0.4 1128 2.058 0.3
1464 0.134 0.88 573 0.027 0.8 1149 -040 0.3
523 0.031 0.2 1730 0. 0.2 g 1168 0.037 0.3
ggg (o)(l)gg 334 ggg 0.058 0.50 1290 0.027 0.5
. . 9. 0.010 0.8
894 0.062 0.68 75 1 . 1313 0.050 0.65
972 0.058 0.1 No.98. Ethyl n-Butyrate w2 0.1 0.08 1469 0,139 0.96
1015 0.042 0.5 213 0.030 0.5
1063 0.031 ’ 356 0.066 0.3 1063 0.050 0.68 No. 107. Ethyl Isobuty! Ether
1120  0.023 02 0.08 9.7 1087 0.045 0.2 202 0.029
1149 0.039 0.4 833 0.031 1134 0.037 0.7 336 0.066 0.4
1206 0.023 1172 0.045 0.4 438 0.033 0.2
1210 0.026 - : :
1229 0.012 899 0.057 0.2 ggg 8'333 0.5
1200 0027 05 Jes Q.04 0.3 1257 0.022 0.7 . 0.4
1368 0.046 0.87 1134 0.066 1445 0.129 0.75 855 0.075 0.3
{233 82(1)?2 (1) ’ 1238 0.013 1459 0.141 0.81 ggg 8'8%3 0.5
1763 0.066 0.43 1205 0.026 0.5 . 981  0.036 0.7
1478 0.122 0.8 No. 103. Diethy! Ether 1134 0.033 0.5
1748 0.061 0.3
20 9.008 & 1168  0.036 0.7
439 0.112 0.37 1208 9.02¢ 09
No. 95. Isobutyl Acetate No. 99. Ethyl Isobutyrate 483 0.019 - 1317 0:023 0.9
609 0.012 - 817 :
379 0:058 7 540 0037 0.3 796 0.018 0 i o ot
279 0.025 0.7 4 . - . .5
320 0. 1. 402 0.017 0.3 843 0.078 0.48 l4§9 0.105 0.67
107 0.036 0.7 503 0.034 0.3 922 0.021 1. 1473 0.137 0.70
508 0.018 0.7 608 0.020 936 0.021 0.9
1026 0.030 0.6
5 0.011 . 663 0.013 .
613 0.025 0.5 762 0.010 . 1046 0.033 0.6
638 0.079 0.4 801 0.029 . 1074 0.033 0.7
1 0.086 0.1 865 0.124 0.23 1103 0.039 0.7
913 0.036 0.4 875 0.069 0.5 1151 0.059 0.4
1220 0.014 0.4
928 0.036 0.3 938 0.035 0.5
967 0.032 1. 972 0.0 0.8 1269 0.048 0.77
991 0.018 0.7 1044 0.042 0.7 1392 0.021 0.9
1034 0.022 . 1115 0.070 0.2 1452 0.130 0.92
1053 0.011 1134 0.080 0.3 1542 0.006 0.8
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Raman Spectral Data for Oxygenated Compounds (Continued)

Wave Wave Wave Wave
No.’ Depolari- o. Depolari- No. Depolari- No. Depolari-
Shift, Scattering zation Shift, Scattering zation Shift, Scattering zation. Shift, Scattering zation
A7, Cm.—! Coefficient Factor, p A7, Cm. 7! Coefficient Factor, p A¥, Cm. ~t Coefficient Factor, p A7, Cm. ' Coefficient Factor, p
No. 108. Ethyl tert-Butyl Ether No. 111, 3-Methyl-2-butanone No. 114, 4-Methyl-2-pentanone No. 117, Isobuty! Bromide
218 0.027 (Methyl Isopropyl Ketone) (Methy! Isobutyl Ketone) (1-Bromo-2-methylpropane)
377 0.076 0.57 310 0.025 .. 310 0.063 0.72 194 0.078 0.49
392 0.083 0.3 347 0.028 .. 339 0.021 0.7 309 0.167 0.39
488 0.023 0.3 442 0.015 413 0.025 0.2 396 0.067 0.44
548 0.073 0.2 470 0.011 472 0.011 0.4 419 0.085 0.2
604 0.041 524 0.013 0.9 466 0.110 0.43
723 0.017 .
777 0.213 0.06 687 0.017 1. 592 0.088 0.36 566 0.024 ..
884 0.096 0.81 723 0.157 0.21 790 0.069 0.1 623 0.267 0.23
943 0.050 0.79 882 0.053 0.46 817 0.064 0.3 852 0.457 0.33
952 0.067 0.65 957 0.035 0.5 953 0.053 0.73 807 0.088 0.43
1101 0.046 0.7 i121 0.066 9.67 924 0.053 0.54
991 0.015 ..
1058 0.020 .. 1107 0.042 0.6 1170 0.040 1. 941 0.078 0.49
1115 0.035 0.3 1137 0.025 0.5 1199 0.034 0.7 1060 0.026 0.9
1158 0.030 .. 1202 0.033 0.81 1329 0.049 0.7 1113 0.040 0.6
1206 0.010 1292 0.025 .. 1407 0.070 0.68 1178 0.031 0.8
1347 0.017 0.8 1443 0.110 0.79 1200 0.053 0.72
1234 0.050 0.5
1266 0.047 0.4 1455 0.082 0.94 1534 0.017 0.9 1237 0.077 0.56
1299 0.053 0.76 1715 0.074 0.63 1698 0.080 0.49 1320 0.072 0.61
1419 0.027 0.4 1345 0.028 0.7
1441 0.025 .. No. 112. 3-Pentanone No. 115. 1,2-Epoxycyclochexane 1459 0.128 0.93
(Diethyl Ketone)
1478 0.166 0.82 314 0.014 %g 8‘8§$ g-g No. llS.Bsec—B;tyl Bromide
woogm gk o oooe o s’ v
. . . . . 1.
No. 109.  Acetone 783 0.062 3 684  0.009 - 207 0,263 0.41
295 0.007 0.4 951 0.025 314 0.168 0.37
311 0.007 . 747 0.095 0.58 352 0.100 0.34
389 0.019 0.9 1017 0.042 0.3 781 0.379 0.27 458 0.121 0.30
493 0.024 0.9 1097 0.082 0.2 834 0.174 0.09
5330 0.052 1. 1212 0.025 0.4 882 0.063 0.77 479 0.158 0.35
1425 0.092 0.79 966 0.093 0.43 530 0.444 0.33
614 0.011 .. 1463 0.092 0.96 580 0.104 0.31
736 0.026 0.4 1715 0.076 0.37 1035 0.194 0.82 609 0.141 0.39
787 0.265 0.21 1088 0.049 0.8 786 0.078 0.65
894 0.020 0.8 No. 113 1189 0.063 0.55 :
1039 0.020 .. 2,4-Dimethyl-3-pentanone 1264 0.200 0.47 838 0.092 0.74
o g3 it K w o b toogge o
1070 0.036 . 144 . . . 0.4
1111 0.010 0.8 213 0.024 0.6 ] 1049 0.053 0.3
1222 0.049 0.86 320 0.048 0.5 No. 116. Benzofuran 1114 0.040 0.5
1262 0.006 .. 356 0.020 0.9 (Coumarone)
1381 0.028 0.7 498 0.065 0.2 ) 1152 0.053 0.53
593 0.010 . 227 0.048 0.99 1211 0.104 0.37
1425 0.100 0.75 259 0.056 0.94 1281 0.037 0.6
1537 0.011 0.4 643 0.017 0.8 27 0.035 0.2 1388 0.022 0.9
1642 0.009 o 742 0.044 0.3 é83 0.013 .. 1454 0.154 0.88
56s 0106 054 772 0.081 0.2 538  0.169 0.61 :
: 865 0.017 0.9 N No. 119, tert-Butyl Bromide
No. 110, 2-Butanone 894 0.042 1. g?g 8%8; i (2-Bromo-2-methylpropane)
(Methyl Kthyl Ketone) 923 0.145 0.31 865  0.025 . 252 0.035 0.66
406 0.041 0.7 991 0.037 0.77 707 0.051 0.3 306 0.537 0.36
473 0.014 .. 1096 0.034 0.9 763 0.814 0.21 397 0.028 0.5
593 0.052 0.59 1144 0.061 0.67 458 0.048 0.2
714 0.016 0.6 1153 0.041 0.77 803 0.018 0.5 514 0.514 0.23
762 0.170 0.20 861 0.286 0.63 .
1201 0.020 0.65 901 0.121 0.80 801 0.127 0.70
947 0.022 0.35 1234 0.007 0.4 965 0.033 .. 926 0.015 0.9
1002 0.025 0.71 1303 0.041 0.5 1014 0.634 0.15 1031 0.018 0.5
1035 0.009 ., 1354 0.037 0.9 1085 0.023 0.2
1088 0.056 0.2 1409 0.020 0.8 1034 0.303 0.24 1145 0.223 0.33
1202 0.028 0.4 1112 0.136 0.98
1469 0.142 0.87 1134 0.318 0.46 1242 0.033 0.5
1270 0.022 0.6 1721 0.064 0.4 1151 0.111 0.89 1462 0.081 0.55
1414 0.092 1. 1195 0.043 0.3
1456 0.070 0.88
1706 0.087 0.55 1255 1.04 -0.46
1336 0.399 0.34
1354 0.364 0.61
1443 0.111 0.25
1458 0.242 0.37
1482 0.141 0.33
1541 1.55 0.26
1603 0.332 0.47
1619 0.824 '0.51
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SPECTRUM NO. 1

2,3-DIMETHYLHEPTANE
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2,4-DIMETHYLHEPTANE SPECTRUM NO. 2
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3 £z
&8
_
38 3
Y 5
z I
] S e
Q
’ I
&
E
S
2
RAMAN SPECTRUM 2
RUN NUMBER 2052 WAVE NUMBER SHIFT (avcm-1) S
8 ‘ ]
$ g § 8 g § g
A it - | i 18 !
4673 3650 4623 4600 4575 4550 45235 4500 3475 4450 7475 4400
2,5-DIMETHYLHEPTANE SPECTRUM NO. 3
R E .
. w
H L
=
- ::.4
28
3 . P
x g i Q
E3 & 5
1€% . g
Ny
lﬁ; g
L \ X
3]
\ D" 2
AMAN SPECTRUM WAVE NUMBER SHIFT (Avem-1) S ... e
UN NUMBER 2049 S
° .
-] § g g § g 8 g
) T i ! i 1 :
4675 4650 4625 4600 4575 4550 4325 4500 4473 3450 4435 44&)‘— )
3
g
N
30O
30 3
x¥ =
53 g
£3 3
£3 8
S8 x
\ T S
\ £
o
./ 3
RAMAN  SPECTRUM =
lRUN NUMBER 2055 WAVE NUMBER SHIFT (Avem-1) A
g ] i
|
§ 8 g g 8 § 8
1 L I T il ] T
4673 4550 625 4600 4575 4550 4525 4500 4475 4450 4473 Pz -

WAVE LENGTH. A

1088
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3,3-DIETHYLPENTANE SPECTRUM NO. 5
g

|

ONE-TENTH UN|

SCATTERING
COEFFICIENT

[

GALVANOMETER DEFLECTION

l WAVE NUMBER SHIFT (av e’}

1 | 1
4650 4625 IGJ& 4575 4550 4525 4500 4475 4450 4425 44

2,2,3-TRIMETHYLHEXANE SPECTRUM NO. §

NETVAR K

RUN NUMBER 2061

RAMAN SPECTRUM
RUN NUMBER 3/47

b 1400

8 200

—
-

SCATTERING COEFFICE

GALYANOMETER DEFLECTION

WAVE NUMBER SHIFT (Av<m-1}

ONE-TENTH UNIT

1400
00
1000

3
: :

1}
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

2,2,3,3-TETRAMETHYLPENTANE SPECTRUM NO.

[ .

RAMAN SPECTRUM
RUN NUMBER 2453

=12
400
200

KHENTH UNIT
ECATTERING COEFFICE]

GALVANOMETER DEFLECTION

8 8 WAVE NUMBER SHIFT (4Vcm-1)

§ 8 g g 8 $ 8

1 ] I ] i | |
4675 4650 4625 4600 4575 4550 4525 4500 4475 - 4450 4425 4400

2,2 4-TRIMETHYLHEPTANE SPECTRUM NO. 8

J\Q&ew‘//\/

WAVE NUMBER SHIFT (Avcm-1)

ONE-TENTH UNIT
SCATTERING
COEFFICEN

RAMAN SPECTRUM
RUN NUMBER 2082

GALVANOMETER DEFLECTION

1000

8 % g
i i 1 !
4575 4550 4525 4500 . 4475 4450 4.

WAVE LENGTH, A.

11400
§F”°° X

A
4675 - 4650 4625
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2,2-DIMETHYL-4- ETHYLHEXANE SPECTRUM NO. 9

z
Q
\:;& l C
. ¥
/\"‘/\f \,\,/\/\.\_ 5
“w
Q
R 3
. L\ :
2
g b3
g g
§§ RAMAN SPECTRUM ;& z
S RUN NUMBER 2089 3
Iz
i |
B WAVE NUMBER SHIFT -1
3 : gt e g o g 3 :
Al 134 | x [ | , I ] 1
4675 "~ 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

2,2,4-TR!METHYLOCT ANE SPECTRUM_NO. 10

N |
J

) [T
5 4630 7633 2600 4573 350 4575 9560 473 P 9433 7

-4
2,2,3,5,5-PENTAMETHYLHEXANE SPECTRUM NO. 11

S

iRAMAN SPECTRUM

NE-TENTH LINI

SCATTERING

¢

COEFFICENT

RAMAN SPECTRUM

GALVANOMETER DEFLECTION

l RUN NUMBER 2085 WAVE NUMBER SHIFT (8vcm™1)
|
i
§ g g § § 8
! A o~

46

ONE-TENTH UNIT

SCATTERING
COEFFICENT

ey

;
7

GALVANOMETER DEFLECTION

|RUN NUMBER 2088 WAVE NUMBER SHIFT (avem™l)
:
& g g 8 § 8 g
A It } i il ! . [
4675 4650 7635 3600 4575 4350 575 3500 4754450 @425 7300

2,244 6-PENTAMETHYLHEPTANE SPECTRUM NO. 12
=T

i
N 5
™, 5
o
&
bi Q
g Q...ﬁfy‘y g
g
=% 3
28 z
35 lRaman seecTRUM 5
ZZ  RUN NUMBER 2065 WAVE NUMBER SHIFT (Avcml) 3
g2
"
£3
o
§ °° g g 8 3
T 1l R A T g ;
4675 9630 775 7600 3575 4550 3575 4500 75 4450 s 7400

WAVE LENGTH, A.
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7-n- PROPYLTRIDECANE SPECTRUM NO. 13

N )
z
3
ot
Ld 9
g3 5
383 / 3
=
Q
&..._ZW—“J:'—V& g
o] N
&
:k~u=<m¢~=h ‘_JZ’_,,rVJ g
SNPPRUIEY,, SVVe e SR ’ o
RAMAN SPECTRUM \\‘*“"ﬁ 3
RUN NUMBER 3092 3
|5
WAVE NUMBER SHIFT (AVcm™)
8 8 8 9 c
2 I S S < 2 2
— = @ o < o~
| 1t | ) 1 i 1
2675 4650 462 3600 4575 4550 4525 4500 4475 4450 4425 - 4400

7-n-HEXYLTRIDECANE SPECTRUM NO. 14

|
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

L

RAMAN SPECTRUM
RUN NUMBER 3098

N
GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (Av cm)

g g g 8 g 8 8

] I ; ] i I i)

4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425, v 4400
8 -n-HEXYLPENTADECANE ' SPECTRUM NO. 15

i
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

RAMAN SPECTRUM
RUN NUMBER 3080

‘\_\\
GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (AV cm™l)

(=] j=) o

g g g g : g

I I 1 i ] i {
4675 4650 4625 4600 4575 4550 4525 | 4500 4475 4450 4425 4400

9-n-HEXYLHEPTADECANE ‘ SPECTRUM_NO. 16

—
ONE.TENTH UNIT

SCATTERING
COEFFICIENT ,

RAMAN SPECTRUM
RUN NUMBER 3101

GALVANOMETER DEFLECTION

P WAVE NUMBER SHIFT (4" em )

(=3

L T i

00 4575 4550 4525 4500 4475 4450 4425 440
WAVE LENGTH, A.

t— 1400

1200
600
400

o

4675 4650 4625 4



‘VOLUMIE 22, NO.:9, "SEPTEMBER 1950

1089

11-n-AMYLHENEICOSANE SPEC 17
i LA 3
' s
z
3 [ g
(L]
EEx o
. g =~
z38 ) O
[s2- 1) } §
o
! A 5/\\.‘ Jw NL&W §
. o
RAMAN SPECTRUM e P 2
RUN NUMBER 3095 3
4
l WAVE NUMBER SHIFT (Av cmi)
g § 8 8 § 8 8
] 1l 1 I 3 1 &
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
9-n~-OCTYLEICOSANE SPECTRUM_NO. 1
5
298
=23
280 z
SRk 2
£33 g
3RO S
Q
: =
Q
RAMAN SPECTRUM S L A_ﬁ_a/ S
RUN NUMBER 3089 e
1Y
WAVE NUMBER SHIFT (&Y cemY)
g g g g 3 g g
L ] I 1 [ L I
4675 T 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
9-n-OCTYLHEXACOSANE SPECTRUM NO. 18
S
§ [
z22
1Y z
<58 15
5§48 A8
L”—ﬁ / i
M%ﬂ &
&‘..4 : %N I
. N
RAMAN SPECTRUM g
RUN NUMBER 3104 ;
. . <
WAVE NUMBER SHIFT (Av cml) ©
o
g g : g g : g
. ] il | ] i 1
‘4678 7650 625 4600 4575 3550 4525 4500 4475 4450 425 <00
1-HEXENE SPECTRUM NO. 20
) -
Z
g
w
-
28
:U
[
w3 ]
1458 //,_,.—-
] RAMAN SPECTRUM WAVE NUMBER SHIFT (Avem) \Q
_ RUN NUMBER 2192
{ N
8 8 g g 8
f\ ‘? T T T
3675 3630 4625 2600 4575 3550 4525 4500

4700

-WAVE LENGTH, A.

GALYANOMETER DEFLECTION
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ANALYTICAL CHEMISTRY

cis-2-HEXENE -

ONE.TENTH UNIT
SCATTERING COEFFICEN

g
1

/,——-———*
,//

RAMAN SPECTRUM
RUN NUMBER 2240

S

1400
—1000

- um

—t |

WAVE NUMBER SHIFT [4vem-]

800

766 4673

4650 4625

4550 4525

4500

4475

4450 4425

SPECTRUM NO.

TSPEC'I‘P[U’IM NO. 21

L
&

GALVANOMETER DEFLECTION

SCATTERING COEFFICEN

ONE-TENTH UNIT

.

trans-2-HEXENE

RAMAN: SPECTRUM

/

TN M

WAYE NUMBER SWIFT (Avem-1)

]

RUN NUMBER 2241
i=3
g g g . g g 8
1 t 1L i ) i |
3760 3675 4650 d823 4600 4575 350 4525 4500 1475 2450 prics

SPECTRUM NO.

%400
23

GALVANOMETER DEFLECTION

|

ONE-TENTH UNI

SCATTERING
COEFFICIENT

[

trans-3-HEXENE

AL

" RAMAN SPECTRUM

RUN NUMBER 3/44

WAVE

NUMBER SHIFT [Av cm™')

e
A
g
A

.a._.zy\/*/

GALVANOMETER DEFLECTION

GALVANOMETER DEFLECTION

8
1 1 f g 3 § g
4700 4675 4650 4625 4600 4575 4550 4528 4500 4475 4450 4425 4400
2-METHYL-1-PENTENE SPECTRUM NO. 24
5
g /
i /\/\
28
RAMAN SPECTRUM \&‘
RUN NUMBER 2353.
§ § g WAVE NUMBER SHIFT g (avem=1) § § § J §
L I il | T At 0 I [
4700 4675 1650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

WAVE LENGTH, A.
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2-METHYL-2-PENTENE SPECTRUM NO. 25

=
3
o
hag
3 g
3498 . g
“w
\/\‘\, AT :
&
I A %{}/\ '\/ 5]
- e’ 3
RAMAN SPECTRUM NJ ES
RUN NUMBER 3/38 ’ - -;.
<
L+
l WAVE NUMBER SHIFT (o~ cai’’)
§ § g g g 8 g
L L Il 1 1 1
4700 4675 4650 4625 4500 4575 4550 4525 4500 4475 4450 4425 4400

3-METHYL-1-PENTENE ‘ SPECTRUM NO. 26

ONE-TENTH UNIT
SCATTERING COEFFICEN

GALVANOMETER DEFLECTION

IRUN NUMBER 2125 WAVE NUMBER SHIFT (4 eml |
: : : K g 2 3
47 : 675 4650 4625 71600 4575 4550 4525 4500 4475 4450 ~ 4435 €400
cis-3-METHYL-2-PENTENE SPECTRUM 'NO. 27
.
z
g
“
sl
zS .
3

E:QMA/NSP:H(UM

-1
loun NUMBER 2195 WAVE NUMBER SHIFT (4vem™)

h %
4575 4550 4525 4500 4475 4450 4425 4.

gpzcm IM_NO. 28

GALYANOMETER DEFLECTION

$

/ﬂ»ﬁw—ﬁﬂi\ &9/
£

1400

) g%;vzoo
|-1000

4700 @75 4830° B35

trans-3- METHYL-2-PENTENE

", AN A/

WAVE NUMBER SHIFT [(Av cem1)

ENT

NETENTH UNIT
SCATTERING COEFFICI

ONE.
1600

)

RAMAN SPECTRUM
RUN NUMBER 2200

GALVANOMETER DEFLECTION

S ; .

: g g : g s |
T 7 T T R )

750 775 4550 35 2630 a5 % F 500 9475 4430 s

WAVE LENGTH, A.
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4-METHYL-1-PENTENE _ SPECTRUM NO. 29

SCATTERING COEFFICENT

ONE-TENTH UNIT

PZISAN

IRAMAN SPECTRUM WAVE NUMBER SHIFT (pyem7l) %
2041 Nt e

IRUN NUMBER

8 8
3 A
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 44,

cis-_4-METHYL- szENTENE SPECTRUM NO. 30

GALYANOMETER DEFLECTION

\

I
I—1200.
(1000
00
-
&.
&
00

INE-TENTH UNIT
SCATTERING COEFFICENT

F :

RAMAN SPECTRUM
rUN NUMBER 2068 WAVE NUMBER SHIFT (AVem™)

GALVANOMETER DEFLECTION

e N bﬁ/

1400
1-1200.

—1000
—600
600,

-

%
b
w
~
©»

§ 2
G700 4873 630 a623 4550 L5 75 “

trans-4-METHYL-2-PENTENE SPECTREM NO. 31

5
~
&
N

=
z
-
g
K E ’
3
z z
=2 g
£z g
=5 g
oy &
£3 8
3]
RAMAN SPECTRUM 3
RUN NUMBER23I9
8 ] S wAVE NumBER SHIFT @ (avems) | 8 8 8 ]
o —_ -~ - -
i [l l [ 1 U [ 14
00~ 4675 4650 4675 4600 4575 4550 4525 4500 4475 4450 4425 4400

2-ETHYL-1-BUTENE SPECTRUM NO. 32

[ ammem—] -
ONETENTN UNIT

SCATTERING

COEFFICIENT

LA |

RAMAN SPECTRUM
RUN NUMBER 3/41

(

CAIVANOMETER DEFUECTION

WAVE NUMBER SHIFT {Av,e"’)

4700 s @0 4625 4600 4575 4550 4525 4500 4475 4430 4423 4400
) WAVE LENGTH, A

|- 1600
|- 1400
1200
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2,3-DIMETHYL-2-BUTENE SPECTRUM NO. 33

&
g
i
3
(L)

£3 3

%3 3

7 QQ,‘ &

L__/ 3

|RAMAN SPECTRUM H

RUN NUMBER 2079 WAVE NUMBER SHIFT (AVem™@) §

l : 3

n : 3{\ ; g g 8
1 1 T , :
4600 4575 4550 4525 4500 4475 @50 7455

4700 4675 465 4625

2-METHYL-1-HEXENE ‘ SPECTRUM_NO. 34

\”J%A%x&%/

§ WAVE NUMBER SHIFT § (avem=1) 8 g
H | 1 i

4700 2675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

3-ETHYL-2-PENTENE ' SPECTRUM NO. 35

i \

SCATTERING COEFFICENT

ONE-TENTH UNIT

GALVANOMETER DEFLECTION

RAMAN SPECTRUM
RUN NUMBER 2301

600
L1400
400

&
]

ICENT

ONETENTH UNIT
SCATTERING COEFFI

GALVANOMETER DEFLECTION

RAMAN SPECTRUM
- RUN NUMBER 2350

8 wave NUMBER SHIFT § (avem™) | g 8
y

1l 1 i

7675 2630 4825 2600 4575 45350 4575 4500 4475 3450 7425 7400

IMETHYL-1-PENTENE . SPECTRUM_NO, 36

600
l—1400
j—-400

8
|

N
P
Q

——
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

] AN
/—R:MN SPECTRUM : : ) ‘/\"
RUN NUMBER 3/62

[

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (avcm™)

g

+— 1600
b~ 1400
1200
1400
[—-200

=800

1
4700 4675 - 4650 4625 4600 4575 4550 525 4500 4475 4450 4425 4400
WAVE LENGTH, A.



1094

ANALYTICAL CHEMISTRY

4 4-DIMETHYL-1-PENTENE

.

SCATTERING COEFFICENT

ONE-TENTH UNIT

RAMAN SPECTRUM
RUN NUMBER l2033

WAVE NUMBER SHIFT (A cm-1)

SPECTR[UM NO.- 37

\Q\_A—A

GALVANOMETER DEFLECTION

trans-4, 4-DIMETHYL-2-PENTENE

g 2 : : g : 5 :
1 L A i . ] d ) )
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
. .
cis- 4 4- DIMETHYL-2-PENTENE SPECTRUM NO. 38
-
Z
2
¥
el
[
S 3
=3 ¥
£ g
Z& z
wE =3
Y. s
&
¢ g
h
j I
RAMAN SPECTRUM 3
RUN NUMBER 2387 A
8 1FT {Avem1
§ $ gwnvr NUMBER SHI § (4Vem1) § A § § §
L | il I i 1
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 €00

SPECTRUM NO. 39

IE-TENTH UNIT
SCATTERING COFFFICENT

€

[RAMAN SPECTRUM
RUN NUMBER 2046

1600
1400

WAVE NUMBER SHIFT (8Vem1

g

T
475 4350 4573

[--400

GALVANOMETER DEFIECTION

il

4700 46¥5 4650 4625

trans-3-OCTENE

e

4500

4475 4450

4425

SPECTRUM NO. 40

GAIVANOMETER DEFLECTION

WAVE LENGTH, A.

=
z
!3 %
z22
S2%
u“ - M
Fdts]
SRE )
/\”\43 ,ﬁf—%k D’/
.
\'J RAMAN . SPECTRUM N, ] L
RUN NUMBER 3/56 '
;
| WAVE NUMBER SHIFT (av cm™') ;
g g g § g g | 8 8
I - 1 L 1 : 1 T
700 3 4650 4675 4600 4575 4550 4525 4500 475 4450 475 2400
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|
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SPECTRUM NO. 41

s
N %
§as |
SEg
38 §
\J N, &
I+
RAMAN SPECTRUA . §
. RUN NUMBER3/S3 °
3
WAVE NUMBER SHIFT {av car’) 3
g g ; 5 g :
. i A 11, ? %
4760 2675 %650 %75 2575 4550 2525 4500 4473 4450 2425 2400
6-METHYL-1-HEPTENE SPECTRUM NO. 42
T
S
g
™
£ 3
g o
g8 /\/\ ]
-;'.-E \/J M — E
03 lg
/ ]
\\.2 A‘ 3
>
RAMAN SPECTRUM WAVE NUMBSR SMIFT (Avcm-t) A—.& IS
RUN NUMBER 2261
§ 3 g g g - g 8
m~—' 4673 = T650 7625 3500° 573 l 55 PiFH] L 1 4£75 . i
2-METHYL-1.PENTADECENE SPECTRUM _NO. 4
| ! ‘
4 ]
I G
=
38 2
z2 ) N\ £
Zx
&% RAMAN SPECTRUM «
RUN NUMBER 2825 ]
H
2
5 g lyAvs' NUMBER SHIFT {8V em ) 3
: K : g g P g
4700 l 2675 9630 3623 4600 4575 4550 ri e 7 414175 rrr 4425 44001
1,3-HEXADIENE SPECTRU. 44
i Z '
g
"
28 _/\/ z
=g <3
£z 8
QW s
L]
3
3
AMAN SPECTRUM WAVE NUMBER SHIFT oem=-3 \\ﬁ £
RUN NUMBER 2074 (L3
3 ; : : ;
4700 : 4675 4650J 4625 4‘600 4575‘ 4550 4525 4500 4475 4430 : 4425 . 4400‘

WAVE LENGTH, A
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2 4-HEXADIENE (HIGH BOILING ISOMER)

ANALYTICAL CHEMISTRY

SPECTRUM NO. 45

ONE-TENTH UNIT
SCATTFRING COEFFIC(N

RAMAN SPECTRUM
RUN NUMBER 2392

)

/\ S

S

]

/ﬂ

GALYANOMETER DEFLECTION

2, S-DIMETHYI.-I 5-HEXADIENE

Q WAVE NUMSZR SHIFT (£Vem=1}
§ g § § 8 g
| 1 0 oa i i 1 | i
4700 4675 4650 4600 4575 4550 4525 4500 4475 4450 4425 4400
2,3-DIMETHYL-I,3-BUTADIENE SPECTRUM NO. 46
[ : ] |
S
b
&
58
20
=2
Z &
e
u ~
E;
e !./
RAMAN' SPECTRUM WAVE NUMBER || SHIFT (Avcm2) w
RUN NUMBER 1970
3 g 3 3
[ i 1 [ " ] 1 )
4700 3675 4630 4635 4600 4575 4550 4525 4300 4475 4450 4425

700 ~

SPECTRUM_NO. 47

SCATTERING COEFFICENT|

ONE-TENTH UNIT

[

IRAMAN SPECTRUM
IRUN NUMBER 207/

WAVE NUMBER SHIFT (4Vcm1)

|/

/>

GALVYANOMETER DEFLECTION

GALVANOMETER DEFLECTION

g
M K
0

GAIVANCMETER DEFLECTION

g g g g g 8
1] I
470 3675 4650 4625 4600 4575 4550 4325 4500 4475 4450 . 4425 4400I
2,5-DIMETHYL-2 4-HEXADIENE SPECTRUM NO. 48
[ses
: §§ RAMAN SPECTRUM
38 RUN NUMSER 3132
17 - =~
N
WAVE NUMBER SHIFT (avem™) \/
§ R § —% 8
1 "G A ! . i
4700 7 4650 T 4625 4600 4575 4550. 4525 4500 4475 4450 4425 4400

WAVE LENGTH, A.
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ETHYLCYCLOBUTANE

SPECTRUM NO. 49

[
z
>
x
£
s
3
S

SCATTERING
COEFFICIENT

g

RAMAN SPECTRUM
RUN NUMBER 3/59

AN

WAVE NUMBER SHIFT (a7 cm™')

\.M

wis g

1%

3

8 b4

§ g g g g 8 8
1 il 1 i | ] I.

4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

ECTRUM NO, 50

GAIVANOMETER DEFLECTION

/-

b

o NS

trans-1,2- DIMETHYIj.CYCLOPENTANE

L

GALVANOMETER DEFLECTION

é \\4
£ RAMAN SPECTRUM
§ S RUN NUMBER 2379
O
3
o
£2
SE
- = .
¥ VE NUMBER SHIFT, Vem-1
§§g § §WAVE g (avm3) § § §
i 11 1 | f | ]
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

cis-1-METHYL-2-ETHYLCYCLOPENTANE

SPECTRUM NO. 51

SCATTERING COEFFICENT

ONE-TENTH UNIT

!

RAMAN SPECTRUM
RUN NUMBER 2215

1200

e

WAVE NUMBER SHIFT (Ayem=1)

ViSv=q

§ § 8 8 8
1 1 ) T
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425

SPECTRUM NO. 52

|

ONE-TENTH UN|
SCATTFRING
COEFFICIENT

n-BUTYLCYCLOPENTANE
[~

At

RAMAN SPECTRUM
RUN NUMBER 3/35

\

]

WAVE NUMBER SHIFT (Avem )

SN

/
N/

.

GALVANOMETER DEFLECTION

GALVANOMETER DEFLECTION

>4 .

s 2 § g E 3 8

1 4 1 1
7650 2625 4600 4575 1350 4525 4500 4a7s 3450 1475 4400

WAVE LENGTH, A.

1097
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ISOBUTYLCYCLOPENTANE SPECTRUM _NO. Pﬂ

&
[
58 §
3 g
g g
sE y\/\’ / a
z < @«
ok o ol O QZ -
a— A/ %
z
L\ :
RAMAN SPECTRUM b 3
RUN NUMBER 2430 P}
§ § §w,ws NUMBER SHIFT R (4Yem) § §
[ I Tl R A SR Al ki 1§
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
CiS-‘,3-D'METHYLCYCLOHEXANE QS_PECTRUM NO. 54
RAMAN SPECTRUM
RUN NUMBER 2373
5
2
AN :
— \ g
purss Z i
§ M §
§§ '\k J %
35 WAVE NUMBER SHIFT (AVem?) ©
T
3z
Bk g g § g 8 g
1 |
475 A@L 4423 ijéw 4573 %355 a7 L — 4300 r7vid “ 4433 J!Eu

trans -1,3-DIMETHYLCYCLOHEXANE , SPECTRUM _NO. 55,

Y NN :
Q
/’i/ ] -3
AN 5
o H
2O RAMAN SPECTRUM RS
S, RUN NUMBER 2371 5
£z hd
T
g5 8 GWAVE NumsEr SHIFTS  (Benl) 8
I g< S S 8 8
[ 5% i L1 | T 01 i ] g
4675 4650 4625 A600 4575 4550 4525 4500 4475 4450 4425 4400
1,1, 3-TRIMETHYLCYCLOHEXANE SPECTRUM NO. 56
z
14
&
\-JE/"'_ - M N
L5 [
g 3
S5 RAMAN SPECTRUM S
30 RUN NUMBER 2454 2
z2 ©
§§ § WAVE NUMBER SHIFTR  (Avem1)
§:5 8 & § § 8
184 i} ] : ] it 1 i
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 P77 4%6‘“

WAVE LENGTH, A
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n-BUTYLCYCLOHEX

ANE

GALVANOMETER DEFLECTION

/ SPECTRUM NO. 57
3
w 5
:% g-
z9 - : >.ﬁ
zg RAMAN SPECTRUM S\A"L §
25 RUN NUMBER 2448 3
SE 3
33 &
2 8 §w4v5 NUMBER snlrrs {avem ) § 8 8
3 & 3
AT i NE | | 5 1 1 T
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
ISOBUTYLCYCLOHEXANE SPECTRUM NO. 58
&
:W
38 F
i g
& k]
| g
RAMAN SPECTRUM -/ 2
RUN NUMBER 2425 ©
§ g gvuvs NUMBER SHIFTS (A»T ) 8 3 8
| 1l L 1 1 1 1
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 . 4425 Mﬂol
PENTADECYLCYCLOHEXANE SPECTRUM NO. 59
3 -
I S
. & RAMAN SPECTRUM
ES S RUN NUMBER 2834
z¥
=B
/ WAVE NUMBER SHIFT (A cmd)
‘ g g 8 g \ 8 g
T g 3 T §] \. A v '_‘1_
4675 @50 4623 7&3 673 4530 65 3500 475 4450 4475 200
cis-HYDRINDANE SPECTRUM NO. 60
g
s
l g5t
R &
338 5
o
] e
RAMAN SPECTRUM \% Q ﬁ . 3
RUN NUMBER 3/50 3
WAVE NUMBER SMIFT (o~ cof”)
g : g g g g 2
1 { )
4650 : 4625 469)0 675 4550 4525 4500 4475 4450 4435 2400

WAVE LENGTH, A

1099



1100 ANALYTICAL CHEMISTRY

I-CYECLOHEXYI.Q FZ{YCLOHEXY_I.ETHYL)HENDECANE SPECTRUM NO. 61

ot
ONETENTH UNI

SCATTERING
COEFFICIENT

RAMAN SPECTRUM NWN

e RUN NUMBER 3086

/

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (AV em)
§ § g 3 8

I i | i

4700 4675 46 2625 4575 4550 4525 4500 4475 4450 4425 Mﬁh

2,4-DIMETHYL-1-CYCLOPENTENE SPECTRUM NO. 62

800

§ 1200

.
z
g
&
23
=¥ .
=E ’
W
3% w ' &
T &
RAMAN SPECTRUM \%Z \/] 2
RUN NUMBER 2201 WAVE NUMBER SHIFT (8Vcm-1) =
i
§ § g g 8 § 8
] I il I Il
4700 475 4650 4625 4600 4575 4350 3525 4500 4475 4450 L 425 4400
1,2,4-TRIMETHYL-1-CYCLOPENTENE SPECTRUM NO. 63
. |
2
¢
.-
=¥ g
5% g
S8 \ E
L : s
2 N2 Z
RAMAN SPECTRUM K
RUN NUMBER 2260 - WAVE NUMBER SHIFT (Avcm-1) 3
8 § 8 g g 8 8 8
4700 675 4650 7623 4600 4575 9550 4525 4500 4475 4450 425 4400
1-METHYL-2-n-PROPYLBENZENE SPECTRUM NO. 64
oy D—LV ]
@ -
L
N
l: e
3 z
F 3 Qe
52 RAMAN SPECTRUM (¥
mE RUN NUMBER 2830 3
W H
e : /
o& [
WAVE NUMBER SHIFT (av cm 1) g.
g
S
>
3
O
Nk 8  RWWAR: $ 8 A
1 1 { la 1 i L [
4700 4675 4650 4625 4600 4575 455Q 4525 4500 4475 4450 4425 4400

WAVE LENGTH, A.
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I-METH__YL-B-n-PROPYLBENZENE SPECTRUM NO. 65

[
&
L
W,
Z
3 : 5
x: 3
=Z b
g = 2
£
$3 8
o K . ®
. RAMAN SPECTRUM '\ §
RUN NUMBER 2821 g
X
%
- e
WAVE NUMBER SHIFT (aven”)} b}
8 8i wﬂ/
hd o ; § § l gl §
| 1L il : ] Q |
4650 4625 4600 4575 4550 4525 4500 4475 4450 Yy 4400

1-METHYL-4-n-PROPYLBENZENE SPECTRUM _NO. 66

— .
o .

1 ‘.t g

- b

=0 . T

30 j

=¥ RAMAN SPECTRUM

L& RUN NUMBER 283!

[
TeE

S

WAVE NUMBER SHIFT (avem™)

GALVANOMETER DEFLECTION

200

o

s 4450 4425 4400

$
1

—1000

800
F:ooo

~N

A
4575 4550 4525 4500

I'S

4

4675 4650

NAPHTHALENE _ ~ SPECTRUM_NO. 67

ONETENTH UNIT

SCATTERING COEFFICENT|

,./ .
RAMAN SPECTRUM
IRUN NUMBER 2207 )
WAVE NUMBER SHIFT (Avcm-1)

_*$ | % '?10% ‘AT T $ ? ]

<760 PT35S 4650 2635 p7 575 4550 323 7560 475 450 475

1-METHYLNAPHTHALENE SPECTRUM NO. 68

_\

GALVANOMETER DEFLECTION

I S
i RAMAN SPECTRUM <
RUN NUMBER 2946 g
Q
5 I
W o
] 3
L WAVE NUMBER SHIFT (avem 1) 2
58 E
> S
O
£2Z
£z
e 8 S 8 8 8 8
w3 o = & 4 8 S
b4 © i 3 ) 3 Q S
53 1 /\ ] h Il EMN AL il ] :
700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

)

WAVE LENGTH, A



102 ANALYTICAL CHEMISTRY
2-METHYLNAPHTHALENE

SPECTRUM NO. 63

=
z
=
Q
<
-
[5 3
o
- Q
2E 2
Wiy a
34 - ;,‘
%) - b d
RAMAN SPECTRUM ]
RUN NUMBER 2232 g
1z
3
-
<
o

AVE NUMBER SHIFT {avem ™)

({
\x

]y T3

S [~

] s 8 = S 8 8

i i1 Al | 11 ! ]
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

l,6-DlME1"HYLNAI|’H HALENE SPECTRUM KO. 70

. 3
z ~
s |
L
w
[

I8 2
x¥ 8]
2 2
Za 2
g H
€3 RAMAN SPECTRUM 3
G4 RUN NUMBER 2715 It

el
;
2
3
. (L]

WAVE NUMBER SHIFT (a2em T} - k‘
8
1 Ik,

b B,

<

1

3

1

L1400

I8
m——y
—600

4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 44

2,3-DIMETHYLNAPHTHALENE SPECTRUM NO.

I

-

T— N 8

//"A
RAMAN SPECTRUM
RUN NUIIIBER 27122
WAVE NUMBER SHIFT (a¥ cm™)

4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

2-n-BUTYLNAPHTHALENE SPECTRUM NO. 72
‘ /

Wyw@\{ \\

ONE-TENTH UNIT
SCATTERING COEFFICIEN

GALVANOMETER DEFLECTION

[=1400

v

1200

1000
=800
—
400

~
i

)
\4 1 RAMAN SPECTRUM
RUN NUMBER 2588

WAVE NUMBER SHIFT (avem ™Y

» /
GALVANOMETER DEFLECTION

-
z
:‘
L
“
I.. £
3]
3 (%3
3
z&
3
S .
z <
§ a4 /\ § 5 § § § 8
1 A I A 1 . il 1
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

WAVE LENGTH, A
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1-o-NAPHTHYLHENDECANE

1103

SPECTRUM NO.73

—
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

A RAMAN SPECTRUM
RUN NUMBER 3077

=

| AW

P

e

GALVANOMETER DEFLECTION

= WAVE NUMBER SHIFT (A cml}
1 M g 8 g g § _9/ g
I i mn 1 1 1 : 7
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
1-PHENYL-3 (2-PHENYLETHYL)HENDECANE SPECTRUM NO. 74
5
3 Lo
I z23
ZE0
£3¢8 , g
/ M, A 1&
A_“,QL . \\A §
RAMAN SPECTRUM
RUN NUMBER 3083 SN e §,
WAVE NUMBER SHIFT (AVead) 3
; S | g
1 T i 3 g 1 1 ?
4760 7675 4650 4625 4600 75 4550 4523 4500 4473 4450 425 4400
DIMETHYL ACETAL (1,1-Dimethoxyethane) SPECTRUM_NO. 75
E
[sgz
IES i
SEg /R
348 . /15
N\ %
~L_ AL N A Ak
e =
G RAMAN SPECTRUM B / s v §
RUN NUMBER 3053 N
z
WAVE NUMBER SHIFT (Avencd) ©
§ § g 8 8 g 8 8
i { 1 .\ ] ] | ]
<00 4675 4650 4625 4600 4575 4550 4525 4500 4475 50 “25 4400
ETHYLAL (Diethoxymethane) SPECTRUM NO. 76. -
=
b
3
Ulh
SEE g
8 (N AN A / ;
y/ ‘E‘
RAMAN SPECTRUM %MM .oz,,
RUN NUMBER 3007 3
(L3
WAVE NUMBER SHIFT (AVem™
g g g & g 8 8 &
] 1 It 1 . T [ ] |
4700 4675 4650 4625 4600 4575 4550 T 4525 4500 4475 4450 4425 4408

WAVE LENGTH, A



1104 ANALYTICAL CHEMISTRY

ACETAL (1,1-Diethoxyethane) SPECTRUM NO. 77

e e——
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

S RAMAN SPECTRUM
RUN NUMBER 3068

nziu/‘/-\”\w N&m 4/\1_ fy/

GALVANOMETER DEFLECTION

WAVE NUMBER SMIFT (Avcmd)

1400

200
[~ 1000
—800
600

i i

4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

METHANOL SPECTRUM NO. 78 _

SCATTERING COQEFFICIENT

ONE-TENTH UNIT

y}/——\\
L’y} RAMAN SPECTRUM
: RUN NUMBER 2911
/ WAVE NUMBER SHIFT (AVcmd) \\\‘ﬁé

{

GALVANOMETER DEFIECTION

»/

o
o
g S 8 8 $ 8 8
i it N | | )
3675 2650 4625 3600 375 4550 7575 7500 3475 7450 4475 3460

ETHANOL SPECTRUM NO. 79

=
zZ
= —
(%]
£23
2O 3
[ vy =
o o S
e (")
Zy 0O i E C E <]
[sX-%w) 2
g RAMAN 'SPECTRUM \ £
RUN NUMBER 2845 \\ 3
o
WAVE NUMBER SHIFT (AY em) 3
§ g g g 8 g &/
! b i A | £l | ,wu
9675 7650 2625 4600 4575 4550 4525 2500 4473 2450 2435 v
1- PROPANOL SPECTRUM NO. 80
[
z
= (o
2
1882 §
238 5
SHE g
s \ &
VAL G4 \
&% / &
naned RAMAN SPECTRUM \L-_.ZLM g
RUN NUMBER 3071 3
>
3
WAVE NUMBER SHIFT (AVcm) hd
8 :
s E g 8 g 3 8
] il ] i ] It | _ [
4675 4650 46325 4600 4575 4550 4525 4300 4475 4450 4413 4400

WAVE LENGTH, A.



2- PROPANOL
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SPECTRUM NO. 81

ONE-TENTH UNIT

SCATTERING
COEFFICIENT

é
\

s&g,l

GALVANOMETER DEFLECTION

2- BUTANOL

/“— RAMAN SPECTRUM
RUN NUMBER 2840
L WAVE NUMBER SHIFT (4Y am) \\\_,/—\9@
g g g % g s g
] 1l i 1 1 | 1
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
1- BUTANOL SPECTRUM NO. 82
\“ /\ f\'\ | z
l& \ ( S
I~
2
RAMAN SPECTRUM &
~ RUN NUMBER 2917 3
A z ) iy
w w
:
o
30 WAVE NUMBER SHIFT (AVcm1) e ] E:
14 : 3
£z R
8 £3 8
§ &% 8 g 8 8 8 g
| 1 | 1 1 | |
4675 4630 4625 4600 4575 4550 575 4500 4475 3450 4425 200

SPECTRUM NO. 83

INE-TENTH UNIT
SCATTERING

-G

COEFFICIENT.

[

x

AV

/
bl AMAN SPECTRUM

7

GALVANOMETER DEFLECTION

2-METHYL-2-PROPANOL (tert.-Butyl alcohol)

e

ONE-TENTH UNIT
SCATTERING

—1400

COEFFICIENT

RA
RUN NUMBER 3iC7

g

MAN SPECTRUM

WAVE NUMBER SHIFT (Avem™)

g
1

—3800

600

400

_\ﬁ_zl;//

4575 4650

=

4625

4575 4550

WAVE LENGTH. A

4525

4500

4475

4450

4425

44

3 +—200

:ulm NUMBER 2935 \ /\M
. D gt O |
WAVE NUMBER SHIFT (AVcm)
E=] b= )
& E: 8 8 8 g
I 1 L 1l 1 i
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

SPECTRUM NO. 84

GALVANOMETER DEFLECTION

1105
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3-PENTANOL SPECTRUM NO. 85

N tAY N

2
Q
”_,—"’T —~
O
e ]
o
. RAMAN SPECTRUM \< i / g
z RUN NUMBER 2941 =
o =
= "l
& H
=8 z
3o 3
© B
T
52 WAVE NUMBER SHIFT (8Y cml) S
SE
o ‘2‘ < o =] .
S &% I 8 3 8 S v
-— - - «© - 2
| 11 | | 1 ] M|
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

2-METHYL-1-BUTANOL (Active Amyl alcohol) SPECTRUM NO. 86

z
Q
[
O
_\“_‘s&_\ 3
a
AN &
Z
] — | &
“w
s %
e g
TE  RAMAN SPECTRUM \ B
ZE RUN NUMBER 2412 PN &/ 3
SE | .
85 8 8 §wm NUMBER SHIFT {aVemt) . S
3 2 2 | § § S §
i 3 ] il |
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

2-METHYL-2-BUTANOL (tert -Amyl alcohol) SPECTRUM NO. gé

ONE-TENTH UNIT

SCATTERING
COEFFICIENT

— \

RAMAN SPECTRUM

N RUN NUMBER 2943
- \g_.&é}ﬁ
8
3

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (AVeml}

=1 o
g g 8 8 8 8
| ). 1 ! A 1| 1 |
4675 2650 4675 4600 4575 3550 4525 4500 4TS rZ] 2425 9400

n- BUTYRALDEHYDE SPECTRUM NO. 88

P s |
ONE-TENTH UNI

SCATTERING
COEFFICIENT

\J\\A M,&A‘M&

/

\M- RAMAN SPECTRUA \\._A_J ]

RUN NUMBER 3031

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT {Avcm-Y

§ g 8 g 8 8 8
- - «© o -
T 1 il L. { it 1
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425

WAVE LENGTH, A
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ISOBUTYRALDEHYDE _  SPECTRUM NO. 89,

[
E
I 153
SEE
38 /

P

(

RARAN mmuA
AUN NUMBER 3074

- GALVANOMETER -DEFLECTION.

WAVE NUMBER SHIFT (AV cal)
L n 1 e )

75 4850 4625 4575 4550 4525 4500 4475 4450 4425 T 4400

LDEHYDE SPECTRUM NO. %0

}-1600
800

T

g
3

@
2
>
F
m
x

SCATTERING COEFFICIENT >

\

ONE-TENTH UNIT

, ﬁ_ﬁ&ﬂ
WAVE NUMBER SHIFT (ddcm‘)\\\b//

GALVANOMETER DEFLECTION

RAMAN SPECTRUM
RUN NUMBER 2953

8

[—1600 (

g 8 8 8 g 8
-— — - L3 0 - o~
1 1t ! i il | LT -
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 T 4400

|SOB|.!TYL FORMATE | , SPECTRUM NO. 91

/

remm———]
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

[
|
:
|

[

et ||

| WAVE NUMBER SHIFT {Avom)

- - GALVANOMETER DEFLECTION.

8 § g : 8 g § g
1 1 }! % | I ] 4

4700 4675 4650 25 4 4578 4550 4525 4500 4475 4450 425 4400 .
ETHYL ACETATE : - SPECTRUM NO., 92 -~

RAMAN SPECTRUM
RUN NUMBER 2927

WAVE NUMBER SHIFT (A em)

SCATTERING COEFNCIENT

ONE-TENTH UNIT

GALVANOMETER DEFLECTION

1
f
|

: g g 3 g 8 g
1 . I 1 l 1l | i il
2700 4675 4650 625 4600 4575 4550 4525 74500 4475 4450 4425 = 4400

WAVE LENGTH, A
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ISOPROPYL ACETATE _ SPECTRUM NO. 93

4
5
o

558
Em&'
SEE
£38
SXS

N S PV, W AN L IV

. sbu
RAMAN SPECTRUM P o]

RUN NUMBER 3037

£
(

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (AV em-Y)

$ g g 8 8 8 g
- - = @ = ~
| | 1 I | ! ] |
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
sec- BUTYL ACETATE SPECTRUM_NO. 94
[
I zis
g8
S
238

A fortmbim | | LA

RAMAN SPECTRUM
RUN NUMBER 3044

F
|

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (A eml)

g
]

$ 3 g

il | }

|—1600
|—1400
1—1200,
800

2700 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

ISOBUTYL ACETATE SPECTRUM NO. 95

[
ONE-TENTH UNI

SCATTERING
COEFFICIENT

ANy

GALVANOMETER DEFLECTION

Tyt RAMAN SPECTRUM ™
RUN NUMBER 3050

&

AN

WAVE NUMBER SHIFT (AVem)

- 1600
— 1400
1200

|—1000

[—800
00

[— 400

8—200

4700 4675 46, 4625 4600 4575 4550 4525 4500 4475 4450 4425 44

METHYL PROPIONATE SPECTRUM NO. 96

ONE-TENTH UNIT
SCATTERING
COEFFICIENT

. F’—"“J\J\J\‘ s
My RAMAN SPECTRUM '\“{
RUN NUMBER 3010

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (Av eml)

§ § g g 8 8 g
| I It i [ 1} ) 1
2700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

WAVE LENGTH, A,
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1ISOBUTYL PROPIONATE SPECTRUM NO. 87

[ERN———,
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

s \N/kamd ]

RAMAN SPECTRUM
‘RUN NUMBER 3065

F
|

GALYANOMETER DEFLECTION

WAVE NUMBER SHIFT (AV emd)

-§

|- 1400

|- 1000

800
400
20

&}-1200

L
4700 4550 4625 00 4575 _ 4550 4525 4500 4475 4450 . 4425 4400

1109

ETHYL n-BUTYRATE . : ﬁsTPEC'rnUM NO. 98

[

| |
—ONE-TENTH UNI

SCATTERING
COEFFICIENT

\ PN N /“L./\._,./V‘&\

RAMAN SPECTRUM
RUN NUMBER 3047

L~

F
|

WAVE NUMBER SHIFT (AVemd)

§ § £ 8 8 8 g g
=2 2 - - L - ~
| 1 I ) ] 1t I |
4700 4875 4650 4625 4600 4575 4550 25 4500 4475 4450 475 4460

ETHYE ISOBUTYRATE SPECTRUM NO. 99

%

[E—
ONE.TENTH UNI,

SCATTERING
COEFFICIENT

S WA SV

| e L &Q//
RAMAN SPECTRUM M
RUN NUMBER 3016

p
|

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT {Avcm-Y)

It I
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 44

DIMETHYL CARBONATE SPECTRUM _NO. 100

|— 1600
— 1400
1200
3800
600
(400
3200

P |
ONE-TENTH UNI

SCATTERING
COEFFICIENT

\'.

7
|

- e A

RAMAN SPECTRUM
RUN NUMBER 3062

WAVE NUMBER SHIFT (AV cm)

g § g g 8 g 8 8
1 ] ) k 1 1 It ] |
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

WAVE LENGTH, A.

GALYANOMETER DEFLECTION

—

GALVANOMETER DEFLECTION
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DIETHYL _CARBONATE SPECTRUM NO. 101

o
ONE-TENTH UN!

SCATTERING
COEFFICIENT

/ | N | |

RUN NUMBER 3056

/
|

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT {Av cal)

g

i 1 .
4700 4675 4650 4625 4600 4575 4550 4525 4500 " 4450 4425 4400

METHYL ORTHOACETATE (1,1,1-Trimethoxyethane) SPECTRUM NO. 102
l

— 1600
= 1400
}— 1200,

800
600
|~ 400
[—200

a
Sk
~
w

SCATTERING
COEFFICIENT

e SN

RAMAN SPECTRUM
RUN NUMBER 3013

[ |
-~ ONE-TENTH UNIT

(

GALVANOMETER DEFLECTION

WAVE NUMBER SMIFT { AYcm-d)

g g g g g g g 8
L Lo L1 1 | 1 i t i T
4700 4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
DIETHYL ETHER SPECTRUM NO, 103
g
8
o RAMAN SPECTRUM
5 § RUN NUMBER 2956 z
z g
# Al %
g
WAVE NUMBER SHIFT {AV o) \ / 3
o
— M_/
: ; ; : 3 ; ;
4873 RLSTJL 3673 gﬁ’ a7 11/ BT 11 7500 475 450 [r3id T.%"‘

ETHYL ISOPROPYL ETHER SPECTRUM NO. 104

SE——
ONE-TENTH UNIT

SCATTERING
COEFFICIENT

Poemcam st RAMAN SPECTRUM N w}/ f

RUN NUMBER 3022

)

GALVANOMETER DEFLECTION

WAVE NUMBER SHIFT (AV m)

1600
|—1400
L1000
b==-600.
}—400
|~200

g 8

o o
4700 4675 4650 4675 4600 4575 4550 4525 4500
WAVE LENGTH, A.

a
=
~
v

4450 4435 4400
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SPECTRUM NO. 105

1111

DI-n-PROPYL ETHER

ONE-TENTH UNI
SCATTERING
COEFFICIENT

RAMAN SPECTRUM
RUN NUMBER 3034

WAVE NUMBER SHIFT (AV cm)

:551“@\

D WL 2

/

GALVANOMETER DEFLECTION

j=3 1= f=3
s 8 g 8 8 8 8
| = S 33 5 o~
i (I L | | ] !
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
ETHYL n-BUTYL ETHER SPECTRUM NO. 106
N -
K
S -
%)
Tzs
xQ
82 13
S Ho g
&
»—L—- =
it e W SN £
_ﬁ'_l‘ﬂ:m- L/ g
M S
g
RAMAN SPECTRUM =
RUN NUMBER 3025 3
WAVE NUMBER SHIFT (AvVcm=Y
b=} (=]
§ 8 8 8 g 8 8
| 1] 1 { 1} | ]
4675 7650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
ETHYL ISOBUTYL ETHER SPECTRUM_NO. 107
[
F3
S -~
v
Ezg
Zx0
MRS =z
s (=]
838 g
c 2
”Cf_l\_:J &
|~ ]
RAMAN SPECTRUM S e
RUN NUMBER 3043 3
S
WAVE NUMBER SHIFT (AV cm)
o
§ § g g g g 8
| 1 | 1 1 1 |
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400
ETHYL tert-BUTYL ETHER SPECTRUM NO. 108
- -
z
3 [
1Y)
E2Z
Zﬁg z
i (<3
55t :
SHO g
5
7 ac
A A g
“&A g
[=]
z
RAMAN SPECTRUM 3
RUN NUMBER 3028 3
WAVE NUMBER SHIFT (Avcm-Y
g : g g 3 g :
[ 1 I T | I 1
4675 4650 4625 4600 4575 4550 4525 4500 4475 4450 4425 4400

WAVE LENGTH, A,
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Quantitative Spectrochemical Analysis of Ashes,
Miscellaneous Samples

Liguids, and

eposits,v

EDWIN K. JAYCOX, Bell Telephone Laboratories, Inc., Murray Hill, N. J.

A general technique'is described which is applicable to the quantitative spectro-

chemical analysis of a wide variety of materials.

Sample preparation, the in-

corporation of spectrochemical buffers, and excitation procedures are discussed
for typical cases which illustrate the scope and possibilities of the method.
Examples include the analysis of the ashes of rubber, plastics, paper, and cloth;
deposits on walls of vacuum tubes and other surfaces; water, oils, and other
liquids; and miscellaneous solid materials.

ANY spectrochemical laboratories, particularly those that

are engaged in a general research program, are faced with
the necessity of analyzing quantitatively by spectrochemical tech-
niques a wide variety of materials with moderate dispatch and
precision. In addition to metals and alloys, many miscellaneous
samples must be analyzed, such as water, reagents, deposits of
thin films in vacuum tubes, and ashes of a variety of organic com-
pounds.

DISCUSSION

The spectrograph, an extremely versatile analytical tool, is
adaptable to the quantitative analytical requirements in all the
above cases, provided that the samples can be converted into a
form or state in which corresponding standards are available, or
can be readily made. The amount of work involved in making a
separate set of standards for each type of sample encountered is
prohibitive. For this reason, a technique has been devised in the
author’s laboratory for utilizing a single set of standards fer the
analysis of many types of materials. This is accomplished by
buffering miscellaneous samples with a common base material to
such a degree that the resultant sample behaves, during excita-
tion, in » manner similar to that of the buffer used. The elements
to be determined in the sample are thus in the concentration
range of impurities with respect to the buffer, and the buffer in
turn dominates their behavior. This and other functions of a
spectrochemical buffer have been-discussed by the author (6-7).
and others (8, 4, 8, 9).

Because this method is broad in scope, covering the analysis of
a wide variety. of materials involving a large number of elements,
this scheme of analysis is presented in a comprehensive manner
rather than as a detailed step-by-step procedure. In this way it is
possible to cover the many aspects of the method, such as alterna-
tive means of preparing samples, the utilization of different forms
of samples, the choice of buffers, the variation in ratio of weights
of buffer to sample, standards, and other factors, without ob-
scuring the presentation with many details which may not be
applicable in some cases. )

This system of analysis is equally applicable to solution or
powdered samples. Dry powders are preferred for most applica-
tions, particularly for the analysis of ashes, because the solubility
of an unknown ash in a simple reagent is not always predictable.

Experience has indicated that more reproducible results can be

obtained with dry powders. If solutions are used, it is essential
that they be stable, without the danger of precipitation of some
of the constituents, and that the concentration of acids be
matched in standards and samples. Inasmuch as the principles of
analysis involved are common to both solutions and powders, to
simplify the presentation the remainder of this discourse deals
only with the use of dry powdered sumples which are more

universally applicable. -
The standards employed are made to contain known amounts

of the elements to be determined, in a range of 0.01 to 1.0%, with
respect to the metal or compound used as buffer. The number of
elements contained in a single series of standards is generally
limited to five or six to minimize the complexity of the system,
particularly in the upper range, with regard to the interinfluence
of constituent elements upon each other in the excitation source.

The major factors which govern the choice of buffer and standard
base are:

1. High purity, at least with respect to the elements to be de-
termined

2. Compatibility in the excitation source, with respect to both
spectral emission and physical evaporation characteristics

3. Simplicity of spectra to minimize spectral line inter-
ference

4. Availability in relative abundance

Cupric oxide and lead sulfate satisfactorily meet the above re-
quirements. Very pure copper and lead metals are obtainable
from the American Smelting and Refining Company. National
Bureau of Standards melting point standards, copper No. 45B
and lead No. 49C, are also of satisfactory purity. Nickel is also
an excellent buffer, but because of its relatively rich spectrum, its
use is restricted to large spectrographs where spectral line inter-
ference is at a minimum. Zinc is satisfactory for the determina-
tion of elements in the lower boiling point range. Special con-
sideration might favor the choice of other buffers in dealing with a
limited group of elements, such as the alkalies or the alkali earth
elements. Further discussion is limited to the use of copper or
lead as the buffer element, although it is recognized that other
buffers are as good or better in certain applications.

The chosen ratio of sample to buffer weights depends upon the
expected order of magnitude of the element that is being deter-
mined, and should be such that the expected concentration of the
element sought is between 0.003 and 0.39, by weight with respect
to total weight of buffer used. ‘As an example, in the analysis of
distilled water, where the amounts of solids are very low, a ratio
of weights of sample to buffer of 2000 to 1 is employed, whereas
for the analysis of tap water or a somewhat impure reagent, the
ratio is reduced to 100 to 1, or lower. In the case of an ash where
the concentration of the element to be détermined is 10% with
respect to the weight of the unashed sumple, the amount of buffer
used is increased so that the ratio of sample to buffer weights is
1 to 100. Thus it is possible, by the judicious handling of the
sample and buffer, to cover an almost unlimited range of con-
centrations. When the concentration of the element sought is
completely unknown, a preliminary qualitative spectrochemical
analysis is run, or the sample is prepared in two or more ratios.
This latter scheme is generally employed, because it supplies a
duplicate sample and is useful if several elements of different
orders of magnitude are to be determined. The standards, which
cover a range of a factor of 300 to 1000, will then usually be found
to embrace the amount of elements present in the prepared sam-
ples.
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Samples dealt with in this presentation fall into one of three
general classifications:

1. Inorganic solutions whose constituents can be concentrated
by simgle evaporation

2. Organic liquids or solids which require ashing

3. Deposits, segregates, or other samples which require a
special sampling technique

Each of these classes of samples is handled in the manner de-
scribed below. '

There are, of course, limitations to this scheme of analysis.
In the case of some samples falling within classification 3, where it
is not possible to concentrate the element to be determined and
where it is diluted heavily with the buffer material, a low limit of
determination of concentration of element of several tenths of 1%,
with respect to the weight of the sample is imposed.

A single buffer material may not always be adequate to serve
as an internal standard for all elements to be determined in a
particular sample. However, volatile elements on the one hand,

such as the alkalies, and on the other, highly refractory materials, -

such as tantalum, tungsten, uranium, or zirconium, can be deter-
mined without reference to an internal standard with some sacri-
fice in precision or, if warranted, a more compatible buffer may be
used in the determination of a particular element.

Under “Procedure” Pyrex glass No. 7740 or Vycor glass No.
7900 laboratory ware is specified, but where silicon, boron, or
aluminum is to be determined in low concentrations, platinum
should be used or blanks determined. Blanks should also be de-
termined on all reagents used if the analysis is critical.

APPARATUS

Excitation Source. A direct current arc source is employed
with open circuit voltage of 250 volts, maximum arc current 15
amperes. Series resistance is used to control and limit the cur-
rent.

Spectrograph. A spectrograph is employed which has sufficient
resolving power and linear dispersion to separate clearly the
analytical lines from other lines in the spectrum of the sample in
the spectral region 2100 to 6000 A. These conditions are satisfied
by commercial grating and quartz prism instruments having a
linear dispersion of the order of 0.2 mm. per A. at 2800 A. for the
determination of all elements covered by this procedure.

Recording Equipment. The spectra are recorded on Eastman
lProcess or Eastman Process Panchromatic emulsion, or equiva-
ent.

Densitometer. The absorbance or transmittance of the
analytical lines is measured on a densitometer having a precision
of =1.09%, for absorbances between 0.2 and 1.5.

Developing Equipment. Emulsions are developed in an open
tray with temperature control.

PROCEDURE

Preparation of Samples. Samples in the first classification in-
clude water, solutions of deposits and films, acids, and other in~-
organic reagents, excepting concentrated solutions of metal salts
or hydroxides. Weighed samples, or measured volumes thereof,
are concentrated by simple evaporation. The buffer metal is
added from a nitric acid solution during this concentrating stage
in an estimated amount such that the concentration of the ele-

ment sought will be in the range of 0.003 to 0.3%, with respect to-

the weight of buffer. From 0.2 to 0.5 gram of buffer element,
calculated as the metal, is used and the calculated weight of the
sample is chosen to obtain the desired ratio. -

If copper is the buffer element, the solution of sample and
buffer is evaporated to dryness. (If large volumes, 0.5 to 2.0
liters, are involved, the major part of the evaporating process is
done in a Pyrex beaker of appropriate size on a hot plate until the
residual volume is about 20 to 30 ml. The sample is then trans-
ferred to a Pyrex glass No. 7740 or Vycor glass No. 7900 evaporat-
ing dish for drying.) The sample is transferred to a muffle oven
and baked at 400° C. for.10 minutes to convert the copper nitrate
to cupric oxide. The sample incorporated in the cupric oxide is
ground, mixed thoroughly in an agate mortar, then mixed with
purified graphite powder in a ratio of 1 to 1 by weight.

If lead is the buffer element, the solution of sample and buffer is
evaporated to about 20 ml. Two milliliters of 1 to 1 sulfuric acid
are added to precipitate the lead as lead sulfate. This is dried,
.baked, ground, and mixed with graphite powder in the ratio of
.1 to 1, as for copper.

ANALYTICAL CHEMISTRY

Samples thus prepared are ready for excitation.

Organic samples require ashing. The ashing. technique em-
ployed depends to a large degree upon the nature of the sample,
and should be carried out in a manner designed to prevent losses
due to foaming, blowing away of light particles, or evaporation
of wanted constituents at high temperatures.

Oils, greases, waxes, and other petroleum or similar products,
plastics, and rubbers are handled in the following manner. A
weighed sample is placed in a Vycor glass No. 7900 or Pyrex glass
No. 7740 evaporating dish and heated on a hot plate in a fume
hood until charred. At this stage, the dish is removed from the
hot plate and a measured quantity of buffer is added from a nitric
acid solution. If lead is the buffer, 2.0 ml. of 1 to 1 sulfuric acid
are also added to convert the lead to the sulfate. The sample is
dried on the hot plate, then transferred to a muffle furnace at a
temperature of 600° C., maximum, until ashing is complete.

Qther samples requiring ashing, such as paper or cloth, which are
difficult to confine to a small volume on dry ashing, are first par-
tially wet-ashed to prevent loss of light floating particles. A
weighed sample is placed in a Vycor or Pyrex evaporating dish
with sufficient concentrated nitric acid to cover the sample.
Bufferisadded. Ifleadisused,2.0ml.of1 to 1sulfuricacid arealso
added. The sample is digested, charred, and evaporated to dry-
ness, after which ashing is completed in a muffle furnace at 600° C.
maximum.

Other ashing techniques are given by the Association of
Official Agricultural Chemists (7).

The ashed sample with its incorporated buffer is thoroughly
ground and mixed in an agate mortar, then mixed 1 to 1 with
purified graphite powder.

Deposits and segregates sometimes require the application of
special techniques in order to isolate the samples. Deposits on
the surfaces of vacuum tube parts and other surfaces are usually
removed with an appropriate reagent. Once in solution, they are
handled in the same manner as samples in the first classification
above,.

Insoluble segregates in ores, ceramics, or other materials are
removed and isolated by mechanical means. Once isolated, they
are crushed to a fine powder in an appropriate mortar, mixed with
a powdered buffer (cupric oxide), and analyzed in -the same
manner as ceramics, for which the method was described by the
author in 1946 (7).

It is important in the case of ashes that the buffer be added
while the sample is in a charred state, to incorporate the buffer
thoroughly with the sample and to prevent light particles of ash
from being blown away by any slight draft that might be present.
The addition of the buffer to solution samples before drying also
ensures better incorporation of buffer and sample. The early ad-
dition of the buffer becomes more important as the size of residue
of solution or ash becomes smaller.

Preparation of Standards. A standard base solution of pure
copper or pure lead in dilute nitric acid is made; concentration of
copper or lead is 100.0 mg. per ml.

Standards whose constituents are normally soluble in nitrie
acid are made as follows:

Measured amounts of the elements to be included in each
standard are added to a 40.0-ml. aliquot (4.0 grams as metals) of
the standard copper- or lead-base solution, from standardized
nitrate solutions of each element. A series of standards to cover
the range of 0.001 to 1.0%, of each element with respect to copper
or lead in steps of factors of about three (0.001, 0.003, 0.01%,
ete.) is made in nitric acid solutions. :

For copper-base standard, these solutions are evaporated. to
dryness in Pyrex glass No. 7740 or Vycor glass No. 7900 evaporat-
ing dishes on ‘s hot plate, transferred to a muffle oven, and
baked at 600° C. imaximum for 15 minutes to convert the copper
to black cupric oxide. The oxide is ground, mixed thoroughly in
an agate mortar, then mixed 1 to 1 with purified graphite powder.
Standards are stored in screw-capped vials.

For lead-base solutions, 10 ml. of 1 to 1 sulfuric acid are added
to each solution to precipitate the lead as the sulfate. This is
dried, baked at 600° C. maximum for 15 minutes, thoroughly
ground and mixed in an agate mortar, then mixed 1 to 1 with
pprliﬁed graphite powder. Standards are stored in screw-capped
vials.

Standards for determining elements that are insoluble in nitric
acid, such as silicon, titanium, or zirconium, are added to the
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standard base solution as oxides calculated as per cent of metal.
These oxides do not go into solution but are incorporated with
tltl)e,dried cupric oxide or lead sulfate after drying and baking as
above.

If elements other than copper or lead are used as buffer,
e%aondards can be made in a manner similar to that described
above.

Electrode System. The lower sample-carrying electrode
(anode) is a high purity graphite rod, 0.25 inch in diameter, and
1 inch long, with a cup cut into the end with a No. 15 drill to a
depth of 0.125 inch. Each cup is packed level full with its desig-
nated sample or standard. A water-cooled electrode holder is
used for this electrode.

For the upper counter electrode (cathode) a purified graphite
rodd3/m inch in diameter and 1.125 inches long with a flat end is
used.

Arc gap width is maintained at 0.25 inch.

Excitation. The samples are arced in triplicate, along with a
series of standards in the direct current arc at an initial current of
12 amperes, limited by resistance in series. After initial setting,
no further adjustments of current are made.

Exposure Conditions

Spectral region, A. 2100-6000

Slit width, mm, 0.02-0.082

%‘lilt length, mm. é.0—3.0“ %, 20%. 4%,
ilters tep, 100%, , 4%

Preburn period None- ° ° ¢

Exposure period, seconds 60°

¢ Slit width and slit length used depend upon particular spectrograph and
densitometer employed.

b A step sector may be used, or if spectrograph is not stigmatic, appropriate
filters may be placed at camera to filter particular wave-length regions. Exact
transmission values are not critical,

¢ For determination of a few highly refractory elements such as Ta, Zr, W,
or U, sample should be completely volatilized and time adjusted accordingly

The spectrograph is illuminated in such a manner that the re-
sulting spectral lines represent radiant energy from the entire arc
column except for about !/ inch from either electrode, which is
screened out.

Photography. EmuLsioN CaLiBraTION. Where emulsion cali-
bration in terms of relative intensities is required, it is calibrated
by means of a step sector, step filter, or the two-line method of
Churchill (2).

Where the spectra of the standards are placed on the same emul-
sion, it is calibrated directly in terms of per cent concentration of
the element sought versus the ratio of the absorbances or trans-
mittances of the line pairs employed.

Photographic Processing. EmULsION.
equivalent

DevVELOPMENT. Eastman Dektol, open-tray, 4 minutes, 68° C.

Stop Bata. Flowing water, 15 seconds.

Fixing. Eastman acid fixing powder with hardener, 3 minutes.

WasHiNg. Flowing water, 5 minutes.

Drying. Blower and heater.

Photometry. EmurstoN CapviBraTep. The absorbances or
transmittances of the analytical and internal standard line pairs

‘listed in Table I are determined and converted to relative intensi-
ties using an emulsion calibration curve obtained as above.
From the data thus obtained, a plot is made relating log con-
centration to log intensity ratios from the spectra of the standards
for each element for which a control line is listed in Table I. For
the elements for which no control line is listed in Table 1, a plot is
made of intensity versus log concentration. The concentration of
the sought-for element in the samples is determined by reference
to the appropriate analytical curve. The average of triplicate de-
terminations is reported.

EmursioNn Not CALiBRATED. The absorbance or transmittance
is determined of the analytical and internal standard line pairs
listed in Table I. An analytical curve is plotted relating log con-
centration to absorbance differences (or log transmittance ratios)
from the data obtained on the standards for each element for
which a control line is listed in Table I. For the elements for
which no control line is listed in Table I, absorbance (or log trans-
mittance) versus log concentration is plotted. The concentration
of the element sought is determined by reference to the appro-
priate analytical curve. The average of triplicate determinations
is reported.

This procedure is permissible if the spectra of standards are
registered on the same emulsion as the spectra of the samples and
if the lines used have absorbances between 0.20 and 1.5.

Calculations. Because a single set of standards is employed for
the analysis of samples in various degrees of concentration or
dilution, the results 'as normally obtained in terms of the
standards must be multiplied by a concentration or dilution factor
as determined by the ratio of sample to buffer weights employed.

Eastman Process or
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Table I. Analytical Line Pairs for Spectrochemical
Analysis of Miscellaneous Samples
Wave Length, A,
Element to Lead inter-
Be Deter- . Copper inter- nal stand-
mined Element line nal standard line ard line
Aluminum 3082.2 2768.9 3220.5
3092.7 2768.9 3220.5
Antimony 2311.5 ca 2399.6
2598.1 2768.9 .
Arsenic 2349.8 2399.6
Barium I 4934.1 . 5005.4
5853.7 5782.1 -
3071.8 3126.1, 3292.8
Bismuth 2898.0 2768.9 3220.5
3067.7 2768.9 3220.5
Boron 2496.8 2768.9 .
Cadmium 3261.1 2768.9 3220.5
Calcium 4226.7 5105.5 .
3968.5, 3933.7 3292.8 3220.5
3158.9,3179.3 3292.8 3220.5
Copper 3247.5, 3274.0 . 3220.5
2961.2 aen 3220.5
Germanium 2709.6 2768.9 (Zn2712.5)
Iron 2719.0 2768.9 2657.1
II 2599.6 2768.9 2657.1
Lead 2833.1 2768.9 .
2873.3 2768.9 .
Magnesium 2852.1 2768.9 - 2657.1
11 2795.5 2768.9 2657.1
Manganese 2798.3 2768.9 ..
2603.7 2768.9 e
Nickel 3134.1 2768.9 3220.5
3101.6 2768.9 - 3220.5
3101.9 2768.9 3220.5
Phosphorus 2535.6 2768.9 2657.1
Silicon 2506.9 2768.9 2657.1
2516.1 2768.9 2657.1
2881.6 2768.9 2657.1
Silver 3382.9 3292.8 3220.5
3280.7 3292.8 3220.5
Strontium 4607 .3 5105.5 5005.4
4077.7 3292.8 .
3351.2 3126.1, 3292.8
Tin 2863.3 2768.9 3220.5
2354.8 . 2399.6
Titanium II 3349.4 ca 3220.5
3354.6 2961.2 3220.5
Tungsten 2944 .4 v -
Zine 3345.0 3126.1, 3292.8 3220.5
2138.6 . e
EXPERIMENTAL

This procedure has been applied with good success to a long
list of miscellaneous materials for the determination of most of
the common elements. The critical part of the procedure is the’
preparation of the samples. Once the sample has been incor-
porated with its powdered buffer, the spectrochemical part of the
procedure has become thoroughly established. Reproducibility
or precision on a single prepared sample is of the order of 25 to
6% of the amount present for most elements. The accuracy has
not been generally established because of the variety and nature
of many of the samples. Standard samples are not available for
most of the materials covered by this procedure and only in a few
cases have chemical checks been made. Those checks that have
been made indicate the method to be sound and capable of an
accuracy of the order of =10 to 15%, or better.

Reasonable precautions must always be taken in the prepara-
tion of samples to guard against the loss of volatile compounds.
For this reason the use of chlorides is generally avoided, because
so many of the chlorides are volatile at ashing temperatures. A
few nitrates and sulfates are also volatile. Sample preparation
must therefore be tailored to each particular problem. Checks
must be made to determine whether any losses occur during proc-
essing, and if so, to modify the techniques to prevent such loss.
The analyst must rely, to a large degree, upon his basic knowledge
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Table IX. Applications of Procedure
Material Elements Determined Remarks
Water Al, B, Ca, Cu, Fe, Mg, Na, Concentration by
Si, Zn evaporation
Reagents Al, _B, Ca, Cu, Fe, Mg, Na, Concentration by

i, Zn evaporation

Extracts, deposits Al, B, Ba, Cd, Cu, Fe, Mg, Concentration by

Mo, Na, Ni, 8i, Sr, Sn, evaporation
Pb, W, Zn
Paper Al, Cu, Fe, Mg, Si Ashing
Rubber Ca, Cu, Na, Mg Ashing
Cloth Zn Ashing
Tar Zn Ashing
Ethyldiamine Ba, Ca, Cr, Fe, Mg, Ni, Si Ashing
tartrate R
Polyethylene Pb . Ashing
Polyvinyl chlo- Al, Pb, 8i, Ti Ashing
ride
Qils and greases Cu, Fe, Pb, 8b, Sn, Zn Ashing
Segregates Ge Mechanical separa-
tion, pulveriza-

tion or solution

Solution in reagent
concentration or
dilution

Cathode coating Ba, Ca, Sr

of the behavior of the chemical elements and compounds to avoid
gross errors in some instances. If a volatile compound is en-
countered, steps should be taken to convert it to one that is less
volatile. As an example, boron as the chloride or sulfate is ex-
tremely volatile and will be completely lost from a sample at
ashing temperatures, but is nonvolatile as the nitrate or oxide.
For this reason when boron is to be determined, the copper buffer,
added as"a nitrate solution or as dry cupric oxide, is used, and
never lead sulfate. In handling many miscellaneous samples,
situations similar to the case of boron are certain to be encoun-
tered, and it is imperative that the analyst prepare the sample in
manner which will retain all of any constituent to be determined.

Some of the applications of this procedure that have been made
in the author’s laboratory are listed in Table II, to indicate the
wide scope of the method. The elements listed for one material
are seldom all run on a single sample. Many elements not listed
can be run if required. Ranges of concentration of the elements
have been omitted because, in the cases of solutions and ashes,
the amount of concentration possible is limited only by sample

ANALYTICAL CHEMISTRY

size, and the ranges can be further modified by variations in ratio
of amounts of buffer to sample.

SUMMARY AND CONCLUSIONS

A procedure for the spectrochemical analysis of a wide variety
of materials has been developed. With an understanding of the
fundamental principles involved, it is possible to apply the proce-
dure to the many analytical problems that are’likely to confront
the staff of a spectrochemical laboratory. The preparation of the
samples and their conversion to a form suitable for excitation in
the source are the important part of the procedure. The concen-
tration or dilution of samples and the judicious use of buffers re-
duce the problem of the subsequent excitation, and recording and
interpretation of the spectra, to the basis of the simple spectro-
chemical analysis of a powder or solution. Although details of
the procedure have been presented only for the case of powdered
samples, the fundamental concepts are equally applicable to solu-
tions.
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Determination of Trace Metallic Components in
Petroleum Oils

By Means of the Emission Spectrograph

MARY T. CARLSON AND E. L. GUNN, Humble Oil and Refining Company, Baytown, Tex.

HE determination of inorganic components in oilsand residua

is among the frequent and necessary analyses required in
the processing and manufacture of petroleum products. As a
single example, periodic control analyses of oil feed stocks to
catalytic cracking are required to indicate the amounts of poten-
tial catalyst contaminants which may be introduced into- the
reactor from this source. Conventionally, the determination of
inorganic contént consists of burning the oil sample freely in an
open tared dish with subsequent ignition of the residual coke, and,
if individual components are to be determined, chemical analysis
of the weighed ash. This procedure is somewhat tedious and
time-consuming, especially where large amounts of oil must be
burned to obtain an adequate amount of ash for chemical analy-
‘§is; furthermore, for special experimental oils of low inorganic

content that are available only in limited sample amounts, the
conventional method may be very difficult, if not impossible, to
perform. ]

Although the sensitivity of the emission spectrograph for de-
tecting trace elements in various substances is well known, there
is, to the authors’ knowledge, no record of its application to the
direct determination of metals in oils in concentrations below
0.01% or 100 p.p.m., a scope that may be clearly defined as
“trace’” (3, 4). A method for the determination of oil additives
has been described by Calkins and White (1), in which spark exci-
tation of an electrode impregnated with the-oil sample is employed
in direct spectrographic analysis. This method provides results of
satisfactory precision and accuracy in the concentration ranges of
0.01 to 0.19% of certain elements, but it does not appear to be
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applicable to the detection of ash component elements in oils in
concentrations of about two orders of magnitude less than this
range.

It therefore appeared desirable to investigate the possibilities
of developing a spectrographic method capable of determining
trace metals in oils in concentrations as low as a few parts per
million. The carbon are cathode layer technique, because of its
high sensitivity, has been employed extensively in the analyses of
various nonconducting substances such as geological rocks (9)
and soils (6-8) for trace elements. Tts high sensitivity is due to the
concentration of positively charged ions, formed upon volatiliza-
tion of the sample from the catliode of the direct current are, in a
layer 1 to 2 mm. above this electrode. By employing the cathode
layer region as the optical source, the sensitivity for certain ele-
ments of low iohization potential may thus be enhanced by as
much as 100-fold over that obtainable in the mid-portion of the
arc (9). Although a method affording high sensitivity often is
accompanied by a sacrifice in relative precision, this method of
excitation appeared to be the most applicable for the direct de-
tection and determination of trace elements in oils.

As objectives in directing development of a spectrographic
method the following requirements were considered essential:
(1) that direct inspection of the oil be made without a preliminary
ashing step; (2) that the technique be simple and the time of
analysis short; (3) that the method possess adequate sensitivity
and accuracy for the determination of elements in trace con-
centrations. A procedure has been developed which to a large
measure meets these requirements, although it has the disad-
vantages of not detecting the nonmetallic elements or large
particles of inorganic substance in an oil not absorbable by the
electrodes.

EQUIPMENT

The source of excitation used in developing-this -method.-is a
direct current full-wave rectifier unit supplying current at 250
volts with induction control of the amperage. The spectrograph
is an Applied Research Laboratories 1.5-meter instrument with a
grating of 24,000 lines per inch and affording a dispersion of about
7 A. per mm. over the spectral range of 2480 to 4500 A. Pho-
tometry measurements are performed with the comparator-
densitometer also supplied by Applied Research Laboratories.

The electrodes usedp are !/s-inch special spectroscopic graphite
rods, each carton of which is furnished with a statement of purity,
supplied by the National Carbon Company, Niagara Falls, N. Y.

Spectrum analysis No. 1 film is used.

STANDARDS

The necessity of using base stocks and reagents of the utmost
purity available. for preparing oil standard blends is emphasized.
Among the most satisfactory base stocks used in this laboratory
are silica gel percolated mineral oil, n-hexadecane, and c.p. dis-
tilled oleic acid. ~ A preliminary spectrographic examination by
the technique described should be made to establish the freedom
from metal contaminants of each stock contemplated for use. A
concentrated base stock is prepared by adding a c.p. metal com-
pound, the metal content of which has been predetermined by
chemical analysis, to oleic or naphthenic acid and heating at
150° C. for 2 hours or longer (2).

Internal Standard Blend. The blend containing the internal
standards is prepared by adding cobalt acetate and lithium hy-
droxide to oleic acid, so that the resulting mixture contains 10,000
p.p.m. of cobalt and 250 p.p.m. of lithium. .

Calibration Standard Blends. Concentrated standard oleic (or
naphthenic) acid blends of iron, calcium, nickel, and chromium
are prepared from the metal acetates; vanadium from ammo-
nium vanadate; aluminum from aluminum stearate; silicon from
a Dow-Corning Silicone; and sodium from sodium hydroxide.

Preparation of Sample Electrodes. The method of preparing
oils for analysis is the same for calibration blends as for unknown
samples. A 10.00 = 0.05-gram portion of the sample to be
analyzed is weighed into a 50-ml. beaker. Exactly 1.000 = 0.005
gram of the prepared cobalt-lithium internal standard blend is
added to the beaker. If the oil is solid or viscous, it should be
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A method is presented whereby trace metals occur-
ring in oils in concentration rangeé of 2 to 100 parts
per million may be determined by direct spectro-
graphic inspection of carbon electrodes impregnated
with the oil sample. The method employs the
cathode layer principle with the use of added internal
standards. The method is rapid and provides re-
sults of better than semiquantitative accuracy over
the established calibration ranges. Calibration
procedures for the determination of iron, nickel,
chromium, vanadium, calcium, sodium, silicon,
and aluminum are described and applications of the
technique are discussed.

warmed sufficiently so that the standard can be mixed with it
rapidly and thoroughly.

For a number of years this laboratory has employed absorption
by a hot porous carbon rod as a satisfactory method of electrode
sampling for the direct inspection of either aqueous solutions or
oils. This sampling technique is essentially the same as described
by Calkins and White (1), differing only in the size and preshape
of the electrode used and in the use of added internal standards.

Three !/s-inch special carbon rods 2 inches (5 ¢m. ) in length are
employed as sample electrodes in this method of analysis. Each
electrode is pre-arced with 10-ampere current for-a 10-second
period and, while it still glows, is added to.the previously prepared
oil sample. (A beaker cover glass should be-kept convenient to
extinguish the sample should it ignite; only in rare instances,
however, has the sample caught fire in the impregnation of
thousands of electrodes with oils and naphthas of various gravi-
ties by this procedure.) - The electrodes are allowed to remain with
the pre-arced portion immersed in the oil for 10 minutes and are
then removed from the oil by means of tongs. After the electrode
is wiped with clean cheesecloth it is placed in the electrode holder
for arcing. Caution must be exercised to avoid extraneous con-
tamination of the electrodes at any time.

SPECTROGRAPHIC TECHNIQUE

The prepared sample electrode is placed in the lower (negative)
holder, so that its tip is at the predetermined optical axis of the
instrument. The upper (positive) electrode, also !/s-inch special
purity carbon, is placed so.that the arc ‘gap between the two
electrodes is 7 mm. The slit width of the instrument is adjusted to
20 microns. After the electrodes aré properly spaced they are
arced for 30 seconds with an excitation current of 10.0 = 0.1 am-
peres, and no adjustment in electrode positions other than the
mitial spacing is made in the arcing procedure. In the event the
initial arc is extinguished by the momentary expulsion and burning
of oi}, the arc is quickly restruck and normal arcing period is com-
pleted. A relatively small amount of soot is formed, which is
readily removed by an aspirator-blower placed above the arc
stand. A rotating sector (four steps, factor of 2) is operated in
the optical path 17 em. from the slit. The arc-siit distance is 42
cm., and a cylindrical quartz lens of 5-inch focal length is used
in front of the arc to obtain focus at the slit. Three arcing ex-
posures or spectra are recorded on each plate.

The film is developed for 3 minutes in D-19 developer at 70° F.,
fixed, washed, and. dried in preparation for microphotometer
density measurements. - The analytical line pairs measured are
listed 1n Table 1. Intensity values are obtained by reference to an
H and D blackening curve based on the iron spectrum over the
spectral region of measurement.

In establishing calibration working curves similar to those of
Figure 1, the foregoing procedure is applied to oil synthetic blends
to obtain data relating the concentration of each metallic element
to the appropriate intensity ratios. :

From 2 to 3 hours’ working time normally is required for the
analyst to complete analysis of an oil sample containing eight ele-
ments in concentration ranges for which calibrations are estab-
lished.



1120

ANALYTICAL CHEMISTRY

Table I. Analytical Line Pairs Used in Determining

Trace Metals in Oils

Internal Standard, A. Sought Element, A. Calibration Range, P.P.M.

Co 3049 Fe 3021 2-100

Co 3049 Fe 3048 30-300

Li 3233 Na 3303 2-100

Li 3233 Ca 3179 2-100

Co 3088 Al 3093 2-100

Co 2887 Si 2881 2-100

Co 3261 V 3184 1.5-100

Co 3261 Ni 3134 2-100

Co 3261 Cr 3131 2-100

Table II. Spectrographic Analysis of Mineral Oil
Synthetic Blends
Blend 1, P.P.M. Blend 2, P.P.M. Blend 3, P.P.M.
Com- Found Found Found

ponent Added A B Added A B Added A B
Fe 25 26 31 79 78 78 12 12 12
Na 14 19 15 5 4 6 66 52 56
Ca 65 71 46 5 6 5 5 6 6
\2 3 3 4 5 5 5 9 15 17
Ni 9 8 9 9 5 5 6 4 4
Cr 6 5 6 10 10 11 6 7 -5
Al 7. 11 19 6 8 11 4 5 7
Si 4 4 8 13 18 12 5 4 8

EVALUATION OF THE METHOD

Estimates of the accuracy and precision of the present spectro-
graphic method are provided by the data of Tables II to VI.
Although the variance noted between spectrographic and syn-
thetic or chemically determined values are in some instances
relatively large, extent of agreement on an absolute basis indicates
accuracies of the spectrographic determinations are considerably
better than semiquantitative or order of magnitude estimates.

Table III. Analyses of Heavy and Light Metal Synthetic
) Blends
Found, P.P.M.
Spectrograph
Component Added, P.P.M. A B Ignition ash
Heavy Metals
NiO 5.0 5.7 5.1
FeiOs 17.9 15.8 17.0
V205 8.6 6.8 6.6
Cr:0; 3.2 4.4 2.6
Na:COs 10:1 7.8 6.9
Total 44 .8 40.5 38.2 46.7
50.0
51.6
Light Metals
Na:CO, 20.7 13.3 14.0
Ca0Q 6.5 12.6 9.0
Al Oy 8.5 11.4 8.9
8i0s 141 11.6 10.0
Total 49.8 48.9 43.9 38.7
39.8
42.7

In Table II are presented results for analysis of three mineral
oil blends (viscosity of 79 cs. at 100° F.) containing eight added
metals. The reproducibility of determinations of the “heavy’’

“metals, iron, vanadium, nickel, and chromium, appear to be

better than for the “light” metals—for instance, a variation from
synthesis by a factor of almost 3 is noted for one aluminum deter-
mination, whereas the maximum variation noted for iron is 249,

Table III presents results of spectrographic and ash (deter-
mined by burning and ignition) analyses of heavy and light metal
synthetic blends. The component concentrations are calculated
as metal oxides, except sodium, which is caleulated as the car-
bonate, to obtain comparisons on an ash basis. Again it is noted
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Table IV. Influence of Viscosity on Determination of
Metals in Oils
Acryloid Blend?, Iso-octane Blend,
P.P.M. P.P.M.
Found Found
Component Added A B Added A B
Fe 42 37 37 27 27 25
Al 18 27 24 4 2 3
\ 12 14 15 4 4 5
Ni 17 17 17 4 3 4
Cr 7 11 11 3 2 2
Na 35 20 26 10 7 6
Ca 5 8 9
Si .. . 3 <2 <2
Viscosity at 100° F., cs. 2379 1.4

8 Acryloid initially contained undetermined trace amounts of calcium
and silicon.

Table V. Sodium and Iron in Light Petroleum Oils

Sample Sodium, P.P.M. Iron, P.P.M.

No. Chemical Spectrographic Chemical Spectrographic

1e 11 11 v e
7 2 8 6

3 14 12 8 10
45 .. .. 2800 3000%
5 .. N 11 15
6 .. S 9 6
7 .. e 16 16
8 28 22 Ce .
9 30 24

10 28 25

11 26 22

12 5 2

13 6 2

@ Sample contained 12 p.p.m. sodium in mineral oil by synthesis.
b Fischer synthesis oil diluted 20-fold in oleic acid prior to spectrographic
analysis.
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ferences in rates of volatilization and -excitation between it and
the sought elements constitute major points for consideration.
Interval exposures made during the arcing period showed that the
alkaline metals volatilized more quickly than either the other
sought elements or cobalt. Lithium was introduced for determina-
tion of the alkaline metals, in conjunction with cobalt for de-
termining the other elements, and this resulted in observable im-
provement in accuracy for the alkaline metals over that obtained
by the use of cobalt standard alone.

Film background, initial contamination of the standards or
electrodes, and a spectral line of an interfering element all are
factors which reduce sensitivity of detection of a given element
and cause a decrease in slope of the calibration curve of the ele-
ment for lower concentrations. Measurements corrected for
background resulted in no detectable improvement in reproduci-
bility. The use of a masking aperture near the arc to allow pas-
sage of radiation chiefly from the highly centralized cathode layer
region provided very little decrease in background. However, the
use of a selective filter consisting of aqueous nickel sulfate hexa-
hydrate (500 grams per liter) in a l-cm. quartz cell at the slit
results in a marked reduction in background over the spectral
region of density measurements (5§). A slit opening of 40
microns may be used with the selective filter.

In addition. to the quantitative applications which have been
discussed, the spectrographic method also has been used extensively
in rapid qualitative screening tests of oils. Examples of ‘such
applications for “go—no-go”’ type tests are detection of calcium,
barium, and phosphorus additives in oils and traces of lead and
copper in naphthas.

Table VI. Iron, Vanadium, and Chromium in Treated Heavy Petroleum Residua
Iron, P.P.M. Vanadium, P.P.M. Nickel, P.P.M.

Total Spectro- Spectro-- Spectro-

Sample Ash, P.P.M., _graphio _graphic __graphic
No Chemical Chemical A B Chemical A B Chemical A B

1 3960 65 45 42 1 <2 <2 3 15 10

2 781 6 11 13 4 5 5 11 17 17

3 3396 59 30 30 15 18 20 13 13 16

4 4833 87 60 52 6 0 10 10 23 18

5 800 28 _ 15 15 <1 <1 <1 12 © 16 11

6 15 0.3 No detection No detection 0.3 No detec-

tion

7 383 6 6 7 4 3 4 1 15 16

8 795 20 18 18 12 11 13 25 27 24

9 68 2 <3 .. 3 <2 P 1 <2 <2

that the accuracy and reproducibility of spectrographic deter-
minations are better for the heavy than for the light metals.

Table IV presents results of analyses of two oil blends of greatly
different viscosities, the base being an acryloid with mineral oil in
one case and iso-octane with oleic acid in the other. The accuracy
and precision obtained are comparable with those obtained for the
mineral oil blends of Tables IT and III, in which cases the vis-
cosity was 79 es. at 100° F. Thus, no differences definitely
attributable to extremes in viscosity are reflected in these results.

In Tables V and VI are presented results for analysis of petro-
leum light oils and of residua, respectively. The chief metallic
contaminants in the light oils were the sought elements, and it
may be observed in Table V that good agreement between chemi-
cal and spectrographic methods was obtained. For the heavy
residua of Table VI the agreement between the methods is not as
gocd in some instances as was found for the light oils, The
variance in these cases may be attributable to nonhomogeneous
electrode sampling of the heavy stocks or to interference from the
large quantities of inorganic substances present other than the
determined elements. The cathode layer effect is reduced or even
eliminated by high ionic conductivity in the are (9).

During progress of the present problem, the choice of the most
suitable internal standard for determining each of the several
elements was considered. For cobalt the broad distribution of
spectral lines is favorable, although other factors such as dif-

Although the' spectrographic technique has thus far been
limited to analyses of petroleum oils, it should apply equally well
to determinations of organo-metals in vegetable and animal oils
or in other organic substances.
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The Ratio Method in Spectrophotometric Analyses

JOHN A. PERRY, ROBERT G. SUTHERLAND, AND NINA HADDEN
Monsanto Chemical Company, Texas City, Tex.

A method has been developed for normalized spectrophotometric analyses of
multicomponent mixtures in which only the mutual relationships of absorption

coefficients are determined rather than the absolute values.

The method is

intrinsically rapid and accurate, and has been shown to effect a considerable
saving in time and materials relative to older methods.

NY system of analysis of a mixture depends on differences
among the constituents. To determine the component dis-
tribution when all components are practically identical chemi-
cally, it is necessary to resort to physical methods of analysis such
as mass spectrometry and absorption spectrophotometry.

The practice of making spectrophotometric analysis depends on
the accurate and precise knowledge of the coefficients of optical
absorption involved in the analysis. These absorption co-
efficients are usually obtained by measuring several solutions of
accurately known strengths for optical absorption at the wave
lengths that have previously been selected for the analysis. In
order to know the strengths of these solutions, the operator
weighs in the pure component separately for each solution. If
Beer’s law is under test, several different strengths must be made
up. Once these data have been acquired, measurements on syn-
thetics and unknowns may commence.

Table I. Ratios for m~Xylene

2613 A. 2709 A. 2723 A. 2742 A.
7.28 4.88 9.72 4.50
7.64 5.16 . 10.32 4.60
6.52 4.48 9.00 4.00
0.74897 0.50206 1.00000 0.46296
0.74031 0.50000 1.00000 0.44574
0.72444 0.49778 1.00000 0.44444
0.73791 0.49995 1.00000 0.45105

This standard approach to obtaining absorption coefficients has
several disadvantages:

It is time-consuming.

It involves a good deal of handling, which permits errors to be
introduced.

It requires, for assurance of accuracy, preparation of two or
several standard solutions.

The absorption coefficients determined are unrelated except by
the consistent accuracy and precision of the operator as he pro-
ceeds through a variety of independent operations.

The ratio method permits calibration data to be obtained not
only more quickly and with less reliance on technique than more
usual methods, but also with intrinsic accuracy.

The basis of the method described depends on the fact that the
absolute values of the absorption coefficients need not be known in
order to effect a normalized multicomponent analysis. What is
desired in such an analysis is to establish the concentration rela-
tionships of the various components making up the mixture to be
analyzed. This can be done merely by establishing the correct
relationships of the absorption coefficients, without regard to
absolute values.

SETTING UP THE ANALYSIS"

The First Object. OBTAINING ABSORPTION RaTIOS. An
analysis for the xylenes and ethylbenzene, which was set up in this
laboratory as.a demonstration, can serve to illustrate the ratio
technique.

The first object is to measure quantitatively the relationships of

the optical densities of each pure component at the wave lengths
selected for the analysis. Table I reproduces, for instance, the
data sheet obtained for m-xylene. (Five significant figures are
usually carried in order not to lose data in calculations on ma-
trices.) -

The column headings (Table I) are the wave lengths in Angstrom
units. The first three rows correspond to chart readings (which
are ten times the optical densities) obtained from measurements
on m-xylene. The solution of me-xylene is made up to a desired
concentration as follows:

The drawn-out end of a capillary tube is dipped into the m-
xylene, and subsequently dipped into the absorption cell which is
already filled with solvent (n-heptane). The concentration of the
resulting solution is then adjusted (by dilution with solvent, or by
addition of more m-xylene) until the optical densities at the meas-
ured wave lengths are between 0.4 and 1.0. This procedure is re-
peated until enough data to furnish a good average are obtained;
here, three separate entries of sample are generally used.

The second three rows show the readings in the first three rows
expressed as ratios to the readings for one arbitrary wave length.
The last row, being the average of the preceding three rows of
ratios, is the object of the first set of operations.

This method is used to obtain all the optical data. There are
no standard solutions to make up; only a minute amount of the
material is used; there is no call for highly skilled technique;
the data are related; and the time required is about 10 to 15
minutes per component or per mixture of components.

Data similar to those shown in Table I are obtained for all the
components in the analysis, and for as many synthetic samples as
are desired to set up and check the analysis. These data are then
arranged into a “raw’’ matrix, as in Table II. For this demon-
stration, one synthetic was used as an.“‘adjustment’”’ synthetic.

The Second Object. AxrmiviNg AT CorrEcT COLUMN RELA-
TroNsHIPS. The raw matrix shown in Table I1is thensolved, using
the method of Crout (4), and the answers are normalized. The
percentages found and known are shown in Table IT1, and the per-
centage deviations of the found from the known based on the
known.

The percentage deviations are used to change each figure in the
corresponding columns by the amount and in the direction indi-

~ cated. This correction will tend to establish the _cérrect relation-

Table II. - Raw Matrix )
1,4-Xylene

A. Ethylbenzene 1,2-Xylene 1,3-Xylene Syn. L
2613 1.00000 1.18083 0.73791 0.46791 1.59427
2709 0.15988 1.00000 0.49995 0.35648 1.00000
2723 . 0.080349 0.71189 1.00000 0.28759 1.03323
2742 0.037748 0.25457 0.45105 1.00000 1.37168

Table III. Results from Raw Matrix

Compound Found Known % Deviation
Ethylbenzene 16.38 - 24.87 —34.14
1,2-Xylene 14.90 24.23 —38.51
1,3-Xylene 20.78 24.90 ~16.55
1,4-Xylene 47.94 26.00 +84.38
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ships between the columns. The result of the
first correction to the raw matrix is shown in

Table IV. Adjusted Matrix

Table IV. This matrix, which converged with A, Ethylbenzene 1,2-Xylene  1,3-Xylene  1,4-Xylene Syn. L Syn. M

one adjustment, is used to treat the data from 2613  0.65860 0.72609 0.61579 0.86273  1.59427 1.59445

synthetics L and M. Table V presents these 273 0'0%0%s  043r7a 033130  0.53g56  1.03393 1.03075

results. 2742 0.024861 0.15654 0.37640 1.84380 '1.37168 1.34030

A perfect match was obtained for synthetic L,

which was used as an adjustment synthetic; Table V. Results

synthetic M was analyzed as an unknown, with an average ab-- Synthetic L Synthetic M

solute error of 0.5%. Had results from both synthetics been used Compound Found Known Found Known

in the adjustment process, no perfect match would have been Ethylbenzene 24.87 24.87 24.59 23.94

obtained, but the errors would have been halved. %:%:%ﬁzﬁ: %i 333 32:58 33133 %;S;
1,4-Xylene 26.00 26.00 24.79 24.47

The ratio method can be summarized symbolically, using
matrix algebra notation. Let a matrix be expressed by 4, a
column in that matrix by {4.}, and a row by [4:].

Let a matrix be formed with elements in the rows corresponding
to optical densities at analytical wave lengths, and elements in the
columns corresponding to optical densities for components. In
the raw matrix and in the final matrix, the internal relationships
of the column elements remain unchanged:

[Z]. - [&]
Ai raw Ai final

Let a proportionality constant, K;, be defined as
K: = fri/finc

where f;; = fraction of component ¢ found from normalization of
answers from solution of raw matrix and fixi = known fraction of
component z. Then the final matrix is related to the raw matrix
by the relationship

{Ai}final = Ki {Al'}raw

APPLICABILITY OF THE RATIO METHOD -

The criteria which are used to judge whether or not a given
analysis can be done by the ratio method are general and, for the
most part, apply equally to any spectrophotometric multicompo-
nent analysis.

Obviously, the first requirement is that the system to be
analyzed absorb radiation. The ratio method, however, requires
that all components obey Beer’s law at least to within experi-
mental error, while other methods can be set up which require
only that components exhibit reproducible behavior.

Secondly, absorption curve shapes of the components to be de-
termined must show mutual differences sufficient to allow the de-
sired precision in results.

Thirdly, the general level of light absorption of the various com-
ponents at their analytical wave lengths should be as nearly alike
as possibie.

These last two criteria are matters of choice and of degree;
they can be abused or ignored to the extent that the recipient of
the results is willing to accept lower precision. Obviously, if two
components have nearly identical absorption curves, no measure-
ment depending on differences between the curves is going to dif-
ferentiate between these components. If the uncertainty of a
measurement is a substantial fraction of the total absorption of
one of the components, that component can be determined only
with very poor precision.

ERROR vs. COMPONENT DISTRIBUTION

It is a general characteristic of any measurement that for a
given absolute error, the relative error increases inversely as the
magnitude of the measurement. It follows that relative errors in-
crease as the region near zero is approached.

At times, for one reason or another, such as poor leverage or
relatively weak absorption of the component considered, an
analysis will fail when a component approaches zero concentra-
tion, or will show very poor results. . Specific application of more
general iteration methods can be brought to bear on such a
situation. The first analysis of the unknown can be taken merely
as an indi¢ation-of component distribution. If one component

seems near zero, then the analyst can add a weighed amount of
that component to the unknown and reanalyze.

The addition has put the concentration range back in a region
of much better precision, and the new results can be calculated
back to the original unknown. The first results will have the
usual absolute errors multiplied by the dilution factor used, the
relative error will still be high for the low component, but the
absclute answers will be much nearer the truth.

Two xylene synthetics, A+ and B+, shown in Table VI, were
analyzed in this fashion, illustrating the results of intentional al-
teration of the sample, reanalysis, and recalculation. Compo-
nents present at 0% were found to be zero or negative (negative re-
sults are taken as zero), and the average absolute error of 1.49,
for A and B was reduced to 0.59% for A+ and B+.

It has been preferred in this approach to assume that compo-
nents in general obey Beer’s law, unless there is good reason to
think otherwise—e.g., suspected chemical reaction or association
in the mixture. Special cases, such as mixtures in which some
concentrations approach zero with known large resulting errors,
are treated as such. This is in contrast to systems in which all
unknowns are treated as special cases, and the routine treatment
is to employ some form of iteration method to arrive at the final
answer (3, 5).

Table VI. Xylene Analysis

(Negative results recorded as zero, positive results normalized)

0-Xylene m-Xylene p-Xylene
Syn. Found Known Found Known Found Known
A 61:4 - 63.5 1.8 0.0 36.8 36.5
A+ 62.8 63.5 0.0 0.0 37.2 -36.5
B 43.7 42.4 55.6 57.6 0.7 0.0
B+ 43.0 42.4 57.0 57.6 ‘0.0 0.0
C 62.1 63.0 18.3 17.7 19.7 19.3
D 42.8 3.0 42.0 43.1 15.2 13.8
E 9.5 8.2 8.2 8.0 82.3 83.7
¥ 0.9 0.0 27.4 . 26.5 71.7 :73.5
G 15.1 14.3 65.8 66.3 19.1 19.5

Average relative error 3.6%,
Average absolute error 1.05%,
8lit width 0.05 mm.

OPTICAL DENSITY RANGE USED

If a variety of circumstances exists under which some physical
measurement can be obtained, the measurement is always made
where experimental conditions are most favorable to accuracy and
precision. It has been pointed out (Z, 2) that photometric error
is least, when the transmission is 37%—that is, when the optical
density is 0.43. From the standpoint of accuracy, it has been
noted (6) that measurements of optical density are consistently
too low at high density values, and too high at density values less
than 0.4. Extensive observations in this laboratory confirm
these reports.

Therefore, all measurements of optical density fall between 0.4
and 1.0, the concentration of the measured substance being ad-
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Table VII. Raw Data for Ethylbenzene

(10 X optical densities)

2613 A. 2695 A. 2709 A. ?723 A, 2742 A.
10.32 4.42 .. .. .
10.58 4.45 .. . e
10.08 4.28 .. . e
10.82 3.98 .
11.00 4.26 . P
10.94 4.10 . PN
PN 10.36 5.22 2.58
12.54 6.25 2.76
11.08 5.60 2.65
Calculation of Ratios
1.00000 0.42829 PN
1.00000 0.42060 .
1.00000 0.42460 e
1.00000 0.42450 -
e 0.42450 0.15615 .... ...
0.42450 0.16440 .
0.42450 0.15909 L
0.42450 0.15988 e NN
P 0.15988 0.080557 0.039816
0.15988 0.079685 0.035189
. 0.15988 0.080806 0.038238
e 0.15988 0.080349 0.037748
1.00000 0.15988 0.080349 0.037748

justed to achieve this. Below 0.4, the measurements are subject
‘to excessive uncertainty; above 1.0 they tend to become too low.
The variation in absolute extinetion coefficient is less than 19, be-
tween 0.4 and 1.0, so that a factor approaching 2.5 is usually
available to the operator in adjusting the concentration of the
substance being measured.

MEASUREMENTS ON SAMPLES HAVING RATIOS
GREATER THAN 2.5

If one of the pure components absorbs at one or two of the
analytical wave lengths, but not appreciably at the others, no
adjustment of concentration will suffice to fix the optical densities
for all wave lengths within the required optical density range, 0.4
to 1.0, for a given concentration of the component.

In this case, some wave length is chosen, preferably not on the
side of an absorption peak, such that it can be measured first with
one of the analytical wave lengths and subsequently with the
other or others. In this way, a quantitative relationship can be
established between the densities at the analytical wave lengths.

Table VIII.

(Cases where mixtures contain o- and m-DEB and SBB)

Diethylbenzenes and sec-Butylbenzene

o- plus m-DEB p-DEB SBB

Found Known Found °~ Known Found Known
47 .4 46.4 30.6 30.0 22.0 23.6
54.6 52.9 29.7 29.3 15.7 17.8
39.1 39.3 23.6 23.6 37.4 37.2
37.5 39.0 30.1 30.4 32.4 30.6
51.5 52.7 15.8 17.0 32.8 30.4
51.4 51.9 35.9 35.7 12.7 12.4
45.5 45.6 9.1 9.0 45.3 45.4
60.7 60.2 0.0 0.0 39.3 39.9

Average relative error 2.6%,
Average absolute error 0.8%,
Slit width 0.18 mm.

Ethylbenzene exhibits such behavior at the wave lengths 2613,
2709, 2723, and 2742 A. Therefore, three separate sets of meas-
urements were made on ethylbenzene, as shown in Table VII.
The wave length 2695 was chosen as an intermediate, to which the
values both for 2613, and for 2709, 2723, and for 2742 could be
related. Theresult is that an accurate relationship is established
between the optical density for 2613, and that for 2742, even
though ethylbenzene absorbs only 3.8% as strongly at the latter
wave length as at the tormer

EXPERIMENTAL

Spectrophotometer. The Cdry recording spectrophotometer
was used for a.ll work referred to in this report.

ANALYTICAL CHEMISTRY

Light Source. Both a hydrogen lamp, which came with the in-
strument, and 8 modified G.E. AH mercury lamp, obtainable with
mountmg attachments from the Applied Physies Corporation,
have been used in the course of this work. The mercury source is
preferred in this laboratory because its emissivity is higher than the
hydrogen lamp throughout the ultraviolet; it supplies occasional
emission lines over the continuum which can be used as precise
wave-length markers; it has a rated life of several thousand hours,
which exceeds the rated life (200 hours) of the hydrogen discharge
lamp; and it is no more expensive than the hydrogen discharge

amp.

Slit Widths. The slit width in the Cary instrument ranges from
0to 3 mm. The order of magnitude of slit width is controlled by a
servomechanism acting to hold constant the light flux on the
standard photocell, and by a manual control of smaller range.

General practice is to use as narrow s slit as possible. With a
mercury arc as source, the Cary optics allow a customary half-
intensity band width of 1 to 2 A.

Absorption Cells. There is no inherent preference, relative
to the ratio method, for a given length of cell. However, experi-
mental data have indicated that measurements are more repro-
ducible for a shorter cell length. Separate data also indicate that
the optimum place for the cell is in the center of the absorption
cell compartment, where the diameter of the light beam is at a
minimum.

Solvent. n-Heptane, purified by adsorption through silica
gel, was used as solvent for all analyses discussed. Purification
was considered adequate when the solvent matched the trans-
mission of distilled water at and above 2400 A.

Pure Components. Hydrocarbons used for analyses cited in
this report were obtained from Phillips Petroleum Company
(Research grade), the National Bureau of Standards, or the
American Petroleum Institute.

Table IX. Benzene-Toluene Analysis

Benzene Toluene
Known Found Known _ Found
89.2 89.4 10.8 10.6
44.8 45.7 55.2 54.3
5.8 5.7 94.2 94.3
15.1 14.9 84.9 85.1

Average relative error 0.67%,
Average absolute error 0.38%,
Slit width 0.03 mm.

At times, it is necessary to use as standards chemicals which
are known to contain impurities. The nature of such impurities
should be as well known as possible, for they may exhibit much
higher absorptivity than the standard and therefore introduce
large errors. For the same reason, unknowns to be analyzed
should contain only components included in the calibration. If
other components are known to be present, the effects of their
presence should be thoroughly investigated.

SOME APPLICATIONS OF RATIO METHOD

The ratio method has been used to analyze mixtures of the
xylene isomers (Table V1), of the diethylbenzene isomers and sec-
butylbenzene (Table VIII), and of benzene and toluene (Table
IX). The ultraviolet absorption spectra of the o- and m-diethyl-
benzene isomers are practically identical, so that they were treated
as & unit in the analysis, with good success (2.7% average relative
error), when both ortho and meta isomers were present. If the
two were treated as individuals, the precision of the analysis suf-
fered badly, rising to an average relative error for all synthetics of
16%. All diethylbenzene—sec-butylbenzene - samples were
checked qualitatively in the infrared if necessary, for the pres-
ence of all components, because synthetics showed that the total
absence of either the ortho or the meta isomer led to high error.
Finally, mixtures in which the sec-butylbenzene approached zero
could not be analyzed with any accuracy by the usual straight~
forward analysis; such mixtures were treated by adding sec-
butylbenzene in known quantity, reanalyzing, and calculating
back, in the manner previously discussed. .

Since this paper was first presented, one of the authors has set
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up the diethylbenzene-sec-butylbenzene analysis in the infrared,
with an average absolute error of 0.5% for all components. The
infrared is thus the region to be preferred for this analysis.

LITERATURE CITED

(1) Ayres, G. H., Axar. CaeEmM., 21, 652 (1949).
(2) Barnes, R. B., Liddel, U., and Williams, V. Z., Inp. Exng. CEHEM.,
ANaL. Ep., 15, 659 (1943).

1128

(3) Brattain, R. R., Rasmussen, R. S., and Cravath, A. M., J. Applied
Phys., 14, 418 (1943).

(4) Crout, P. D., Trans. Am. Inst. Elec. Engrs., 60, 1235 (1941).

(5) Kaye, W. 1., and Otis, M. V., Anar. CreM., 20, 1006 (1948).

(6) Vandenbelt, J. M., Forsythe, J., and Garrett, A, Inp. Ena.
CueM., Anar. Ep., 17, 235 (1945).

REeCEIVED March 3, 1950. Presented at the Fifth Southwest Regional Meet-
ing of the AmerIcAN CHEMICAL SociErY, Oklahoma City, Okla., December
9 and 10, 1949,

Infrared Analysis of Gerfain C-C, Hydrocarbon Mixtures

JAMES D, STROUPE
Rohm & Haas Company, Philadelphia, Pa.

Infrared analytical methods are developed for the direct determination of small
amounts of ethane, propane, n-butane, and isobutane in natural and purified

methane streams.

absorption cell of the Beckman IR-2 spectrophotometer.

Accuracies of =0.19% are obtained with the permanent gas

An additional com-

parison cell set permits the direct determination of methane to within =0.5%.
The methods have proved satisfactory in routine application for the past 2 years.

T HAS been necessary to provide accurate, rapid, routine deter-
minations of very small amounts of ethane, propane, n-bu-
tane, and isobutane in methane streams both direct from the
natural gas field and after continuous purification. Although the
mutual interference situation suggested difficulties in the develop-
ment of infrared methods for the analysis of such mixtures, the
experience of others (4) in related problems encouraged sufficient
exploratory work with a Perkin-Elmer 12-B infrared spectro-
photometer to prove that it is possible to determine the above con-
taminants in methane to within =0.19. On the basis of the
preliminary results, a Beckman IR-2 spectrophotometer was spe-
cially adapted and calibrated and has performed satisfactorily in
daily routine operation for the past 2 years.

Success in this application of the methods of infrared analysis
was possible because the compositions of normal “before and
after” purification streams are such as to require few large inter-
ference corrections. Good instrumental stability and careful
calibration and operation permitted this favorable circumstance
to be exploited to obtain high accuracy. It was expected and
found that the composition of natural gas direct from the field
varied only slightly day to day—the average methane stream con-
taining about 4% ethane, 1.5% propane, 0.3% n-butane, and
0.3% isobutane (plus pentanes). The purification process pref-
erentially removes the contaminants of higher molecular weight,
leaving only traces of propane and small amounts of ethane.
From the standpoint of the subsequent chemical processes pro-
pane is the eritical component. Reference to Table I shows con-
siderable m-butane interference at both useful propane peaks;
however, the concentration of n-butane is never more than a frac-
tion of the propane content and can be most accurately deter-
mined, permitting appropriate’ correction of the propane data.
Mutual interference was not a serious problem in the case of any
of the other contaminants, but the high relative concentration

of methane necessitated particular care in the determination of its
contribution at all analytical wave lengths..

Except for methane, the analytical methods were developed in
the following way:

From the 2.5 to 15u absorption spectra of the several compo-
nents characteristic analytical wave lengths were selected and a
program of appropriate slit widths and background filters was set
up to permit straightforward determination of each component
from separate samples loaded into the permanent (24.8-cm.)
Beckman gas cell at a working pressure of 740 mm. Accurate
calibration data were obtained by expanding small, known, high
pressure volumes of the pure components into the evacuated ab-
sorption cell. In the case of ethane, the pressure-broadening effect
was empirically taken into account by externally preparing mix-
tures of ethane with nitrogen. Data were recorded in per cent
transmittance, corrected for the effects of stray radiation, and
calculated to absorbances which were then plotted against con-
centrations to give calibration charts permitting the direct
graphical analysis of similarly handled unknowns by the method
of successive approximations—the components being determined
in the order methane, n-butane, isobutane, ethane, and propane.

The determination of methane was handled differently. In
this case the usual difficulties of determining the predominating
component of a mixture were further complicated by the high
intensity of the 7.646u methane peak, its ‘“‘sharpness,” and its
marked pressure broadening (2). In such a situation all experi-
mental variables involved in single-cell methods become critical.
In practice it has usually been satisfactory to obtain the methane
concentration by difference, but it has also been possible to con-
struct a comparison cell set—fitting into the liquid cell compart-
ment of the Beckman IR-2 spectrophotometer—which permits
the direct determination of methane to within +=0.59%,.

APPARATUS AND MATERIALS

The long wave-length infrared absorption peaks
which distinguish ethane, propane, n-butane, and

Table I. Equivalent Parts Interference Data
Propane Ethane n-Butane Isobutane
.

Propane at 13.345 1 28.3 1.12 73.4
Ethane at 12.260x 22.6 1 13.8 8.8
n-Butane at 10.305. 50.5 1170 1 57.5
Isobutane at 8.490u 22.5 288 51.1 1

Methane at 7.646u 39.7 61.9 9.7 20.7
Propane at 9.345x 1 240 11.0 17,2

isobutane from each other and from methane are
not of inherently high absorptivity nor are they

Methane
607 entirely free of serious mutual interference. To
2;33 reach analytical accuracies of the order of =0.19%,
186 with commercially available spectrophotometers
39; requires that a long path length and high

operating pressure be combined with precise meas-
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urements and suitable means for the application of interference
corrections.

The original work on the system was carried out in the 1-meter
absorption cell of a Perkin-Elmer 12-B spectrophotometer. The
methods were later adapted to make most efficient use of the
greater electronic and thermal stability, operating speed, and
accuracy of the Beckman IR-2 spectrophotometer. In the latter
instrument the longest available path length is that of the per-
manent cell, which is an integral part of the optical system
(24.8 e¢m.). The other gains more than compensated for the
—fourfold loss in sensitivity due to the shorter path length and
except for the addition of a set of comparison cells for the deter-
mination of methane and the mounting of hairlined magnifying
lenses over the per cent transmittance and wave-length scales to
eliminate parallax and obtain greater reading accuracy, no
changes in the commercially available equipment were found
necessary. The wave-length scale was checked against the
known spectra of carbon dioxide, ammonia, and water vapor.

The component gases were obtained from the Matheson Com-
pany. Their 2.5 to 15u spectra were compared with the spectra
of high purity standards (1). No identifiable contamination was
detected in the stocks of n-butane and isobutane, claimed to be of
99 mole 9, purity. One of two tanks of propane contained at
least the 0.2 mole 9, limit of ethane and isobutane. A trace of
carbon dioxide was noted in the methane, and strong ethylene
absorption was observed at 10.5u in the “~95 mole 9, ethane. This
impurity was removed ‘by a bromine water—sodium bisulfite—
phosphorus pentoxide absorption train. With the exceptions
noted above, the gas stocks of contaminants were assumed to be
pure, because at the very low concentrations used the effects of
small traces of undetected impurities would be negligible.

ANALYTICAL METHODS AND THEIR CALIBRATION

Iixpressed in the recommended (3) terminology, the general
law of optical absorption states that the radiant power, P, of a
monochromatic infrared beam leaving a sample of concentration
¢ and path length b is related to the radiant power, P,, incident
upon the sample in the following way.

P = Pie~*c = P,10~¢b where k is the familiar extinction coeffi-
cient and @ is a molecular constant called the absorptivity. The
fraction of the incident radiant power which is transmitted by the
sumple—ecalled ¢, the trans-
mittance—is equal to P/P..

For analytical work it is CzHe

ANALYTICAL CHEMISTRY

Table II. Operating Conditions

Slit Path
Wave Width,¢ Stray Length,

Component  Length, « Mm. Shutter Radiation, % m. b
Propane 13.345 ~0.920° Glass 1.24 24.8
Ethane 12,260 ~0.659 Glass 0.94 24.8
n-Butane 10.305 ~0.408 Glass 0.70 24 .8
Propane 9.345 ~0.330 Glass Q.71 24.8
Isobutane 8.490 ~0.255 Glass 0.72 24.8
Methane 7.646 ~0.,340 Solid .. 1.00

% In routine operation corresponding vernier scale settings were used.
5 Real optical path length of permanent celi of Beckman IR-2 spectro-
photometer used was found to be only 24.8 em.

for ethane, 10.305x for n-butane, and 8.490x for isobutane. In
the case of propane, serious n-butane interference was noted at
both the strongest useful peak at 13.345x and the alternative
9.345, wave length.  Fortunately, the composition of the natural
gas from the field and of the purified stream is such that the
n-butane content is never more than a fraction of the propane
present. There is practically no interference at the sensitive
n-butane position; therefore its concentration can be accurately
determined and appropriate corrections applied to observed ab-
sorbances at the two propane peaks. Because the routine analy-
tical application of the methods has normally been concerned with
the purified gas stream which contains even lower concentrations
of Cs hydrocarbons than of Cy’s, no attempt has been made to set
up calibration curves for the independent determination of n-
and isopentane. These components, when present, are almost
quantitatively determined as (apparent) isobutane because of
their comparable absorption at 8.49u. All other nonidentified
interfering contaminants are assumed to be absent.

Operating Conditions. A set of slit widths and amplifier gains
was selected to afford a satisfactory compromise between the re-
quirement that the slits be sufficiently small to prevent departure
from linearity of the absorbance versus concentration calibration
curves on the one hand and the desirability of operating at nearly
constant gain levels low enough to minimize troublesome instru-

CH4,C3Hg,n-C4Hi0,i-CaHio

most convenient to handle 0.30 T T

the latter relationship in
terms of absorbance, A, de-

1
fined as 4 = logio ; = abc. 0.25

It is apparent that at con-
stant path length, b, the ab-
sorptivity, a, for any single
absorber at any single wave
length is the slope of a plot
of observed absorbances, 4,
versus known concentra-
tions, ¢.  Such measurements
make up the necessary cali-
bration data for.this system.

Selection of Analytical
Wave Lengths. Character-
istic specira of the com-
ponents indicated the follow-

0.20
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found at the strong peaks . X
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mental noise on the other. That the slits listed in
Table II satisfied the first condition was proved by
direct check of linearity at double their widths

Table IXI. Absorptivities X 10°

and it was found that the random noise vibra- Propane Ethane n-Butane ISOb“_me Methane
tion of the null meter at the 2-second period did not Fiopane at 18 saok ne.z, 108 1022, 55 932
seriously hamper the per cent transmittance read- n-Butane at 10.305s 3.49 0.15 176.0 3.06 0.07
ings made at about one-half full gain setting (~*5"). %}‘;}t’ﬁ;g‘;"'&?fé‘igo“ 1310 3% s 19 4.0, 535 50
Employing the glass shutter at all wave lengths Propane at 9.3454 43.65 0.18 3.97 255 0.11

except 7.646, the minimized effects of stray radia-

tion were directly determined at 8.490, 10.305,

and 13.345x by the approximate method of

Nielsen and Smith (§) using the respective gases as complete ab-
sorbers. The permanent cell path length was not suflicient to
cause complete absorption of propane at 9.345u nor of ethane at
12.260u. Rough stray radiation corrections at the latter positions
were satisfactorily interpolated from measurements made at
comparable slit widths at bracketing wave lengths. Table II
summarizes the operating conditions.

Preparation of Calibration Mixtures. It was troublesome to
measure accurately small pressures of the contaminant gases
directly into the absorption cell for calibration work. This
difficulty can be circumvented by externally preparing mixtures
with nitrogen in a simplified train with provision for adequate
mechanical mixing. Pressure-broadening effects were em-
pirically taken into account by methane and ethane mixtures
with nitrogen prepared in this way. For the other components it
was found both handy and adequate to accomplish the same end
by expanding very small known volumes of each gas directly into
the much larger known volume of the absorption cell. In this
way it was possible to work with the calibration gases in the
sample bulbs at high pressures (corrected for departures from
ideality) with minimum relative pressure reading errors and, by
the expansion process, rapidly and certainly to obtain satisfac-
tory, homogeneous, low concentration, calibration mixtures for all
components showing no pressure broadening.

Calibration Procedure. The Beckman IR-2 spectrophotometer

is designed to measure the transmittance of the sample, { = %,
3

directly as per cent transmittance, T' = ¢ X 100, by comparing the
radiant power transmitted by the absorption cell plus contents,
P,, to that passed by the evacuated cell, P., under identical con-
ditions. Schematically

P, —> (evacuated cell) —> P, —> [sample] —> P,

The experimental measurement is made in the usual way:
With the appropriate setting of wave length and slit for any
analytical peak, one first checks the null meter to read zero with
the beam cut off by a solid shutter, then with the evacuated cell
in the beam path the potentiometer 1s set to 1009, transmittance—
“Check’”—by slight adjustment of the gain level. The calibration
(or unknown) sample is loaded into the cell to the required pres-
sure and its per cent transmittance is read directly from the
“Read’’ scale attached to the potentiometer slide-wire indicating
a positicn of exact restoration of null balance. Single per cent
transmittance readings made in this way normally deviate from
their average by no more than =0.05%. The average of several
observations is finally corrected for stray radiation and calculated
to effective absorbance as indicated below.

A=1lo 100 — stray radiation
= 0B T stray radiation

Contaminant Calibration Data. : For all contaminants except
ethane, calibration points at several concentrations showed no
systematic departure from linearity and very little experimental
scatter—thus leading to reasonable confidence in the single-point
observations made in. cases of minor interference. Figure 1,
showing the ethane calibration data discussed below, is an ex-
ample of the form in which the calibration data proved most
useful. Here are plotted the absorbances of ethane and of each
of the other components at the ethane analytical wave length.
From the similarly obtained absorbance of an unknown and
knowledge of approximate concentrations of the interfering com-
ponents their corrections can be determined and applied to give an
absorbance which directly indicates the concentration of ethane in
the sample.

For the sake of brevity in presentation all the contaminant cali-
bration data have been calculated to absorptivities = absorbance
per centimeter path length per unit mole per cent (see Table IIT).
The respective absorptivities X 10% obtained directly from the

linear, low concentration calibration charts are given a relative
representation in the equivalent parts listings of Table I. In the
cases of methane and ethane, only empirical account was taken
of the effect of pressure broadening, so that it is necessary to add
the qualification that all data were obtained at total effective
pressures of 740 mm.

Methane Calibration. It has usually been satisfactory to
estimate methane by difference. Its concentration can be deter-
mined in the usual way at sufficiently low pressures or high dilu-
tion in the permanent cell or at high pressures in a cell of shorter
path length; however, the resulting accuracy has been found to
depend primarily upon the precision of the handling steps rather
than upon the limitations of the measuring instrument. To cir-
cumvent the experimental uncertainties, a set of comparison cells
was designed and calibrated. The determination was made both
simple—by shortening the path length to the point where normal
interference from other components could no longer be detected—
and accurate by reference to a methane standard at the same
pressure.
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Figure 2. Methane Comparison Cell Set

A. Sample cell

B. Comparison cell

C. Mounting cover fitting liquid cell compartment
of Beckman IR-2 spectrophotometer

D. Ways guiding sliding cell set

The device (Figure 2) consists of a pair of 1-cm. cells mounted to
be positioned in the liquid cell compartment. Each cell has a gas
inlet port and is connected to the other by a short line containing
a stopcock. One cell is loaded to ~740 mm. with pure methane;
the other contains the sample at ~740 mm. By momentary
opening of the connecting stopcock any small pressure difference
is equalized without appreciable transfer of gas into either ab-
sorbing path. :

With the filled comparison cell in the beam, “Check’ (1009
transmittance) slits are obtained by gain adjustment. Changing
nothing but the cell positioned in the beam, one records the per
cent transmittance of the sample. Calibration data were found
to be relatively insensitive to the exact pressure within the range
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where the mass spectrometer values
Table IV. Check Analyses are systematically higher. On an ab-
Sample Sample Sample Sample Sam,gle Sample solute basis the calibration data are felt

1, % % 3, % 4, % 5 % , 70
Components ~MS IR MS IR M8 IR MS IR MS IR M8 IR to be at least adequate to reach ac-
81%1‘ 96_% 9(15_23 gg.g 96.6 93.0 9:2;‘33 sg.g iy 93.§ 92.3 i curacies of =0.19, in the determination

2. : 3 200 4.0 3. . 4 43 40 2. : B
Ol e CEM DL S LY N AR EL R UL LR e e ermental uncercainiis
n- 0.0 . . . .2 . . . . . . . ine experimen ncertainties
iCaHm + Cfs 0.0 —002 02 024 02 021 04 04 01 03 04 0.3 utine experimental une

have been shown not to cause variations

740 = 10 mm. because the critical pressure broadening of the
methane contents cancels out, leaving only the difference in
methane concentrations to be determined.

ANALYSIS OF TEST MIXTURES

Several typical natural gas mixtures were analyzed by this
method and by mass spectrometer. A discussion of their han-
dling and of the results obtained will serve to illustrate the appli-
cation of the method and to permit an estimate of the absolute
accuracy and reliability of the calibration data.

Experimentally the analysis of an unknown mixture is carried
out in exactly the same way as is the determination of the absorb-
ance of any calibration mixture—the permanent cell being re-
loaded for independent per cent transmittance measurements at
each analytical wave length, methane being determined in the
manner detailed above.

Ideally each component of an unknown mixture absorbs inde-
pendently of the others and because each component will nor-
mally be the chief absorber at its characteristic wave length and
all calibration and unknown mixtures are handled at the same
pressure and path length, component concentrations can be
readily calculated from the absorbance data by the method of
successive graphical approximations. For example, at the
13.345u propane peak,

Acsas = Amiz. — Acry — Acoms — An.csmo — AicgHno
a’c;asCosns Amix. ~ a’cECcrs — a’comsCooms —
a’n-cqmro Cnocamo — @’i-cam10Ci-csH10

where the a’ values—the respective ‘‘calibration coefficients”
measured at 13.345x at 740 mm. in the permanent cell (a’
a X 24.8)—are known and approximate knowledge of the con-
centration of each interfering component is available to permit
its contribution to be subtracted from that of the mixture. The
concentration of propane is then obtained directly from the cali-
bration plot at 13.3454.

From the similar relations holding at each of the other peaks the
approximation treatment proceeds through the following steps:
first, a determination of the concentration of methane from its
direct calibration data, then appropriate correction for methane
interference made at each peak, starting with n-butane and pick-
ing up additional approximate interference corrections for each
component as determined in the order n-butane, isobutane, eth-
ane, and finally propane., A second series of similar graphical
calculations, using in each case the above preliminary concentra-
tion values for each interfering component, permits sufficient ac-
curacy to make a third approximation step unnecessary. The
process is simple and takes only a few minutes at most.

In Table IV the results of typical routine infrared analysis of a
half dozen representative hydrocarbon samples are compared
with mass spectrometer data thought to be accurate to within
+0.5% for methane and ethane and =0.19%, for propane, n-
butane, and isobutane plus Cy's. The first three are laboratory
samples used to test the original calibration work; the others were
obtained as checks at intervals during the routine operation of the
equipment.

DISCUSSION

In general, the two independent.analytical methods appear
to give closely comparable results, except for the case of ethane,

greater than =0.029%, for these com-
ponents and there appears to belittle like-
lihood of serious undetected interference; therefore relative infra-
red results are thought to be satisfactory to limits of =0.05%.
Experimentally the direct comparison cell infrared determination
of methane should be accurate to within +0.29, methane on a
relative basis. Because the absolute standard for this work was a
methane supply found by mass spectrometer analysis to contain
“~1.5% nonhydrocarbon impurities, there is a greater uncer-
tainty in the absolute values.

The infrared results for small concentrations of ethane are con-
sistently lower than the mass spectrometer values. Laboratory
mixtures 1, 2, and 3 were made up from the same stocks used in
the calibration work and it is unlikely that unidentified contami-
nation is responsible for the higher mass spectrometer results.
The infrared calibration-data-provided by direct external mix-
tures of ethane with nitrogen and with methane and by similar
mixtures for which independent combustion (carbon equivalent)
analyses were available (Figure 1) must and does adequately sat-
isfy the linear absorption law after straightforward corrections
are made for stray radiation and pressure-broadening effects.
If the mass spectrometer points are correct, an empirical calibra-
tion curve would have to depart considerably from linearity in the
region close to the origin where any real effects are known to be
at least significant. It would appear either that the =0.5%
limits of accuracy for mass spectrometer measurements of ethane
are consistently positive in the low concentration range or that
ethane is not completely absent from the methane used in cali-
brating its significant interference at 12.260x. This discrepancy
is unimportant in the application for which the methods were
developed. Unfortunately, it is within the limits of uncertainty
of alternative independent analytical methods. Relative ethane
determinations by infrared absorption have not varied more than
=0.05% owing to purely experimental factors; therefore it does
not seem unreasonable to assume that on an absolute basis the
values approach error limits of =0.19, of the total sample.

ACKNOWLEDGMENT

The author wishes to acknowledge the permiission of the Rohm
& Haas Company to publish this paper. He wishes also to thank
A. G. Knox for his assistance in the original prospecting work
and C. H. Beckworth for his careful application of the methods
and development of many practical shortcuts for routine opera~
tion.

" LITERATURE CITED

(1) American Petroleum Institute, Research Project 44, Spectrogram
Serial Nos. 59, 373, 374, 528, 529.

(2) Coggeshall, N. D., and Saier, E. L., J. Chem. Phys., 15, 65 (1947).

(3) Hughes, H. K., Bull. Soc. Applied Spectroscopy, 4, No. 2 (1949);
Progress Rept. 2 from Joint Committee on Nomenclature.

(4) Meier, H. H., and Draeger, A. A., Humble Oil and Refining Co.;
Carr, D. E., and Beckwith, L. B., Union Oil Co.; Humphreys,
C. J., National Bureau of Standards; Heigl, J., Esso Labora-
tories; and Fenske, M. R., Pennsylvania State College,
private communications,

(5) Nielsen, J. R., and Smith, D. C., INp. Exg. Carm., AnaL. Ep.,
15, 609 (1943).

Recrivep April 11, 1950. Presented at the Pittsburgh Conference on
Analytical Chemistry and Applied Spectroscopy, February 1950.



Analysis of Sodium- Carhoxymethylcellulose

Copper Salt Precipitation Method for Determining Assay Value and
Degree of Substitution

ALBERT Z. CONNER AND ROBERT W. EYLER!
Hercules Experiment Station, Hercules Powder Company, Wilmington 99, Del.

A method has been developed for determining the
assay value and degree of substitution of sodium
carboxymethylcellulose, also known as cellulose gum
and CMC, and by other trade names. The copper
salt of carboxymethylcellulose is precipitated,
weighed, and analyzed for copper content iodometri-
cally. From the weight of the precipitate and the
copper content the assay value—i.e., the sodium
carboxymethylcellulose content—and the degree of
substitution may be readily calculated. The method
is primarily applicable to purified grades of sodium
carboxymethylcellulose over the commonly en-
countered ranges of viscosity and degree of sub-
stitution (0.6 to 1.2). The salt impurities most fre-
quently present, with the exception of phosphates,
do not interfere. The methed has been applied to a
number of purified-grade commercial samples with
an average recovery of 989 or better, and with a
degree of substitution accuracy of within 0.03 unit.

IN RECENT years the extensive development of new and
broader fields of application for sodium carboxymethylcellu-
lose, also known as cellulose gum and CMC, and by other trade
names (6, 7), has made increasingly evident the need for suitable
methods of analyzing this material. The entrance of a number
of manufacturers into this field and their subsequent marketing
of a wide variety of types and grades of sodium carboxymethyl-
cellulose have, however, complicated the development of analy-
tical methods to the extent that little on this subject has appeared
in the literature.

Problems involving the determination of various salt impuri-
ties in sodium carboxymethylcellulose have been readily solved
by the use of more or less standard procedures modified for appli-
cation to cellulosic materials. Despite the fact that little or none
of this work has been published, because of its general nature it
need not be emphasized until a greater standardization of such
methods is required.

The physical and physicochemical properties of sodium car-
boxymethylcellulose have been described (1, 13). Considerable
attention has likewise been directed toward the development of
methods for the determination of the degree of substitution—i.e.,
the average number of sodium carboxymethyl groups substituted
per anhydroglucose unit (1, 2, 4, 9, 11). Methods for determin-~
ing the metal content of the sodium, potassium, aluminum, and
zinc salts of carboxymethylcellulose have also been devised (12),
as has a procedure by which paper may be analyzed for its sodium
carboxymethylcellulose content (3). However, to the authors’
knowledge, no method for determining the assay value—i.e., the
sodium carboxymethylcellulose content—of various types and
grades of sodium carboxymethylcellulose has been published.
Currently, a considerable variety of assay methods are in use in
the trade. Although each of these methods can be applied with
reasonable accuracy to certain types of sodium carboxymethyl-
cellulose, none of the methods which have come to the authors’

1 Present address, Cellulose Products Plant, Hercules Powder Company,
Hopewsll, Va.

attention is generally applicable to the variety of commercial
products now on the market. Thus, it isin the interest of stimu-
lating further work in this field, and in an attempt to encourage
standardization of methods of sodium carboxymethylcellulose
analysis, that one of the more versatile methods developed in this
laboratory for determining the assay value and degree of sub-
stitution of sodium carboxymethylcellulose is presented in this
paper. :

Several investigators (1, 2, 6, 13) have reported that a num-
ber of the metallic salts of carboxymethylcellulose are essen-
tially insoluble in water. These include the salts of copper, lead,
aluminum, silver, mercury, and zirconium. Chowdhury (2),
Brown and Houghton (7), and others have suggested determin-
ing the degree of substitution of carboxymethyleellulose by pre-
cipitation of one of the insoluble metallic salts, and subsequent
analysis of the precipitate to determine its metal content. How-
ever, some of these insoluble metallic salts do not contain a theo-
retical amount of metal and would thus be of little value for ana-
lytical purposes. On the other hand, it has been found that the
copper salt of carboxymethylcellulose contains very close to the
theoretical amount of copper—i.e., one mole per two carboxyl
groups substituted. Reid and Daul (9, 10) bave employed this
principle in the determination of the degree of substitution of the
carboxymethylcellulose resulting from the carboxymethylation
of cotton.

The emphasis in all these cases has been on determining the
degree of substitution. It is apparent that, if the copper salt is
precipitated in a quantitative manner, the method may also be
used to determine the amount of sodium carboxymethylcellulose
present in a given commercial sample. The method described
is based on this principle.

DEVELOPMENT OF THE METHOD

Initially, it was thought that a satisfactory approach might lie
in precipitating the copper salt of carboxymethylcellulose by
simply mixing aqueous solutions of sodium carboxymethylcellu-
lose and an inorganic copper salt under essentially neutral con-
ditions. The resulting precipitate could then be filtered off,
washed free of excess copper solution, dried, and weighed. The
copper content of this precipitate could be determined by any one
of a number of standard techniques—e.g., iodometrically, by
electrodeposition, or by ignition.

As the preliminary work progressed, it became increasingly evi-
dent that such a procedure would not produce a precipitate of
satisfactory physical properties. In an effort to prevent the pre-
cipitation of the copper carboxymethylcellulose as a stringy,
fibrous, nonuniform mass, a number of factors affecting the pre-
cipitation were studied: effects of salt impurities, sample size,
concentration of precipitating solutions, and agitation. In the
course of this work, several precipitates of copper carboxymethyl-
cellulose, derived from a purified commerc¢ial material of known
degree of substitution, were analyzed for copper content by the
volumetric method of Hoffpauir and O’Connor (5). The data
in Table I show that the precipitates contained very close to the
theoretical amount of copper as calculated from the known de-
gree of substitution. The method thus appeared to be suitable as
a means of determining degree of substitution, but in order to
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serve as an assay method, it was essential that the physical form
of the precipitate be improved. Toward this end, experimental
factors such as pH during precipitation, variation of precipitating
media, and precipitate washing techniques were considered.

The ultimate result of these investigations was a procedure con-
sisting of (1) introducing an aqueous solution of the sample into
a well agitated precipitating mixture of 1%, cupric sulfate penta-
hydrate solution and methanol under acid conditions (pH 2 to 3),
(2) adjusting the pH upward with dilute ammonium hydroxide
to a value of 4.0 to 4.1 to obtain essentially complete precipitation
of the copper carboxymethylcellulose, and (3) filtering the pre-
cipitate, washing with methanol-water solution, then with an-
hydrous methanol, and drying to constant weight. Excellent
precipitates, light, fluffy, and uniform, were obtained in this way
along with an appreciable increase in recovery.

The volumetric copper determination method of Hoffpauir and
O’Connor (6), which at first had been used to analyze the copper
salt precipitate, was modified to give a better end point and con-
sequently more consistent results. The procedure resulting from
these modifications was essentially that outlined by Pierce and
Haenisch (8). As a matter of preference, the nitric acid used to
dissolve the copper carboxymethylcellulose was removed by boil-
ing in the presence of concentrated sulfuric acid rather than by
the addition of urea. It is believed that slightly more consistent
results are obtained by the former technique. Alternate pro-
cedures for determining the copper content of the copper carboxy-
methylcellulose precipitate are by electrodeposition or by ignition
to the metallic oxide.

o
®

DEGREE OF SUBSTITUTION

N

e

0.4
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: |
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WEIGHT FRACTION OF COPPER
Figure 1. Graph for Calculation of Degree of Substitution

Table I. Analysis of Copper Salt of Carboxymethylcellulose

Sample No. % Copper Degree of Substitution
(Theory 11.16%) (Actual 0.82)
1 11.01 0.81
2 10.92 0.80
3 11.10 0.82
4 11.31 0.83
Av. 11,08 0.82

APPLICATIONS AND LIMITATIONS

The copper salt method is primarily applicable to purified
grades of sodium carboxymethylcellulose over the commonly
encountered ranges of viscosity and degree of substitution (0.6 to
1.2). In some cases it has also been successfully applied to un-
purified grades free of interfering substances. However, in such
cases the variable factors involved must be further investigated.

ANALYTICAL CHEMISTRY

Table II. Analysis of Purified Sodium Carboxymethyl-
cellulose by Copper Salt Precipitation Method

% Sodium I

Sample Viscosity Cargoxymethvl- Degree of Substitution

No. Type® cellulose Copper method Otherd
1 High 100.9 0.56
100.1 0.55
100.4 0.55

Av. 100.5 0.55 0.355
2 Medium 100.0 0.64
99.4 0.64

Av. 99.7 0.64 0.65
3 Medium 98.6 0.80
99.3 0.81

Av. 99.0 0.80 0.77
4 Medium 97.5 0.82
99.6 0.82
99.6 0.82
100.0 0.82

Av. 99.2 0.82 0.83
5 Medium 100.3 0.85
100.0 0.85
Av. 100.2 0.85
6 Medium 98.2 1.24
97.8 1.38

Av. 98.0 1.31 1.34
7 Low 99.1 0.83
98.0 0.83

Av. 98.6 0.83 0.81
-8 Extra low 98.5 0.71
100.3 0.70
99.6 0.71

Av. 99.5 0.71 0.75
9 Extra low 99.7 0.74
99.7 0.74
100.3 0.74

Av. 99.9 0.74 0.75
10 Extra low 99.6 0.76
99.6 0.79
99.7 0.78

Av. 99.6 0.78 0.79
11 Extra low 98.7 0.97
98.7 0.96

Av. 98.7 0.96 0.90
12¢ Medium 98.1 0.86
98.1 0.84

Av. 98.1 0.85 0.85
13¢ Low 97.8 0.81
98.1 0.84

Av, 98.0 0.82 0.84

@ Viscosity ranges indicated are:
Medium, 300-600 ¢p. (29, solution).
low, <25 cp, (2%, solution).

b Values in this column are average of not less than two determinations
made by one or more standard methods—conductometrie, colorimetric, or
acid-wash.

¢ All samples are products of Hercules Powder Co. except these, which are
from another manufacturer.

High, 1300-2200 cp. (1% solution).
Low, 25-50 ¢p. (2% solutmn) Extra

The type of cellulosic raw material used, the manufacturing proc-
ess employed, and the subsequent treatment of the product all
appear to have some influence on the recoveries obtained. Be-
cause unpurified samples of known composition are not generally
available, it is believed that the best approach in determining the
applicability of the method is first to analyze the material for all
possible salt impurities, and then apply the copper salt method.
The sum of all the analyses should closely approach 100%,.
The presence of any organic or inorganic salts that will form a
precipitate with copper under the conditions of the test will inter-
fere. The most commonly encountered salt impurities in com-
mercial sodium carboxymethylcellulose are sodium chloride, so-
dium glycolate, and in some cases, sodium phosphates. Of these,
only phosphates interfere.

METHOD AND DATA

The developed procedure is presented below along with Table
II, in which are recorded the results of applying this method to a
number of purified grades of sodium carboxymethylcellulose.
All these data were obtained on materials having a theoretical
assay value of 99.5+ % sodium carboxymethylcellulose—i.e., less
than 0.5% salt impurities. All samples were also analyzed for
degree of substitution by at least one other standard procedure—
e.g., conductometric, colorimetric, or acid-wash. Accompanying
the method are two plots which have been found useful in calcu-
lating the results. Figure 1 is a plot of weight fraction of copper
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should be purplish in color and contain s fluffy, bluish-
white precipitate. Allow the precipitate to settle com-

pletely (20 to 30 minutes), and decant as much of the
supernatant liquid as possible through a dried, weighed,
sintered-glass crucible (medium porosity or equivalent)

under aspirator suction from a filter flask. Wash the pre-
cipitate by decantation with one or two 50-ml. portions of
509 methanol solution. If the precipitate tends to form

AN

°
®

N

a mat, break up the particles with a glass stirring rod.
Transfer the precipitate to the crucible with the aid of
50% methanol and thorough policing, and wash with the
same solution until free of red or purple color. Washing

o
S

PEGREE OF SUBSTITUTION

and transfer should require about 150 ml. of wash solu-
tion. ' During washing, the precipitate should be frequently
stirred in the crucible with a short stirring rod. When

e
=

the copper carboxymethylcellulose is free of red or purple
color, wash with anhydrous methanol (75 to 100 ml. ).
As the washing proceeds, the precipitate will become light

0.

¢

green in color and fluffy in-appearance. -Aspirate to dry-
ness and dry in an oven for 2 hours at 100° to 105° C
~Cool in a desiceator, weigh, and obtain the weight of the

0.970 0.975 0.980 0.985 0.990 0.995

NaCNC
4 R.
GRAVINETRIC FACTO ToCHT

0.95% 0.960 0.965

Figure 2. Graph for Calculation of Gravimetric Factor

in copper carboxymethylcellulose versus the degree of substitu-

. - . ‘ th imetric fact NaCMC s
tion; Figure 2 is a plot of the gravimetric factor CuCMQ Vers
the degree of substitution.
Reagents and Apparatus. Copper sulfate solution, 1%,
CuS0.5H,0 in distilled water. ]
Standard copper solution. Weigh about 1 gram of electrolytic
or other high-purity copper to the nearest 0.2 mg. and dissolve in
25 ml. of concentrated nitric acid in an Erlenmeyer flask. Add 10
ml. of concentrated sulfuric acid and heat to white fumes,
Continue heating for about 10 minutes, cool, and cautiously add
50 ml. of distilled water. Boil for 5 minutes, cool, and dilute to
1 liter.
Sodium thiosulfate solution, 0.02 N, accurately standardized
against the above copper solution. |
Sodium hydroxide solution, approximately 0.5 N.
Starch indicator solution, 1%,
Methyl red indicator solution, 1%,. . i
Laboratory model pH meter. Any commercially available
laboratory model meter with glass-calomel electrodes similar to
Leeds & Northrup assembly No, 7663-A1. ) )
Procedure. Grind the sample, if necessary, in a micro Wiley
mill or equivalent to pass a 20-mesh screen. Weigh roughly
about 0.25 gram of sodium carboxymethylcellulose into a glass-
stoppered weighing bottle and dry in an oven for 1 to 2 hours at
100°to 105° C. Remove, stopper, cool in a desiccator, and weigh.
Transfer the dry sample to a 125-ml. glass-stoppered Erlenmeyer
flask, reweigh bottle, and obtain sample weight by difference.
Thoroughly moisten the sample with methanol and allow to stand
for a few minutes. Slowly add 50 ml. of distilled water, shaking
vigorously after each addition. Add 3 ml. of 0.5 N sodium
hydroxide, stopper, and shake by hand or mechanical shaker until
the sample is dissolved. Wash down the sides of the flask with
water. Lo
To the above solution, add 2 drops of methyl red indicator and
then sufficient concentrated hydrochloric acid to cause the md}-
cator to turn red. Add 2 to 3 drops of concentrated hydrochloric
acid in excess. Introduce a variable-speed stirrer with glass pad-
dle and shaft, and the electrodes of a laboratory model pH meter
into a 400-ml. beaker containing 75 ml. of 19, cupric sulfate penta-
hydrate solution and 25 ml. of absolute methanol acidified with 2
drops of concentrated hydrochloric acid. Slowly pour in the
sample solution with vigorous agitation and rinse flask with dis-
tilled water. The pH of the final mixture should be about 2.5
corrected for temperature. Mixing the solutions at too high a pH
produces precipitates of copper carboxymethylcellulose which are
stringy, fibrous, and rubbery, and which cannot be washed satis-
factorily. Mixing at too low a pH may cause precipitation of the
free acid rather than the desired copper salt. L
When the solutions are thoroughly mxxed.(some initial pre-
cipitation may occur), adjust the pH of the mixture of 4.0 to 4.1
by dropwise addition of 3% ammonium hydroxide solution.
Neutralization to this pH is critical and is necessary to give
- essentially complete precipitation of the copper salt. If the pH
is taken appreciably higher, copper hydroxide may precipitate,
‘leading to serious errors. _If the 4.0 to 4.1 value is inadvertently
exceeded, reacidify to a pH of 2.5 with concentrated hydrochloric
acid .and readjust pH to 4.0 to 4.1. The solution at the final pH

1000 copper carboxymethylcellulose precipitate. If the degree
of substitution (D.S.) has been determined by other
means, the assay value (per cent sodium carboxymethyl-
cellulose) may be calculated at this point. If the de-
gree of substitution value is not known, the procedure
must be continued.

Degree of Substitution. Transfer as much of the copper

salt precipitate as possible to a 150-ml. beaker and crush to a fine

powder with a small spatula or stirring rod. Set the crucible in
the beaker and add 15 ml. of hot concentrated nitric acid. Allow
to stand until practically all the precipitate is in solution. Warm-
ing on a steam bath may aid. Transfer the nitric acid solution to

a 250-ml. Erlenmeyer flask and rinse the beaker, using as little

water as possible. Add 10 m). of concentrated sulfuric acid and a

few boiling chips and clamp the flask to a ring stand in a hood at

about a 45° angle. Heat the flask with a Bunsen or Tirrell burner
to white fumes. If charring occurs, add 5 ml. of concentrated
nitric acid and again heat to white fumes. Repeat, if necessary,
until the solution is clear green in color. After initial emission of
white fumes, continue heating for 15 minutes. Allow to cool and
very cautiously add 50 ml. of distilled water. Boil for 5 minutes

being careful to avoid bumping, and cool to room temperature in a

water bath. Add 30% ammonium hydroxide solution until the

deep blue of the copper complex is not quite permanent (60 to 70

ml.). Cool slightly and add 5 ml. of glacial acetic acid. Stopper

and cool to room temperature. Solution should be at a pH of

3.5 to 4.0 to obtain a satisfactory end point. Add 5 to 7 grams of

potassium iodide in 10 ml. of water, stopper flask, and allow to

stand 1 to 2 minutes. Titrate with 0.02 N sodium thiosulfate
which has been previously standardized against a standard copper
solution, utilizing the same procedure as above. Add thiosulfate
until the yellow color of the solution just disappears or is very
faint, Then add 2 grams of potassium thiocyanate in 10 ml. of
water and swirl for 15 seconds. Add 3 to 5 ml. of starch solution
and continue titration dropwise until 1 drop removes the color
from the solution. The end point should be fairly sharp, and with
practice is readily detectable.

Calculation. Determine the weight fraction of copper, C, in the
copper carboxymethyleellulose precipitate from the thiosulfate
titration as follows:

ml. of thiosulfate X grams of Cu/ml.
grams of CuCMC

gree of substitution may be readily calcu-

162C
32 — 89C

Knowing the degree of substitution, the purity or assay value is
determined as follows:
NaCMC

wt. of CuCMC X CaCMC X100

Wt. fraction of copper, C' =

From this value the de,
lated:

Degree of substitution, D.S. =

© % NaCMC =

wt. of sample

NaCMC _ 162 + 80 (D.S.)
CuCMC ~ 162 + 89 (D.S.)

where

DISCUSSION AND CONCLUSIONS

The data resulting from the application of the copper salt pre-
cipitation method to thirteen representative samples of purified
sodium carboxymethylcellulose are given in Table II. In all
cases an average recovery of 989 or better was effected, and the
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degree of substitution values checked closely those obtained by
other standard methods. It may also be concluded that dupli-
cate determinations should agree within 0.5 to 1.0% sodium car-
boxymethylcellulose for assay value, and within about 0.03 unit
for degree of substitution.

The method is not particularly suited for control work because
of its length. It is estimated that approximately 6 to 8 hours are
required to run a set of up to four determinations. However, it
has a definite use as a referee method or in other analytical work
not of the control type.

The assay values obtained by the copper salt precipitation
method on purified grades of sodium carboxymethylcellulose agree
reasonably. well with those found by an alcohol-washing proce-
dure currently employed in the trade. The chief source of error
in this method is an appreciable loss of sodium carboxymethyl-
cellulose through solubility in the wash liquor. The extent of
this loss varies and is mainly dependent on the degree of sub-
stitution, degree of degradation, and uniformity of the product.
Salt impurities insoluble in the alcohol will, of course, interfere.

Further evaluation of the copper salt method may result in
improvement in time required and accuracy. If an organic base,
which does not give a precipitate with copper ions, could be found
for the adjustment of the final pH, the danger of precipitating
copper hydroxide could be obviated and the solution made more
basic to ensure complete precipitation. It may also be possible
to precipitate the copper salt in a suitable physical form in some
organic solvent—aqueous copper salt solution which would elimi-

ANALYTICAL CHEMISTRY

nate pH adjustment. These possibilities will be considered in fu~

ture investigations.
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Spec‘trophutometnc Determination of Anthracene in
Crude Anthracene Cakes

Method of Correcting for Extraneous Background Absorption

FRANK P. HAZLETT, ROY B. HANNAN, Jr., AND JOSEPH H. WELLS
Mellon Institute, Pittsburgh, Pa.

An ultraviolet method for determining anthracene in anthracene cakes is de-
scribed that is at least as accurate as any known chemical method and much

more convenient.
in synthetic cakes.

mixtures of anthracene, phenanthrene, and carbazole.

The results are within about 1% of the known concentration
Spectrophotometry has also been applied to the analysis of

A method of correcting

for extraneous background absorption is outlined which assumes only that the

background is linear.
the extraneous absorption.

NTHRACENE occurs in coal tar in concentrations of less
than 19,. When coal tar is distilled, the anthracene con-
centrates in the anthracene oil fraction distilling between 300°
and 400° C. This fraction on cooling deposits a mixture of solids
which may be centrifuged to yield an anthracene cake containing
from 10 to 259, by weight of anthracene (the so-called “crude
cake’’). Other major constituents of this cake are carbazole and
phenanthrene.

To evaluate properly a commercial method for the recovery of
anthracene, the analysis of the starting material, the treated
material at intermediate stages, and the purified product must be
known. The chemical properties of the many compounds present
are so similar that a chemical analysis is difficult.

Two chemical procedures are available for the determination of
anthracene. In the Hochst test the anthracene is oxidized to
anthraquinone and the amount of anthraquinone is determined

In particular, it is unnecessary to know the intensity of
The method is similar to that of Banes and Eby.

gravimetrically (9). In the dienometric or maleic anhydride
method anthracene reacts with a known amount of maleic anhy-
dride and the excess anhydride is then determined by titration (4,
5, 8). Both procedures require experienced technicians and a
considerable amount of time. Furthermore, their absolute
accuracy is open to question when they are used in the analysis of
crude anthracene cakes containing less than 409, anthracene.
In the maleic anhydride method, for example, low results ob-
tained are apparently due to acidic components of the cake.

There is no good chemical procedure available for the deter-
mination of phenanthrene. Carbazole in anthracene cakes may
be estimated by a Kjeldahl nitrogen analysis.

The use of ultraviolet absorption spectrophotometry for the
analysis of anthracene overcomes the disadvantages of the chemi-
cal procedures and is of equal or greater accuracy. In addition to
the determination of anthracene, the ultraviolet method permits
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Figure 1. Absorption Spectra of Anthracene,

Phenanthrene, and Carbazole

Chloroform Solutions

the identification and in many cases the determination of the im-
purities present. The progress of the separation of anthracene
from crude anthracene cakes in an industrial process can be
followed quickly and routinely by means of the general picture of
the constitution contained in the ultraviolet spectrogram.

APPARATUS AND SPECTROSCOPIC PROCEDURES

A Cary double-beam ultraviolet spectrophotometer was used
throughout this investigation. This instrument records ab-
sorbance vs. wave length. Tests on standard solutions of potas-
sium dichromate gave extinction coefficients which agree within
19, with those given by Hogness, Zscheile, and Sidwell (3). Ab-
sorbance readings are reproducible within =0.01 unit. At the
absorbances used in this work the error in the analysis due to
photometry is estimated to be within =29 of the amount
present.

The spectra of anthracene, phenanthrene, and carbazole in
chloroform solution are shown in Figure 1. It will be observed
that the spectra of carbazole and phenantherene interfere seri-
ously with one another in this limited spectral region, but not with
that of anthracene. Extinction coefficients for highly purified

Table I. Extinction Coefficients of Pure Compounds (in
Chloroform Selution)

(Liters per gram-cm.)

Wave Length, Anthracene, Carbazole, Phenanthrene,
Mu E B B
376 39.0 0.0 0.0
358 42.7 0.0 0.0
346 18.4 0.4 1.5
338 22.9 16.7 1.3
333 12.4 19.6 0.8
330 11.9 16.7 1.7
320 8.8 22.5 0.9
296 2.3 67.0 70.0
292 1.9 101.0 39.9
284 2.9 62.7 58.8
277 6.0 23.7 78.9
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samples of these compounds were determined from the Lambert-
Beer law:
A = logie Io/I = Ecl (1)

where A = absorbance, Io,/I = ratio of radiant intensity incident
on sample to that transmitted by the sample, £ = extinction co-
efficient, ¢ = concentration in grams per liter, and ! = cell length
(1.000 cm. in all cases). - Table I shows these extinction co-
efficients at various wave lengths for this instrument.

The validity of the Lambert-Beer law for anthracene was tested
by plotting concentration against absorbances for the 358 and
376 myu bands. There is a slight deviation from linearity when
A > 0.9, which is almost certainly due to too wide slit widths.
Consequently, all analyses were made at absorbances below this
value.

PURIFICATION OF REFERENCE COMPOUNDS

Anthracene. A Reilly Tar and Chemical Company sample of
anthracene was recrystallized from pyridine and made to react
with maleic anhydride, and the anhydride adduct was hydrolyzed
to the potassium salt. The alkaline-water solution of the acid
adduct was washed with xylene at 90° C., and the adduct was re-
covered in the form of the anhydride. This step was repeated
until the ultraviolet spectrum of the adduct was transparent in
the 270 to 400 mu range. The adduct was then heated under
vacuum to recover the anthracene. The anthracene was chroma-
tographed on alumina and the eluent evaporated to yield the
purified anthracene.

Phenanthrene. A Reilly Tar and Chemical Company sample
of phenanthrene was recrystallized from dichloroethane and
made to react with maleic anhydride. The anthracene-maleic
anhydride adduct was removed by repeatedly washing the ben-
zene solution of the reaction mixture with 5% aqueous potassium
hydroxide at 90° C. The benzene was then evaporated and the
phenanthrene chromatographed on alumina.

Carbazole. A Reilly Tar and Chemical Company sample of
979, carbazole was recrystallized from a benzene-acetone mixture
(6 to 1) and the 9-acetyl carbazole compound formed. The 9-
acetyl compound was repeatedly recrystallized from acetic acid
and hydrolyzed to regenerate carbazole.

ANALYSIS OF CRUDE ANTHRACENE CAKE

The crudé anthracene cake obtained by centrifuging anthracene
oil is a mushy mass containing 10 to 25% anthracene and 35 to
509, of oily matter in addition to carbazole and phenanthrene.
The spectrum of a typical crude cake (Figure 2) shows the pres-
ence of background absorption in the 350 to 390 my range. This
absorption, which is caused by substances other than carbazole
and phenanthrene, necessitates correction of the spectral data be-
fore analyzing for anthracene. Because the background absorp-
tion increases sharply at shorter wave lengths, it is impossible to
determine carbazole or phenanthrene in the crude cake.

Base-Line Method of Background Correction. The simplest
type of background correction is to assume that the extraneous
absorbance is linear. In what is often termed the ‘‘base-line”
method, illustrated in Figure 3, a straight line is drawn between
points on the absorbance curve at two fixed wave lengths (1, 2,
10), which are conveniently taken as the positions of minima for
the pure compound on each side of the band to be used. It will
now be shown that the height, 4., from this base line to the band
maximum is directly proportional to the concentration of the
material present. Furthermore, the concentration of the material
can be obtained without knowing anything about the background
except that it is linear—in particular, without knowing its abso-
lute amount.

These results have appeared in a paper by Banes and Eby (1),
which seems to have escaped general notice, The present authors
first derived them in a slightly different form that is soméwhat
easier to use with their instrument. In view of this fact and of the
utility of the method, it seems worth while to give the mathe-
matical proof. A paper by Morton and Stubbs (6, 7) also de-
scribes a method that is similar in principle, but much more com-

- plicated in practice.
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Consider first the case of one pure component (substance D).
From Figure 3 it can be seen that the slope of the base line may be
expressed as

-A—A=A!_A3=Al_(A2_A2)
AN M\ Mo~ A2
Rearranging: ‘
4, = (4; — A)(\ — Ne). A, + A,
Let
N =N
xl - X'i
Then
A:=(n — 1A, + 4, — nd; (2)
240r

Crude Anthracene Cake

7

ABSORBANCE
o
]

Background Absorption

054+ .
of this coke
1 1 ! I 1 1 ) 1 I ]
310 330 350 370 390
WAVELENGTH mu
Figure 2. Absorption of Crude Cake Before and

After Removal of Anthracene

Assuming that the Lambert-Beer law is obeyed, and setting
k = El, there is had at each wave length:

Ay = Eiel = ke
Ay = ks
A; = ke
Substituting in Equation 2,
A: = [(n — Dk + ks — nkslc 3)

Now consider the case of this same component plus a linear
background absorption. The background absorbance can be ex-
pressed by the equation for a straight line,

Ap =g\ +h

where g and k are constants. The absorbance at any wave length
will now be the sum of the absorbances of the sample (substance
D) and the background. Therefore

A =k +gn + R
Az = szD + g"‘: + h
and

Aa = ksCD + g‘}\a + h

ANALYTICAL CHEMISTRY

Substituting these expressions in Equation 2:

A = (n — 1)(’C10D + M + h) + (kgCD +gx + h) — .
n(kep + gh + A)

Separating terms:

Ar = [(‘n — Dkiep + kscp — nksep] +
[(n — )(gn + h) + gds + b — n(ghs + R)]
Az = [(n et l)kl -+ kz - 'nk:;] cp + (0)

But this equation is identical with Equation 3. Because n and
the &’s are constants, this shows that the value of A isindepend-
ent of the background as long as the background is linear. One
can also write:

Kegt. = (n - l)kl + ky — nks (4)

and
p = A. - 4:
2T (n =1k + ky — nks o,

(3)

where k.. is an effective extinction coefficient. It follows from
Equation 5 that the concentration of the desired component (sub-
stance D) can be determined by the measurement of the ab-
sorbance of the mixture at three fixed wave lengths, without
knowing anything about the background except that it is linear.
(Although only one absorbance appears explicttly in Equation 5,
two more are needed to fix the base line for the measurement of
Az Seealso Equation 2.)

From the foregoing considerations the following points may be
noted:

1. Only two assumptions have beem made—namely, that the
Lambert-Beer law is valid and that the background is linear.

2. Measurements are always made at the same wave lengths,
even though in a mixture the absorption minima may no longer
occur at these wave lengths. Furthermore, it is not necessary that
the two extreme wave lengths be at absorption minima. The ab-
sorbance measurements will usually be more accurate if they are
at minima; but if the minima are far apart the chance of the
background’s being linear between them is lessened. Conse-
quently, with a broad band it may be advantageous to choose
wave lengths that are on the sides of the band. One of the wave
lengths may also be on the tail-off portion of an absorption curve,
such as point III of Figure 3.

3. Itis possible to evaluate the effective extinction coefficient,
kest., in two different ways. (1) Determine %, k., and k; for pure
D at the three wave lengths, and insert them in Equation 4. (2)
Determine k.. directly for pure D by measuring the height, 4.,
above the base line and using this datum in Equation 5. The
latter method was followed in this work.

4. Banes and Eby’s results, in the present authors’ notation,
are:

c _(n—'I)Al+A2—7LA3=(TL—1)A1+A2—7LA3
P27 = Dk + k2 — nks Fetr.

(6)

The numerator is an analytical expression for 4. (Equation 2).
The results may be easier to use in this form for a nonrecording
instrument, such as the Beckman Model DU spectrophotometer.
With the Cary spectrophotometer, Equation 5 is simpler, as the
base line can be ruled on the recorded curve and height A. above
this read directly. .

In Table II results obtained by the base-line method are com-
pared with chemical analyses by the maleic anhydride procedure.
The results agree fairly well for cakes containing more than about
259, anthracene, but are not so satisfactory for lower concentra-
tions. The chemical results are probably low for these crude
cakes because of the presencé of acidic components such as
phenols. This table therefore does not constitute a critical test of
either method. More disturbing is the fact that the ultraviolet
analysis based on the 358 mu band is always higher than that
based on 376 mpy, indicating that the background may not be
linear as assumed. The reason for this discrepancy was shown by
removing the anthracene from several crude cakes.

Direct Determination of Background Absorption. Anthracene
was removed from four typical cakes by reacting them indi-
vidually with maleic anhydride in benzene to form 9,10-dihydro-
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Table II. Anthracene in Crude Anthracene Cakes
(Weight %)
Ultraviolet (Base-Line Method) :
Test No. 358 mu (A) 376 mpu (B) Diff. (A—B) Chemical
6 13.5 10.9 3.6 9.2
7 12.1 11.1 1.0 9.4
8 13.4 11.3 2.1 10.4
9 17.9 16.3 1.6 13.4
10 19.8 18.8 1.0 19.0
11 25.0 24.1 0.9 23.3
1 36.2 35.4 0.8 35.0
13 40.7 40.0 0.7 38.4
14 42.1 41.8 0.3 41.1
15 71.5 71.0 0.5 70.6
16 91.1 90.6 0.5 91.1
17 96.0 95.0 1.0 93.0
anthracene-9,10-
endo-a,B-succinic
anhydride, which
was extracted
from the reaction [
mixture by wash- )
ing the benzene 1 Ay
solution at 70° C. 4
with aqueous w AN n
potassium hy- o N
droxide. The % \I
alkaline extracts g
were combined 2
and acidified, and 2
the precipitated o
adduct of anthra-
cene and maleic A
anhydride was re- voAe2 A
moved by filtra-
tion. The acidi-
e ST
en washed wi
WAVELENGTH

benzene and these
benzene extracts
were added to the
solution of anthra-
cene-free cake. After the benzene was completely evaporated on
the steam bath, the absorption spectrum for the anthracene-free
cake was obtained, which is compared with the spectrum of the
original crude cake in Figure 2. The concentration of the mate-
rial contributing the background absorption is nearly identical
in these two curves. Thissame type of background was obtained
with all four cakes.

The background absorbance is not linear, but, on the contrary
exhibits two small maxima in the general region of the anthracene

Figure 3. Base-Line Method of Back-
ground Correction

Table HI. Experimental Tests of Spectrophotometric
Analyses in Analysis of Crude Cakes

Subtracting Approximate

Sample Background, Wt. %
No. 376 mp 358 mp Av.
1 17.1 16.9 17.0
2 22.5 22.8 226
3 17.7 17.7 17.7
4 34.9 35.0 35.0
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maxima. It is now apparent why a higher analysis was obtained
with the 358 mu band than with the 376 myu band by the base-
line method of calculation. ,

Tests of Spectrophotometric Analysis. The possession of
these deanthracened cakes enabled a critical test of the accuracy
of the analysis.

The spectrum of the deanthracened cake was matched with
that of the crude cake in the wave-length region where anthracene
is relatively transparent. Subtraction of these curves yields
analyses at each of the two maxima which are almost the same, as
brought out in Table ITI. These data show that a true back-
ground absorption spectrum was subtracted. The magnitude of
these analyses may not be correct.

Critical tests were performed in which the deanthracened ma-
terials were used to make up synthetic crude cakes by adding
known amounts of anthracene. The spectra of the synthetic
cakes were then analyzed by the base-line method. The results on
four cakes are summarized in Table IV.

In the latter tests the base-line results obtained with either
band are, with one exception, correct within 29, of the known
concentration, and their average is correct within about 1%, of
the known concentration. After the nature of the background
was known, it was observed that the results could be slightly
refined by drawing the base line between points I and III (Figure

20

12:4% Anthracene

/

33-5% Anthrocene

/

ABSORBANCE
[«
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0.5+ /
41
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Figure 4. Absorption Spectra of Crude Anthracene

Cakes

INustrating successive stages of purification

3) rather than between I and II and

Table IV. Experimental Tests of Spectrophotometric Analyses in Analysis

of Synthetic Cakes

Known Usual Base-Line Method, Wt. %

Modified Base-Line Method, Wt. %

between II and III. The two bands
then gave results which always bracketed
the correct value, and their averages
were a little more accurate. These re-

Sample Addition

Av,
No. (A), Wt. 9% 376mp 358 mu (B)

1 12.3 12.0 14.0 13.0 +0.7 11.3 13.0
2 22.9 22.8 25.2 24.0 41.1 21.8 23.8
3 12.4 12.1 14.1 13.1 +0.7 11.6 13.2
4 35.6 36.2 37.0 36.6 +1.0 35.3 35.6

Diff, Av.
(A —B) 376mg 358mu (C)

™y sults are included in Table IV under

12.1 ~0.2 ‘‘modified base-line method.”” Thislatter
%g-g —8.(1) procedure is advantageous only for the
354 —0.2 cruder cakes (up to about 359 anthra~

cene), where the nonlinear background
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absorption could cause large errors if not taken into account.
For purer cakes the usual base-line method using the 376 mu band
is satisfactory.

A rather valuable by-product of the ultraviolet analysis of
crude anthracene cakes is illustrated in Figure 4. . Along with
the determination of anthracene there is obtained a general pic-
ture of the constitution of the crude anthracene cakes. As the
purification process proceeds, the ultraviolet spectrum loses its
sharp upward trend at shorter wave lengths, and the carbazole
peak at 292 mu becomes evident. By noting the change in the
spectrum at 340 my, the removal of an impurity can be followed.
The peak at 337 myu gradually shifts to 342 myu, where it coincides
with a characteristic anthracene peak.

ANALYSIS OF MIXTURES OF ANTHRACENE, CARBAZOLE, AND
’ PHENANTHRENE

Some preliminary work has been done on the analysis of mix-
tures of anthracene, phenanthrene, and carbazole. An examina-
tion of the ultraviolet spectra of the three compounds shows that
there are suitable analytical wave lengths for each of them. In
this work the best band for carbazole could not be employed be-
cause the studies were made in chloroform solution, and this band
occurs at a wave length which is below the cutoff in the trans-
mittance of chloroform. (Chloroform was chosen because other
conventional solvents did not completely dissolve the crude cakes
that were the object of the original studies.) In spite of this
handicap, results were obtained which compare favorably with
chemical analysis.

Figure 5 demonstrates that small amounts of carbazole (1.5%)
in anthracene and anthracene (0.189,) in carbazole, respectively,
can be determined. Similarly, traces of phenanthrene in anthra-
cene, and the converse, can be determined. These analyses are
difficult or impossible by chemical means.

It may be seen from Figure 1 or Table I that the determination
of anthracene is independent of the amounts of the other two
compounds, inasmuch as they do not absorb at the 376 mp
anthracene band. Therefore when all three substances are
present in the same sample, the anthracene content is readily and
accurately obtained. In chloroform solutions, however, the
bands that must be used for carbazole and phenanthrene inter-
fere with each other to such an extent that their analysis is some-
what uncertain.

Table V contains the results of several of these three-component
analyses which are typical of the experience in this laboratory.
The chemical analysis given for comparison is based on the
maleic anhydride method for anthracene and a Kjeldahl nitrogen
determination for carbazole. Everything else is assumed to be
phenanthrene. It is evident that even in chloroform solution the
ultraviolet analysis compares favorably with the chemical analy-

Table V. Analysis of Mixtures of Anthracene, Carbazole,
and Phenanthrene

Test No. Mixture Ultraviolet Chemical
18 Anthracene 100.2 96.0
Carbazole 1.8 1.6
Phenanthrene 0.1 2.4
102.1
19 Anthracene 4.2 3.
Carbazole 2.8 1.6
Phenanthrene 91.5 94.8
98.5
20 Anthracene 0.2 0.
Carbazole 100.0 96.5
Phenanthrene 22 3.
102.4
21 Anthracene 2.1 2.0
Carbazole 52.1 49.1
Phenanthrene 46.2 48.9
100.4
22 Aunthracene 53.2 51.0
Carbazole 3.4 3.1
Phenanthrene 44.2 45.9
100.8

amount of the background need not be known.
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Figure 5. Absorption Spectra of Anthracene-Carbazole

Mixtures

sis, and it is much more easily conducted. It also has the advan-
tage of giving an independent check on all three components.

SUMMARY

An ultraviolet determination of anthracene in anthracene cakes
is at least as accurate as any available chemical method, and is
much more convenient. The results are within about 19 of the
known concentration in synthetic cakes. Spectrophotometry is
also suitable for mixtures of anthracene, carbazole, and phe-
nanthrene.

Accurate analyses can be made when there is extraneous back-
ground absorption, if this can be assumed to be linear. The
The method is
theoretically sound.
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Polarographic Determination of Elemental Sulfur in
Petroleum Fractions

MAYNARD E. HALL
Humble Oil and Refining Company, Baytown, Tex.

A polarographic procedure is described for the determination of elemental sulfur

in petroleum fractions.

Evaluation with synthetic mixtures has shown the

method to be accurate to =29 of the elemental sulfur content in the range of
1 to 100 p.p.m. The method is rapid (about 20 minutes per sample), sensitive,
and free from interference from organic sulfides, disulfides, and thiophene.

HE corrosiveness of elemental sulfur to automobile engine

parts is well known, and a great deal of care is exercised by
petroleum refiners to minimize free sulfur in their products. In
doctor sweetening careful control of free sulfur addition must be
maintained to avoid production of a corrosive gasoline. A num-
ber of analytical methods have been proposed for determining the
free sulfur content of gasoline and other hydrocarbons, but a sur-
vey of publications on the determination of elemental sulfur indi-
cates that there is no recognized quantitative method for the di-
rect determination of small quantities of elemental sulfur in hy-
drocarbons, The polarographic procedure described in this re-
port was developed for the determination of free sulfur in the
gasoline fractions of petroleum, although it is expected that it
could be applied to the measurementof elementalsulfur in liquefied
petroleum gases or heavy hydrocarbons. The method is rapid
(about 20 minutes per sample), sensitive, and free of interference
from organic sulfides, disulfides, and thiophene in gasolines.
Evaluation with synthetic mixtures has shown the method to be
accurate to =29, of the elemental sulfur content over the range
from 1 to 100 p.p.m. )

In surveying the literature for information pertaining to the
qualitative and quantitative estimation of elemental sulfur, it was
found that several A.S.T.M. methods (1, 2, 4) make use of the cop-
per strip corrosion test for detecting elemental sulfur. Another
A.S.T.M. method (3) employs the mercury corrosion test to de-
tect free sulfur. Mapstone (?) in a study of the Sommer test,
the inverse doctor test, and the mercury corrosion test for the
qualitative detection of free sulfur in gasoline, for plant control
work, found that an approximate estimate of the free sulfur con-
tent of gasolines could be obtained by any of the three tests, but
much more rapidly and easily by the Sommer test. Probably the
most often used method for the quantitative determination of
free sulfur in appreciable amounts is the butyl mercaptan (bu-
tanethiol) or inverse doctor test described by Wirth and Strong
(10). In a study of the methods for determining elemental sul-
fur, Ball (5) found the butyl mercaptan test to be the best of the
existing methods, but concluded that even this method was sub-
ject to inaccuracy when employed for low concentrations of ele-
mental salfur in hydrocarbons. In a recent paper Morris, La-
combe, and Lane (8) describe a method for the quantitative deter-
mination of elemental sulfur in aromatic hydrocarbons. The
method is based upon the reaction

S -+ Na,QSO;; —_— NagSQOa

but is satisfactory only for free sulfur in the range of 0.1 to 20%.
Morris, Lacombe, and Lane studied both the sodium sulfite and
the butyl mercaptan methods for determining very small amounts
of free sulfur and found both methods unsatisfactory for deter-
mining elemental sulfur in the range 0 to 100 p.p.m. They con-
cluded that no reliable method appears to exist for the determina-
tion of elemental sulfur in this low concentration range.

Proske (9) published a polarographic procedure for the quanti-
tative determination of free sulfur that he used in connection with
studies on the vulcanization of rubber. Proske extracted the
free sulfur from the rubber with pyridine and ran a polarogram on
the pyridine extract. The electrolyte solvent consisted of acetic
acid, sodium acetate, and tylose. The procedure developed inde-
pendently and discussed herein differs from Proske’s method
mainly in the nature of electrolyte-solvent employed. Inasmuch
as free sulfur is not readily extracted quantitatively from petro-
leum fractions, an electrolyte-solvent consisting of methanol and
pyridinium hydrochloride was chosen because of its miscibility
with hydrocarbons.

APPARATUS AND REAGENTS

A Sargent Model XXI recording polarograph was used in de-
veloping the method. An H-type electrolysis cell was employed,
and a saturated calomel electrode was used as the reference elec-
trode. The capillary constants for an open circuit were

t 4.0 seconds (drop time)
M 1.76 mg. per second (rate of flow of mercury)
M2/31 76 = 1.64 mg.2/3sec.1/8

It

]

The mercury column, A, was 67.0 cm. All experimental meas-
urements were made in an air-conditioned room with the tem-
perature held constant to 25° = 0.5° C.

One hundred milliliter flasks were used to dilute the unknown
sample to volume with the electrolyte-solvent.

Baker’s ¢.p. methanol, pyridine, and concentrated hydrochloric
acid were used to prepare the solvent and none of the reagents re-
quired any further purification.

Powdered monoclinic sulfur of better than 99.9%, purity was
used for the preparation of standard solutions.

The electrolyte-solvent is prepared by mixing 90 ml. of metha-
nol, 9.5 ml. of pyridine, and 0.5 ml. of concentrated hydrochloric
acid. The pyridine and pyridinium hydrochloride form a highly
buffered solution that has a pH of 6 as measured by a Beckman
pH meter. :

A standard solution of known sulfur content is prepared by dis-
solving weighed amounts of the monoclinic sulfur in the solvent.
The monoclinic form of sulfur is used because it is more soluble
than other forms of sulfur, and also because the monoclinic form is
used in doctor sweetening processes for gasolines.

METHOD

Calibration. Because it is doubtful that the present chemical
methods are reliable for accurate determinations of free sulfur in
very low concentrations, synthetic solutions of known amounts of
free sulfur were used as standards for plotting diffusion current
against sulfur concentration as shown in Figure 1. (In refinery
laboratories it is often desirable to express concentration of sulfur
as milligrams per unit volume, and by expressing concentration of
sulfur in such a way the density of the liquid in question does
not have to be determined.)
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Analysis of Samples. The size of sample required for analysis
depends on the free sulfur concentration; however, for petro-
leum fractions containing 5 to 10 p.p.m. of free sulfur, 20 ml. of
the sample to be analyzed are added to a 100-ml. volumetric
flask and diluted to volume with the solvent. If the elemental
sulfur content of the sample is approximately 1 or 2 p.p.m., the
size of the sample should be increased to produce a diffusion
current large enough to provide a determination that is =29,
accurate. However, in the case of motor gasoline, the maximum
amount of sample that can be analyzed is usually about 40 ml.
because this is the limit of miscibility of the gasoline and solvent.
The solutions in the flask are well mixed and then added to the
electrolysis cell. The solution is bubbled for 5 minutes with an
inert gas before the reduction wave is determined. The inert gas
should be bubbled through methanol prior to passing through the
sample to prevent excessive evaporation of the sample solution.
The amount of free sulfur present in the sample will determine
what damping position and sensitivity setting should be used.
The wave height multiplied by the sensitivity setting gives the
diffusion current in microamperes. A calibration curve, such as
Figure 1, is then used to obtain the concentration of free sulfur
in the sample.

DISCUSSION OF EXPERIMENTAL WORK

The principle of the polarographic method is based upon the
measurement of the diffusion current that is produced when ele-
mental sulfur is reduced at the dropping mercury electrode. The
number of electrons, N, involved in the electrode reaction was de-
termined by the equation:

0.0591 7

Ea = Evys — _N_ log F— (6)

which is the fundamental equation of the polarographic wave. It
can be seen from the above equation that a plot of log ¢ /(<4 — 7)
versus Eq should be a straight line with a slope of 0.0591/N volt.

28|
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Figure 1. Diffusion Current vs. Parts per Million Sulfur
. in Methanol-Pyridine Solution

Such a plot was made from the polarogram obtained with a
Model XXI Sargent recording polarograph of a 10 p.p.m. sulfur
solution; the points of the log plbt formed a straight line with a
slope of 0.031 volt which is in good agreement with the theoretical
value, 0.0296 volt, for N = 2. On the basis of the determination
that 2 electrons are involved in the electrode reaction, it is be-
lieved that the reduction of sulfur occurs according to the follow-
ing equation:

S+ 2H* 4 2¢- —> HS

From the magnitude of the diffusion current and by using the
Ilkovié equation (7q = 605 ND1/2Cm?2/31/8), the diffusion coef-
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ficient of elemental sulfur was calculated to-be 2.2 X 10-%
em.2sec. "1 at 25° C. in the methanol-pyridine solution.

Because the method was to be applied mainly to petroleum
samples, one of the major problems was to find a satisfactory
solvent for the gasoline, sulfur, and a supporting electrolyte. At
first, mixtures of various ratios of pyridine, water, and concen-
trated hydrochloric acid were tried, but were found unsatisfactory
mainly because not enough gasoline would blend with the electro-
lyte solvent to permit an accurate determination of sulfur in the
concentration range of 1 to 3 p.p.m. in the gasoline; at least 30
ml. of the gasoline sample in a 100-ml. blend are necessary for
most accurate work in this concentrition range. Mixtures of
various amounts of the low molecular weight alcohols with pyri-
dine and concentrated hydrochloric acid were investigated as
solvents, and the most suitable combination found for mixing
with gasoline was the mixture of methanol, pyridine, and concen-
trated hydrochloric acid already described. The methanol serves
as a solvent for gasoline and the electrolyte; the pyridine serves
as a solvent for free sulfur. The hydrochloric acid reacts with
part of the pyridine to form-pyridinium ‘chloride which is the
supporting electrolyte, and also helps form a highly buffered
solution with a pH of 6. TUsing an electrolyte-solvent of this
composition, as much as 40 ml. of gasoline will blend with 60
ml, of the solvent.

Table I. Free Sulfur in Synthetic Solutions
Sulfur Sulfur-
Blend Taken, Found,

No. P.P.M. P.P.M. % Error

1 1.00 1.02 +2.0

2 5.00 4.93 —1.4

3 10.0 9.8 —-2.0

4 25.0 25.6 +2.4

5 50.0 50.5 +=1.0

6 100.0 99.3 -0.7

Average % error =1.6

A brief study of the effect of changes in pH revealed that the
electrode reaction should be carried out below a pH of 7.  Above
pH 7 the reduction wave spread out over a range of 1 volt or
more and was unsatisfactory to use for calculating the sulfur
concentration. At a pH of 6 or lower, well defined waves were
obtained with a half-wave potential of —0.50 volt versus the
saturated calomel electrode.

Table II. Reproducibility of Polarographic Method for
Determining Elemental Sulfur in Petroleum Fractions
2-Methylheptane . . XKerosene
Detn. Sulfur Found, Sulfur Found,
No. P.P.M. P.P.M.

1 10.1 100
2 10.0 103
3 10.0 100
4 9.9 101

Av. 10.0 = 0.05 101 =1

Because there appear to be no reliable chemical methods for
the analysis of free sulfur in gasoline on which to base calibra-
tions in very low concentration ranges, synthetic standard
solutions were used for plotting diffusion current versus concen-
tration of sulfur as shown in Figure 1. The diffusion current is
directly proportional to the concentration of sulfur over a range
of 0 to 100 p.p.m. -Experimental data showing the accuracy
and precision of the method are given in Tables I and II.

Several organic sulfur compounds were added to synthetic and
plant gasoline samples to determine if such compounds interfered
with the analysis of the free sulfur. Butyl sulfide, propyl! di-
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sulfide, and thiophene offered no interference. When a mer-
captan was added, the sulfur was consumed in forming a di-
sulfide. The rate of consumption of the free sulfur by a mer-
captan can be followed with the polarograph. Hydrogen sul-
fide, if present, will be removed upon bubbling.

Table III. Elemental Sulfur Content of Gasoline Fractions
and Kerosene after Doctor Sweetening

(Determined by polarographic procedure)

Sample S, P.P.M.
Light crude naphthsa 7
Heavy crude naphthsa 10
Light cracked naphtha, high octane 4
High sulfur refined oil (kerosene) 101

APPLICATIONS

The polarographic method for elemental sulfur has been
applied in connection with studies of different gasoline sweetening
processes. Table IIT shows the concentration of sulfur found
in various gasolines and kerosene after doctor sweetening.
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The materials of higher molecular weight appear to retain more
sulfur. This is probably a solubility effect rather than a varia-
tion in plant process. The method should be applicable to
aqueous solutions as well as to hydrocarbons.
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Copper Contamination and Ascorhic
Acid Loss in Waring Blendor

MERTON P. LAMDEN
College of Medicine, University of Vermont, Burlington, Vt.

The Waring Blendor, which has extensive usage in
food analysis, vitamin assays, and biochemical prepa-
rations, is regarded with disfavor by some workers.
Loss in ascorbic acid and loss in enzyme activity dur-
ing blending have been cited. Adverse results may
arise from use of containers having worn chrome
plating on their blending assemblies. Copper dis-
solving from exposed brass parts may catalyze the
loss of ascorbic acid in solutions during blending or
create false high results in the determination of the
copper content of certain foodstuffs. Inhibition of
the destructive effect of copper dissolved from the
blending assembly on ascorbic acid is discussed.

HE Waring Blendor is an exceedingly popular and useful tool

for comminuting or homogenizing material in the laboratory,
especially for food analysis, vitamin assays, and biochemical
preparations (6).

There are few reports concerning limitations on its use. The
Blendor has been recommended for ascorbic acid determinations
in tissues (I, §, 8, 12), although Roe et al. (11) advise against use
of any homogenizer that would introduce increased amounts of
oxygen into the slurry. Stern and Bird (13) found that treatment
of wheat germ and mill stream suspensions in the Waring Blendor
caused oxidation of sulfhydryl groups and inactivation of enzyme
systems.

Divergent results and conclusions in work involving use of the
Waring Blendor i some instances may be traced to the indis-
criminate use of containers. This study was initiated as a result of
discrepant data on the ascorbic acid content of identical solu-
tions blended in different containers. Inspection of a container
in which significant losses of ascorbic acid occurred showed that

the chrome plate on parts of the metal blending assembly was
worn, exposing the brass undersurface. Brass contains a high
percentage of copper, which is a known catalyst for the oxidation
of ascorbic acid (2, 3, 7). This paper shows that blending ascorbic
acid solutions in different containers resulted in widely varying
losses in ascrobic acid, which can be attributed to the dissolution
of copper during the blending procedure.

EXPERIMENTAL PROCEDURE AND DISCUSSION

Two hundred milliliter portions of a solution of ascorbic acid
(20 micrograms per ml.) in 5% metaphosphoric acid (HPO;)
initially at room temperature (23° C.), were blended for 3 minutes
in triplicate in each container. The average temperature rise in
the solutions at the end of the blending was 8.7° C. with a low of
6.0° C. and a high of 12.0° C. The small differences in tempera-
ture rise were not reflected in the results. Ascorbic acid was deter-
mined by the 2,4-dinitrophenylhydrazine method (11) on aliquots
of all blended solutions and nonblended controls. The copper
content was determined by a dithizone method not subject to
interference by other metals (9).

The results from triplicate runs with a single Waring Blendor
container were not in agreement where the loss in the first blending
was high. Instead, these triplicate runs seemed to form a pattern
in which there was progressive lowering of ascorbic acid loss with
the two succeeding blendings. This phenomenon of lowered
ascorbic acid loss with successive blendings was further investi-
gated. Using only one container (No. 6) nine consecutive 3-
minute blendings of 200-ml. portions of ascorbic acid (20 micro-
grams per ml.) in 59, metaphosphoric acid were carried out. The
ascorbic acid and copper contents were determined in each solu-
tion immediately after blending, as well as in an unblended con-
trol. This experiment was then repeated in the same container
scrupulously cleaned, after an interval in which the container
had general laboratory use in blending various materials.

The values determined for ascorbic acid loss and cbpper con-
centration in all experiments are shown in Table I, and the correla-
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ascorbic acid. The times of standing in
Table I. Loss of Ascorbic Acid in Different Blendor Containers the nonagitating container prior to blend-
[Ascorbic acid (20y/ml.) in 5% HPO; solutions blended for 3 minutes] ing were 0,0.5, 1, 2, 8,5, 7, 10, and 15
;}pligﬁ:;laélﬁleg Blendor Blending Run minutes. There was no increase in the
Assembly Container 1 2 3 4 5 6 7 8 9 amount of ascorbic acid lost with in-
Bright plating No. 1 creased time of standing of the solution.
Cu, p.p.m. 0.0 0.24 0.02
ASA%Tost, % 1.5 2.0 1.2 The average loss was 1.59,.
Bright plating No. 2 The effectiveness of stannous chloride
Cuy, p.p.m. 0.89 0.43 0.54 . o ey
ASAlost, % 5.0 3.0 2.5 and thiourea, known.inhibitors of as-
i - No. 3 corbic acid oxidation, in lowering the
P‘%vtﬂi% fﬁfﬁe Cu, p.p.10. 2.66 0.21 0.08 . . 7, 1ng
ASA lost, % 5.0 30 35 ascorbic acid loss during blending of a
Dull plating No. 4 solution in a container in poor condition
Cu, p.p.m. 1.50 0.74 1.36 . .
ASAlost, % 13.0 13.0 11.0 (No. 5) were tested by incorporating
Plating worn,  No.5 400 248 088 them into the ascorbic acid ‘(10 micro-
, D.p.IM. . . . . . .
brass expose e Aplg)st' o 210 180 13.0 grams per ml.) in 5% metaphosphoric
Plating worn, No. 6 acid solution before blending for 3
d Cu, p.p.m. 6.96 3.44 1.60 .. . . .. . . .
brass expose Sg,pom % 365 255 13.0 o : i a i - minutes. As shown in Table II, 0.5%,
Cu, ppm. 12.80 268 3.04 1.48 0.80 1.12 1.40 . 1.06 i i
ASATost. 9 52.1 148 176 9.4 7.1 7.9 86 6.1 6.6 stannous chloride (higher concentra-
Cu, p.p.m. 827 2.20 1.8 .. 1.28 2.64 1.62 .. 1.92 tions were not used because of precipita~
ASA lost, 9% 45.6 11.6 10.1 136 7.8 14.9 8.1 10.1 9.6

@ Reduced ascorbic acid.

tion of stannous metaphosphate) re-
duces the loss of ascorbic acid. It prob-
ably retards oxidation by combining

tion between the amount of copper dissolved during blending and
the percentage loss of ascorbic acid is shown in Figure 1. The re-
lationship is expressed by the straight-line equation y = 0.0221 X
—0.051. The coefficient of correlation between copper concentra-
tion and per cent ascorbic acid lost in this case is 0.97; a perfect
correlation coefficient is 1.0. When tested, the correlation co-
efficient 0.97 was found to be highly significant. When the values
for copper concentration and ascorbic acid loss that were ob-
tained with solutions blended in a single container, No. 6, are
plotted (not shown), similar results are obtained. - The straight-
line equation is y = 0.0223 X —0.064 and the correlation co-
efficient is 0.98. Actually, adding increasing amounts of copper
(as cupric sulfate) to ascorbic acid solutions resulted in losses of
ascorbic acid during blending in a container of excellent condition
(No. 1) that were almost identical to those found in solutions
containing dissolved copper which originated from blending
assemblies having worn plate. The results make it evident that,
under the conditions of these experiments, copper dissolved from
the blending assembly is responsible for the loss of ascorbic acid in
the solutions blended.

The extent of loss of ascorbic acid correlates rather well with
the physical appearance of the blending assembly (Table I).
Solutions in contact with well plated blending assemblies showed
small losses in ascorbic acid, whereas with blending assemblies
having worn plating or exposed brass parts losses were consider-
ably higher. However, the loss of ascorbic acid, as well as the
amount, of dissolved copper, decreases and finally remains fairly
constant with consecutive blendings in the same container. No
attempt was made to study the mechanism for the progressively
smaller amount of copper dissolved with successive blendings.
Rossibly an insoluble copper metaphosphate forms and deposits
at worn surfaces of the plated metal parts of the blending assem-
bly and retards further dissolving of copper. It appears that a
blending assembly in which copper causes large ascorbic acid
losses could be improved by preblending with a metaphosphoric
acid solution. However, such a procedure would seem inad-
visable unless it results in very low losses of ascorbic acid.

There is the possibility that about 1 ml. of a solution could come
in contact with the sealed bronze bearing (90% copper, 109, tin)
of the blending assembly when the blades are not in motion (14).
For this reason an experiment was carried out to determine
whether allowing ascorbic acid (20 micrograms per ml.) in 5%,
metaphosphoric acid solution to stand in a container of excellent
condition (No. 2) for increasing lengths of time, immediately
followed by a 3-minute blending, would result in increased loss in

with molecular oxygen. Thiourea (1%)

: markedly reduces ascorbic acid loss by

combining with copper and inhibiting its catalytic action on the
oxidation of ascorbic acid.

Indiscriminate use of containers may also cause trouble in the

determination of trace metals in foodstuffs. In one labora.'toi'y,

contamination of the food by biologically important heavy

y=.2llx —.51

COPPER — PPM.

. ) I | . L L S TS|
o} 10 20 30 40 50 60
ASCORBIC ACID LOSS — PERGCENT ]
Figure 1. Correlation between Concentration of

Copper Dissolved during Blending and Percentage
Loss of Ascorbic Acid

200-ml. portions of ascorbic acid (20x/ml.) in 5% HPO; blended”
for 3 minutes in various containers

Table II. Effect of Adding Stannous Chloride or Thiourea
to Ascorbic Acid on Loss of Ascorbic Acid during Blending

Ascorbic Acid Lost, %

Control Control
Container Control@ 0.5%, SnCl, 1%, thiourea
No. 3 (av. of 3 runs) 40.2 13.8 3.0
No. 1 (av. of 3 runs) 1.3 1.2 0.0

@ Ascorbic acid (10/ml.) in 5% HPOs.
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Table ITI. Determination of Concentration of Copper in
Canned Tomato Juice before and after Blending

Tomato Juice Sample Copper Conen., P.P.M,

Unblended control 1.52
Blended in container 2 2.04
Blended in container 6 8.52

metals, which may be present in the metal blending assembly, is
prevented by rhodium-platinum plating these parts (10).

Use of the Waring Blendor for comminution of foods prior to
the determination of their copper content has been mentioned in
the literature (4). If such a procedure is carried out with little
regard for the plating of the blending assembly, false results are
likely, as shown in the following brief experiment:

A determination was made on the copper content of a sample of
thoroughly mixed canned tomato juice immediately removed
from the can after opening. A 200-ml. portion of this same
tomato juice was blended for 3 minutes in container 2 (in excellent
condition) and another 200-ml. portion was similarly treated in
container 6 (in poor condition, brass exposed).

It is evident from Table IITI that a container with worn plating
on its metal parts can cause false high results in the copper con-
tent of a food subjected to blending during the determination.

CONCLUSIONS

The Waring Blendor is a'valuable tool; however, judgment
must be exercised in its use. The condition of the metal parts of
the container should be noted at all times. Where dissolved
trace heavy metals may affect enzyme systems, vitamin assays, or
the determination of trace metals, special plating, such as
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rhodium-platinum, of metal parts may be desirable. Furthermore,
oxidation during blending may be retarded by replacing air over
the blended material with inert ‘gas (1), removing oxygen by a
chemical agent such as stannous chloride, and inhibiting the
catalytic action of trace metals as in the binding of copper by
thiourea.
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Analysis of Colloidal Electrolytes by Dye Titration

H. B. KLEVENS
University of Minnesota, St. Paul 1, Minn.

The determination of total amount of surface-active
material present in a system can be obtained by
titration with a suitable dye solution. Anionie
soaps can best be determined with cationic dyes, and
cationic soaps with anionic dyes. Total amount of
surface-active components as well as the amount of
each component can be determined in soap mix-
tures, in soap-electrolyte systems, and in soap solu-
tions containing other materials such as hydro-

NUMBER of methods have been used to measure the con-
centrations of soaps and detergents. These include various
chemical methods (5), a turbidimetric method (12) which is a
modification of one used by Preston (16) and by Hartley and
Runnicles (4), and a direct titration of sulfonates with p-toluidine
hydrochloride (14). Some of these methods have been critically
evaluated recently (2). For the determination of critical micelle
concentration (CMC), a relatively simple method involving

titration with various dyes based in part on earlier qualitative

work of Hartley (3) and Sheppard and Geddes (18) has been re-
ported recently (7) and application of this technique to various
systems has been demonstrated (9, 15).

This method depends essentially on the fact that a color or
intensity of fluorescence of a dye solution changes markedly in the
region of the critical micelle concentration (the amountof free non-
micellar soap). This makes it possible to follow these changes

carbons, polar compounds, latices, and various ad-

sorbants if the proper experimental techniques are

employed. In the case of determinations in turbid

or slightly colored media, reproducible results were -
obtained only with dyes that show changes in

fluorescence intensity. Experimentally, the most

consistent data were obtained by observations made

in a darkened room wusing a narrow beam of light

falling on a thin layer of the soap solution.

spectrophotometrically or visually, for the changes in most in-
stances are marked enough to obtain reproducibility of results to
better than 2 to 3%. The usual procedure is to titrate a volume
or weight of soap solution or a known amount of dry soap with a
freshly prepared dye solution, the concentration of which is
usually about 1to 5 X 1075 M. The amount of added dye solu-
tion at the point of color change in the dye-soap solution is that
necessary to bring the concentration of the solution to the critical
micelle concentration. It has been found that, to be most effec-
tive, the dye used must carry a different charge than that of the
colloidal electrolyte. For anionic soaps dyes like pinacyanol
chloride or anisoline are suitable, whereas acidified indophenol,
eosin, sky blue FF, and benzopurpurine can be used with cationic
detergents. With those dyes which exhibit a monomer =

" polymer equilibrium, it has been found that the color changes at

the critical micelle concentration are much greater than the
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Table I. Determination of Soap and Detergent
Concentrations by Dye Titration

(At 25° C.)
Concentration, %
Weighed Determined
Soap CMC, 9, Pinacyanol chloride (5 X 105 M)
Potassium laurate 0.565 1.92 1.8%
3.43 3.48
0.358 0.3562
0.102 0.104°
Potassium myristate 0.160 1.57 1.52
0.110 0.112¢
Sodium dodeeyl sul-
fate 0.150 0.712 0.708
0.035 0.0372

Acidified indophenol (10—t M)

Dodecyl amine hy-

drochloride 0.286 0.942 0.951

0.364 0.358

@ Determined by titration with soap-dye mixture,

gradual changes observed with dyes that have the same spectra in
both polar and nonpolar media.

APPLICATION OF METHOD

The application of this titration method to the determination of
the concentration of pure soaps is straightforward. It is, of
course, necessary to know the critical micelle concentration, be-
cause this value must be used in the calculation of the total
amount of soap present. KEssentially, the procedure involves
titration of a known amount of soap or a soap solution with a
solution of a suitable dye to the point where a color change or a
change in fluorescent intensity occurs, depending, of course, on
the particular soap-dye system being used. The amount of soap
is determined by use of the fact that the critical micelle concen-
tration equals x grams of soap per total milliliters (volume of dye
solution plus water in original soap solution). Often, it has been
found that insufficient soap is present (below the critical micelle
concentration) and it has then been necessary to titrate with a dye-
soap solution (soap concentrations above the eritical micelle con-
centration) to the desired end point. Data showing typical re-
sults are included in Table I. The agreement between the pre-
pared concentrations and the determined values indicates that
this rapid titration technique is readily applicable to the direct
analysis of the amount of surface-active material present if the
critical micelle concentration is known.

When the surface-active material is a mixture of two or more
soaps, or is a salt-soap mixture, certain modifications must be
made in the method as well as in the calculations, for the critical
micelle concentration of a soap is decreased by the addition of
electrolytes or of a less soluble soap (7, 15). In the case of a
soap mixture where the identity of each soap in the mixture is
known, it is possible to determine not only the total amount of
surface-active material present but also the amount of each con-
stituent. By use of calibration curves of soap mixtures such as
those seen in Figure 1, and by addition of soap with the higher
critical micelle concentration in certain cases to bring the critical
micelle concentration of the mixture to the portion of the curve
with a steep slope, the data in Table IT were obtained.

The actual procedure involved in these determinations is to
titrate the weighed soap mixture of known ingredients to an end
point (critical micelle concentration). One obtains a total
amount of surface-active material, say a grams of A plus b grams
of B. Referral to a calibration curve such as Figure 1 gives the
weight fraction of one constituent B—i.e., b/(a +b). Itisthen
possible to calculate not only the total amount, ¢ + b, present but
the actual concentration of each constituent in_ the mixture.
This procedure has been applied many times to mixtures and some
typical data are shown in Table II. When the critical micelle
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Figure 1. Type of Standardization Curves Suitable
for Soap Mixtures

A. Potassium myristate and potassium caprate
B. Potassium myristate and potassium laurate
C. Potassium myristate and sedium lauryl sulfate

Table II. Determination of Total Soap Concentration and

Concentration of Each Constituent in Mixtures

Conen. of Soap Conen.

Sample, Added, Determined,

Soap Gram CMC, % Gram Gram
KCu 0.020 0.315 0.023
KCi 0.102 0.105
KCy 0.084 0.175¢ c. 0.087
KCie 0.019 0.051 0.017
KCua 0.052 0.225 0.055
KCie 0.070 0.066

KCu 0.055 0.158 0.148%

NaChe sulfate 0.091

C1:NH;Cl 0.037 0.491 N 0.035
CwNH;Cl 0.152 0.153

¢ Concentrations not determinable without added soap because slope in

curve is almost zero. .
b Not determinable as individual constituents because CMC of soaps in
mixture are about equal.

concentration values are about equal, as in the case of soaps and
detergents of the same chain lengths (10), it is not possible to
determine the actual concentration of each constituent in a mix-
ture. An example of this is the mixture of potassium myristate
and sodium dodecyl sulfate. Mixtures of anionic and cationic
soaps are also not determinable by this method but may, in cer-
tain instances, be obtained by a modification of the turbidimetric
method.

Similar techniques may be applied to the determination of
soap-salt mixtures by means of calibration curves such as the
one shown in Figure 2. For example, 0.090 gram of a mixture of
potassium laurate, XC.;, and potassium chloride required 18.1
ml. of 5 X 10~* M pinacyanol chloride, indicating a critical
micelle concentration of 0.497%. This corresponds to a weight
fraction of 0.84 and thus the mixture is composed of 0.076 gram
of KCi; and 0.014 gram of potassium chloride.

This type of curve may be used to calculate the concentration
of the surface-active component in the presence of any added
electrolyte, for it has been shown that the critical micelle concen-
tration is affected only by the number of equivalents of added
electrolytes. A direct-reading percentage curve such as that in
Figure 2 is thus slightly in error, but, as can be seen in Table 111,
the errors involved in the use of potassium chloride, potassium
bromide, potassium nitrate, potassium sulfate, and potassium
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phosphate trihydrate are about the same order of magnitude as
those generally observed in the use of this dye titration technique.

The presence of hydrocarbons has been shown to cause discon-
tinuities in interfacial tension—concentration curves which occur
at concentrations somewhat lower than the surface tension—con-
centration curves of the pure soaps (13). Similarly, changes in
critical micelle concentration have been noted from conductivity
studies of alkyl amine hydrochloride-hydrocarbon systems (17).
Small, but definite, decreases in critical micelle concentration
have been observed when increment additions of benzene to soap
solutions have been made (10).

Table III. Determination of Total Soap Concentration
in Soap-Salt Mixtures
Concn. De-
Conen. of termined,

Soap-Salt Sample, Gram CMC, % Gram
KCi2 0.074 0.475 0.070
KCl 0.016 0.020
KCi: 0.105 0.410 0.101
KCl 0.050 0.054
KCi2 0.061 0.375 0.060
KBr 0.049 0.050
KCi2 0.011 0.205 0.012
KNO; 0.075 0.076
KCi2 0.068 0.365 0.066
KNO; G.057 0.059
KCi2 0.074 0.338 0.070
K804 0.076 0.079
KCz 0.015 0.225 0.016
K280, 0.071 0.070
KCiz- 0.009 0.165 0.009
K4P.07.3H.0 0.096 0.096
KCp2 0.035 0.252 0.029
K;P:07.3H.0 0.078 0.084
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Figure2. Type of Standardization Curve Suitable

for Soap-Electrolyte Systems

Curve is for added KCl. Other added electrolytes such as
K:S0:, KBr, KNOQj;, and l11(41’201 fluctuate somewhat about
this curve

When the amount of hydrocarbon present is less than that
amount which would cause a separation into layers or in which no
emulsion droplets are present, a direct titration using a fluorescing
dye as indicator yields results which are not in error by more than
about 5%. Mostdyessuitable for these titrations are insoluble in
hydrocarbons such as benzene or n-heptane, so that their presence
will not affect the color or fluorescence changes.

Polar-type compounds will form a type of mixed micelle similar
to that observed in the case of soap-soap mixtures (6, 17). The
presence of short-chain alcohols will cause a decrease in critical
micelle concentration at low alcohol concentrations, followed by
a subsequent increase as shown by the conductivity studies of
soap-alcohol mixtures of Ralston and Eggenberger (17). Thus,
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in the presence of short-chain alcohols, a direct titration of the
soap-alcohol mixture with a suitable dye solution will result in
concentration values of surface-active material which will not be
in error by more than about 5%, if the original soap concentra-
tion is much above the critical micelle concentration, and if the
soap-alcohol ratio is large. :

[o]
o
N

024

0.lé

CRITICAL MICELLE CONCENTRATION (%)

0.08
| ] 1 I I I ] ]
0 02 04 06 038 10
WEIGHT FRACTION CIZNH3C|
Figure 3. Type of Standardization Curves Suitable

for Soap-Aleohol Mixtures

Lauryl amine hydrochloride with (4) ethyl alcohol, (B) n-butyl
alcohol, and (C) n-heptyl alcohol

In the case of soap-alcohol mixtures, in which the alcohol is a
longer chain one, the determination of surface-active materials
would involve use of calibration curves such as those in Figure 3.
The critical micelle concentration of a particular soap decreases
more rapidly as the chain length of the added alcohol is increased,
owing to the enhancement of the energy of the attraction of the
long alcohol and soap hydrophobic tails. Recent experiments in
this laboratory on enhancement of solubilization of hydrocarbons
by the use of long-chain alcohols as additives supports this con-
cept of increase in the total energy of attraction when soap-alcohol
micelles are used as solubilizers (8). A set of typical data illus-
trating the application of the dye titration method to such mixtures
is presented in Table IV. The smaller variation in critical
micelle concentration upon the addition of short-chain alcohols
can be seen to result in concentrations determined by titration
which are not so accurate as those obtained in the soap-long-chain
alcohol systems.

Table IV. Determination of Detergent Concentration in
Lauryl Amine Hydrochloride-Alcohol Mixtures

Concen. of CMC Concen.
Sample, Determined, Determined,
Soap-Alcohol Gram % Gram
CizHasNH;Cl 0.055 0.231 0.053
n-C:HisOH 0.038 0.040
Ci1:HasNH;Cl 0.028 0.252 0.025
n-CiHyOH 0.061 0.064
Ci2HasN H;3Cl 0.020 0.230 0.019
n-CaHsOH 0.086 0.087
C12H2s N HCl 0.042 0.282 .0.037-0.048
C.H;OH 0.046 0.051-0.040
DISCUSSION

It is evident that the determination of the total amount of
surface-active materials by dye titration is practical under the
conditions specified above. In the case of determinations in
turbid or slightly colored media, reproducible results were ob-
tained only with dyes that showed fluorescent effects. Experi-
mentally, the most consistent data were obtained by observations
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made in a darkened room using a narrow beam of light falling on a
thin layer of the soap solution. It has been possible to obtain re-
sults indicating the amount of residual detergent present in vari-
ous systems such as latices, textile dips, emulsions, and colored
soap solutions under these experimental conditions. For ex-
ample, the use of changes in dye fluorescence to determine the
total area of polymer particles and, from this, particle diameters
was found to give results in agreement with those diameters deter-
mined by light scattering (9). Similarly, determinations of total
areas of polymer particles using conductivity, surface tension,
and changes in dye spectra resulted in polymer particle diameters
which were in good agreement with those calculated from elec-
tron microscopic data on the same samples 11).
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Determination of Chlorine in Silicate Rocks

PAUL K. KURODA AND E. B. SANDELL, University of Minnesota, Minneapolis, Minn..

A suitable photometric method for the determination of small amounts of
chlorine in silicate rocks may be based on the formation of a colloidal suspension
of silver sulfide by treatment of the ammeoniacal solution of isolated silver chlo-

ride with sulfide.

HE method commonly used for determining total chlorine in
silicate rocks involves precipitation as silver chloride and
weighing as such after sodium carbonate fusion of the sample.
Although the gravimetric method gives satisfactory results with
higher chlorine contents if a double precipitation is made (Table I)
it is not very suitable for the small amounts (usually less than
0.05%) ordinarily encountered in the common igneous rocks,
when results of the greatest accuracy are desired. Moreover, the
gravimetric method is inadequate when the amount of sample is
limited, as when chlorine is to be determined in the component
minerals of a rock. For geochemical studies it is desirable to
have available a method that will allow the determination of a few
hundredths of 19 of chlorine in a 0.1-gram sample within 0.005%.
Two methods for the determination of small amounts of chlorine
were investigated. The first was based on the potentiometric
titration of chloride with silver nitrate solution to the equivalence
potential existing under the conditions, as empirically deter-
mined. Although this method was not studied as fully as desir-
able, it appeared to be a feasible one. However, it seemed to
offer no advantages over the second method studied, in which
silver chloride is precipitated with an excess of silver nitrate, the
washed precipitate is dissolved in ammonium hydroxide, and sil-
ver in the solution is then determined photometrically with sodium
sulfide as reagent (yellow-brown coloration).

The determination of silver, and indirectly of chloride, with
sulfide as photometric reagent is an old procedure, but it has been
applied more in biochemical than in inorganic analysis. In
ammoniacal medium a stable silver sulfide sol is obtained, and in
the authors’ experience it is not necessary to use a protective
colloid when the silver concentration is less than 0.1 mg. per
milliliter. The solution appears clear as long as this limit is not
exceeded, and no appreciable change in optical density is shown
on long standing (Table II). The relation between silver con-
centration and extinction is linear up-to 100 p.p.m. of silver
when a sunitable filter is used.

The use of potassium dithio-oxalate and thioacetamide as re-
agents in place of sulfide was investigated, but they were found to

have no general advantages. These substances furnish suifide ion
by hydrolysis and give colloidal suspensions of silver sulfide.
Dithio-oxalate behaves practically the same as sulfide, the only
difference being that clear sols can be obtained at higher silver
concentrations than in the case of sulfide. Thioacetamide pro-
duces turbid solutions unless the silver concentration is less than
25 to 30 p.p.m., but the optical density is almost twice that
which is obtained with sulfide or dithio-oxalate as reagent.
Results obtained by the proposed sulfide method according to
the directions given in the procedure following are listed in Table
III. Tt is believed that in the majority of cases, the error in the
determination of 0.01 to 0.02 and 0.05%, of chlorine will not ex-
ceed 20 and 109, relative, respectively, when a 0.5-gram sample
is taken. Even with a 0.l1-gram sample the error will not be
much greater than this if the volume at the time of precipitation is

Table I. Gravimetric Determination of Chlorine in
Silicate Rocks®
Chlorine Chlorine Found, %
Sample Presentb, 9, Single pptn. Double pptn. ¢
Quartz monzonite 0.019 0.03 ..
0.032 0.04+ ..
0.038 .. 0.04
0.046 0.06 ..
0.069 0.08+ 0.07
0.13 0.18 0:15
0.19 0.19 0.18
Diabase 0.020 0.03 .
0.033 0.044 ..
0.070 0.08+ 0.07
0.125 0.14 ..
0.185 0.21 e
0.26 0.28 0.264
0.51 0.50 - - 0.51

@ (.5-gram sample fused with 2.5 grams of NasCOs, AgCl precipitated from
100 ml. of solution containing 0.5 ml. of 1 to 1. HNO: in excess. .

b Sum of chlorine originally present and that added. i

¢ Silver chloride precipitate dissolved in 2 ml, of 1 to 1 NHs«OH, solution
diluted to 10.ml., and slight excess nitric acid added. R

d Refusion of residue from leach of first sodium carbonate melt showed 3%
of total chlorine remaining in this residue.
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reduced proportionately for the smaller sample. The volume of
the final solution in which the silver sulfide sol is developed is
maintained constant at 10 ml. independent of the sample size, so
that the photometric error may become significant when a 0.1-
gram sample is taken. Under the authors’ conditions, 1 p.p.m.
of silver in solution gives an extinction (log Io/7) of approximately
0.003 in a 1-cm. cell. Inasmuch as 1 p.p.m. of silver is equivalent
to about 0.3 p.p.m. of chlorine 0.1 p.p.m. of chlorine will give an
extinction of 0.001, which is the average deviation in the deter-
mination of low extinctions with a moderately good photometer.
We will assume that a photometric error greater than 0.002 in
extinction (about 0.4%, in transmittancy) is unlikely at low ex-
tinctions (up to 0.05 or somewhat more). This means that the
photometric error will usually be less than 0.0029%, chlorine when a
0.1-gram sample is used.

Table II. Stability of Silver Sulfide Sols in Ammoniacal
Solution
(Final solution 1.5 M in NH,OH and 0.001 M in Na,S)
cogf%?lt‘l;::,lon Log Iy/I (1 Cm., Blue Filter)
P.P.M. 10 minutes 1 day 1 week
0 0.000 0.000 0.000
5.4 0.024 0.022 0.021
10.8 0.045 0.047 0.042
27.0 0.097 0.102 0.100
54 0.188 0.187 0.192
81 0.275 0.274 0.280
108 0.347 0.364 0.361

The error due to the solubility of silver chloride is largely com-
pensated by applying the blank correction obtained by running a
blank on the sodium carbonate under the same conditions as in
the determination itself. The use of specially purified ‘sodium
carbonate very low in chloride is inadvisable in most cases, for it
may be. expected to result in less complete cancellation of the
solubility error. On the other hand, the chloride content of the
sodium carbonate should be sufficiently low so that the error in
the determination of the blank will be small. The following
blank values were obtained with various amounts of sodium car-
bonate used in the present work:

Weight of B
Na2COs, g. 0.5 0.5 1.0 1.0 2.5 2.5

Clfound, v 5 3 13 10 35 30

Equivalent % Cl
in rock sample
1/5 weight o
Na2CO0s

Ut
o0
=
SLut

fOAOOE» 0.003 0.0065 0.005 0.007 0.006 0.006 O

In these blank runs the volume of the solution in which the
precipitation of silver chloride was carried out was adjusted to
correspond to the amount of sodium carbonate, so that the ratio
was constant. However, proportionately more wash solution was
used for the smaller samples, particularly the 0.5-gram, which is
reflected in the smaller apparent chloride content found for the
latter weight of sample.

The advantage in the use of the photometric method over the
gravimetric method is especially marked in the case of samples of
0.1-gram weight. If the error in weighing the silver chloride pre-
cipitate may amount to 0.2 mg., the resulting error in the chlorine
percentage is 0.05 compared to about 0.005 in the photometric
method.

Bromine is counted with chlorine in the proposed method, but
because bromine is almost always very small compared, to chlorine
in igneous rocks (average bromine-chlorine ratio believed to be of
the order 0.01), the analytical result may be taken to represent
the chlorine content without appreciable error. The effect of
phosphate was investigated by adding the equivalent of 1%
phosphorus pentoxide to a sample of granite (0.01% chlorine) and
of diabase (0.02% chlorine). The chlorine values found agreed
within 0.002%, with those obtained with the omission of phos-

phate.
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Table III. Determination of Chlorine in Silicate Rocks by
Photometric Sulfide Method
Chlorine Chlorine
Sample Present, % Pound, %

Quartz monzonite? 0.019 0.019%
0.031 0.031
0.038 0.040
0.069 0.062
0.069 0.069
0.069 0.077
0.100 0.100
0.127 0.129
0.127 0.110

Diabase® 0.020 0.022
0.020 0.021%
0.039 0.042
0.070 0.065
0.070 0.065
0.101 0.113
0.101 0.108
0.128 0.133
0.128 0.132
0.188 0.20

¢ Chlorine content 0.007%. 0.5-gram samples. Cl added as NaCl before
Na2CO; fusion.

% K dithio-oxalate as photometrie reagent.

¢ Chlorine content 0.008%,. 0.5-gram samples.

PROCEDURE

When ample material is available, mix 0.5 gram of 100-mesh
sample (0.005 to 0.07% chlorine) with 2.5 grams of sodium car-
bonate (low in chlorine) in a platinum crucible and fuse in the
customary manner. Digest the cooled melt with about 20 ml. of
water, adding a drop or two of alcohol to reduce any manganate
present. Filter through a small retentive filter paper (previously
washed with water to remove any foreign chloride) and wash with
small portions of hot water totaling about 75 ml. Neutralize the
cold filtrate and washings by careful addition of 1 to 1 nitric acid,
using methyl orange as indicator, and add an excess of 0.5 ml.

Add 2 ml. of 0.2 N silver nitrate solution, heat almost to the
boiling point, and allow the solution to stand overnight. Colleet
the precipitate in a small glass filter crucible (Jena 1G4) or
porous porcelain crucible. Wash the beaker, crucible, and pre-
cipitate carefully with five 2-ml. portions of 0.02 N nitric acid.
Dissolve the precipitate in 2 or 3 ml. of 1 to 1 ammonium hy-
droxide and wash the crucible with a few milliliters of water. A
bell-jar type of filtration apparatus is preferably used in these
operations.

Transfer the solution to a 10-ml. volumetric flask, dilute to
about 8 ml. with water, add 1.0 ml. of 0.01 M (0.25 gram of

sodium sulfide nonahydrate in 100 ml.) sodium:
sulfide solution, mix, dilute to the mark, and again

_g mix. Obtain the transmittancy of the solution:
2 with the aid of a blue filter (a Wratten No. 47,
Cs, filter is suitable). .
0065 00055 Establish the standard curve by taking 0, 0.25,

0.50, 0.75, and 1.0 mg. of silver as silver nitrate in
10-ml. volumetric flasks, treating with 2 ml. of 1
to 1 ammonia and 1 ml. of sodium sulfide solution, and obtaining
the transmittancy as described above. Find the amount of chlo-
rine from the theoretical ratio Cl/Ag = 0.329.

Run a blank by taking 2.5 grams of sodium carbonate and
treating as deseribed above.

Table IV. Determination of Chlorine in Diabase by
Photometric Sulfide Method®

(0.1-gram samples)

Cl presentd, %, 0.008 0.020 0.022 0.022 0.038 0.040
Cl found, %, 0.012 0.023 0.019 0.023 0.041 0.046

¢ Similar results obtained with 0.1-gram samples of granitic rocks.
hlb Sum of original chlorine (determined on 0.5-gram sample) and added
chlorine.

If the amount of sample is limited, fuse 0.1 gram or more with
five times its weight of sodium carbonate. Carry out the succeed-~
ing operations as described above, but reduce the volumes in pro-
portion to the reduction in the size of sample. Use a small porous
porcelain or sintered-glass filter crucible of about 10-ml. volume
for collecting the silver chloride precipitate. Wash carefully with
five 1-ml. portions of 0.02 N nitrie acid. Dissolve the precipitate
in 2 ml. of ammonium hydroxide and proceed as directed.

ReceEIvep April 21, 1950,



Buffer for High pH Measurements

W. M. TUDDENHAM AND D. H. ANDERSON
Color Control Department, Eastman Kodak Company, Rochester, N. Y.

A calcium chloride-hydroxide buffer system has been devised having a reproduc-
ible pH in the range of 11 to 12.65, depending on the concentration of calcium
chloride. Such buffers are useful in checking the performance of pH meters and
electrodes in this pH range. A study of the precision of glass electrode measure-
ments in this range indicates that their precision is largely dependent on the

variability between electrodes.

N INDUSTRIAL processes, many solutions are maintained at

pH values as high as 12 to 13. The routine measurement of
pH provides one analytical control for these solutions. In the
past, these pH measurements have been made in this laboratory
by standardizing with a borax buffer at pH 9.18 and checking the
electrodes with another buffer at 4.01. The pH measurements in
the region 11 to 13, therefore, represented considerable extra-
polation from the standardizing value, and this caused uncer-
tainty at times as to whether the solution measured or the elec-
trode of the pH meter was ini error. It was felt that a standard
buffer in this pH range would assist in removing these uncertain-
ties. A good buffer should be easily prepared, stable for long
periods, and capable of precise reproduction of pH, and should
have a good buffer capacity.

The buffer system investigated was a caleium chloride solution
saturated with calcium hydroxide. This system functions in the
following manner: Addition of acid in small amounts results in
neutralization of some of the calcium hydroxide. The latter is
present as a slurry and as the dissolved calcium hydroxide is neu-
tralized, more solid calcium hydroxide goes into solution, main-
taining an approximately constant pH. On the other hand, addi-
tion of a base precipitates calcium hydroxide, thus also maintain-
ing the pH at an approximately constant value.

The effect of carbon dioxide is to precipitate calcium carbonate.
Again calecium hydroxide goes into solution to maintain the con-
centration of calcium ions constant and so the pH does not change
appreciably until a large fraction of the calcium hydroxide has
been converted to calcium carbonate.

The solutions measured in this laboratory are in the neighbor-
hood of 2 molar in sodium ion, and in order to minimize any varia-
tion in pH meter readings due to sodium ion error, oneof the buffer
solutions was made 2 molar in sodium chloride.

It is reasonable to believe that systems such as strontium chlo-
ride-hydroxide, barium chloride-hydroxide, and magnesium chlo-
ride-hydroxide would act in much the same manner, the pH range
covered being largely dependent upon the concentration of the
chloride and the solubility of the hydroxide in question. Pre-
liminary experiments showed that the calcium chloride-hydroxide
buffer had pH values in the range of primary interest to this
laboratory; therefore it was chosen for investigation.

APPARATUS AND REAGENTS

Three types of instrument assemblies were used for pH meas-
urements of the buffers described. One was a Leeds & Northrup,
catalog No. 7673, thermionic amplifier, and a Rubicon Type B
potentiometer. Most of the pH values, however, were obtained
with Beckman Model G pH meters. A few readings were taken
with & Beckman Model H pH meter. The assemblies were
standardized using borax buffer having a pH of 9.18 at 25° C.
Beckman Type E glass electrodes and saturated calomel reference
electrodes were used throughout the entire series of measurements.

Reagent quality chemicals were used throughout the study.

PREPARATION OF BUFFER WITH pH OF 11.97 AT 20° C.

The buffers were prepared by adding an excess of calcium hy-
droxide to a predetermined volume of standard hydrochloric acid.
Several concentrations of calcium chloride were tried. Figure 1
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Figure 1.

Solution of calcium chloride saturated with calcium hydroxide
. alculated curve
B. Curve based on experimental values

shows the calculated dependence of pH on molarity of calcium
chloride. Three experimental values are represented by circles,
The difference between measured and calculated values is greatest
in the more concentrated solutions. The solution prepared to
contain 0.2 mole of calcium chloride and 2 moles of sodium chlo-
ride per liter gave a pH of 11.97 at 20° C. and was considered
most suitable for the intended purpose. This was called buffer 1.
One or 2 days were required for the solutions to come to equilib-
rium.

Calcium Hydroxide Buffer, 0.2 Molar in Calcium Chloride and 2
Molar in Sodium Chloride. Pipet 25 ml. of 8.00 N hydrochloric
acid into a 500-ml. volumetric flask. Add about 300 ml. of water.
Add 7.5 grams of reagent quality calcium hydroxide. -Add 58
grams of sodium chloride and dissolve by swirling the stoppered
flask. Dilute to the mark with water, Transfer to a glass-
stoppered reagent bottle. Add 5 grams of calcium hydroxide and
shake solution several minutes. Allow the solution to stand for 2
days before using.

By varying the concentration of hydrochloric acid or omitting
the sodium chloride, other pH values can be obtained.

PROPERTIES

Reproducibility. Burrer 1 (2 MoLar ix Sopium CHLORIDE).
The pH values obtained for several mixes prepared to contain 0.2
mole of calcium chloride and 2 moles of sodium chloride per liter
of saturated calcium hydroxide solution are given in Table 1.

These solutions were prepared at different times by different
people and the pH of each solution was measured one or more
times, as shown. In all cases, excess calcium hydroxide was
present as a slurry. The electrodes used were those in routine
use with the respective instruments. The average of 24 values
was 11.852 with a standard deviation of 0.030. The measure-
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Table I. pH Values, Buffer 1

(Obtained at 23.8° = 0.4° C. for solutions 0.2 molar in calcium chloride, 2
molar in sodium chloride, and saturated with calcium hydroxide)

Model G

pH Meters - Model H pH Meter

Potentiometer

Solution Solution Solution age, Solution
No. age, days pH months pH age, days pH
1-1 1 11.810 5 days 11.83 5 11.86
4 11.83
7 11.81
2-1 Fresh 11.896 4 11.85 Fresh 11.88
7 11.78
3-1 3 11.848
4-1 3 11.849
5~1 3 11.848
6-1 3 11.846 .. PN
7-1 4 days 11.93
5 days 11.88
7 days 11.85
3 11.87
8-1 PN .. 4 days 11.87
5 days 11.86
7 days 11.84
3 11.85
9-1 .. .. 4 days 11.88
7 days 11.85
3 11.84

ns3

n.2

108

20 2e 24 as 28 30 32 34
Temperature °C.

Figure 2. pH vs. Temperature

2 M calcium chloride saturated with calcium
hydroxide

ments were made at room temperature, which was maintained at
23.8° = 0.4° C.

Part of the standard deviation represents the reproducibility of
preparing the solutions and part is contributed by the use of dif-
ferent glass and reference electrodes in these measurements. To
give a better indication of the reproducibility, independent of a
glass electrode, hydrogen electrode measurements were made on
solutions 3-1, 4-1, 5-1, and 6-1. The cell used included a 3.5 N
potassium chloride salt bridge. The hydrogen and calomel elec-
trodes were standardized with 0.01 M borax buffer. Because of
the several liquid junctions involved, some constant error may
have been introduced into these measurements. Because of this
and other possible sources of error, the values obtained are re-
ported merely to indicate the reproducibility of preparing buffer
solutions of this type. These data, shown in Table II, indicate
that the buffers in question are reproducible as to pH.

BurreR 2(No Sopium CHLORIDE). The data obtained for satu-
rated calcium hydroxide solutions that were 0.2 molar in calcium
chloride but contained no sodium chloride are given in Table III.

Here again solid calcium hydroxide was present in the samples
tested. The average of 17 pH values at 23.8° = 0.5° C. was
12.063. The standard deviation of these data is 0.038.

Hydrogen electrode measurements of solutions 3-2, 4-2, 5-2,
and 6-2 are shown in Table IV. ’

Effect of Temperature on pH. Figure 2 is a plot of pH versus
temperature for a third buffer, 2 molar calcium chloride saturated
with calcium hydroxide,: containing no sodium chloride. The
data for this plot were obtained using the potentiometer and the
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thermionic amplifying unit. The temperature coefficient for
buffer plus electrodes in the range 20° to 35° C. is about 0.03 pH
unit perdegree. The temperature coefficients for the other buffers
tested appeared to be of the same order of magnitude. If any of
these buffers is to be used at a temperature greatly different than
24° C.,, its pH value should be determined at that temperature.

Inasmuch as the pH at any temperature is dependent upon the
solubility of calcium hydroxide, one must be sure that the equilib-
rium condition has been realized at the time the solution is used.
As far as possible, these buffers should be used only at the tem-
perature at which they are stored.

Buffering Capacity. The buffer capacity was checked by
titrating the buffers with 0.1 N sulfuric acid and with 0.1 N sodium
hydroxide. In doing this, care was taken to shake the buffer so
that the sample titrated contained some of the solid calcium
hydroxide.

The acid titration of buffer 1 represented by curve 4, Figure 3,
resulted in a pH rise that agreed well with the calculated rise due
to dilution alone. Addition of sulfuric acid to the buffer dis-
solves calcium hydroxide and precipitates calcium sulfate. The
solubility of caleium sulfate is low enough (Scaso, = 2.25 X 104
at 25° C.) (4) that one can assume virtually complete precipita-
tion. This leaves only the effect of dilution.

Dilution with distilled water changes the molarity of the cal-
cium chloride, with the greatest effect on pH at high concentra-
tions. The pH change resulting when a solution 2 molar in cal-
cium chloride and saturated with calcium hydroxide is diluted 1
to 1 is about 0.5 pH unit as determined from curve B, Figure 1.
If a 0.2 molar solution is diluted 1 to 1, the pH change should be
about 0.15 unit.

If one adds an acid, such as hydrochlorie, that will not cause
precipitation of calcium ions, a different effect is encountered.
Caleulation shows that the results of addition of hydrochloric
acid will depend upon the ratio of the concentration of acid used
to the original molarity of calcium chloride. Taking activity

Table II. Hydrogen Electrode Measurements of High pH
Buffer Solutions at 25° C., Buffer 1

[0.2 M CaCly, 2 M NaCl, saturated with Ca(OH).]

Solution
o. pH
3-1 11.73
4-1 11.74
5-1 11.74
6-1 11.74

Table III. pH Values, Buffer 2

(Obtained at 23.8° = 0.5° C. 0.2 molar in calcium chloride and saturated with
calcium hydroxide)

Potentiometer Model G pH Meters Model H pH Meter
Solution Solution Solution Solution
No. age, days pH age, months pH age, days pH
1-2 1 12.08 5 days 12.10 5 12.10
4 12.08 :
7 12.02
2-2 Fresh 12.118 4 12.08 Fresh 12.10
7 12.03
3-2 3 12.015 e
4-2 3 12.015 .
5-2 3 12.009 e
6-2 3 12.019 .
7-2 4 days 12.12
5 days 12.06
7 days 12.04
3 12.08

Table IV. Hydrogen Electrode Measurements of High pH.
Buffer Solutions at 25° C., Buffer 2

[0.2 M CaCl; saturated with Ca(OH):]
Solution

No. pH

3-2 11.88
4-2 11.86
5-2 11.88
6-2 11.88
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coefficients equal to unity, if the normality of the acid is greater
than twice the molarity of the calcium chloride, the pH should
drop upon addition of acid in the presence of excess calcium hy-
droxide.” If it is just twice the concentration of the calcium chlo-
ride, the pH should remain constant. If the normality of the
acid is less than twice the molarity of the calcium chloride, the pH
should rise. Experiment showed that the titration of a buffer
that was approximately 0.5 molar in calcium chloride with 0.1 N
hydrochloric acid resulted in an initial rise in pH, as expected.

The addition of sodium hydroxide to these buffers precipitates
calcium hydroxide and dilutes the solution. Both effects tend to
raise the pH. Asis seen in curve B, Figure 3, the pH change for
buffer 1 is greater in the early stages of the alkaline titration than
in the acid titration.

For use as a standardizing medium for high pH measurements, a
buffer ought to have enough buffering capacity to ensure that the
glass electrode attains its equilibrium condition rapidly. Perley
has shown that the response time of glass electrodes in poorly buf-
fered solutions is slow (3). The curves of Figure 3 show that the
buffer capacity is adequate in this respect and in addition the
buffer is capable of reacting, without an appreciable change in pH,
with traces of previous solutions that may remain in the sample
container or on the electrodes.

Table V. Duplicate pH Values

{Solution 0.2 molar CaCls, 2 molar NaCl and saturated with Ca(OH)s,
obtained with eight combinations of four glass and two calomel electrodes]

Reference Glass

Glass Electrode Electrode Electrode
A B C D Averages Range
Reference 11.92 11.95 11.93 11.91 0.04
electrodeI 11.90 11.94 11.94 11.90 0.04
Av. 11.91 11.94 11.94 11.90 11.92
Reference 11.93 11.95 11.93 11.92 0.03
electrode IT 11.93 11.96 11.95 11.93 0.03
Av. 11.93 11.96 11.94 11.92 11.94
Glass  elec-
trode aver-
ages 11.92 11.95 11.94 11.92 11.93
Reference
electrode .
range 0.03 0.02 0062 0.03

Totalrange 0.06

The data were analyzed (7) and are summarized as follows:

Source of Variation Degree of Freedom Mean Square

Glass electrodes 3 0.0010396
Reference electrodes 1 0.0006563
GE X RE 3 0.0000896
Duplicates 8 0.0000812

In order to guard against any lowering of pH due to the pres-
ence of acid, some calcium hydroxide should be present as a
slurry. - No difficulty has been experienced with small amounts of
the precipitate adhering to the electrodes. It is recommended,
however, that the slurry be allowed to settle before the electrodes
are immersed in the solution, and that the electrodes be carefully
washed and wiped after each use.

GLASS ELECTRODE MEASUREMENTS IN HIGH pH SOLUTIONS

The pH of buffer 1 (2 molar in sodium chloride ) was found to be
11.85 with a standard deviation of 0.03 at 23.8° C. It was
stated that part of the standard deviation represents the repro-
ducibility of preparing the solutions and part is contributed by
the use of different glass and reference electrodes. With the
high pH buffer, an attempt was made to determine the precision
of glass electrode measurements at this high pH. Duplicate
measurements were made on buffer 1 using eight combinations of
four glass and two calomel electrodes. The measured values are
shown in Table V.
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The standard deviation of duplicate determinations is about
0.009. The fact that the mean square for GE X RE is of the
same magnitude indicates that there are no appreciable inter-
actions among the electrodes tested. The much larger magni-
tude of the mean square for electrodes suggests that the variation
between electrodes is the most important source of reduced pre-
cision in measurements of high pH solutions.

pH

1 I N T I I I O O

10 20 30 40 50 60 70 80 90 100
Milliliters Added
Figure 3. Buffer Capacity of Buffer 1

A4. 50-ml. sample titrated with 0.1 N sulfuric acid
B. 25-ml. sample titrated with 0.1 ¥ sodium hydroxide

The accuracy of glass electrode measurements at high pH
values is also limited, especially in solutions containing sodium
chloride. If both the standardization medium and the solutions
to be measured have approximately the same sodium ion concen-
tration, this error should be minimized (2).

CONCLUSION

Calcium chloride-hydroxide buffer systems may be prepared
covering the pH range from 11 to 12.65, depending on the con-
centration of calcium chloride. Although the exact pH values of
the buffers studied have not been determined, it is felt that the
data presented are adequate to show the potential value of these
buffers as standardizing media. The reproducibility and sta-
bility of the solutions are considered to be acceptable for such use.
The addition of sodium chloride does not appear to affect the pH
reproducibility or stability of the solutions to any extent. Al-
though the pH values obtained with the glass electrode are prob-
ably somewhat in error, it is believed that they are of value as
arbitrary standards.

The precision of glass electrode measurements in the pH range
11.0 to 12.0 is largely dependent upon the variability between
electrodes. )
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An Electronic Image Converter and lts Use in
Chromatography

ZABOJ V. HARVALIK
Institute of Science and Technology, University of Arkansas, Fayetteville, Ark.

An electronic image converter and its accessories,
enabling observation of textures and color reactions
of adsorption columns illuminated by an infrared
light source, are described. The converter employs
an image tube, Type CV-147, which converts infra-
red into visible light. The color sensitivity of the
tube also permits observation of ultraviolet light.
The color range of this device is 300 to 1400 milli-

OLORLESS substances adsorbed in a chromatographic

| column are difficult to locate. Karrer and Schopp (8)
and Winterstein and Schon (17) used filtered ultraviolet light
for identification of some colorless substances because of their
fluorescence. This method of identification, erroneously called
ultrachromatography, is limited in its use because not all color-
less substances fluoresce in the region of visible light when acti-
vated with ultraviolet radiation.

Some colorless substances form fluorescent compounds after
their adsorption in the chromatographic column when chemical
reagents are added (3, 14-16). Strain (13) suggested forming
fluorescent compounds of colorless samples before they are ad-
sorbed in the chromatographic column, and identifying them
after their adsorption.

Some adsorbents interfere with the fluorescence of the com-
pounds; they fluoresce and make identification of chromato-
graphic layers difficult.

The author investigated reflection, absorption, and fluores-
cence in the infrared region of the spectrum of some colorless
compounds to study the possibility of chromatographic identifica-
tion using infrared as a light source. Infrared light is invisible
to the human eye, and can be observed only by devices for
converting infrared to visible light. Electronic image converters
permit the observation of infrared absorption and reflections
from specimens illuminated by various light sources.

Electronic image converters use image tubes as elements for
converting infrared to visible light. As early as 1934, image
tubes were used to study the infrared-reflecting and absorbing
properties of materials. An image tube was attached to a
microscope or telescope and objects illuminated with infrared
light were observed (2, 12, 18). The image tube was improved
in its physical and electronic performance during World War
II (9, 10). An electronic eyepiece attached to a spectroscope,
permitting direct observation of the infrared and ultraviolet
portion of the spectrum, was described by the author at the
Chicago meeting of the American Physical Society in 1947
(6, 7). The use of the image tube attached to a microscope
(previously reported, 18) was reported and applied to petro-
graphic research in 1948 by Bailly (7). The importance of
electronic image converters in analytical chemistry, and possible
uses in criminology, medical sciences, and industry were pointed
out by the author at the meeting of the AMERICAN CHEMICAL
SociETy, September 1948 (5).

The transformation of infrared light into visible light by the
use of the image tube is explained as follows:

The chromatographic column (Figure 1, center), illuminated by
an infrared light source (150-watt projector bulb inserted into a
light-tight box and equipped with an infrared filter, Corning No.
2540, Figure 1, left), reflects and absorbs a certain amount of in-
frared light. Infrared light reaches the electronic image con-

microns and its magnification power is 2.5X. Itis
suggested that the converter be applied to medical,
criminological, and industrial investigations as well
as problems in analytical chemistry. The addition
of this device to chromatographic techniques neces-
sitates a new or broader definition of the term
‘‘ultrachromatography,”” and the introduction of
the terms ‘“infra-’ and ‘“fluorochromatography.”

verter (Figure 1, center), where an optical, infrared image is fo-
cused upon the photocathode of the image tube (also Figure 2, P).
The electrons released by the photocathode of the image tube, P,
fall upon a fluorescent screen, W, covered with a phosphor of a com-
position similar to that of cathode-ray tubes. Electrons activate
the phosphor, S, to a greenish luminescence and the electron im-
age formed on the screen, S, is observed through a magnifying eye-
piece, EP. The image on the screen can be photographed on any
green-sensitive film.

Figure 1
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Figure 2

The electronic image converter, because of its simple construc-
tion, can be built by any individual familiar with electronic cir-
cuits. It (Figure 2) consists of the image tube CV-147 (11) (Fig-
ure 2, CV-147), the objective lens system, O, and the magnifying
eyepiece, EP. The image tube is mounted in a brass shielding
tube, the inside of which is lined with mica. An outer tube is
slipped over the shielding tube. As a focusing mount, FM,, for
the objective lens system, O, a tube of somewhat smaller diameter
is attached to the outer tube. The objective lens system, O, has
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a focal length of 5.0 cm., and is used to focus the object on the
photocathode, P, of the image tube. To prevent visible light
from reaching the photocathode, a filter, F, can be slipped over
the objective lens system (15). The magnifying eyepiece, EP,
Kellner, with a focal length of approximately 6.0 em., is placed in
the focusing mount end of the image tube, FM,. The image
tube is connected to the power supply by a socket, 7'.

The power supply (Figure 1, right, and Figure 3) consists of a
high voltage transformer (1800 to 2000 volts secondary), a fila-
ment transformer for the rectifier tube (2.5 volts secondary), a
filter condenser of 0.25 microfarad having an insulation of 3000
volts, and a resistor of 5 megohms and one resistor of 10 megohms,
both of 2-watt type. A resistor of 40 megohms shunts the 0.25-
microfarad condenser. This shunt resistor consists of four 10-
megohm resistors (2-watt type in series connection).

) 5MQ 2w IOM8) 2w
1800-2200v A M °
%m 2X2 40 MQ.2w
To.
= i
— 3-
|| Ble—— |
Figure 3

The electronic image converter enables the observation of
ultraviolet from 300 to 400 my, and infrared from 760 to 1400
my, as well as the visible range of the spectrum (400 to 760 mgu).
The greatest sensitivity of the electronic image converter is in the
ranges between 350 and 450 my, and 560 and 900 my.

The phosphor of the screen has its maximum radiation around
525 my, and coincides closely with the color range of the maximum
sensitivity of the human eye; it has a resolution definition of
about 350 lines per inch, using television standards, and a medium
persistency. The magnification of the electronic image converter
is 2.5X, and can be increased or decreased, depending on the focal
length of the objective lens system.

The electronic image converter can be used in different ways to
aid the discrimination of layers in the chromatographic column.

OBSERVATION IN THE INFRARED REGION

The illumination of the chromatographic column with infrared
light is achieved by placing a Corning No. 2540 infrared transmit-
ting filter, polished, 2 mm. thick, in front of the light source.
Observation is made in a dark room. If any infrared light is re-
flected, it will be detected through the image converter. This
type of identification of chromatographic zones is termed infra-
chromatography.

OBSERVATION IN THE ULTRAVIOLET REGION

The illumination of the chromatographic column by filtered ul-
traviolet light is achieved by a mercury are as light source in con-
nection with a Corning No. 5860 ultraviolet transmitting filter,
polished, 3 mm. thick. At the same time, a Corning No. 5860
ultraviolet transmitting filter, polished, 3 mm. thick, is attached
to an electronic image converter to prevent any visible (fluores-
cent) light from reaching the photocathode of the image tube.
The chromatographic column of borosilicate or quartz glass en-
sures maximum ultraviolet transmission. Individual chromato-
graphic layers reflect ultraviolet light, and are observed by the
electronic image converter. This method differs in prineciple from
the method Karrer and Schopp described in 1934 (8). This type
of identification of chromatographic zones is termed ultrachro-
matography.

OBSERVATION OF FLUORESCENCE IN THE INFRARED REGION

To observe fluorescence in the infrared region of the chromato-
%raphic column, the electronic image converter is covered with a
orning No. 2540 infrared transmitting filter, polished, 2 mm.
thick (Figure 2, F), which prevents all ultraviolet and visible light
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from reaching the image tube. The incandescent light source de-
scribed above is used, and the Corning 2540 is replaced by a filter
consisting of Corning Nos. 3389 and 4407, polished, standard
thi]ckness (4). This filter combination transmits visible light
only.

Some substances require higher activation energies than the
energy transmitted through the Corning No. 3389 and 4407 filter
combination. When the former is omitted, a more bluish light
will be transmitted, and this includes some ultraviolet. High ac-
tivation energies can be obtained by using a Corning No. 5860 ul-
icra.violet-tra,nsmitting filter in connection with a mercury vapor
amp.

Light reaches the chromatographic column and activates the
adsorbed substances to fluorescence. Because only infrared light
is transmitted to the image tube, and no infrared was present in
the light source, any infrared observed through the electronic
image converter originates in the adsorbed compound. This
method of observation using a light source emitting shorter
wave-length light than the light observed through the electronic
magnifier is called fluorochromatography. This term is also
applicable to the fluorescence produceclp in adsorbed layers when
they are exposed to filtered ultraviolet light, and is synonymous
with Karrer and Schopp’s definition of ultrachromatography (8).

The above-mentioned observation methods suggest a more
precise terminology: Ultrachromatography uses an ultraviolet
light source, and the light observed is reflected from the chromato-
graphic column, and is in the ultraviolet region of the spectrum.
Infrachromatography uses an infrared light source, and the light
reflected from the chromatographic column is in the infrared
region of the spectrum. Fluorochromatography uses any
convenient light source, and the light emitted from the chromato-
graphic column is of longer wave length than the longest wave
length emitted by the light source.

PREPARATION OF SAMPLES

Selected leaves of the mulberry tree, Morus rubra (200 grams),
were boiled in 2000 ml. of distilled water for 3 hours and stored at
4° C. for several days. The extract was filtered, and a small por-
tion of it was diluted with distilled water to ten times the original
volume. This diluted extract, of brown-greenish color, was used
in the adsorption tests.

IDENTIFICATION OF ZONES USING CHROMATOGRAPHIC
COLUMNS

Activated charcoal, silica gel, alumina, magnesium oxide, and
fuller’s earth were used as adsorbants. Each adsorbant was
placed in a borosilicate glass tubing 1.1 em. in diameter and 35
em. in length. Six columns were prepared for each type of ad-
sorbant and the diluted extract was permitted to flow through
the columns. Observations of the resulting chromatographic
zones were made in visible light and by illumination of the chro-
matographic column with infrared light, using the electronic
image converter (Figure 1). Table I shows the result of these

observations.
Table I. Number of Zones Separated in Adsorption
Column
Eluant
Ethyl
Before alco- Ethyl Ace- Ben-

Adsorbant Elution Water hol ether tone CCli zene
Charcoal

Visible X 0 0 0 0 0 0

Infrared ? 0 0 0 0 0 0
Silica gel

Visible 4 3 4 4 4 4 4

Infrared 6 4 5 5 5 5 5
Alumina

Visible 4 3 4 4 4 4 4

Infrared 5 4 5? 5 5? 5 5
Magnesia

Visible 3 2 3 3 3 3 3

Infrared 5 3? 4 4 5 5 5
Fuller’s earth

Visible E 3 4 4 4 4 4

Infrared 6 4 5 5 5? 6 6?
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Table II. Number of Zones Separated by Paper
Chromatogram
Eluant
Ethyl
alco- Ethyl Ace- Ben-
Water hol' ether tone CCli zene
Visible light 3 4 3 2 2 2
Infrared light 7 6 6 5 6 2

IDENTIFICATION OF ZONES USING PAPER CHROMATOGRAPHY

Filter paper strips, 6 X 200 mm., were cut and a small drop of
the undiluted extract was placed on the strip 25 mm. from the
lower end. The paper strip was immersed in the eluant. Six
strips were prepared, one for each eluant (water, ethyl alcohol,
ethyl ether, acetone, carbon tetrachloride, benzene). After 2
hours’ elution the chromatographic zones were observed in visible
and infrared light. Table II gives the results of the observations.

CONCLUSION

The experimental data indicate that the use of an infrared light
source in connection with the electronic image converter increases
discrimination of chromatographic layers.
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Reduction of Nitroammonocarbonic Acids with
Titanous lon in Acid Media

ROBERT P. ZIMMERMAN AND EUGENE LIEBER
Illinois Institute of Technology, Chicago, HI.

The behavior of a number of compounds containing
the —NHNO:; group, when one attempts to reduce
them with titanous chloride, has been studied. Such
nitroammonocarbonic acids as nitroguanidine, nitro
aminoguanidine, and their alkyl and acyl derivatives
do not give reproducible values in reduction by
titanous chloride. In such cases ferrous ions have a
marked effect, in that the amount of titanous ion
consumed varies with the amount of ferrous ion
added. By adjusting the concentration of ferrous
ion to a value dependent on the type of nitroam-
monocarbonic acid concerned, it is possible to attain
a reduction equivalent of 6 titanous ions per nitro
group. Both nitroguanidine and nitroaminoguani-
dine require about 0.75 to 0.85 equivalent of ferrous

N THE synthesis of compounds of high nitrogen content
intermediates containing the ‘“nitramide” group, —NHNOs,
are of frequent occurrence. Nitroguanidine, nitrourea, nitro-
aminoguanidine, and their alkyl and aryl derivatives are typical
examples of compounds which are widely used in this field. Asa
group they may be termed ‘‘nitroammonocarbonic acids’ and at
present no rapid and accurate methods are available for their
assay. It is rational to approach this problem by utilizing the
reactivity of the nitro group, which is the characteristic functional
group common to them all. The present paper summarizes the
results of an investigation of the reduction of nitroammonocar-
bonic acids by titration in acid media and the effect of ferrous
ions on this reduction, together with suggestions as to the mecha-
nism involved in the reduction.

PREVIOUS WORK

The titanous ion, in a high concentration of hydrogen ion, has
long been used for the estimation of the aromatic nitro group (10):

ion for this purpose; on the other hand, nitrourea,
in either the presence or absence of ferrous ions,
consumed only 2 equivalents. The use of suitably
chosen concentrations of ferrous ion permits an as-
say of nitroguanidine and nitroaminoguanidine
between 1.3 and 2.29%, comparable with that often
obtained in assaying them by the Dumas nitrogen
method. However, the reaction should not be used
as a quantitative procedure unless one has an under-
standing of the pitfalls involved. Mechanisms are
suggested to account for the consumption of 4 or
more equivalents of titanous chloride in the reduc-
tion of nitro- and nitroaminoguanidine. The stoi-
chiometric mechanisms assume that reductive cleav-
agé may occur during the reduction.

6Ti+** + CHiNO; + 6H* — CHyNH; + 6Ti++++ + 2H,0

An examination of the extensive literature indicates that this
reaction is characteristic of the nitro group, 6 equivalents of ti-
tanous ion being required for each nitro group. The first work of
any importance was done by Knecht and Hibbert (9), and has
since been incorporated in their book (10). They found that
titanous chloride in acid media reduced aromatic nitro groups to
the amine, consuming 6 equivalents of the titanous ion for each
nitro group. Their method was to dissolve the sample in water,
acid, or alcohol, add an excess of acidic titanous chloride, boil the
solution, and then titrate the unreacted titanous chloride with
standard ferric alum solution, using potassium thiocyanate as the
indicator. Kolthoff (11) found that the reduction potential of ti-
tanous chloride increased with decreasing acid content. Thus,
titanous chloride is & much more powerful reducing agent in basic
solution than in acid solution. Van Duin (22) had previously re-
ported that the titer of titanous chloride solutions decreased as
acid concentration increased. Kolthoff and Robinson (12) sug-
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Table I. Summary of Preparation and Analysis by Dumas Nitrogen of

Nitroammonocarbonic Acids

Analysis,

Name Structure M.P.,° C. Calcd.
Nitroguanidine HoNC(: NHYNHNO; 237-39 53.79
Nitrourea H:NC(:O)NHNO: 164 39.95
Nitroaminoguani-

dine HNNHC(: NH)NHNO: 189¢ 58.81
N-Ethyl-N’-nitro- .

guanidine . C:HsNHC(:NH)NHNO: 147-8 42.41
N-n-Butyl-N'-nitro-

guanidine CH;(CH:)sNHC(: NH)NHNO; 84.5 34.99
N-Phenyl-N’-nitro-

guanidine CeH;NHC(: NH)NHNO: 152
N-(m-Methylphenyl)-

N'-nitroguanidine (m)CH;CeHsNHC(: NHYNHNO: 125.5-6.5
Acetylnitroamino-

guanidine CH;CONHNHC(: NH)NHNO: 194
Benzoylnitroamino-

guanidine CsHsCONHNHC(: NH)YNHNO: 196.5
Benzaldehyde nitro-

guanylhydrazone CsHsCH:NNHC(: NH)YNHNO: 186-7 Ce
Nitrosoguanidine H.NC(: NH)YNHNO 1609 63.04

* Explosion point.
b From U. S. Naval Ordnance Test Station, China Lake, Calif.

Reagents. The reagents required for
the reduction - of nitroammonocarbonic
acids with titanous chloride were prepared
and standardized as described by Butts,

%N _ Preparation Meikle, Shovers, Kouba, and Becker (2).
Found  Reference Procedure. The sample (0.0500 to
53.18 4 0.3000 gram) was accurately weighed in a
39.95 8 50-ml. beaker and transferred. quantita-
59 .16 en tively to a 300-m]. Erlenmeyer flask with

’ 50 ml. of 1 to 1 hydrochloric acid. Nitro-
42.70 (16) gen, previously scrubbed -with Fieser’s
34.72 16 solution to remove oxygen, was passed

. through the flask by means of the inlet tube
(16)% for 5 minutes. Fifty milliliters of stand-
(16)b ard titanous chloride were added to the
solution from the automatic buret. A con-

(16)® denser was filled with cracked ice and
(16)b placed on the flask. The solution was
then refluxed for 15 minutes on an elec-

63 64 82" tric hot plate. A slow stream of nitro-

gen was continuously passed through the
solution. After the reflux period, the
solution was cooled and titrated with stand-
ard ferric alum solution, using 5 ml. of

gested using a buffer in the titanous chloride reduction, recom-
mending sodium citrate. The reduction of nitro aromatics pro-
ceeded rapidly at room temperature. This method is still used
in the dye and explosive industry.

Evenson (6), in a recent paper, recommended the use of mono-
or disodium tartrate as the buffer in the titanous chloride reduc-
tion. Robinson (20) first reported the use of 8 equivalents of ti-
tanous chloride for the reduction of a mononitro aromatic com-
pound, p-nitrophenylhydrazine. He proved that the hydrazine
was reductively cleaved, and the products were p-phenylene-
diamine and ammonia. This was corroborated by MacBeth and
Price (15). Robinson suggested that the reductive cleavage was
the first step in the reduction of p-nitrophenylhydrazine. He
cited the work of Hyde (7), who had found that this compound
decomposes when heated in a sealed tube with hydrochloric acid.
Titanous chloride reduction is used largely in the explosives and
dye field. Xnecht and Hibbert (10), Callan and Henderson (3),
English (5), Becker (1), and Butts et al. (2) have all reported
the use of titanous chloride to reduce nitro nitrogen in explosives.
Rathsburg (18) reported the reduction of the “‘nitration product
of hexamethylenetetramine”” with titanous chloride, but did not
give very complete data. He apparently found that 12 equiva-
lents of titanous chloride (4 equivalents for each nitro group) were
required. Oldham (17) found that only 7.5 equivalents of titan-
ous chloride were required to reduce a nitrate group in ali-
phatic nitrates. He attributed the low results, as compared to
the theoretical 8 equivalents, to the loss of nitric oxide.

No fundamental work on the titanous ion reduction of the ni-
troammonocarbonic acids, as a group, has been reported in the
literature. However, Kouba, Kicklighter, and Becker (13) have
recently presented data on the titanous chloride reduction of
nitroguanidine, which were used as a basis for an assay of that
substance. They reported that 1 mole of nitroguanidine re-
quired 4 moles of titanous chloride and inferred that similarly
constituted nitramines should require 4 equivalents of titanous
ion per nitro group. The procedure they used was essentially
that of Knecht and Hibbkert (10).

EXPERIMENTAL

Preparation and Purity of Nitroammonocarbonic Acids. The
nitroammonocarbonic acids used in this investigation were pre-
pared by methods described in the literature. A number of these
were obtained through the courtesy of Ronald Henry, U. 8. Naval
Ordnance Test Station, China Lake, Calif. These are summarized
in Table I, all compounds being assayed for purity by melting
point and elementary nitrogen analysis.

The additional compounds used for orientation purpose com-
prised Eastman Kodak White Label reagents, used without ad-
ditional purification.

the ammonium thiocyanate as the indi-
cator.

This procedure was used for the majority of the experiments.
In later experiments, ferrous sulfate solution was added by buret
or pipet to the solutions before the reflux period.

In all cases, a blank determination was run at the same time and
in the same manner as the sample. The blank was made up of all
the. reagents used for reducing the sample, but contained no
sample.

Calculations. The number of equivalents of titanous chloride
consumed during the reduction was calculated by substitution in
the equation

Equivalents of TiCl; consumed =~ (B — 4) X N X M

mole 1000 X W
where
A = ml of ferric alum solution used to titrate sample
B = ml of ferric alum solution used to titrate blank
N = normality of ferric alum solution :
M = molecular weight of sample
W = weight of sample

EXPERIMENTAL RESULTS AND DISCUSSION

The initial phase of this investigation consisted in checking the
titanous chloride reagent, using the procedure of Kouba, Kick-
lighter, and Becker (13), for the reduction of the aromatic nitro
group and in determining whether reductive cleavages occurred in
certain hydrazine and nitro-substituted hydrazine derivatives.
3-Nitrophthalic acid and p-nitroaniline were found to consume
exactly 6 equivalents of titanous chloride. Various hydrazine
compounds—e.g., hydrazine sulfate, phenylhydrazine, amino-
guanidine bicarbonate, and semicarbazide hydrochloride—were
found to be entirely inert to.the reagent. However, p-nitro-
phenylhydrazine required approximately 8 equivalents of titan-
ous chloride, while 2,4-dinitrophenylhydrazine approached 14
equivalents for complete reduction, indicating that reductive
cleavage of the hydrazine group had occurred:

NHNIH, N

H,
+ 2H —> @ + NH;
NO;

the resulting nitro compounds then consuming the normal equiv-
alents of reagent. This had been previously observed by Robin-
son (20) and MacBeth and Price (15). On the other hand, m-~
nitrophenylhydrazine was found to consume exactly 6 equiva-
lents of titanous chloride for complete reduction. These data

NO,
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1 to 1 hydrochloric acid, 15-minute reflux

indicate that the reductive cleavage of the hydrazine group is in-
fluenced by the orientation of the nitro group in the nucleus, the
lack of reductive cleavage in meta-orientation being consistent
with modern electronic theories (19) of the effect of substituents
on aromatic nucleus reactivity. These observations were con-
sidered to have some bearing on possible nitrogen-nitrogen bond
cleavages in the titanous chloride reduction of the nitroammono-
carbonic acids. The inertness of the hydrazine to the titanous
chloride reagent also indicates that if the nitroammonocarbonic
acids are reduced to hydrazines—e.g., aminoguanidines, diamino-
guanidine, etc.—they would not undergo reductive cleavage
under the conditions used, and any postulated mechanism must
take this into account.

The work of Kouba, Kicklighter, and Becker (13) on the re-
duction of nitroguanidine was now investigated. The procedure
of Kouba et al. involves the use of a 200 to 3009, excess of titanous
chloride in 1 to 1 hydrochloric acid, using a reflux period of 15
minutes. The work of Kouba et al. was substantially con-
firmed, but the data demonstrated that the application of this
reagent was very erratic, especially when extended to other nitro-
ammonocarbonic acids such as nitrourea, nitroaminoguanidine,
and substituted nitroguanidines. The variation in the equiva-
lents of titanous chloride consumed per mole of nitroguanidine
varied from 3.75 to 4.21 and in the case of nitroaminoguanidine
the maximum equivalents of titanous chloride consumed was 3.4.
The lack of reproducibility in the reduction of nitroguanidine and
the low values obtained for nitroaminoguanidine indicated that
the reaction was probably not quantitative. It seemed likely
that slight changes in the procedure described by Kouba et al.
(13) could increase or decrease the amount of reduction.

A study of the effect of time and acid concentration on the re-
duction of nitro- and nitroaminoguanidine was carried out. Sub-
stantially similar results were obtained, the variation in equiva-
lents of titanous chloride consumed per mole of nitroguanidine
being from 3.5 to 4.6, while for nitroaminoguanidine it was from
3.4 to 4.4. Dissolving the samples in glacial acetic acid had the
greatest single effect in increasing the equivalents of titanous
chloride consumed. The time of reflux did not affect the extent of
reduction. For nitroguanidine the reduction was found to have
proceeded to its limits after 7 minutes.

Kouba, Kicklighter, and Becker (13) attempted to assay cyclo-
trimethylenetrinitramine, popularly known as RDX, by the
method described above. They found that only 609 consump-
tion of titanous chloride was obtained, based on 4 equivalents per
nitro group. The addition of small amounts of ferrous ion was
found to have a powerful effect on the reductive capacity of titan-
ous chloride. However, Kouba, Kicklighter, and Becker did not
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investigate the effect of the ferrous ion on the reduction of nitro-
guanidine with titanous chloride.

Table II is a compilation of the data obtained for the reduction
of nitroguanidine with titanous chloride in the presence of the
ferrous ion as conducted in this investigation. Tt was found that
nitroguanidine not only can consume the theoretical 6 equivalents
of titanous chloride, but also approaches the value of 8 equiva-
lents as found for p-nitrophenylhydrazine. As the concentration
of the ferrous ion approaches very large values (Table II) the
consumption of titanous chloride appears to drop from this maxi-
mum of 8 equivalents per mole of nitroguanidine. Figure 1 illus-
trates the very marked effect of the ferrous ion on the extent of re-
duction by titanous chloride, particularly at the very low concen-
trations of ferrous ion. These data indicate that if the combi-
nation of ferrous ion—titanous ion is used for the reduction of a
nitroammonocarbonic._ acid, the concentration of the ferrous ion
must be explicitly controlled in order to maintain a given stoi-
chiometry. This is discussed further below.

The use of the ferrous ion to enhance reduction with titanous

. chloride was extended to nitroaminoguanidine and nitrourea, as

shown in Tables I1I and IV. The reduction of nitroaminoguani-
dine under these conditions closely parallels that of nitroguani-
dine, and again it will be observed that very small concentrations
of ferrous ions have a marked effect on the extent of reduction.
The maximum consumption of titanous chloride does not reach
as high a value as in the case of nitroguanidine.

Again, as in the case of nitroguanidine, a ferrous ion-nitro-
aminoguanidine ratio of 0.75 to 0.85 causes a consumption of ap-
proximately 6 equivalents of titanous ion per nitro group. How-
ever, the extent of reduction of nitrourea (Table III) by titanous
chloride was unaffected by the presence of ferrous ion. Nitro-
urea is reduced with consumption of only 2 equivalents of titanous
chloride, regardless of the presence of the ferrous ion.

Table V is a compilation of data obtained for substituted nitro-
and nitroaminoguanidines. The data indicate that these com-
pounds are reduced in a manner similar to their homologs. The

Reduction of Nitroguanidine with Titanous
Chloride in Presence of Ferrous Ion

Reduction Conditions®

Table II.

Sample Equiv, TiCl,

Expt. Weight, Equiv. TiCls Equiv. Fe** Consumed

No. G. per mole per mole per Mole
Control 0.1254 11.7 None 4.1
1 0.1025 11.0 0.35 5.5
2 0.1146 9.8 0.32 5.4
3 0.1034 10.9 0.70 6.0
4 0.1046 10.8 0.70 5.9
5 0.1123 9.7 1.9 6.6
6 0.1089 10.0 2.0 6.6
7 0.1044 10.4 4.4 6.9
8 0.1130 9.7 3.9 6.9
9 0.1032 10.9 7.0 7.4
10 0.1065 10.6 6.8 7.4
11 0.1052 10.7 13.8 7.5
12 0.1113 10.1 13.1 7.6
13 0.1183 9.5 30. 7.3
14 0.1126 10.0 32.3 7.2

@ 50 ml, of 1:1 HCI and 15-minute reflux time used in all cases.

Table III. Reduection of Nitroaminoguanidine with
Titanous Chloride in Presence of Ferrous Ion

Sample, Reduction Conditions® Equiv. TiCls

Expt. Weight, Equiv. TiClz Equiv. Fe+* onsumed

No. G. per mole per mole per Mole
Control 0.1089 11.7 None 3.4
1 0.1332 9.4 0.31 5.3
0.1084 11.5 0.38 5.3
3 0.1048 11.8 0.79 5.8
4 0.1067 11.6 0.78 5.8
5 0.1033 12.0 2.5 6.4
6 0.1121 11.0 2.2 6.5
7 0.1178 10.5 4.2 6.9
8 0.1072 11.5 4.6 6.8
9 0.1097 11.3 7.7 7.1
10 0.1056 11.7 7.9 7.2
11 0.1037 12.5 16.1 7.2
12 0.1035 12.5 16.1 7.1

2 50 ml. of 1:1 HCl and 15-minute reflux time used in all cases.
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ride consumed varies from 4 to a proba-
Table IV. Reduction of Nitrourea with Titanous Chloride ble maximum of 8 equivalents. The re-
Reduction Conditions duction does not proceed in precise steps
Sample Reflux Equiv. Equiv. Equiv. TiCl - 3 i -
Expt. Weight, 1:1 HQY, time, TiCls Fo+t+ Consumed of 4, 6, and 8 equivalents of titanous chlo
No. G. ml. min. per mole per mole per Mole ride absorbed, the final amount of reduc~
1 0.1047 78 15 10.3 0 2.0 tion often falling in between these values.
3 0.1095 50 13 10.4 12 4 %j 1 However, mechanisms can be proposed
4 0.1013 50 15 11.2 14.5 2.1

for the consumption of various amounts

Table V. Reduction of Nitroguanidines with Titanous Chloride

of titanous chloride, depending upon the
reduction conditions. The actual reduc-
tion obtained could then be considered as

Sample Reduction Conditions® Equiv. TiCls
Expt. Weight, Equiv. TiCls Equiv. Fet*+ Consumed o 3 i -
o. Compound G. per mole per mole per Mole the net redu.ctlon, ai?cqlgphShebd b_y d;ffer
Reduction of Aromatic Substituted Nitroguanidines ent I.nechamsms. he. ata obtaine a-re

1 Phenylnitroguanidine 8 1855 }gg 1 g 6.1 too incomplete to point out a definite
2 .1081 . 1. 5.9 i ;

3 m-Methylphenylnitroguanidine  0.1007 20.6 1.4 6.0 mechanism, as no reduction products were
4 0.1030 20.1 1.3 6.0 isolated. However, the following mecha-
5 Nitroguanylhydrazone 0.1185 17.3 1.1 6.0 . . . .

of benzaldehyde nismas are proposed, keeping in mind that
6 0.1186 17.3 1.1 6.0 all the samples were boiled in moderately:
. _ Reduction °fl‘“§y ln‘tr"g“i‘;‘gmes o strong acid solution which could readily

§  N-Bthyl-N'nitroguanidine 0-1948 135 ° 42 cause hydrolysis. It isassumed that the

3 0.1048 14.7 0.88 5.4 jon i

3 01030 56 089 e presence of the feyrous ion increases the

5 0.1035 13.4 1.8 6.2 amount, of reduction that occurs. The

6 0.1024 13.5 1.8 6.1 . . .

7 0 1154 135 160 73 consumption of 8 equivalents of titanous

8 0.1017 15.4 18.2 7.2 i i ;

9 N-n-Butyl-N'-nitroguanidine 0.1046 16.1 ] 4.3 chloride re‘?mres the assumption th-?'t'
10 0.1031 16.3 0 1.3 the reductive cleavage occurs as in
11 0.1249 13.7 0.90 5.3 . .

12 0.1058 16.2 1.06 5.3 the reduction of p-nitrophenylhydra-
13 0.1010 16.6 2.2 6.0 .
14 0.1126 14.9 2.0 6.0 zne.

Reduction of Substituted Nitroaminoguanidines The reduction of nitrourea, in either

1 Acetylnitroaminoguanidine 0.1249 13.8 0.90 6.0 the presence or absence of ferrous ion,
2 0.1186 14°5 0.95 6.1 - .

3 Benzoylnitroaminoguanidine 0.1083 220 1.44 6.2 proceeds with the consumption of 2
4 _ 0.1036 28.0 1.51 6.2 equivalents of titanous ion. This is
@ 50 ml. of 1:1 HCI and 15-minute reflux time. interpreted to mean that the nitrourea

is reduced only to the nitroso stage,
immediate decomposition setting in:
quantity of ferrous ion used in the titanous chloride reduction of /NHN O /NHN (o)
these compounds can be precisely determined so as to cause the H+*
P e P v . : C=0 42 (H) — C=0 —» N, + CO, + NH,
consumption of 6 equivalents of titanous chloride per nitro group. N
It will be observed from the data summarized in Table V that a NH, NH,

somewhat higher ratio of ferrous ion to substrate is required to
reach 6 equivalents of titanous chloride than in the case of nitro-
guanidine and nitroaminoguanidine. This is particularly notice-
able in the case of the N-alkyl-N’-nitroguanidines, in which 1.8
to 2.2 equivalents of ferrous ion are required per mole of sub-
strate.

The variation on the effect of ferrous ion with type of nitro-
ammonocarbonic acid under consideration detracts considerably
from the value of titanous ion reductions as an analytical tool in
this field, because it is necessary to determine precisely the spe-
cific ferrous ion concentration for 6 equivalent titanous ion con-
sumption for each particular type of compound. One is even
unable to generalize within a particular class, as marked differ-
ences exist between closely related homologs—e.g., compare
N-ethyl- and N-n-butyl-N’-nitroguanidine. However, for both
nitroguanidine and nitroaminoguanidine the critical concentra-
tion of ferrous ion for a 6-equivalent titanous ion consumption is
between 0.70 and 0.80 equivalent per mole of substrate. This
permits an assay of these substances with an accuracy between
1.3 and 2.2% as summarized in Table VI. This is the order of
magnitude that is often obtained in a Dumas nitrogen assay of
these substances. It is evident that although the adjustment of
ferrous ion concentration is a troublesome feature of the titanous-
reduction assay procedure, as described in this report, it does en-
able one to exercise a much more precise control on the equivalents
of titanous ion consumed per nitro group, because in the absence
of ferrous ion the consumption of titanousion is much more er-
ratic.

The data obtained for the reduction of nitroguanidine and
nitroaminoguanidine indicate that the amount of titanous chlo-

That nitrosourea has never been isolated is indicative of its un-
stable nature. On the other hand, nitrosoguanidine is stable
enough to survive the conditions of a titanous chloride reduction
consuming 2 equivalents of titanous ion, as summarized in Table
VII. This presents some clue as to the mechanism operable to
the 4 equivalent titanous reductions of nitro- and nitroamino-
guanidine:

NHNO, NHNO
e /
C=NH +2(H)—> C\~——NH + H,0
NH. NH,
/NHNH NHNH(OH)
C=NO +2(H)—~ C<=NH
NH, NH,
NHNH(OH)
H+
—NH —> N; + H,0 4+ CO; + NH; + degradation
\NH products
2

The products (nitrogen, carbon dioxide, etc.) arise from the hy-
drolysis of the “hydroxylamine’-type reduction product. A
similar set of equations can be written for nitroaminoguanidine.

The consumption of more than 4 equivalents of titanous ion
per nitro group requires the presence of ferrous ion. The con-
sumption of 6 equivalents must proceed with the formation of the
hydrazine derivatives. )
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Table VI. Assay of Nitro- and Nitroaminoguanidine

(In presence of 0.7 to 0.8 equivalent of Fe*+. Stoichiometry based on 6
equivalents of Ti*++)

Error
Substance Sought, Found, Weight,
. G. %

Nitroguanidine 0.1034 0.1034 —0.0000 0.00
0.1046 0.1029 —0.0017 1.63

0.1065 0.1047 —0.0018 1.68

0.1085 0.1067 —0.0018 1.65

0.1027 0.1010 —0.0017 1.64

Av. 1.32

Nitroaminoguanidine 0.1020 0.1003 —0.0017 1.67
0.1120 0.1095 —0.0025 2.23

0.1037 0.1022 -0.0015 1.45

0.1105 0.1087 —0.0018 1.61

0.1048 0.1014 —0.0034 3.24

0.1067 0.1033 —0.0034 3.18

Av. 2.23

Table VII. Reduction and Hydrolysis of Nitrosoguanidine
with Titanous Chloride Reduction Procedure

Sample Reduction Conditions® Equiv. TiCls
Expt. ‘Weight, Equiv. TiCls Consumed
No. Gt per mole per Mole
1 0.1072 7.4 2.1
2 0.1004 8.0 2.1
3 0.1041 7.7 0.14
4 0.1031 7.7b 0.07

8 50 ml, of 1:1 HCI and 15-minute reflux periods used in all cases.
b Titanous chloride added after sample had refluxed with acid.
these samples were hydrolyzed, then reduced.

Thus,

NHNO. NHNH,
—NH + 6 (H) —> C/=NH + 2H;0
X, T LS s
NHNO, NHNH, cleavage
({:NH + 6 (H)—> C=NH + 2H,0
NHNH, NHNH,

The consumption of 8 equivalents of titanous ion, requiring
the presence of a high concentration of ferrous ion, must involve a
reductive cleavage, probably as an initiating step. In the case of
nitroguanidine this may proceed as follows:

NHNO, /N HNO, )
(/(zNH + 2 (H) —> C=NH + NH; Two types of
N reductive cleav-
NH, H ages may be
NHNO, NHNH.; postulated for
/ nitroamino
H H
/NHNOz Route (b) is
- favored, because in
C=NH + NH, route (a) an ad-
/NHNOz (a) NH. ditional 2-electron
cleavage is possible
C=NH + 2 (H) as already outlined
NHNH, (b) NHNO, for nitroguanidine.

/ Route (a), in effect,

Ci: NH + NeHe 0u1d then require

H 10 equivalents of

titanous ion as the

limiting stage in the reduction of nitroaminoguanidine. However,

in all cases studied thus far, a limiting value of only 8 equiva-
Jents has been approached.

The difficulty of postulating stoichiometric mechanisms for the
types of reductions observed arises from the fact that it is not pos-
sible to isolate the products of these reductions from the strongly
destructive media in which the reactions are carried out. On the
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basis of preliminary experiments with known hydrazides such as
aminoguanidine, semicarbazide, etc., in which no titanous chlo-
ride was consumed, it was logical to select those conditions of
ferrous ion concentration which led to 6 electron reduction as
the analytical procedure to be used for estimation purposes.
This would lead to reduction products which were not susceptible
to further attack by the reagent. However, it will be noted from
Figure 1 that the “6-equivalents” region is in the rapidly rising
portion of the curve. One of the reviewers of this paper has post-
ulated the reasonable assumption that the effects of ferrous ion,
acetic acid, and other conditions are really the net result of shifts
in the relative extents of processes such as

/N HNO,
C=HN + H,0 —> CO; + 2NH; + N:O

NH,
NHNO;

/
C=NH + 2H —> N, + 2NH; + CO;

NH,
NHNO,

{
C=NH + H:;0 + 3H —> NO + CO. + 3NH;

NH.
NHNO.

{
C=NH + 8H —> 4NH; + CO,
NH,

similar equations being possible for the other nitroammonocar-
bonic acids studied. No explanation can be offered at present as
to why the presence of ferrous ion should stave off these break-
down reactions and induce further reduction, why a similar
effect is not found with nitrourea, or why the amount of ferrous
ion needed varies with the nature of the nitramine.
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Determination of Starch and Amylose in Vegetables

Application to Peas

R. M. McCCREADY, JACK GUGGOLZ, VERNON SILVIERA, AND H. S, OWENS
Western Regional Research Laboratory, Albany, Calif.

Sugars are extracted from peas with 809% ethyl
alcohol and the starch is solubilized with dilute per-
chloric acid. Starch is then determined colori-
metrically, without previous acid hydrolysis, by
means of the sugar-anthrone-sulfuric acid reaction.
Amylose is estimated colorimetrically with iodine.

N CONNECTION with work on the starch and amylose con-
tent of peas, it was necessary to analyze many samples, some
of which were available in only small amounts.

Various methods for starch were examined. Those based upon
optical rotation were unsatisfactory because of turbidity and the
relatively large quantities of material required. Enzymatic
hydrolyses are unreliable with starches of varying amylose-to-
amylopectin ratios, while methods involving acid hydrolysis fol-
lowed by reducing-sugar "determinations are slow and require
much of the analyst’s working time.

A more expeditious method for starch and amylose in peas,
applicable to small amounts of material, was required. Morse
(13), Morris (12), Viles and Silverman (19), and Seifter et al. (18)
used Dreywood’s (2) color reaction of sugars with anthrone in
sulfuric acid to determine sucrose, glycogen, and mixtures of
pure dry starch and cellulose. None of these methods is directly
applicable to the determination of starch and amylose in vege-
tables, but they offer a means of solving the problem.

This paper describes a method based upon the anthrone reac-
tion, after removal of sugars with alcohol and solubilization of
starch with dilute perchloric acid (14, 15, 17). Amylose is sepa-
rately determined on an aliquot of the perchloric acid solution by
its formation of an iodine-blue complex.

REAGENTS

Glucose Standard. Dissolve-0.100 gram of anhydrous glucose
in 100 ml. of water. Preserve with 0.19, benzoate. Dilute 10
ml. of the stock solution to 1000 ml., and use 5 ml. for the stand-
ardization at 50 micrograms of glucose. Prepare the dilute stand-
ard daily.

Anthrone-Sulfuric Acid. Dissolve 2 grams of, anthrone in 1
liter of cold 95% sulfuric acid. Store near 0° € and prepare
fresh every 2 days. This reagent is- unstable and gives high
blanks and variable results when -too old. [Arnthrone can be
synthesized (4) or purchased. The Paragon Division, Matheson
-Company, Inc., Joliet, Ill.; the Panrone Chemical Company,
Farmington, Conn.; and the National Biochemical Company,
3106 West Lake St., Chicago 12, Ill., are sources of anthrone
known to the authors. ] :

Ethyl Alcohol-Water. Dilute 1680 ml. of 959, ethyl alecohol
to make 2 liters of 809, alcohol. .

Iodine~Potassium Iodide. Dissolve 2 grams of iodine in 20
ml. of a solution containing 20 grams of potassium iodide and

dilute to 1 liter.
Add 270 ml. of 729, perchloric acid to

Perchloric Acid, 52%.
100 ml. of water. Store in glass-stoppered containers.

PROCEDURE

Extraction of Sugars and Starch. Driep Pras. After grind-
ing a composite sample of peas to pass a 60- to 80-mesh screen,
weigh 0.200 gram of the flour into a 50-ml. centrifuge tube. Add
a few drops of 80% alcohol to wet the flour and prevent clumping,
add 5 ml. of water, and stir thoroughly. Add 25 ml. of hot 809,
ethyl aleohol, stir thoroughly, and centrifuge after 5 minutes’
standing. Decant and discard the alecoholic solution. Add 30 ml.
of fresh hot 809, ethyl alcohol, stir, and centrifuge as before.
Discard the,alcoholic solution. Repeat this washing treatment

Both total starch and amylose can be determined in
about 30 minutes in sugar-free solutions, The ac-
curacy and precision are at least equal to those of
standard methods involving acid hydrolysis. Analy-
ses of smooth and wrinkled dried peas and fresh
wrinkled peas are presented.

twice more for a total of four washing treatments or until a test
with anthrone is negative.

To the residue after the final centrifugation add 5 ml. of water,
cool in ice water, and while stirring add 6.5 ml. of diluted per-
chloric acid reagent. Stir for about 5 minutes with a glass rod
and occasionally thereafter for 15 minutes, keeping the mixture
cold. Add 20 ml. of water and centrifuge. Pour the aqueous
starch solution into a 100-ml. volumetric flask, add 5 ml. of water
to the residue, cool in ice water, and stir while adding 6.5 ml. of
diluted perchloric acid reagent. Solubilize as before for 30
minutes at 0° C. with occasional stirring and wash the contents
of the tube into the 100-ml. flask containing the first extract.
Dilute the combined solutions to 100 ml. and filter, discarding the
first 5 ml. of solution. Cooling during solubilization is unneces-
sary if amylose is not determined.

Fresna Peas. Blend 100 grams of fresh peas, or an amount
sufficient to prevent sampling errors, with an equal weight of
water in a mechanical blender for 5 minutes. Weigh a 5.00-gram
sample of this slurry into a 50-ml. centrifuge tube and extract
four times with 30-ml. portions of hot' 809 alcohol by centrifuga-
tion and decantation or until a qualitative test with anthrone is
negative. ‘ .

After the final extraction add water to the sugar-free residue to
make 10 ml. Cool the tubes and contents in an ice water bath
and stir while adding 13 ml. of perchloric acid reagent. Stir
occasionally for 15 minutes. Add 20 ml. of water, stir, and centri-
fuge. Pour the solution into a 100-ml. volumetric flask. To the
residue add water to 5 ml., cool as before, and add 6.5 ml. of per-
chloric acid reagent. Solubilize as before for 15 minutes and wash
the contents of the tube into the 100-m). flask. Dilute the com-
bined solutions to 100 ml. and filter, discarding.the first.5.ml.-of
solution. ’

Determination of Starch. Dilute 5 to 10 ml. of the filtered

- starch -solution to 500 ml. or to contain 25 to 100 micrograms of

starch per 5 ml. of solution! 'Pipet 5 ml. of the diluted solution

-into a 25 X 250 mm. borosilicate glass tube, cool in a water bath,
.and add 10 ml. of fresh anthrone reagent.

After the anthrone
has been added to all of a series of sample tubes cooled in water,
mix each one thoroughly and heat them together for 7.5 minutes
at 100° C. Cool the tubes rapidly to 25° C. in a water bath and
determine the color intensities, using light of wave lengths near
6300: A. (12, 18). Prepare a daily standard curve, using 0, 50,
and 100 micrograms of glucose containing the same amount of
pérchloric acid as that in the starch aliquots, and use this calibra-
tion curve to obtain the yield of glucose from starch. Using the
Klett-Summerson colorimeter, the K-64 filter, and the 12.5-mm.
tube, scale readings of color intensities from the anthrone-sugar
reaction, with 0 to 100 micrograms or more of glucose, fall on a
line passing through the origin. Multiply glucose found by 0.90
to convert to starch.

Determination of Amylose. Dilute 5 ml. of the sugar-free
starch solution containing about 5 mg. of starch with about 400
ml. of water. . Add 5 ml. of iodine-potassium iodide reagent, mix,
and dilute to 500 ml. After at least 15 minutes, determine the
intensity of the blue colors with light of wave lengths near 6600 A.
Use an iodine blank containing the same amount of perchloric
acid as that in the samples to be analyzed. ,The Klett-Summer-
son colorimeter scale reading with 5 mg. of pea amylopectin was
25 (iodine ‘‘sorption’ 0.29%) and that with purified pea amylose
was 330 (iodine ‘‘sorption’ 18.4%,), using the K-66 filter and 20-
mm. glass cell. (The iodine sorptive values were determined by
plotting the e.m.f. against milliliters of iodine solution. The end
point was taken at the point of inflection.)- Scale readings of
mixtures of these components totaling 5 mg. fall on a straight line
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connecting these points. Other starch fractions behave similarly
(7, 8, 11). Correct the observed scale reading to 5 mg. of starch
material and read the per cent amylose from the graph.

VARIABLES AND LIMITATIONS

In carrying out the procedure it is necessary to extract the
sugars from the pea flour or slurry, inasmuch as they react with
anthrone. Care must be exercised to prevent contamination of
solutions with lint, saliva, or other carbohydrate-containing ma-
terials. Pea proteins in the concentrations encountered here do
not interfere; they may contribute to turbidity but do not yield
an appreciable coler with anthrone.

100

KLE TT-SUMMERSON SCALE READINGS'
3

N

o 25 50 75 10 125 I5
——— TIME OF HEATING {MINUTES)—
Figure 1. Effect of Time of Heating Glucose with

Anthrone-Sulfuric Acid Reagent.

Modification of the proposed method along the line of the pro-
cedure of Pucher et al. (17) will extend the scope of the method to
other starchy vegetables or fruits. .

It is necessary to carry out two extractions with dilute per-
chloric acid (17), because 5% of:the starch is extracted in the
second treatment. When amyloseis to be determined, the starch
extraction should be carried out in an ice bath. = Significant de-
creases in intensity of the iodine-amylose blue solution results

when amylose extracts are in contact with dilute perchloric acid.

(4.8 M) for even 30 minutes at 25° C. No measurable decreases
occur at 0° C. for an hour or more. For the most precise meas-
urements of the “blue value’ it is advisable to discharge the iodine
color with a crystal of thiosulfate and determine a possible tur-
bidity blank. This blank, sometimes 2 divisions on the Klett-
Summerson scale, should be subtracted from the gross reading of
the blue values.

In the determination of starch with anthrone, the samples of
sugar-free starch solution in test tubes are cooled in a water bath
during the addition of the anthrone reagent. - This precaution
ensures a similar heating treatment for all samples in a given
series and prevents erratic results from the heat developed by the
water—sulfuric acid reaction. Figure 1 shows the results of heat-
ing various quantities of glucose in anthrone—sulfuric acid for dif-
ferent times. The heating period of 7.5 minutes produced the
maximum color intensities measured with light of 6300 A. wave
length.

Starch, sucrose, pentoses, and pectic acid were heated with the
anthrone reagent.. The intensities of the colors compared to a
glucose standard are presented in Table I. Starch and sucrose
yield the calculated quantities of glucose as if they were first
hydrolyzed to simple sugars. Pentoses and the uronic acids,
both of which yield furfural among their dehydration and deg-
radation products, did not interfere in the concentration en-
countered here.
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Air-dried starches, starch fractions, and some fresh wrinkled
peas were analyzed by the proposed method and by acid hydroly-
sis, as suggested by the association of Official Agricultural Chem-
ists (1), followed by Hassid’s method (5, 6) for determining re-
ducing sugars. A factor of 0.9 was used, although Etheredge (3)
and others (10) reported factors varying from 0.90 to 0.94 to con-
vert glucose to starch. A summary of these results is presented
in Table II. The results are averages of two or more determina-
tions and variations in replicate analyses agree within.=1.5%,.
The precision of anthrone values is equal to the method using
acid hydrolysis. Close agreement may be obtained between the
two methods if a factor of 0.92 is used for the conversion of acid
hydrolysis—glucose values to starch.

Table I. Direct Ahalyses by Anthrone-Sugar—Sulfuric
Acid Reaction

s ‘Glucose Equivalent

Substance,

100 v Found, v Theory, v
Glucose 100 100
Sucrose 106% 105.2
Starch® 110 111
Arabinose 2 N
Xylose 2
Pectic acid 3

a §oluble starch, reagent grade, according to Lintner.
b Fructose yields same quantitative color reaction as glucose.

RESULTS AND DISCUSSION

Single samples (about 20 grams of dried peas) of several vari-
eties of smooth and wrinkled dried peas were analyzed for starch
and amylose. Starch was also isolated from several samples of

Table II. Analyses of Starches, Starch Fractions, and
Fresh Wrinkled Peas® by Direct Acid Hydrolysis (Factor
0.90) and Proposed Anthrone Reaction

Starch, % Anghcri?ine/
Acid Hydrolysis
Sample hydrolysis Anthrone Ratio
Wisconsin sweet pea amylopectin 87.2 90.0 1.03
Wisconsin sweet pea amylose 87.2 89.1 1.02
.Alaska pea amylopectin 88.0 88.2 1.00
Alaska pea amylose 85.6 88.7 1.03
World Record pea starch 84.1 86.5 1.03
Thomas Laxton pea starch 74.8 75.6 1.01
Mammoth White pea amylopectin 84 .4 88.2 1.045
Mammoth White pea amylose 87.8 90.0 1.02
Alah pea amylose 86.3 90.0 1.025
Alah pea amylopectin - 85.0 87.5 1.03
Fresh wrinkled peas (sieve size 3) 15.3% 15.8 1.03
Fresh wrinkled peas (sieve size 8) 25.8b 26.1 1.01

Y
¢ Ferry Morse No. 9, Thomas Laxton variety.
b Results presented on dry-solids basis.

Table III. Determination of Starch and Amylose in Dried
Peas and Pea Starch
Amylose
Seed Granule Starch, in Starch,
Variety and Sample Type Type % o,
Alderman peas Wrinkled Compound 33.9 68
Alderman starch Wrinkled Compound .. 652
Stratagem peas, 1 ‘Wrinkled Compound 33.8 69
Stratagem peas, 2 Wrinkled °~ Compound 32.8 65
Stratagem starch, ? Wrinkled Compound .. 63¢°
Stratagem starch, 1 ‘Wrinkled Compound 92.8 72
Thomas Laxton peas, 1 Wrinkled Compound 33.1 71
Thomas Laxton starch, 1  Wrinkled Compound 94.0 72
Perfection peas,l Wrinkled Compound 33.3 69
Perfection starch, 1 Wrinkled Compound 92.2 70
Perfection starch, ? Wrinkled Compound .. 694
Steadfast peas, 1 Wrinkled Compound 36.8 70
Steadfast starch, 1 Wrinkled Compound .. 98%
First and Best peas, 1 Smooth Simple 42.8 35
First and Best starch, 1 Smooth- Simple 94.6 36
Alasks peas, 1 Smooth Simple 45.1 37
‘Alaska starch, 1 Smooth Simple 93.6 37
Early Bird starch Smooth Simple - 295

¢ Caleulated from iodine ‘‘sorptive’’ capacity of starch (9).
5 Calculated from iodine-starch *‘blue value’’ of starch (16).
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Table IV. Starch and Amylose in Fresh Wrinkled-Seeded

Peas®
Amylose Amylose
Sieve Solids, Starch, in Starch, per Pea,
Sample Size % A %% Mg.
Lot 1 3 20.0 15.8 ‘44 22
. 4 21.6 15.8 47 34
5 22.0 17.1 59 56
6 23.1 20.1 63 82
8 25.7 26.1 67 150
Lot 2 3 19.8 15.1 44 21
4 20.6 14.6 55 36
5 21.6 15.4 65 55
[} 23.0 20.6 69 92
8 26.2 26.4 69 157

¢ Ferry Morse No. 9, Thomas Laxton variety.

these peas and analyzed for amylose. The results, presented in
Table 111, are compared with amylose determinations conducted
by others. The samples were not the same in all cases. The
results, however, are in general agreement with those of Nielsen
(14, 15), Hilbert and MacMasters (9), and Peat, Bourne, and
Nicholls (16) in the conclusion that starch of wrinkled peas is high
in amylose. The highest amylose content encountered here is
72%; the authors’ analyses of Steadfast peas indicate 709, of
amylose in the starch rather than 98% as previously reported
(16). It is concluded that wrinkled-seeded peas with compound
starch granules contain about 349 starch of amylose content
near 70%, and smooth-seeded peas 449, starch of amylose con-
tent near 36%,.

Two lots (different harvest dates) of several sieve sizes of fresh
peas (Ferry Morse No. 9, a wrinkled-seeded garden variety) were
analyzed for starch and amylose (Table IV). The dry weight,
total starch, and amylose in both the peas and the starch increase
with sieve size. Peas are graded by size and there is a definite
correlation between size and tenderness in any one variety grown
in the same locality and harvested on the same date. There is
nothing to refute the contention that a No. 4 size pea in one pod
might be as mature as a No. 6 pea in a different pod. These
data, however, seem to indicate that size did correlate with amy-
lose content of the starch. This method of measuring both
starch and amylose in peas may offer a means whereby maturity
can be correlated with a chemical property.

ANALYTICAL CHEMISTRY

CONCLUSION

A rapid method for the determination of starch and amylose in
peas is described, by which samples as small as a single pea can
easily be analyzed. Starch is estimated by the glucose-anthrone—
sulfuric acid reaction. Amylose is determined by its iodine color
reaction. The accuracy is at least equal to that of other methods
and a great saving of time is realized.

Analyses of both dried and fresh'peas are presented. Wrinkled
peas contain about 349, starch of 709, amylose content. Smooth
peas contain 449, starch of 369, amylose content.

The ratio of amylose to amylopectin in wrinkled pea starches
increases as the peas mature.
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Determination of Pectic Substances in Cotton

Colorimetric Reaction with Carbazole

S. M. STARK, JR., Southern Regional Research Laboratory, New Orleans, La.

A colorimetric method for the estimation of pectic materials in cotton is de-

scribed.
give a colored reaction product.

ECTIC substances account for an appreciable portion of

the noncellulosic constituents in cotton fiber (3). In study-
ing the distribution of pectic acid and'its correlation with the
growth and properties of the fibers, a niimber of investigators
have developed methods for its determination in cotton. Several
(1, 4, 5) are based on the preliminary extraction with ethyl
alcohol (4 to 24 hours), followed by extraction of the pectic
acid and its precipitation as calcium pectate. The precipitates
are difficult to filter and wash, and require long periods of drying
to attain constant weight (7). In addition, they must be puri-

It involves the reaction of the extracted pectic acid with carbazole to

fied (6). Other methods (4-6), based en decarboxylation with
hydrochloric acid require special apparatus and close attention

. over extended periods of time, frequently longer than the hormal

working day. Calculations:of the results obtained by all these
methods are based on empirical factors.

A colorimetric method is now presented, which is based on the
evaluation of the extracted pectlc acid by-the reactlon of car-
bazole with hexuronic acids. (2).. The values obtalned are, ex-
pressed in terms of anhydrogalacturonic acid, thch is the funda-
mental unit of the pectic acid chain. This method. uses samples
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Figure 1. Absorption Spectrum of Galacturonic Acid-

Alcoholic Carbazole System

A. Galacturonic acid, sulfuric acid, alcoholic carbazole
B. Same with added dextrose
Against blank without carbazole

about one seventh the weight of those required by the methods
mentioned above, and can be adapted to even smaller samples.
Only apparatus and equipment usually found available in the
laboratory are required in carrying out the procedure spegfﬁed.

REAGENTS

Acetic acid, 10 N, 60 ml. of glacial-acetic acid diluted to 100 ml.
with distilled water.

Ethyl alcohol, 95%,.

Ethyl Alcohol, Purified. Reflux 1 liter of reagent grade, 95
to 1009, ethyl aleohol with 4 grams of zine dust and 4 ml. of
1 to 1 sulfuric acid at least overnight (preferably 24 hours).
Distill, using all-glass apparatus. Redistill from zinc dust and
potassium hydroxide, using 4 grams of each to 1 liter of alcohol.

" Carbazole, reagent grade recrystallized from toluene.

Carbazole, 0.19, Solution. Dissolve 100 mg. of the recrys-
tallized carbazole in purified alcohol and dilute to 100 ml.
A blank of 2 ml. of water, 12 ml. of sulfuric acid, and 1 ml. of
carbazole solution carried through the entire procedure should
be water-white or nearly so. When compared with a blank in
which water is substituted for the carbazole solution (3 ml. of
water, 12 ml. of sulfuric acid), it should have a transmittance of
about 95%.

Galacturonic acid, monohydrate, reagent grade.

Hydrochloric acid, dilute, approximately 0.03 N.

Salt Solution. Mix 800 ml. of 0.4% sodium hydroxide and 200
ml. of dilute hydrochloric acid, neutralize with 10 N acetic acid
(ca. 7 ml.), and dilute to 2000 ml. (This corresponds, in ionic
strength, to the sample solution, exclusive of the plant extractives
from the cotton.)

Sodium hydroxide, 0.4%.

Sulfuric Acid, c.p. Reagent grade, free from contamination.
-Prepare standards with each different lot of sulfuric acid. Reject
lots of acid that give erratic results.

METHOD

Weigh accurately about 1.5 grams of cotton which has been
ground to pass a 20-mesh screen. Place sample in a suitable
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Soxhlet extractor, using a double-thickness paper thimble.
Dewax by extracting overnight with 959 alcohol. Siphon
alcohol off, rinse several times with ether, and then add fresh
ether to the apparatus and extract for a short time to free the
cotton completely of the aleohol. Remove the thimble from the
Soxhlet and allow the sample to air-dry.

Transfer the éotton to a 100-ml. centrifuge tube, add 50 ml. of
hot dilute hydrochloric acid, and heat in a boiling water bath for
15 minutes, with occasional stirring. Centrifuge at about 2000
r.p.m. (1000 X gravity) for 10 minutes. Decant thé aqueous
extract into a 500-ml. volumetric flask. Extract the residue
in a similar manner, but with 10-minute heatings, with 50-ml.
portions of the following hot reagents in the order: distilled
water; twice with 0.4% sodium hydroxide; distilled water:
twice with 0.4% sodium hydroxide; and three times with dis-
tilled water:” Decant each extraction, after centrifuging, into
the same volumetric flask. Add 1.7 to 1:8 ml. of the dilute acetic
acid (ca. 10 N) in order approximately to neutralize the excess
sodium hydroxide. Dilute to volume. (Solution. may stand
overnight before proceeding with the colorimetry.)

Filter through dry paper, discarding the first 50 ml. of filtrate.
Pipet 2 ml. into each of two large test tubes (25 X 180 mm.),
and slowly add exactly 12 ml. of concentrated sulfuric acid to
each while the tubes are 1/, to '/; immersed in ice water. (It is
well to agitate the tubes constantly during the addition of the
first 3 ml. and then after the addition of each 3-ml. increment.)
Mix thoroughly and then heat for 20 minutes in a boiling water
bath. Cool to room temperature, or slightly below, and add 1
ml. of 0.19%, alcoholic solution of carbazole to one tube and 1 ml.
of purified alecohol to the other tube. Mix thoroughly and allow
to stand exactly 2 hours for complete development of color.
Determine the per cent transmittance of the tube containing the
carbazole by means of a photoelectric ¢olorimeter equipped with a
filter with maximum transmittance at 520 mgy, after having set
the instrument with the blank tube. Compare this value with
the standard curve to obtain the concentration of anhydro-
galacturonic acid in the sample solution. Calculate the per
cent anhydrogalacturonic acid in the cotton using the formula,

_ volume of solution X concentration (in micrograms)

% sample weight (in grams) X 1,000,000 < 100

STANDARD CURVE

Weigh accurately about 100 = 0.3 mg. of galacturonic acid
monohydrate (vacuum-dried over phosphorus pentoxide at room
temperature), add 5 ml. of 0.1 N sodium hydroxide, and dilute
to 1000 ml. with salt solution. Allow this standard solution
to stand several hours or overnight before using. Prepare a
series of working standards covering the range of 10 to 70 micro-
grams of galacturonic acid monohydrate per milliliter, by diluting
aliquots of the standard solution with the salt solution. Calcu-
late the concentrations of anhydrogalacturonic acid by multiplying
the respective concentrations of the monohydrate in the series
by their molecular weight ratio, 176/212. Develop color stand-
ards by treating 2-ml. aliquots of each dilute standard solution
as described for sample solutions and record the percentages of
transmittance. For the standard curve, plot log per cent trans-
mittance against concentration of anhydrogalacturonic acid—
this will be a straight line, or nearly so, if proper reagents have
been used. It is preferable to obtain several .gets of standard
data and plot all points.

INTERFERENCE

Sugars will react with carbazole, but the color intensity is
weak. Spectrophotometric curves of the color developed by a
solution cofitaining 50 micrograms of galacturonic acid per
milliliter and that developed by a solution containing 50 micro-
grams of galacturonic acid and 50 micrograms of dextrose per
milliliter are shown in Figure 1. The former shows a maximum
at 528 mu with an extinction coefficient of 52.3, while the latter
shows the maximum at 534 to 538 mu with an extinction co-
efficient of 54.7. With -transmittance measured at 540 mp,
the presence of an equal amount of dextrose would introduce
very little error in the determination of galacturonic acid. When
a filter with maximum transmittance at 520 my is used, the error
is even smaller because the curves are superimposed in this region.

The interference by amygdalin, arbutin, arabinose, xylose,
sucrose, raffinose, dextrin, soluble starch, gum arabic, and dgar
was investigated and found to be of the same order of magnitude
as that of dextrose.
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Table I. Comparison of Methods for Pectin in Cotton
Anhydrogalacturonic Acid
Decarboxylation Colorimetric

Variety metho metho

% %
Unknown 0.78 0.69
Wilds 1.13 1.07
Stoneville 2B 0.81 0.78
Stoneville 2B 0.79 0.71
Empire 0.91 0.83
Deltapine 0.71 0.66
Unknown immature 1.17 1.04
Wilds 17 0.81 0.73

Traces of impurities in the alcohol used to dissolve the car-
bazole interfered seriously by reacting under the conditions of the
test to give highly colored products. This interference is elimi-
nated by purification of the alcohol as specified.

COMPARISON OF METHODS

Eight different cotton samples were analyzed by the decar-
boxylation procedure of Whistler, Martin, and Harris (6). The
linear regression equations for the straight-line portion of the
carbon dioxide rate curves were calculated by the method of
least squares. To determine the amount of carbon dioxide due
to the uronic acid content of a cotton, the rate curves of the
sample and the cellulose blank were extrapolated to zero time and
the intercept of the latter was subtracted from that of the sample.
The amount of pectic acid was calculated as anhydrogalacturonic
acid using the factor 4.0, based on the assumption that there is
1. mole of carbon dioxide evolved for each anhydrogalacturonic
acid unit of the polyuronide.

These samples were analyzed by the proposed colorimetric
method described in this paper. Kach result in Table I is the
average of two or more determinations. :

These data indicate that the colorimetric method gives values
which are slightly lower than those obtained by the decarboxyla-
tion method. The values obtained by both methods are, how-
ever, in fair agreement for this type of determination. '

Three of the cotton samples reported in Table I were used to
check recovery of added pectin by the colorimetric method.
The samples were dewaxed and transferred to centrifuge tubes.

ANALYTICAL CHEMISTRY

Aliquots of a standardized solution of low methoxyl pectin were
added to the cotton samples, which were then analyzed by the
method. The values shown in Table II indicate that the method
gives satisfactory recovery of pectin. The colorimetric pro-
cedure, therefore, offers a rapid and convenient method for the
determination of pectic materials in cotton.

Table II. Recovery of Added Pectin
Sample Anhydrogalacturonic Acid
Variety Weight Native Added® Found Calculated

Grams Mg. Mg. Mg. Mg.
Wilds 17 1.5039 10.9 14.1 24.2 25.0
1.5033 10.9 14.1 24.3 25.0
1.5225 1.1 14.1 24.8 25.2
Stoneville 2B 1.5030 11.8 14.1 25.1 25.9
1.5019 11.8 14.1 24.2 25.9
1.5003 11.8 14.1 24.2 25.9
Wilds 1.5013 16.1 14.1 29.0 30.2
1.5037 16.1 14.1 29.5 30.2
1.5106 16.2 14.1 29.9 30.3

& Added as solution of low-methoxyl pectin.
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Determination of Long-Chain Hydroxamic Acids

EDWARD T. ROE AND DANIEL SWERN
Eastern Regional Research Laboratory, Philadelphia 18, Pa.

A procedure for determining long-chain hydroxamic acids consists in hydrolysis
to carboxylic acid and hydroxylamine hydrochloride with a known excess of
aqueous, alcoholic hydrochloric acid, followed by titration of either the excess
hydrochloric acid or the hydroxylamine hydrochloride formed. The former
technique gives slightly low results; the latter, slightly high. Hydroxylamine
hydrochloride cannot be titrated in the presence of fatty acids containing ten or

less carbon atoms.

N A study of the reaction of glycerides and other esters of long-
chain fatty acids with hydroxylamine, it was necessary to de-
termine hydroxamic acids in the presence of unconverted esters
in order to calculate the degree of conversion, and also to deter-
mine the purity of the hydroxamic acids isolated by crystalliza-
tion. A method was desired which was rapid and accurate, did
not require specialized apparatus, and could be employed as a
routine method.
Direct titration of hydroxamic acids with alkali using phenol-
phthalein as indicator (7) was unsatisfactory because of the ex-
tremely low acid strength: of long-chain hydroxamiec acids. Reac-

tion of hydroxamic acids with bromine (6) could not be employed
because of interference by double bonds. Bromic acid oxidation
(4) was unsatisfactory because of the difficulty in obtaining a suit-
able reaction system for the water-insoluble hydroxamic acids
and aqueous potassium bromate (the source of bromie acid).
Reaction systems containing ethyl alcohol, acetic acid, chloro-
form, and dioxane as cosolvents were investigated. It was
thought that a reliable iodine number could be obtained on un-
saturated hydroxamiic acids, and the bromine reaction method (6)
could be corrected for absorption of bromine by the double bonds
present. This failed because even pure saturated hydroxamic



VOLUME 22, NO. 9, SEPTEMBER 1950

1161

T T T T T T T T T T T

o=

eH
—N WD O N

TS TR I PR N (VO Y SR A SO NN NN N

11 t 1

hydroxylamine salt could be determined in the
-~ presence of each other and free fatty acid.

= In a control experiment, 0.0696 gram (0.00100
mole) of hydroxylamine hydrochloride, 0.2992
gram (0.00106 mole) of oleic acid, and 25 ml. of
0.1 N aqueous hydrochloric acid were mixed and

i titrated potentiometrically. At the first point of

-1 inflection in the titration curve, 24.8 ml. of 0.1 N

aqueous sodium hydroxide had been consumed

and at the second inflection an additional 10.4 ml.

- had been consumed. These titrations correspond

to hydrochloric acid and hydroxylamine hydro-

- chloride added, respectively (calculated, 25.0 and

_ 10.0 ml.). Repetition of this experiment with
synthetic mixtures containing equivalent quanti-
- ties of myristic, lauric, capric, or caprylic acid in-
stead of oleic acid gave satisfactory results in the
-1 titration of free hydrochloric acid in all cases (25.0

to 25.2 ml. of 0.1 N sodium hydroxide con-

10 12 14 16 18 2022 29 26 28 30 32 34 36 38 40 42 4446 4850

ml. N10 No OH
Figure 1.

Same as 4 + 0.00106 mole of oleic acid

4.

B.

C. Same as 4 + 0.00100 mole of lauric acid 4+ 10 ml. of 95% ethyl alcohol
D. Same as 4 4+ 0.00102 mole of caprylic acid + 10 ml. of 95% ethyl alcohol

acids consumed significant but variable quantities of Wijs solu-
tion.
The formal structural similarity between hydroxamic acids

and o-ketols suggested the possibility that

periodic acid (3) might be a useful reagent for the analysis of
hydroxamic acids. Investigation of the usual experimental
variables (time, temperature, excess of periodic acid, ete.), as well
as various solvent systems, indicated that the equivalent weight of
the hydroxamic acids was approximately one third the molecular
weight, when 809, acetic acid was employed as the solvent for the
periodic acid and dioxane as the solvent for the hydroxamic acid.
Results were erratic, however, and it was soon discovered that
when peroxide-free dioxane was employed, no consumption of
periodic acid occurred. It was demonstrated by a series of con-
trol experiments, in which dioxane-containing peroxide was em-
ployed but the periodic acid was omitted, that the peroxides in
the dioxane were not reacting with the hydroxamic acids.

METHOD EMPLOYED

The observation by Inoue and Yukawa (I, 2) that hydroxamic
acids are quantitatively converted to the parent carboxylic acids
by heating with dilute aqueous alcoholic sulfuric acid suggested
that a simple hydrolytic reaction might be employed for the de-
termination of hydroxamic acids. Because acid hydrolysis ap-
parently proceeds according to the equation

O H

I |
R—C—N—OH + HX + H.0 —> R—C—O0H + HONH,.HX

is was evident that for each mole of hydroxamic acid hydrolyzed,
one mole of hydroxylamine salt should be formed, consuming one
mole of mineral acid. A simple approach, therefore, would be to
employ a known excess of mineral acid in the hydrolysis, titrate
unconsumed acid, and by difference obtain the quantity of
mineral acid equivalent to hydroxylamine liberated, which in
turn is equivalent to hydroxamic acid. Alternatively, by a dif-
ferential technique it might also be possible to titrate liberated
hydroxylamine salt directly. Consideration was also given to the
direct determination of hydroxylamine liberated by the ferric-
ferrous reaction, but it was eliminated from study because of the
insolubility of iron salts of long-chain fatty acids.

It was necessary to determine whether free mineral acid and

Titration Curves of Synthetic Mixtures
0.00100 mole of hydroxylamine hydrophloride, 25 ml. of 0.1 N HCl, 50 ml. of H:0

sumed), slightly high results (10.6 to 10.9 ml. of
0.1 N sodium hydroxide consumed) in the titra-
tion of hydroxylamine hydrochloride when lauric
or myristic acid was present, and extremely high
results in the titration of hydroxylamine hydro-
chloride in the presence of capric or caprylic
acids. These last two compounds are stronger
acids than the longer-chain acids and are titrated
in large part before all of the hydroxylamine
hydrochloride is neutralized.. An additional con-
trol mixture containing only the hydrochloric acid
and hydroxylamine hydrochloride was also titrated.

The titration curves for this mixture and three other mixtures
containing a fatty acid are shown in Figure 1.

A systematic study was made of conditions necessary to
achieve complete hydrolysis of hydroxamic acids and the follow-
ing procedures given in detail were adopted.

HYDROXAMIC ACID ANALYSIS (ACID HYDROLYSIS)

Reagents. Ethyl alcohol, U.S.P., 95%.
of normality preferably between 0.9 and 1.0 N.
droxide, 0.1 N.

Procedure. Weigh sample into small glass weighing cup, in
accordance with the accompanying table, and place in special
iodine flask with side arms to accommodate electrodes (5). (When
the sample is known to contain less than 1009, hydroxamic acid,
its weight is increased proportionally.)

Hydrochloric acid
Sodium hy-

Approximate Equivalent Weight Weight of
of Hydroxamic Aci Sample
300 0.45-0.55
270 0.40-0.50
240 0.35-0.45
215 0.30~-0.40
190 0.30-0.35
160 0.25-0.30

Add exactly 5 ml. of 1 N hydrochloric acid (a 2009, excess of
hydrochloric acid is employed) from a pipet and 10 ml. of 959,
ethyl alcohol. Reflux the sample on the steam bath for 2 hours
(4-hour reflux time is suggested when hydroxamic acid content is
below 50%,) and wash the stoppers and sides of the flask with 50
ml. of distilled water. .

Meraop I.  Titrate with 0.1 N sodium hydroxide to a pH of 4,
using a pH meter with external electrodes. Run blank deter-
minations.

AXNXME.

weight of sample X 100

Hydroxamic acid, 9, =

where A = difference between blank and sample titration, ml.
N = normality of sodium hydroxide
M_.E. = milliequivalent weight of hydroxamic acid

Equivalent weight of hydroxamic acid =
(weight of sample)(1000)

A XN

MeTHop II. When it is known that acids containing ten or
less carbon atoms are absent, hydroxylamine hydrochloride can
be titrated, instead of or in addition to unconsumed hydrochloric
acid, although higher results must be anticipated. The dif-
ference between titration to pH 4 and pH 8 is equivalent to hy-
droxylamine hydrochloride and to hydroxamic acid originally
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present. The calculations shown above are used, except that A
1s the difference between the titrations at pH 4 and pH 8.

Several indicators were tried but were found unsatisfactory,
probably because the change in pH was not sufficiently abrupt to
give a distinct color change.

RESULTS

Table I shows the results obtained in the analysis of pure and
crude hydroxamic acids, some synthetic mixtures, and a reaction
product obtained from tallow and hydroxylamine.

The results obtained by Method I are usually a few percentage
units low; those by Method II are a few percentage units high,
except when acids containing ten or less carbon atoms are formed.
Either method of titration can be used when the chain length of
the hydroxamic acids is in the proper range, although Method I
is more convenient because only one end point is required and
knowledge of the chain length is not necessary. Although the
absolute accuracy of the method is not so good as is usually de-
sired, the results are sufficiently accurate for most purposes.
Precision of duplicate determinations is usually within 19,. The
main advantage of the method is its simplicity.
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Table I. Hydroxamic Acid Analyses

Hydroxamic Acid

Found, %

Material Analyzed Method I Method II®
Oleohydroxamic acid, m.p. 64.1-64.7°¢.4 95.9-98.5 99.2-103.2
Stearohydroxamic acid, m.p. 106.2-106.8°¢ ¢ 95.3-96.9 101.3-101.5
Caprylohydroxamic acid, m.p. 77.9-78.4°6f 95.0-96.8 135-195
Stearohydroxamic acid, erude reaction product® 76.2-79.2 ..
Oleohydroxamic acid, crude reaction product® 81.7-82.0 .
Oleohydroxamiec acid, 77.2%; beef tallow, 22.879, 71.0 80.8
Oleohydroxamic acid, 60.2%; beef tallow, 39.8%, 53.3 62.4
Oleohydroxamic acid, 0% ; beef tallow, 1009, 0-0.6 0-5.8
St(;%r%hgdroxamic acid, 75.0%; methyl stearate, 68.1 72.6
Stg’za:r})oh_‘fdroxamic acid, 25.09%; methyl stearate, 249 31.19

2.

Reactioﬁ7 product of tallow with hydroxylamine? 50.1

;‘ Difference between blank and back-titration to pH 4 employed in cal-
culation.

b Difference between titrations at pH 4 and 8 employed in calculation.

¢ Prepared by mixing a solution of 0.1 mole of the methyl ester of the
corresponding carboxylic acid in 180 ml. of absolute alcobol with a solution of
0.15 mole of hydroxylamine hydrochloride and 0.250 mole of NaOH in 180
ml. of absolute alcohol, and refluxing for 1 hour. Dilute aqueous HCl was
then added to the cooled reaction mixture until the pH was 4 and the mixture
was diluted with a large volume of water. The crude reaction product was
filtered, washed free of salt, and dried. It was recrystallized from petroleum
naphtha, hexane fraction, boiling range 63° to 70° (10 to 15 ml. of solvent
per gram of solute) at 0° to constant melting point.

d Caled. C, 72.7; H,,11.9; N, 4.71. Found. C, 72.8; H, 11.7; N, 4.80.

¢ Caled. C, 72.2; H, 12.5; N, 4.68. Found. C, 72.1; H, 12.4; N, 4.78.

/ Caled. C, 60.3; H, 10.8; N, 880. Found. C, 60.3; H, 10.7; N, 8.74,

2 4-hour reflux time during analysis.

h Prepared as described in ¢, but 0.03 mole of tallow used instead of 0.1
mole of methyl ester.
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AnaL. Ep., 17, 394 (1945).
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Separation of Iron as Basic Formate from
Homogeneous Solution with Urea

HOBART H. WILLARD AND JOHN L. SHELDON!
University of Michigan, Ann Arbor, Mich.

A study has been made of the separation of ferric iron from manganese, cobalt,
nickel, copper, zine, cadmium, magnesium, calcium, and barium. Ferric basic
formate, precipitated from homogeneous solution by the hydrolysis of urea in
acid solution, is denser, is more readily filtered and washed, and adsorbs fewer
impurities than the precipitate obtained by any other hydrolytic procedure. A
modified fractional precipitation process called two-stage precipitation gives still

better separation.

HE technique of precipitation from homogeneous solution

has been employed by Willard and co-workers (6, 10-12, 14,
15) and by Gordon and Caley (6) to produce dense precipitates,
easily filtered and washed, which carry down relatively few im-
purities.

This paper extends the work involving hydrolytic precipitation
employing urea to the separation of iron as ferric basic formate
from manganese, cobalt, nickel, copper, zine, cadmium, mag-
nesium, calcium, and barium.

The experimental portion of the work comprises three parts.
First, a study was made of the effectiveness of the separation of
iron from a second metal by precipitating a definite quantity of

1 Present address, Corning Glass Works, Corning, N. Y,

iron from a solution containing the second metal in known con-
centration, then determining the latter in the washed, but not
ignited, precipitate. In the second part the iron was precipitated
from a solution containing the second metal, and this precipitate
was ignited and weighed as ferric oxide. In the third part the
second metal in the filtrate was determined.

SEPARATION OF FERRIC IRON FROM OTHER METALS

Materials Used. All the metals used were in the form of re-
agent grade chlorides. All other chemicals were either reagent
grade or C.P.

Method of Precipitation. Except where otherwise stated, each
solution contained in 400 ml. the following substances in addition
to the metal chlorides: 2 ml. of formic acid (specific gravity
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Relation between Initial Concentration of Iron
and Optimum Initial pH Value

Initial Concentration
of Iron, G./400 Ml.

Table I.

Optimum Initial pH

0.022 2.00
0.110 1.80
0.220 1.70
0.330 1.65
0.660 1.55

Table II. Iron Unprecipitated at Different Final-pH
Values
Fe20; Unprecipitated, Mg./400 ML,
Final pH H20; present No oxidizing agent
3 0.05-0.1 0.9
4 0.01 0.5

Table III. Relation between Quantity of Iron Precipitated
and Urea Required

Time, Minutes, from Appearance of

Iron ot
Precipitated, Urea, Turbidity to:
G. G./400 Ml. pH 2.50 pH 3.0 pH 4.0

0.110 2.5 50-55 90
4.0 N 50-55 135

0.220 5.0 L. 55-60 120

0.330 3.5 160
5.5 - 75 135

0.660 5.0 100~-120 L. Co.
7.5 . 75 135

1.20), 10 grams of ammonium chloride, 2.0 to 7.5 grams of urea
(from a freshly prepared, 109, solution), and hydrochloric acid
sufficient to give the desired initial pH. Kach solution was heated
to boiling and then transferred to an air bath heater designed to
enclose most of the liquid portion of the beaker. A stirring rod
with a 1-mm. carpet tack indentation was inserted in the beaker
to prevent bumping. The solutions were then boiled for various
periods of time. Except in the case of manganese, hydrogen
peroxide was added 10 minutes before the desired pH was reached
to ensure the complete oxidation of all the iron, because chloride
ion reduces some of the iron in this formate solution.

The precipitates were filtered on a loose-texture paper and
washed 15 times with hot 19, ammonium nitrate solution,
usually adjusted to pH 4. With 0.336 and 0.672 gram of iron a
small amount of filter paper pulp was added with stirring just
before filtering the solution.

In all cases the precipitates were dissolved in concentrated
‘hydrochloric acid and the adsorbed metals were then determined
as described below.

Optimum Initial pH Value. Each solution was adjusted to a
pH value just below the pH at which ferric basic formate began
to precipitate. An optimum pH value must be selected in order
to avoid a large excess of free acid which would have to be neu-
tralized by urea, and yet there must be present sufficient acid to
prevent the occurrence of a gelatinous precipitate prior to boiling.
The ideal situation occurs when a turbidity appears 5 to 10
minutes after the solution has begun to boil.

Table I shows the optimum initial pH as a function of the
initial iron concentration.

Final pH. Because chloride ion reduced ferric iron slightly, it
was necessary to add an oxidizing agent near the end of the pre-
cipitation. Hydrogen peroxide was satisfactory. In Table IT are
given results comparing the residual iron found under varying
conditions.

For practical purposes precipitation can be considered com-
plete at pH 3 to 3.2

Quantity of Urea Required. The quantities of urea and the
times required to reach certain pH values are given in Table III.
These times are applicable where steady boiling conditions are
maintained.

The amount of impurity in the precipitate was determined by
the following methods.

Determination of Manganese. The hydrochloric acid solu-
tion was evaporated with sulfuric and nitric acids to fumes and
diluted, and the manganese was determined by the colorimetrie
periodate method of Willard and Greathouse (13).

Determination of Cobalt. The hydrochloric acid solution was
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diluted to a definite volume with additional acid, the ferric iron in
an aliquot portion reduced with dry stannous chloride, and the
blue color (8) compared with standards similarly prepared.

Determination of Nickel. The nickel was precipitated with di-
methyl glyoxime from a slightly ammoniacal solution containing
tartrate. The larger precipitates were weighed; the smaller
quantities were determined colorimetrically.

Determination of Copper. The hydrochloric acid solution was
diluted to a definite volume and the copper-in an aliquot portion
was determined colorimetrically as copper pyridine thiocyanate
in chloroform solution by the method of Chalk (3).

Determination of Zinc. After removal of the iron with cup-
ferron, zinc was determined turbidimetrically as zine ferrocyanide
according to the method of Bodansky (2, 9).

Determination of Cadmium. After removal of the iron with
cupferron, cadmium was determined turbidimetrically in slightly
ammoniacal solution as cadmium sulfide (4).

Separation of Ferric Iron from Bivalent Manganese. Because
bivalent manganese can be oxidized to higher valence states, the
hydrogen peroxide added to effect complete iron recovery might
be expected to introduce a complication. The effect of this oxi-
dizing agent is clearly seen in the manganese curves of Figure 2.
The addition of hydrogen peroxide increases the adsorption of
manganese approximately 0.3 mg. in the case where 0.112 gram of
iron is separated from 1.0 gram of manganese.

Separation of Ferric Iron from Cobalt, Nickel, Zinc, and Cad-
mium. The results are presented graphiecally in Figures 1 and 2.
No cadmium was found in the precipitate.

Separation of Ferric Iron from Copper. The separation of fer-
ric iron from copper was complicated by the formation of a basic
copper chloride under certain conditions. Ferric basic formate
normally is brownish, but under certain conditions it was greenish
in color owing to its admixture with the basic copper chloride.
Washing this greenish precipitate with 2 N ammonium hydroxide
produced a very blue solution.
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Figure 1. Relation between Final pH and

Amount of Metallic Ion Adsorbed
Weight of precipitate corresponds to 0.112 gram .of

iron
Concentration of M** 1.0 gram per 400 ml. except
where noted

Basic copper chloride was precipitated at pH 4.2 and 3.8 when
the concentration of copper was 0.02 and 0.04 molar, respectively.
In the absence of iron, the basic chloride was precipitated at pH
4.2 for a 0.04 molar copper solution.

In Figures 1 and 2 can be seen the influence of the higher pH on
the amount of adsorbed copper, which increased markedly owing
to the formation of basic copper chloride.

The addition of hydrogen peroxide to hot solutions containing
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cupric ion resulted in vigorous decomposition of the peroxide.
Loss of some of the solution sometimes occurred. To avoid this
difficulty it was necessary to allow the solution to cool for 2 or 3
minutes, before adding the peroxide, then to continue heating for
a few more minutes,

Another effect, found only in the case of copper, and which
may be intimately copnected with this vigorous decomposition of
the peroxide, is the influence of copper concentration on the
amount of unprecipitated iron. The amount of iron remaining
unprecipitated appeared to increase slightly with increased cop-
per concentration. '

CONCENTRATION of M™ (6. flo0o ML.)
O 2
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25 A
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CONCENTRATION 0F M" (6. /400 M. )

Figure 2. Relation between Concentration of Metal-
liec Ion and Amount Adsorbed

Weight of precipitate corresponds to 0.112 gram of iron
Final pH 4 except where noted

Separation of Ferric Iron from Trivalent Chromium and Chro-
mate. The separation of ferric iron from trivalent chromium was
not so sharp as from copper and zinc, even though the precipita-
tion pH of trivalent chromium is the same as the latter two. The
trivalent ion is adsorbed in larger amount. In separating 0.1
gram of iron from 0.1 gram of chromium, about 7.5 mg. of chro-
mium were adsorbed. This amount was increased to 9.4 mg. when
hydrogen peroxide was added, owing to partial oxidation to
chromate which is more strongly adsorbed, as indicated by ex-
periment.

Separation of Ferric Iron from Magnesium, Calcium, and
Barium. Quantitative data for these metals are given in Table IV,

Relation between Initial Concentration of Iron and Amount of
Second Metal Adsorbed. At constant pH and concentration of
the second metal, the amount of the second metal adsorbed in-
creased as the amount of iron precipitated was increased. The
relationship between these two is not linear and is shown in Figure
3.

Effect of pH upon Adsorption of Cations by Ferric Basic For-
mate. In Figure 1 can be seen the effect of pH upon the adsorp-
tion of cations. Because the charge on the precipitate becomes
less positive with increase in pH, as migration velocity studies
have shown (7), the precipitate becomes a better adsorbent for
cations as pH increases. Close examination of Figure 2 also
shows that at pH 2.5 where only about 1 mg. or less of ferric oxide
remains unprecipitated, the adsorption of the second metal is very
slight. This has led to a new and efficient technique known as
two-stage precipitation.

ANALYTICAL CHEMISTRY
TWO-STAGE PRECIPITATION

The classical method of purifying an analytical precipitate
which is contaminated with some component of the solution in
which the precipitation occurred is to redissolve and then re-
precipitate the entire quantity.

Two-stage precipitation takes advantage of the phenomenon of
diminished adsorption at low pH, as shown in Figure 1.

In this method the pH of the solution during precipitation is
allowed to rise to about 2.5, and the precipitate is then filtered off.
Additional urea is added to the filtrate, the solution is heated
until the pH has increased to 4, the small amount of iron thus ob-
tained is filtered, and both precipitates are then combined.

The first precipitate obtained at the lower pH is obtained under
conditions such that the contamination is slight. The second
precipitate obtained at the higher pH will contain relatively more
contaminant, but the size of the precipitate is so small that the
contamination is negligible.

An alternative two-stage precipitation which could also be used
and which would save time would employ the urea method for the
first precipitation, followed by the addition of ammonia using
Blum’s procedure (2) for the second precipitation. In general,
a single urea precipitation effects a satisfactory separation with-
out recourse to either a two-stage or double precipitation.

In Table IITI are given the quantities of urea and the times re-
quired to reach pH 2.5 for given quantities of iron. When this pH
is reached, additional urea is added, so that the total added equals
the larger quantity of urea given in the table, and the filtrate is
then boiled until pH 4 is reached. :

DETERMINATION OF FERRIC IRON AFTER SEPARATION FROM
OTHER METALS BY PRECIPITATION WITH UREA

Materials Used. Pure electrolytic iron was dissolved in hydro-
chloric acid and oxidized with hydrogen peroxide. This ferric
chloride solution was standardized gravimetrically by precipita-
tion with urea. Other metals used were reagent grade chlorides.

Method of Precipitation. The precipitations were carried out
as described above with but slight modification. After the addi-
tion of 5 ml. of 3% hydrogen peroxide and a few minutes’ addi-
tional boiling, 10 ml. of 0.02%, gelatin solution were added to im-
prove the filtering and washing characteristics of the precipitate.
These solutions, 400 ml. in volume, could be filtered in about 3
minutes.

The film of adherent precipitate in the beaker, usually 25 to 30
mg. of ferric oxide, was washed after the dense precipitate was
transferred to the filter, then dissolved by boiling 5 ml. of con-
centrated hydrochloric acid in the covered beaker. The pro-
cedure of Blum (1) was used to reprecipitate the iron, which was
then filtered and washed on a separate paper. Both precipitates

Table IV. Determination of Iron after Separation from
Various Metals

Element Time of Final Fe:03 Fe:Os

Added Boiling?® pH Taken Found Difference

Gram Min. Gram Gram Mg.
1.0 Ba 120 4.02 0.2876 0.2885 +0.9
1.0 Ba 120 4.00 0.2876 0.2882 +0.6
1.0 Ca 120 3.93 0.2876 0.2881 +0.5
1.0 Ca 120 3.70 0.2876 0.2883 +0.7
1.0 Mg 120 4.00 0.2876 0.2877 +0.1
1.0 Mg 120 3.94 0.2876 0.2875 -0.1
1.0 Zn 55 3.15 0.1437 0.1440 +0.3
0.1Zn 135 4.15 0.1437 0.1443 +0.6
1.0 Co 55 3.00 0.1440 0.1440 0
1.0 Co 55 2.97 0.1440 0.1438 —-0.2
1.0 Co 55 2.98 0.1440 0.1442 +0.2
1.0 Ni 55 3.20 0.1437 0.1442 +0.5
1.0 Ni 35 3.10 0.1437 0.1443 +0.6
1.0Cd 55 3.20 0.1437 0.1441 +0.4
1.0 Cd 135 4.10 0.1437 0.1441 +0.4
1.0 Mn 55 3.05 0.1437 0.1443 +0.6
0.1 M 55 3.08 0.1437 0.1441 +0.4
0.1 Cu 55 3.12 0.1437 0.1442 +0.5
0.1 Cu? 60 3.10 0.1437 0.1442 +0.5
1.0 Cu? 60 2.95 0.1437 0.1456 +1.9
‘; After appearance of turbidity.

15 grams of ammonium nitrate substituted for 10 grams of ammonium
chloride.
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Table V. Two-Stage Precipitations

Element in
Ppt. Formed at

Iron Element pH Iron Pptd. Final pH Element in Element in Same Final pH
Taken Added 1st Stage 2nd Stage 2nd Stage 1st Ppt. 2nd Ppt. in One Ppt.
Gram Gram Mg. Mg. Mg. Mg.
0.112 1.0 Co 2.25 3.5 4.10 Negligible Negligible 0.5
0.112 1.0 Co 2.50 0.5 3.90 Negligible Negligible 0.5
0.672 1.0 Co 2.35 0.7 3.85 0.1 Negligible 1.3
0.672 1.0 Co 2.55 0.7 4.20 0.3 Negligible 1.8
0.112¢ 1.0 Mn 2.55 0.7 4.10 0.2 0.01 0.6
0.672% 1.0 Mn 2.50 0.5 3.90 0.7 0.01 2.3
0.112% 1.0 Mn 2.45 3.5 3.90 0.2 -0.01 0.3
0.672° 1.0 Mn 2.50 4.9 3.90 0.6 0.02 1.1
0.112 0.5 Cu 2.62 0.7 c 0.8 0.2
0.112 0.1Cu 2.55 0.5 ¢ 0.3 0.02
¢ Hydrogen peroxide used for both stages.
Hydrogen peroxide used for second stage only.
¢ Ammonium hydroxide used for second precipitation.
8 DETERMINATION OF OTHER METALS IN FILTRATE AFTER
("(’) O\ PRECIPITATION OF IRON AS BASIC FORMATE
I 7
E— s
b W o das The efficiency of this method is shown in Table VI, in which.are
e - 6 given the results obtained by filtering the precipitate and deter-
~ o \ mining the other metal in the filtrate by a standard method.
-+ o a . . .
S = 5 The precipitation was performed as previously described. The -
[~ MhtH, 0, X
[~~~ \ final pH varied from about 3.0 to 3.2.
O‘ . o | 4 . . .
= SN In the analyses shown in Table VI the nickel was determined
é ~T-%] by precipitation as nickel dimethylglyoxime and weighed as such,
3 O] Mo T N Manganese was determined volumetrically by the bismuthate
L_WN-NoH;07 \\ . ;
% . — ) method; cobalt was weighed as sulfate after evaporating the
5 Nm@'.‘ . ﬁ filtrate with sulfuric acid and igniting at 500°C., a blank on the
O N O—_! "~ oH2. . reagents was run and subtracted. Zinc was precipitated as sul-
= ™ ‘lﬁi’z_; fide, which was converted into sulfate and weighed in this form.
] 2 Cadmium-was deposited electrolytically. In all cases the stock
0004 0008 0012 O0l6 0020 002 00 solution from which the samples were taken was standardized by
CONCENTRATION OF Fe the same procedure.
(GRAM ATOMS/LITER)
Figure 3. Relation between Concentra- Table VI. Determination of Various Metals after

tion of Fet* and Adsorption of Various
Metal Ions

Concentration of M *+ 2.5 grams per liter, final pH 4
except where noted

were ignited in a porcelain crucible for 1 hour at 850° C. in an
electric muffle. .

Iron in Filtrates. In some instances the iron in the filtrate and
washings was determined. At pH 2.9 to 3.2, the filtrates con-
tained 0.05 to 0.1 mg. of ferric oxide; at pH 4, 0.01 to 0.05 mg. of
ferric oxide. The washings (250 to 350 ml.) contained 0.02 to
0.05 mg. of ferric oxide.

Final pH. A final pH of 3 was used for these separations, with
the exception of barium, calcium, and magnesium. The very
slight solubility of ferric basic formate at pH 3 is more than com-
pensated for by the reduced contamination (Figure 1).

Results Obtained. The data obtained are given in Table IV.
Acceptable separations were obtained of 0.2 gram of iron from
1.0 gram each of barium, calcium, and magnesium; of 0.1 gram of
iron from 1.0 gram each of manganese, cobalt, nickel, zine, and
cadmium; and 0.1 gram of iron from 0.1 gram of copper.

The slightly high results obtained are probably due to the

silica which is usually present when precipitation is made in glass

vessels.

The use of a two-stage precipitation would undoubtedly im-
prove the sharpness of these separations, as is evidenced by Table
V, and would lead to even better results in the quantitative de-
termination of ferric iron by precipitation with urea.

The method is not recommended for the gravimetric determina-
tion of iron but only as a separation from other metals, which are
determined in the filtrate.

Precipitation of Basie Ferric Formate

Other Metal Other Metal

Iron Present Added Found Error
Gram Gram Gram Mg.
0.60 0.1016 Ni 0.1017 +0.1
0.60 0.1016 Ni 0.1017 +0.1
0.10 0.0973 Mn 0.0975 +0.2¢
0.10 0.0973 Mn 0.0973 Qo ¢
0.10 0.0973 Mn 0.0972 -0.1¢
0.60 0.0973 Mn 0.0969 ~0.4%
0.60 0.0973 Mn 0.0971 —0.2¢
.0.60 0.0973 Mn 0.0969 —0.4¢
0.10 0.1087 Co 0.1089 +0.2
0.10 0.1087 Co 0.1086 -0.1
0.60 0.1087 Co 0.1070 +0.3
0.60 0.1087 Co 0.1087 0
0.10 0.1004 Zn 0.1005 +0.1
0.10 0.1004 Zn 0.1005 +0.1
0.10 0.1004 Zn 0.1004 40.1
.60 0.1004 Zn 0.1006 +0.2
0.10 0.1005 Zn 0.1005 0
0.10 0.1005 Zn 0.1005 0
0.60 0.1005 Zn 0.1005 0
0.60 0.1005 Zn 0.1005 0
0.10 0.1065 Cd 0.1059 —~0.6
0.10 0.1065 Cd 0.1070 +0.5
0.60 0.1065 Cd 0.1073 +0.8
0.60 0.1065 Cd 0.1069 +0.4
0.60 0.2130 Cd 0.2124 -0.6
0.60 0.2130 Cd 0.2127 —-0.3

% 0.1 mg. of Mn in precipitate.

b 0.6 mg. of Mn in precipitate.

¢ 0.5 mg. of Mn in precipitate.

SUMMARY

The precipitation of ferric iron in a dense form, readily filtered
and washed, has been effected by the hydrolysis of urea in hydro-
chloric acid solution containing formic acid. This method of pre-
cipitation, particularly the modified two-stage precipitation,
effects an excellent separation from bivalent metals and is pro-
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posed primarily as a method for the separation of iron, prepara-
tory to the determination of other metals in the filtrate.
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jetermination of Copper with Pyridine and

Salicylic Acid

V. A. GORDIEYEFF!
Clarkson College of Technology, Potsdam, N. Y.

If an aqueous solution of pyridine containing a large amount of salicylic acid is
added to a solution of copper salt, a complex precipitate is formed. This pre-

cipitate dissolves readily in most organic solvents.

The intensely blue color of

the extract may be used for the colorimetric determination of copper. The
method may be applied to a variety of metallurgical samples, and is suitable for

routine determinations.

A microprocedure may be adopted for samples where

copper is present in extremely low concentrations.

T WAS found during a study of some organic copper com-

plexes that copper could be readily removed from an aqueous
solution of its salts if both an organic acid, such as benzoic or
salicylic acid, and pyridine were present. The reaction was
similar to that between copper and pyridine in the presence of
potassium thiocyanate, applied analytically by Spacu (9) and
Biazzo (2), and improved by Elvehjem and Lindow (3) and
Goethals (4, 10).

The purpose of this investigation was to study the combined
effect, of salicylic acid and pyridine upon aqueous solutions of cop-
per salts and its analytical possibilities.

When an excess of pyridine and salicylic acid is added to a
solution containing even minute amounts of copper ions, a volu-
minous greenish white precipitate is formed. This precipitate
dissolves readily in chloroform, carbon tetrachloride, ether, and
other organic solvents with the formation of a brilliant and in-
tense blue color. The composition of this precipitate was in-
vestigated by Ley and Erler (1, ), who defined it as a cupric
salicylate coordinated with two pyridine rings [Cu(Py)CeHs
OHCOO),]. The author.is inclined to believe that when the
precipitate is formed in the presence of a very large excess of pyri-
dine this formula should be corrected by addition of two more
pyridine rings.

The color of the solvent extract is specific for copper, its inten-
sity is proportional to the concentration of copper, and any inter-
ference due to the presence of other colored ions may be easily
prevented or limited.

APPARATUS AND REAGENTS

A Beckman quartz spectrophotometer (Model DU) with its
standard equipment (10-mm. absorption cells) was used for all
measurements. No appreciable difference was recorded when
cells of a different type were used. Changing the slit width or

1 Present address, Columbia University, New York, N. Y.

using different phototubes (red or blue light-sensitive) did not
affect the accuracy of measurements.

Basic Reagent. It was found that optimum sensitivity is ob-
tained with the reagent prepared by dissolving 22 to 25 grams of
c.p. salicylic acid in 32 to 35 ml. of copper-free pyridine. This
solution should be diluted to a volume of 100 ml. with distilled
water. The reagent is stable for many weeks if protected from
bright light and excessive heat, One milliliter of the reagent pro-
vides enough excess to precipitate up to 20 mg. of copper ions.

Solvent. c.p. chloroform is the best extraction solvent.

Standard Copper Solution. A solution containing 1 to 2 mg. of
copper per ml. (preferably as sulfate) is the best standard, either
for the preparation of a calibration curve or as a comparative
solution. This solution may be prepared by dissolving 1 to 2
grams of pure (hydrogen-reduced) copper shot in 10 to 15 ml. of
concentrated nitric acid. It is diluted with distilled water to
about 30 ml. and evaporated almost to dryness. Then 20 to 30
ml. of water and 4 to 6 ml. of concentrated sulfuric acid are added
to the cooled residue. The solution is evaporated to dense white
fumes of sulfuric acid, cooled, diluted with about 200 ml. of water,
transferred quantitatively to a volumetric flask, and diluted to
1000 ml. The copper content of the solution may be checked, if
necessary, either electrolytically or iodometrically.

GENERAL PROCEDURE

Weigh a sample containing 0.100 to 5.0 mg. of copper and, de-
pending on the nature of the sample, char or digest with a mixture
of oxidizing acids. The amount of acids may be adjusted accord-
ing to the weight of the sample and its copper content. In most
cases 3 to 5 ml. of concentrated nitric acid mixed with an equal
volume of concentrated perchloric or sulfuric acid provide a
satisfactory excess for digestion. After the digestion is com-
pleted, cool the solution, dilute it carefully with a few milliliters
of distilled water, and filter-off any residue, washing it repeatedly
with small portions (1 to 2 ml.) of a hot 29, solution of nitric acid.
The final volume should not be larger than 40 to 50 ml. Evapo-
rate if a larger volume has been obtained. Remove the excess of
acids either by evaporation or by adding 8 M ammonium hy-
droxide to pH 4.5 to 7.0. Transfer the solution to a separatory
funnel (about 60-ml. capacity), and add 3 to 5 ml. of chloroform,
followed by 1 ml. of the pyridine—salicylic acid reagent. Shake
vigorously, allow the chloroform phase to settle, and withdraw
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it into a volumetric flask (10- to 25-ml. capacity). Repeat the
extraction with small portions of the solvent (2 to 3 ml.) until no
more blue color is visible in the solvent phase. Test for com-
pleteness of extraction by adding 1 to 2 droplets of the reagent
before each extraction. Dilute the extract to the mark. If the
extract is cloudy, transfer it quantitatively to a larger volumetric
flask and add more solvent. Measure the transmittance in a
suitable spectrophotometer or colorimeter, using the range of
590 to 620 mp.

If the sample contains less than 0.150 to 0.100 mg. of copper,
proceed as above, using smaller volumes of acids, reagent, and
solvent (about 509, of the amount given above). Collect the
extract in a microcrucible and evaporate it to dryness over a hot
plate. Dissolve the residue in the smallest carefully measured
volume of the solvent to which one droplet of the reagent has
been added. Transfer 0.05 to 0.1 ml. to a microabsorption cell
[described for the Beckman spectrophotometer by Lowry and
Bessey (7) and recently by Kinsey (§)] and measure the trans-
mittance in the usual way. Using this technique it was possible
to analyze as little as 50 to 100 cu. mm. of the extract without de-
creasing the length of the light path (1 em. for Beckman spec-
trophotometer).

The calibration curve may be prepared by recording readings
obtained with chloreform extracts containing a known amount of
copper. _

Most common ions do not interfere with the color of the com-
plex. There is no interference from silver, aluminum, arsenic (as
arsenite and arsenate), bismuth, chromium (ic), mercury (ous)
and (ic), magnesium, manganese (ous), lead, antimony, tin (ic)
(stannous tin should be oxidized), vanadium (as vana-
date), wolfram, zinc, alkali and alkaline earth metals, and
ammonium compounds (if the solution is acid or neutral), even if
these ions are present in concentrations many times exceeding
that of copper.
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Concentration of Copper

A. 0.040 mg. per ml.
B. 0.250 mg. per ml.
C. 0.500 mg. per ml.

Figure 1.

A serious interference is caused by iron, nickel, cobalt, gold, and
uranyl ions. - This interference may be easily eliminated in the
case of iron, cobalt, nickel, and uranyl by addition of a very large
excess of ammonium bifluoride previous to extraction (before addi-
tion of the color reagent); 1.5 to 2.0 grams of ammonium bi-
fluoride dissolved in 40 ml. of solution make it possible to deter-
mine copper accurately, although the amount of copper may be
only 4 to 5% of iron, 8 to 10% of nickel or cobalt, and 15 to 20%
of uranium, Larger concentrations of interfering elements cause
a decrease in the accuracy of determinations, due to coprecipita-
tion.

The interference of gold may be removed by addition of an
excess of ammonium bifluoride ions, if the pH of the aqueous
phase has also been adjusted (before the extraction) to the
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Table I. Determination of Copper in Samples of Medium
and High Concentrations
Weight
of — opper: —
Sample Present. Found Error
My. Mg. Mg. %

454.62 8.2 8.20 0.0
456.19 10.4 10.35 0.5
449 .89 12.3 12.35 0.4
459.2b 20.1 20.05 0.2
455.0% 35.6 35.60 0.0
448.3%6 65.6 65.50 0.2
461 ,3¢ 95.5 95.55 <0.1
494 5¢ 108.1 108.10 0.0
465.3¢ 120.4 120.30 <0.1
460.8¢ 145.6 145.70 <0.1
456.74d 196.7 196.70 0.0
461.4¢ 426.7 426.50 <0.1
458.9¢ 432.1 432.00 <0.1

@ Copper furnace slag (commercial).

b Copper ore, low grade (commercial).
¢ Copper ore, higher grade.

4 Nonferrous alloy.

¢ Brass and bronze samples.

Table II. Determination of Copper in Samples of Low
Concentrations
Weight
of —~Copper————
Sample Present Found Difference
Mg. Mg. Mg. Mg.
205.1¢ .40 2.45b 0.050
152,12 1.55 1.53% 0.020
100.42 1.15 1.15% 0.000
78.42 0.65 0.66% 0.010
75.3¢ 0.55 9.54% 0.010
54,5 0.42 0.42% 0.000
104.3¢ 0.25 0.20% 0.050
101.5¢ 0.20 0.21% 0.010
25.4¢ 0.05 0.0504 0.000
22 .7¢ 0.01 0.015¢ 0.005

@ Food samples contaminated with analyzed copper sulfate solution.

b Normal macroprocedure followed. .

¢ Biological specimens contaminated with analyzed copper sulfate solu-
tion,

@ Microprocedure (microadsorption cells) applied.

strictly neutral range (6.8 to 7.2). Most common anions may be
present in an almost unlimited concentration. Anions precipitat-
ing copper—e.g., sulfides, ferrocyanides, etc.—or forming stable
complexes with it—e.g., cyanide, tartrate—must be excluded.
Chromate, dichromate, and permanganate do not interfere if
reduced to the chromic or manganous form. Sulfurous acid
added in a considerable excess was found to be the most con-
venient reducing agent in all three cases.

DISCUSSION

The absorption of the complex formed by copper with the pyri-
dine-salicylic acid reagent was investigated throughout the
entire range of visible light (Figure 1). The absorption is at its
maximum in the vicinity of 650 mp, but the best agreement be-
tween the observed transmittance and the values derived from
the Beer-Lambert law was found in the range of 590 to 620 mp.
At thisrange, the transmittance plotted logarithmically as a func-
tion of the concentration (expressed in micrograms of copper per
ml.) gives a straight line. This relation remained unchanged even
at the range of high transmittance (over 90%).

The color of the complex is very stable. Measurements were
repeated on a series of samples during several (6 to 7) weeks. No
difference in the intensity of the color was observed as compared
with the intensity originally measured. Evaporation to dryness
followed by a dilution with fresh solvent back to the original vol-
ume does not affect the intensity of the color. -

The sensitivity of the reaction is rather low as compared to
some other methods—e.g., sodium diethyldithiocarbamate.
Although the theoretical sensitivity may be assumed to be about
20 micrograms per ml. of the solvent extract, the actual working
sensitivity should be accepted as 100 to 150 micrograms per ml.
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Although it was possible to determine as little as 2 micrograms of
copper (0.019 of the total sample) by means of the described
microprocedure, the working range of the method should be
limited to concentrations of 0.100 to 0.600 mg. of copper per
milliliter of extract.

The method was applied to a variety of samples (biological
specimens, food samples, ores, slags, and ferrous and nonferrous
alloys). Following the suggestion of Mehlig and Durst (8) con-
cerning the application of colorimetric methods to determination
of major constituents, samples of copper alloys (brass and
bronze) were analyzed for copper in routine runs. Good and
quick results were obtained with samples containing as much as
80% of copper. Generally the best results were obtained with
samples containing 0.1 to 5% of copper by weight.

The completeness of extraction of copper from the aqueous
phase was tested in a twofold manner. First, a negative qualita-
tive test was obtained on checking the aqueous phase after the
copper was extracted. For this purpose several highly sensitive
spot tests were applied. Then the chloroform phase was “re-
extracted” by shaking with 20 to 25 ml. of 1.5 to 3 M ammonium
hydroxide. Under these conditions copper leaves the solvent
medium and is found as copper-ammonia complex in the water
phase. The excess of ammonia was then evaporated by boiling
the solution and the copper content was rechecked by analyzing

ANALYTICAL CHEMISTRY

the solution iodometrically or electrolytically. The average re-
covery of copper was 99.99 to 100%.

Although some determinations were carried out successfully at
pH as low as 2.2 and as high as 8.5, the optimum pH range for
the described method lies between pH 4.5 and 7.0. At this
range the rate of extraction is greatly increased, whereas the ex-
traction at lower or higher pH values requires a larger volume of
solvent and more extracts.
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Determination of Oil in Paraffin Waxes

C. W. LAYTON
Standard 0il Company of California, Richmond, Calif.

A rapid method for the determination of oil in petroleum waxes has been de-
veloped, in which the sample is chilled with dyed methyl ethyl ketone to —25°F.,
a portion of the solvent-oil mixture is filtered off, and an aliquot of the filtrate

reacts with a sodium bisulfite solution in a skim milk test bottle.

The oil is

separated from the mixture by centrifuging, and the volume is read. Results
by this method check very closely with A.S.T.M. method D 721-47. This method
is particularly suitable for samples of low o0il content (under 5.0%) but with
modifications has been used up to 75% successfully.

EVERAL methods for determining oil in wax are in use in the
petroleum industry. The standard procedure is A.S.T.M.
D 721-47 (1) or its semimicromodification (2). A.8.T.M. D 721-
47 gives reliable results but requires too much elapsed time to be
of value for plant control. The semimicroprocedure is a some-
what delicate operation because of the small quantities involved
on sampling and testing, and considerable laboratory experience
is required to obtain consistent, reliable results.

The method described in this article was developed for testing
deoiled wax in conjunction with plant operation where test re-
sults were needed as quickly as possible in the interest of plant
efficiency. It was also desired to have a method which required
no elaborate or delicate equipment, and which was as simple as
possible, so that plant operators could obtain reliable results.
Another requirement was to avoid the evaporation of solvent in
the interest of safety.

The method described, which provides for the separation of oil
from solvent by chemical means, meets the above conditions
better than the previously mentioned methods.

APPARATUS

Beaker, 250-ml.; aluminum or copper.

Allihn filter tube, length approximately 100 mm., capacity 30
ml.; fritted-glass filter disk of No. 4 porosity and 20-mm. diam-
eter.

Cooling bath, an insulated bath which is divided by an insulated
partition such that the temperature in one side can be maintained
at —50° to —100° F., while the other side is maintained at —25°
= 1°F. Dryiceand alcohol are suitable cooling media. Dimen-
sions and design of the box may vary according to the volume of
work to be done.

Skim milk test bottle, 6-inch, with double neck, one neck gradu-

-ated in 50 divisions; each division equals 0.002 ml.

Thermometers. Two A.S.T.M. cloud and pour, one A.S. T.M.
low cloud and pour. .

Laboratory centrifuge, capable of turning approximately 1500
r.p.m. with cups of dimensions.suitable for holding the 6-inch
skim milk test bottle.

SOLVENT AND REAC_ENT

Dyed methyl ethyl ketone, commercial grade, refractive index
at 68° F. 1.378 = 0.002, and containing approximately 2.mg. per
gallon of a red oil-soluble dye. Ten milliliters treated with a
solution of sodium bisulfite as described in' the method should
not show more than 0.0005 ml. of oil. - )

Sodium bisulfite, saturated solution, filtered 'just before using.

PROCEDURE

Precool a filter tube by inserting it in a beaker submerged in the
—25° F. bath. :

Weigh 36 = 0.5 grams of melted wax :into ‘a’ 250-ml. metal
beaker, and add 82 = 1 grams. of warm: (120° to-160° F.) dyed
methyl ethyl ketone. Place on A.S.T.M. cloud and pour ther-
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Table I. Filtering Temperatures vs. Pour Point
Per Cent Oil Found
Filtering 143/150° F. Micro Solid
Temperature, 125/130° F. AMP AMP, Point on '
°F, Sample 1 Sample 2 sample 3 Oil, Av,,° F.
~12 0.43 0.54 0.76 25
-—20 0.42 0.53 0.73 12
—25 0.41 0.51 0.71 6
-30 0.38 0.49 0.69 -8
Table II. Oil Content of Wax Samples
A.S.T.M. D 721-47 Bisulfite Method _ of ot
Devia- Devia- from
AMP,° F, % oil tion % oil tion AS.T.M.
125/130 0.26,0.22 =0.02 0.30,0.30 0 +0.06
125/130 0.21,0.17 =0.02 0.20,0.20 0 4-0.01
125/130 0.48,0.58 =0.05 0.55,0.58 =0.02 +0.04
143/150 0.29,0.22 +0.04 0.30,0.30 0 0.04
143/150 0.63,0.70 =0.04 0.73,0.7 0 0.06
143/150 0.45,0.49 +=0.02 0.53,0.55 =0.01 +0.07

Average deviation between methods +0.05

mometer in the beaker, and, if the sample is not completely dis-
solved, heat on a steam hot plate (or equivalent), while stirring,
until it just dissolves. Transfer the beaker to the —50° to
—100° F. bath, and stir with the thermometer, scraping off the
wax coat which is formed on the sides and bottom as completely
and rapidly as possible. Continue stirring until the mixture has a
slushy consistency, after which stirring may be intermittent.
When the temperature drops to —20° F., stir continuously until
it drops to —25° F. Transfer the beaker to the —25° F. bath,
place the precooled filter tube in the mixture nearly to the bottom
of the beaker, and attach a vacuum line to the filter tube. Turn
the vacuum on slightly, and when an estimated 15 ml. of filtrate
are in the filter tube, detach the vacuum line, remove the filter
tube from the beaker, and transfer the filtrate to a test tube or
other suitable container.

Pipet 5 ml. of the filtrate, if it is estimated the oil content is
over 2.5%, or 10 ml. if under 2.5%, into a skim milk test bottle.
Add 5 ml. of distilled water and 20 ml. of a saturated solution of
sodium bisulfite to the skim milk test bottle. Press the end of a
rubber tube attached to the vacuum line against the open end of
the capillary neck, and adjust the vacuum so that maximum
agitation occurs without loss of liquid from the bottle. Continue
the agitation for 3 minutes, then detach the vacuum line. Add
water to the bottle until the surface is in the upper one third of
the calibrated portion of the capillary neck. Centrifuge the
bottle at approximately 1500 r.p.m. for 5 minutes and read the
number of divisions of separated oil to the nearest half-division
(smallest division = 0.002 ml.).

Calculate the oil content by means of the following formula:

. . 0.002 X A X B X D X 100
Oll, % by weight = 35~ 6.0024) < 0.805

where A = number of 0.002-ml. divisions of separated oil, B =
specific gravity of separated oil, C = ml. of aliquot treated with
sodium bisulfite solution, D = grams of methyl ethyl ketone
added to the sample, and W = weight of sample. (0.805 is the
specific gravity of methyl ethyl ketone at 20° C.)
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For routine control work the above formula may be simplified
without serious error as follows:

Specific gravity of the separated oil may be assumed to be that
of the sample—e.g., 125/130° F. American melting point = 0.900
specific gravity. ) :

Grams of methyl ethyl ketone in the mixture at the time of
filtration may be assumed to be 80.5 and grams of sample 36.0.

The correction of the aliquot for the volume of oil it contains
(0.0024) may be disregarded.

The formula then simplifies to:

When ¢ = 10. Oil, %, by weight = 0.054

When C = 5. Oil, % by weight = 0.104

EXPERIMENTAL DATA

For the purpose of this investigation, oil is considered as ‘“zero
pour point oil,” determined by filtering three samples of various
melting point wax at four different temperatures, with the results
shown in Table I.

A wire is constructed with about a 0.5-inch (1.25 ¢m.) length at
right angles to a small loop. Microsolid point is determined by
placing a small amount of oil on the end of a thermometer bulb
and embedding the small loop of wire in the oil. By chilling the
embedded wire in the vertical position and allowing it to warm
slowly in the horizontal position, the temperature at which the
wire starts to fall from the horizontal position i3 recorded as the
micro solid point, and is correlated with the pour point of the oil.
With the wire used zero pour oil has a micro solid point of 6° F.
Each wire must be standardized against zero pour oil before use.

It was concluded from the data in Table I that a filtering tem-
perature of —25° F. would give zero pour point oil.

In order to obtain data on the accuracy of the outlined method,
a number of samples were run in duplicate by A.S.T.M. D 721-47
and this method.

The duplicate results in Table II were determined by different
operators. The average deviation between methods is better
than the repeatability of the A.S.T.M. method.

No experimental work was done with microcrystalline os high
melting point waxes.

CONCLUSIONS

The oil content of paraffin wax, as determined by this method,
agrees closely with results obtained by A.S.T.M. D 72147 on
commercial waxes of the usual low oil content. The advantages
of the method are simplicity, reliability, and speed. Approxi-
mately 0.5 hour is required for completing the test. Another
advantage is that it avoids evaporation of solvent, and thus in-
cludes light oils if present in the determination.
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Improved Potentiostat for Controlled Potential Electrolysis

JAMES J. LINGANE aNDp STANLEY L. JONES, Harvard University, Cambridge 38, Mass.

OTENTIOSTATS, which automatically perform the func-

tion of maintaining the potential of an electrode constant
during an electrolysis, have not yet become commercially avail-
able, so that those who wish to exploit the manifold analytical ap-
plications (4) of the controlled potential electrolysis technique
must construct for themselves the necessary apparatus. Inrecent
years a number of different types of potentiostat have been de-
scribed (1-6), whose relative merits are best assessed by reference
to the original papers.

The instrument described herein, whose operating principle is
indicated schematically in Figure 1, is an improved version of an
instrument previously described (4). The chief improvement is
the use of a rectifier and filter circuit to enable operation from an
ordinary 110-volt alternating current line and the concomitant
employment of Variac autotransformers to control the alternat-
ing current input and hence the output direct current voltage
applied to the electrolysis cell.
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An improved potentiostat is described, with the following characteristics:

com-

plete operation from the 110-volt alternating current line, except for one ordinary
1.5-volt dry battery; either cathodic or anodic potential control with sensitivity
of =0.01 volt; output capacity up to 5 amperes at 6 volts, and voltage output up
to 25 volts with smaller electrolysis currents; and no preliminary calibration or

adjustments required before use.

Because all components have long life expec-

tancy, long periods of use without servicing may be anticipated.

The first Variac transformer provides a convenient means of
manually controlling the input to the automatically operated
Variac to provide the optimum direct current output range for a
particular electrolysis experiment. The motor-operated Variac
is followed by a stepdown transformer, a full-wave selenium
rectifier, and a conventional inductance-capacitance filter circuit
to smooth the rectified direct current. A voltmeter across the
output indicates the total voltage applied to the cell and the elec-
trolysis current is read on a multirange ammeter. High precision

is not required of either of these meters, and ordinary panel-type

instruments with an accuracy of the order of =29, are adequate.

The control circuit comprises an ordinary radio-type potenti-
ometer powered by a 1.5-volt dry cell to provide the reference volt-
age, which is read directly on a voltmeter, a Weston Model 30 gal-
vanometer relay, and a dual electronic relay to control the reversi-
ble shaded-pole motor which drives the Variac autotransformer.

When the potential of the working electrode against the refer-
ence electrode (usually a saturated calomel electrode) differs
from the opposing reference voltage, the galvanometer relay
makes contact right or left and activates the double electronic
relay, which in turn causes the motor to operate the Variac in the
appropriate direction either to increase or decrease the total volt-
age applied to the cell until the potential of the working electrode
returns to the value of the reference voltage. Because the refer-
ence yvoltage is read directly on a meter, the control circuit re-
quires no preliminary adjustment or calibration before use, and
the reference voltage can be changed instantly during the course
of an electrolysis by merely readjusting the potentiometer.

The complete circuit of the instrument, with specifications of
all components, is shown in Figures 2 and 3, and Figures 4 and 5
show the chassis arrangement and completely assembled instru-
ment. To put the instrument into service it is only necessary to
close switches S-1, S-2, and S-5, adjust R-6 to the desired ref-
erence voltage, adjust Variac T-1 to provide the desired direct
current output range, and finally close the output circuit and
select the optimum range of ammeter M-1 by switch S-3. None
of the components is required to function critically, and all are
conservatively rated to provide long life expectancy, so that ex-
tended periods of use without servicing may be anticipated.

The control sensitivity depends primarily on the sensitivity of
the Weston galvanometer relay (extreme top right on panel in
Figure 5). This instrument has a rated sensitivity of =15 micro-
amperes per mm., and an internal resistance of 1100 ohms, corre-
sponding to a voltage sensitivity of approximately =16 mv. per
mm. By adjusting the contacts to minimal clearance the net
.sensitivity can be adjusted to somewhat better than =10 mv.
when the resistance in the control circuit does not exceed about
1000 ohms. Most of the resistance in the control circuit occurs in
the salt bridge between the reference electrode (usually a satu-
rated calomel electrode) and the electrolysis solution, and it is a
simple matter so to design the salt bridge that the total resistance
in the control circuit amounts to only a few hundred ohms. A
control sensitivity smaller than about =10 mv. usually is of no

" practical use, and control to =50 mv. is adequate for many pur-
poses. The potential of a working electrode usually undergoes
rapid erratic fluctuations which may vary from a few to as much
as 10 or 20 mv., depending on the types of electrode, conditions of
stirring, and similar factors. The use of a control sensitivity
smaller than these natural fluctuations only leads to objection-
able “hunting’’ and decreased control efficiency.

110
| |A.C.
R
A.C. - 133Vv.
1o 7 AMP.
I . 11
GEAR MOTOR
sﬂigéﬁ | CRINE _ _{ DRIVEN
POLE 0.3 RPM | YARIAC
MOTOR 1
STEPDOWN
TRANS.
110 DOUBLE L
A.C. [FLECTRONIC SELENIUM
—LRELAY RECT.
[ 1
WESTON FILTER
GALV. - I+
RELAY 20V.MAX.
SA. MAX,
D.cC.
e
A REF .
V /VOLTAGE

REF. ELECTRODE

Figure 1. Schematic Circuit

The rate of rotation of Variac 7-2 is an important factor for
optimum control action. It should be great enough so that the
voltage applied to the cell is promptly corrected and yet not so
great that overshooting and consequent hunting oceur. A rate
of rotation of approximately 8.3 r.p.m. is optimum for most
purposes.

The shaft of Variac T-2 is extended to the rear and provided
with a large spur gear which is driven via a reducing spur gear
train by the drive mdtor. Two normally closed microswitches
in the shading coil circuit of the drive motor, actuated by a peg
on the spur gear attached to the shaft of Variac T-2, serve as
limit switches to prevent damage to 7-2.

Pilot lights -2 and I-3 (right-hand side of panel below Weston
relay) in the shading coil circuit of the drive motor indicate the
direction of operation of the motor. Because these 6-volt pilot
lamps operate on a current (0.15 ampere) approximately equal to
that in the motor shading coils, they do not affect the operationof
the motor.

The function of the dual electronic relay (Figure 3) is to reduce
to an infinitesimal magnitude the current handled by the contacts
of the galvanometer relay. The electronic relay was designed to
operate on an input current (2 microamperes) which is so small
that any contact resistance in the galvanometer relay is unim-
portant and feather-light contacting is sufficient for positive oper-
ation. The input terminals, 1, 2, and 3 (Figure 3), are connected
to the three output terminals of the galvanometer relay. When
the galvanometer relay makes contact in one direction terminal 1
is shorted to the common terminal 2, and the consequent abrupt
increase in the left-hand plate current of the 6SN7 twin triode
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and relay E-1 connects motor terminals 3 and
2 to reverse the direction of rotation of the
motor. When the galvanometer relay is
balanced, both plate currents of the 6SN7 tube
are much smaller than required to operate re-
lays E-1 and E-2, so these relays both remain
open (inactivated) and the motor remains at
N rest. Relays E-1 and E-2 were chosen to oper-
REFERENCE ate on a current (3 ma.) only about half as large
MOTOR b as the plate currents (6 ma.) of the 6SN7 tube,
so that positive snap action is obtained, which
does not depend on critical functioning of either
the 6SN7 tube or the relays.

Switch S-4 (between pilot lights on right side
of panel) is provided for manual operation of
the motor to preposition Variac 7-2, or drive it
to either end of its range, before an experiment.

The desired reference voltage (control po-
tential) is set by potentiometer R-6 (directly
below middle meter) and read on the 0- to 1-volt
voltmeter, M-3 (large middle meter on panel).
The fixed resistor, R-5, in series with the 1.5-

S-4
ELECTRONIC JGALYANOMVE TER|
RELAY RELAY

Figure 2. Complete Circuit 1volt gry cell,hlfgl,h has faRresista(Iime somewhat
ess than one half that of B-6, and serves to re-
B-1. 1.5-volt dry battery R-5. 40 ohms, 5 watts, wire wound ( =5%) duce the voltage across R-6 ,tO slichtly over 1
C-1, C-2. 6000-ufd. electrolytic capacitors R-6. 100-ohm _ potentiometer (General g ghtly
(50 volts) 1 S Rgdio No. 21?) oo v;)l(t). . Tlhe vlc;‘ltmeiicerilMl-g, lihould Ill:i‘ve ? xl')ar.lge
F-1. 3-ampere fuse (250 volts) -1, S-2. 8.p.s.t. toggle switches : o 0 1 volt and shou € capable or bemg
L1, Choke (0.015 h%mi}(')'05 am;:ierei) B8 dpodition. Lt switeh (low ‘resist- read with a precision and accuracy of ==0.01
M2 Vglt‘,?,etef(g’_go vons"&%.) S 8-4. 3-position single pole switch volt or better. The accuracy of the meter at
M-3. Voltmeter (0-1 volt, =19% or better; S-5. D.p.s.t. toggle switch ; several points over its scale should be checked
Weston Model 741) T-1, T-2_ General Radio Co. Type V-5 with a precision potentiometer. A range of ref-
I-1. Pilot 1 115 volt Variac autotransformers (0-135 p 1 fp : 1 ]
- B o P?‘lmf l( vo(GaE.;c.)N p— volts, 7.5 amperes) ) erence voltage from 0 to 2 volts can be pro-
= TVl 0.15 ampere) 7-3. Power transformer (U.T.C. Special vided, if desired, by powering R-6 with two dry
ol & ohrs. B0watls; wirewoand as 59%) get‘;)‘ef %@;pﬁ;‘i& stepdown ratio cells and using a 0- to 2-volt voltmeter, but thisis
R-2. 1 ohm,'lop yvatts', wire wound (*5‘7,’?) X-1. Selenium rectifier (48 volts, 5 am- seldom if ever required. .
R-3, R-4. Empirically adjusted shunts peres) The reference voltage terminals are con-
Drive motor. Barber-Coleman Model No. gYAz 804 (110-volt a.c., shaded pole, reversible) nected in opposed polarity to the reference .ele(.:_
Galvanometer relay. Weston Model 30 (=15 microamp. per mm., 1100 ohms internal re- trode and to the cell electrode whose potential is
sistance) to be controlled. Separate leads should be pro-

vided from the reference voltage terminals to
the electrolysis cell, rather than connecting one

causes relay E-2 to close motor leads 1 and 2 and operate the lead to the direct current output terminal on the panel, to avoid
motor in one direction. When the galvanometer relay makes including in the apparent control potential the iR drop in the
contact in the opposite direction input terminal 3 is shorted to 2 output leads between the panel and the cell.

he rectified direct current power supply is designed to provide
a maximum output of approximately 25 volts when Variacs 7-1
and 7T-2 are both at their maximal 135-volt settings, and hence the
stepdown transformer, 7-3, has a ratio of approximately 5 to 1.
A larger output voltage range (up to 135 volts) can, of course, be

R-7. E-2
1
R-11
02— AWV
o
INPUT
i3,
6_—"’
2
TO MOTOR

ns v
60~

Figure 3. Electronic Relay Circuit

C-3, C-4. 0.003 pfd. mica capacitors (200 volts)
C-5, C-6. 8 ufd. electrolytic capacitors (450 volts)
E-1, E-2, S.p.s.t. relays (10,000 ohms, 30 volts d.c.)
R-7, R-10. 4 megohms, 1 watt, carbon (=10%,)
R-8, R-9. 10 megohms, 1 watt, carbon (%=109%,)

R-11. 100,000 ohms, 1 watt, carbon (*=10%)

R-12. 34000 ohms, 10 watts, wire wound ( =59%)

R-13. 2000 ohms, 5 watts, wire wound ( =5%)

R-14. 4000 ohms, 10 watts, wire wound (*5%)

T-4. Thordarson T-22R00 transformer or equivalent (primary 115 volts,
secondary 250-0-250 volts at 40 ma., 5 volts at 2 amperes, 6.3 volts at

5Y3. Restior tube (sl lope) i wa

i ectifier tube (glass envelope A .
6SN7. Twin triode (glass envelope) Flg’llre 4. Chassis Assembly
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Figure 5. Complete Potentiostat

obtained by selecting a stepdown transformer with a smaller
ratio, but more than 25 volts have never been found necessary in
any analytical applications of controlled potential electrolysis.
The output supply is designed for a continuous maximum current
of 5 amperes, but the components are all conservatively rated and
currents up to 7 or 8 amperes can be drawn for short periods
without damage.

The inductance-capacitance filter comprising C-1, L-1, and C-2
must have an efficiency great enough to reduce the residual ripple

ANALYTICAL CHEMISTRY

voltage to the order of only a few hundredths of a volt at full
load, because the residual pulsations produce an oscillation of the
potential of the working electrode. The ripple voltage increases
with the current output. On the other hand, when the elec-
trolysis current is large the resultant oscillation in the potential of
the working electrode actually is much smaller than with small
currents because a much greater fraction of the total voltage
applied to the cell is dissipated as 7R drop in the cell. The
residual ripple voltage was tested with a calibrated cathode ray
oscilloscope. With 25 volts output and a current smaller than
0.1 ampere it was less than =0.005 volt (less than =0.02%),
with 1.5 amperes at 20 volts it was =0.02 volt (=0.1%), and
with 7.4 amperes at 4.3 volts it was =0.04 volt (=0.9%).

Because of the large capacity of the filter circuit a very large
momentary current surges into the power supply at the instant
the main alternating current switch, S-1, is closed. The fixed
resistors, B-1 and R-2, were provided to limit this momentary
surge to prevent blowout of fuse F-1.

Voltmeter M-2 (left meter on panel) which indicates the output
voltage need not be very accurate, and the same applies to
ammeter M-1 (right meter on panel) which indicates the elec-
trolysis current. Switch S-3 serves as an on-off switch for the
direct current output, and also, in combination with shunts R-3
and R-4, as a selector switch to provide three current ranges of
0.1, 1, and 10 amperes. Switch S-3 (below right-hand meter on
}SJa.nel) should be of good quality with low resistance contacts.

hunts R-3 and R-4 are constructed of copper wire adjusted to
the correct resistance values empirically at the time of assembly.
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Machine Computation of Relation between Resistance
and Temperature of a Resistance Thermometer

DANIEL R. STULL
The Dow Chemical Company, Midland, Mich.

ODERN science is becoming more and more conscious of

the role played by accurate physical data. In the design
of process equipment and manufacturing apparatus, factors must
be taken into consideration that received scant notice 20 years
ago. These factors depend upon exact physical data for their
elucidation. Exact physical data in many instances require the
accurate measurement of temperature.

Physical methods of analysis and testing depend heavily also
on accurate measurement of temperature. There are a number of
accepted methods of accurate temperature measurement, but the
international temperature scale from —182.97° to 630° C. is
defined in terms of a standard platinum resistance thermometer
(6). Increased emphasis on accurate measurement of tempera-
ture means increasing use of platinum resistance thermometers.

This excellent tool has been slow in gaining acceptance because
of its high cost, fragility, size, calibration, and the elaborate ac-
companying electrical measuring equipment. The measuring
equipment has recently been automatized and made recording
(7), and the work of Meyers (4) has brought the size down to
where it is comparable to an ordinary mercury thermometer.
The tedium of the calibration was the motivating force for the
present effort.

THE EQUATIONS

In the early days of resistance thermometry, Callendar (1)
found that the formula relating the resistance to the temperature
was

_ R: — Ry b )t
t =100 gty 5(100 1) . 1)

where R, is the resistance in ohms at ¢° C., Ry and Riq are the
resistances at 0° and 100° C., and éis a constant determined from
measurements of the resistance at the boiling point of sulfur
(444.60° C.).

This equation served well from —40° C. upward, but below
this temperature becomes increasingly in error as the temperature
islowered. In 1925, Van Dusen (8) proposed an additional term
which compensates the discrepancy down to the oxygen point
(—182.97° C.). The modified equation is:

C 0B =Bt Y (L
d = 1K 100—R0+6(100 1) (100>+

o5~ 1) ()" @
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Precision platinum resistance thermometry employs
a four-constant equation

R = Rl + 4t + Bt? + C(¢t — 100)¢%]

relating the resistance (in ohms) of the thermom-
eter, R;, to the temperature, t° C. In use, the
problem of finding the temperature for a measured
value of the resistance is solved by constructing a
table of resistances for even values of temperature.
For a precision of 0.001° C., these temperature values
should be at about every degree for linear interpola-

tion in between. In this way, repetitive calculation
demanding six-place accuracy arises. International
Business machines have been employed in this com-
putation. The information is supplied to these
machines in the form of punched cards, and the ma-
chines report the computation in punched form.
The final step is the production of a printed record
of the entire computation, including the answer.
The time required for manual calculating machine
operation is approximately decimated by the auto-
matic machines operating with punched cards, while
the fatigue of the operation is small by comparison.
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are the calibration constants. Below 0° C. a higher power term
with a calibration constant, C, is added which holds down to
—182.97° C. and the equation becomes

R: = Ry [1 + At + Btz + C (¢t — 100) 3] CY)

In a recent publication Schwab and Smith (§) have shown that
Equations 1 and 2 can be transformed into 3 and 4.
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Figure 1. Specially Printed Card with Fields Dehnedted

for This Computation

UTILITY OF THESE EQUATIONS
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In use, the problem of finding the temperature associated with a
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Figure 2. Card Showing Computation Complete for One
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Figure 1 shows a card specially printed for the

¢ Figure 3.
calculations on the present problem.

Section of Final Table Giving Values of Resistance for
Each Degree and All of the Computation
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Various ‘‘fields” are delineated and marked specifically.
Columns 1 to 4 contain the value of ¢ (the temperature); columns
5 to 10 the values of #2; columns 11 to 18 the values of (¢ — 100)¢?;
columns 19 to 24 the value of Ry, and so on.

For automatic calculation, Formula 4 has been replaced by the
equivalent formula:

R. = Ry + Kt + Ltz + M (¢ — 100) ¢ (5)

where K = RyA, L = RoB,and M = R,C. In this equation, the
four constants Ry, K, L, and M define the resistance of a given
thermometer.

Values of ¢, 12, and (¢ — 100)® from —200° to +500° C. were
computed and punched into 700 cards in the first 18 columns.
Each card represents one temperature value. Next, the value of
Ry is “‘gang punched” (in each card) by running the whole deck
through the high speed reproducer. In the same operation the in-
formation in columns 25 to 32 (number of the platinum resistance
thermometer and the cards with negative temperatures) is also
gang punched. :

After locking the value of K into a “multiplier,” and passing
the deck through, the multiplier will punch product Kt in columns
38 to 45, at the rate of about 700 cards per hour. In like manner,
products Li? and M (¢ — 100)¢® are multiplied and punched in
columns 46 to 62. [The product M(¢ — 100)¢? is required only on
negative values of £.]

The deck is now run again through the multiplier, which is now
wired to add these products algebraically to the R, term and
punch the R sum in columns 74 to 80, Figure 2 shows one of the

)
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cards with the complete computation. The deck is now run
through an ‘“accounting machine,”” which reads the information
in the holes and makes a printed record of afl the information.
Figure 3 shows a section of the final table giving the values of R:
for every degree, and aill the computations in the event that
checking is necessary.

Thus in approximately 4 hours’ machine time the entire com-
putation of 700 temperatures is complete, and a printed record
(triplicate if desired) of all the computations is rendered.
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Sampling Certain Atmospheric Contaminants
hy a Small Scale Venturi Scrubber

PAUL L. MAGILL, MYRA ROLSTON, J. A. MACLEOD, AND R. D. CADLE
Stanford Research Institute, Stanford, Calif.

A portable device for sampling air contaminants permits the scrubbing of large
volumes of air by a small volume of liquid. This facilitates chemical analysis of
the collected materials by making it possible to obtain relatively high concen-
trations of contaminants in the serubbing liquid. The action of this portable
field unit is based on the principle used in the Venturi scrubbers employed teo

remove fumes from industrial stack gases.

Its efficiency for the collection of

several gaseous and particulate air pollutants is discussed. These pollutants
include ammonia, sulfur dioxide, sulfurie acid, and sodium chloride.

ECENT investigations of air pollution in metropolitan areas
have emphasized the need for a sampling device which
makes it possible to scrub large volumes of air with a small amount
of scrubbing liquid. A device is also needed which will sample
these large volumes in a relatively short time. Most previous
sampling instruments designed for the collection of air pollutants
in a scrubbing liquid, such as impingers or bubbler trains (1, 8),
have the disadvantage of comparatively slow sampling rates or
unduly large liquid volumes. Filtration techniques have been de-
veloped which are useful, and many advances have been made in
this direction (10). However, filtering rates are usually slow and
the necessity for removing the filtered material from the filtering
agent is often objectionable.

The apparatus here described is a portable laboratory scale
model of the Venturi scrubbers used for fume recovery in plant
stack gases, and is based in principle on the industrial models de~
scribed by Anthony (2). Essentially, it affords a means of in-
jeeting a serubbing liquid into a rapidly moving stream of air at a
Venturi throat: the liquid stream is there reduced to a fine spray
with droplet acceleration, and subsequently the spray-gas mix-
ture is decelerated and separated. The efficient collection of par-
ticulate impurities probably is due chiefly to collision with water
droplets and diffusion into the water (2). Johnstone and Roberts

(4) have advanced a “diffusion theory’’ in which it is shown that
aerosol particles of 0.l-micron diameter or less have sufficient
Brownian movement to be considered as acting like large gas
molecules; thus the collection of such particles might be con-
sidered to be analogous to gas absorption in liquid droplets.

This type of serubber has proved especially useful to this la-
boratory in sampling polluted city atmospheres, inasmuch as
chemical analysis of trace substances is facilitated by their rela-
tively high concentration in the scrubber liquid, as compared to
other methods of sampling. It is valuable also because of its
ability to sample large volumes of air quickly during periods of
peak contamination, which may be of short duration. In addi-
tion to this application, the small Venturi-scrubber should also be
useful in industrial plants and other locations where it is desired
to know the concentration of toxic substances in working areas.
The use of this scrubber has been mentioned in several reports
from this laboratory (6, 7, 11).

APPARATUS

Functional details of the small scale Venturi scrubber used in
this laboratory are diagrammed in Figure 1.
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Figure 2. Portable Venturi Scrubber

1t is built of Lucite, which permits observation of the spray and
separation action. Lucite was preferred to glass because of ease
of construction. Air is drawn through the device at the rate of 32
cubic feet per minute by a tank-type vacuum cleaner. At the
Venturi throat, the gases have a velocity of 250 to 300 feet per
second. After passing this point, the air is separated from the
scerubbing liquid in the cyeclonic separator section.

The scrubbing liquid is recirculated from the bottom of the
separator back through the spray jet in the Venturi throat. The
drop in pressure at the Venturi throat produces the ‘‘driving
force”” which causes the recirculation of the scrubbing liquid. A
satisfactory water jet tube was found to be a length of glass tub-
ing, 6 mm. in inside diameter, with a straight-cut end; this end is
beveled toward the center to produce a sharp edge. A connection,

0.5" x 0.5" THROAT
2°x 2" AIR INTAKE

__CONSTANT LEVEL

V\WATER RECIRCULATION LINE
0.25 GPM.
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through a constant-level device, is pro-
vided to a reservoir in order to make up
for evaporation losses. The total liquid in
the scrubber is about 150 ml. An area-
type flowmeter is located in the water cir-
culation line. It was found that the maxi-
mum possible flow gives optimum results.
This is achieved by positioning the water
jet in the Venturi throat by a trial and
error method until the maximum flow rate
is attained. This rate was equivalent to 8
to 9 gallons of water per 1000 cubic feet of
air scrubbed (about 0.25 gallon per minute)
in an instrument of the design and dimen-
sions shown in Figure 1. Connected to
the air line leading from the separator is
a vacuum gage which may be calibrated to
indicate the rate of air flow through the
instrument. The width of the diffusing
section at the point of attachment to the
separator is about 0.75 inch.

It is noteworthy that the velocity of air
through the Venturi throat and the liquid-
to-air ratio of this apparatus were com-
parable to those of highly ‘efficient in-
dustrial Venturi scrubbers (4, 6).

Figure 2 shows the scrubber con-
veniently housed in a single portable unit
d for field use. The over-all dimensions of

the unit are 26 X 21.5 X 10inches.

MAKE - UP
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Functional Details of Laboratory Scale Venturi Scrubber

COLLECTING EFFICIENCY

The efficiency of this small Venturi scrubber was investigated
for particulate and gaseous air contaminants.

The particulate contaminants were sodium chloride aerosol,
which is relatively easy to collect, and sulfuric acid mist, which is
notoriously difficult to collect by wet scrubbing. The gases used
were ammonia and sulfur dioxide. These contaminants were in-
troduced at a known rate into a 40-foot mixing tube through which
air was passing at 1000 cubic feet per minute. The atmosphere
leaving the tube was sampled by means of the Venturi scrubber,
and the resulting scrubber solutions were subjected to appropriate
chemical analyses. Sampling time in each case was 15 minutes.

The results show that the efficiency of the scrubber may be
markedly different for various contaminants or for contaminants
in different physical conditions.

Sodium Chloride. Sodium chloride aerosol was produced by
dispersing a 15% aqueous solution of the salt into the 40-foot
tube. Evaporation of the droplets left behind crystalline par-
ticles. Figure 3 shows a gold-shadowed electron micrograph of

Figure 3. Sodium Chloride Particles from Aerosol
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Table I. Scrubber Recovery of Sodium Chloride Aerosol

NaCl Concentration in Air, Mg. per Cu. Meter

Caled. from wt. of Caled. from amount
NaCl lost from gen- of NaCl in scrubber

erator solution Recovery, %
0.355 0.318 89.8
0.389 0.360 92.7
0.400 0.412 102.8
0.355 0.358 100.7
0.424 0.392 92.7
0.392 0.392 100.0
0.426 0.397 93.0

particles collected on a screen which had been in a sedimentation
chamber containing the aerosol for 3 hours. Although the pic-
ture may overemphasize the percentage of large particles because
of the short time allowed for sedimentation, it shows that all the
particles were about 5 microns or less in diameter. The concen-
tration of the salt in the air was determined by difference from
(a) the known weight of sodium chloride originally introduced into
the generator, and (b) the amount of salt remaining in the genera-
tor after the dispersion period. This latter was determined by
thoroughly washing the remaining solution from the generator,
evaporating it to dryness, and weighing the residue. The scrubber
solutions were analyzed for sodium content by the flame spectro-
photometer. These recoveries, which averaged 96%, are pre-
sented in Table I.

Sulfuric Acid. The sulfuric acid aerosol was formed by
bubbling dried nitrogen through a small tube of fuming sulfuric
acid. This was weighed immediately before and after the genera-
tion period to determine, through the weight of sulfur trioxide
lost, the concentration of sulfuric acid produced in the test atmos-
phere. (Sulfur trioxide reacts rapidly with any moisture in the
air to form a sulfuric acid aerosol.) One set of experiments was
performed to determine the scrubber’s efficiency in picking up the
sulfur trioxide (sulfuric acid aerosol) immediately after it was
generated from the bubbler. The sulfate content of the scrubber
solution was measured turbidimetrically (9). Results of these
experiments are shown in Table II. The scrubber removed about
449, of this mist from the air.

Table 1I. Scrubber Recovery of Sulfuric Acid Aerosol, as
Sampled Directly from Generator
S0z Recovered
S0s by Scrubber,
Generated, Mg. Meg. Recovery, %
10.8 3.9 36
9.7 3.8 39
6.8 3.8 56
2.2 0.9 41
1.6 0.8 50

The sulfuric acid particles prepared in the manner described
above are probably much smaller, and therefore more difficult to
collect, than those found in normal atmospheres, because little
time was allowed for them to grow by accumulating water.
Another set of experiments was performed in which the sulfur
trioxide was generated into the previously described 40-foot mix-
ing tube, where several seconds elapsed between the time the mist
was generated and the time of its collection by the scrubber.
Again the scrubber solutions were analyzed turbidimetrically.
The results of the tests carried out in this manner are presented in
Table III. The scrubber averaged 659%, efficiency in the ten trials.

A further check of the concentration of sulfuric acid in the
aerosols was carried out by drawing the test atmosphere through
a train of four Gooch crucibles, each three fourths filled with
tightly packed asbestos (12). After sampling, the asbestos was
washed until free of sulfuric acid, and an aliquot of the filtered
wash water was taken for turbidimetric analysis. This has been
shown to be a very accurate method for determining the con-
centration of sulfuric acid in aerosol form. Sulfuric acid concen-
trations as determined in this manner also appear in Table III.

ANALYTICAL CHEMISTRY

The efficiency of this device for sulfuric acid in aerosol form was
lower than might be desired and was somewhat less than that re-
ported by Jones (5) for an industrial scrubber. However, the
concentrations of sulfuric acid in the gases at the inlet of the
scrubber described by Jones were at least 1300 times the concen-
tration used in the present work, and the concentrations of sul-
furic acid in the exhaust gases from the scrubber he described were
at least ten times greater than the concentrations in the atmos-
pheres that were sampled by the laboratory scale scrubber.
Moreover, the sulfuric acid aerosol Jones sampled may have had
a larger mean particle size than those used in the present in-
vestigation. Because an extensive study of the design of the Ven-
turi, solution jet, and flow rates was not undertaken, it is possible
that the recovery of such aerosols could be improved through
some modification of the apparatus.

Table III. Scrubber Recovery of Sulfuric Acid Aerosol

from Mixing Tube
80; in Air, Mg. per Cu. Meter

Detd. by cru-

Detd. from loss in cible train Detd. by Ven-

wt. of bubbler sampling turi-scrubber Recovery, %
0.278 o 0.149 53.7
0.268 5% 178 66.5
0.156 . 0.104 66.7
0.096 .. 0.070 72.9
0.148 - 0.097 65.8
0.073 o 0.055 75.0
0.053 - 0.031 58.6
1.75 L. 0.118 67.4
1.95 1.98 0.110 56.7
1.90 1 0.129 67.8

A few runs were made to determine the effect on the efficiency
for the collection of sulfuric acid of substituting a 0.5%, aqueous
solution of sodium hydroxide for water as the scrubbing agent.
There was apparently no advantage in using a basic scrubbing
agent.

These results indicate that the apparatus can be used to deter-
mine in a semiquantitative manner very low concentrations of
sulfuric acid in air. For precise results, it would probably be
necessary to apply a predetermined correction factor which would
depend on the efficiency of the scrubber for the acid in the particu-
lar atmosphere being investigated.
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Figure4. Recovery of Ammonia by Small Scale Venturi
Scrubber

Ammonia. The long mixing tube was also used to determine
the efficiency of the Venturi scrubber for removing ammonia
from air by metering this gas from a cylinder into the intake end.
Both distilled water and 0.1 N sulfuric acid were used as the solu-
tion in the scrubber during 15-minute runs. The ammonia con-
tent of the collecting solution was determined colorimetrically
using Nessler’s reagent (3). The efficiency using distilled water
as the scrubbing solution increased with decreasing air concen-
trations of ammonia, approaching a maximum recovery of about
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Figure 5. Recovery of Sulfur Dioxide by
Small Secale Venturi Scrubber

209 at a concentration of 0.2 mg. per cubic meter of air. How-
ever, the recoveries averaged about 1009 when 0.1 N sulfuric
acid was used. The results are plotted in Figure 4.

The Venturi scrubber would be expected to be inefficient for
volatile substances, such as ammonia, unless some substance is
present in the scrubber solution to convert these materials to a
nonvolatile form. For a very small increment of time at the be-
ginning of the sampling period the scrubber is efficient. During
this time the scrubber solution consists essentially of pure water.
As the scrubber operates, however, the solution rapidly absorbs
the gas, until in a short time equilibrium conditions exist and the
vapor pressure of the volatile substance in solution equals the
partial pressure of this substance in the air. Obviously, gas collec-
tion by the scrubber from that time on would be zero. Thus the
over-all efficiency of the scrubber will decrease with increasing
lengths of runs. The decreasing efficiency with increasing con-
centration must result from deviations from Henry’s law.

Sulfur Dioxide. Finally, because sulfur dioxide is often found
along with sulfur trioxide in the atmosphere, the efficiency. of the
scrubber for collecting this gas was studied. It was expected that
when pure water was used in the scrubber the efficiency for sulfur
dioxide collection would be low, as was the case in ammonia
sampling. This would be an advantage when using the scrubber
to collect sulfuric acid, inasmuch as interference from the dioxide,
which in dilute solution oxidizes rapidly to sulfuric acid, would be
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minimized. To determine the possible extent of such interference,
sulfur dioxide was metered into the mixing tube, and the scrubber
sampled the air-sulfur dioxide mixture for 15-minute periods
using distilled water as the solvent. The sulfur dioxide content of
the resulting solution was determined by oxidizing the sulfite to
sulfate, which was then determined turbidimetrically. The re-

sults are presented in Figure 5. The over-all efficiency varied

from 1 to 99 as the sulfur dioxide concentration was decreased
from about 7 to 0.6 mg. per cubic meter. Probably high efficien-
cies for sulfur dioxide, if desired, could be obtained by using
sodium hydroxide solutions in the scrubber.
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Spectrophotometric Determination of Phosphorus in
Organic Phosphates

W. R. SIMMONS! AND J. H. ROBERTSON, Urniversity of Tennessee, Knoxville, Tenri.

The molybdivanadophosphoric acid procedure for the determination of orthe-
phosphate is adapted to the analysis of aliphatic phosphates after hydriodic
acid conversion and to both aliphatic and aromatic phosphates after conversion

by catalytic oxidation.

N A previous paper (6) the authors reported that hydriodic
acid conversion of aliphatic phosphates yields colorless solu-
tions, whereas similar treatment of aromatic phosphates gives
solutions of varying color from pale green to pale orange; and
that conversion .of both aliphatic and aromatic phosphates by
sulfuric-nitric-perchloric acid oxidation in the presence of a
‘molybdenum catalyst produces slightly greenish colored solu-
1 Present address, Experiment Station, Hercules Powder Company, Wil-
mington, Del.

tions. Although the solutions obtained by hydriodic acid
conversion of aliphatics appear to be colorless, when viewed
through a long column they show a faint yellowish cast. Becatse
of the importance of the molybdivanadophosphoric acid colori-
metric method of determining orthophosphate, reported by Mis-
son (§) and modified by Kitson and Mellon (4), it appeared
desirable to establish the degree of applicability of the method
to organic phosphates decomposed by hydriodic acid or by
catalytic oxidation. The present paper describes this study.
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The residual color after hydriodic acid conversion of aromatic
phosphates is stable, requiring vigorous oxidation for complete
removal. The addition of small amounts of ammonium per-
sulfate, bromine water, perchloric acid, hydrogen peroxide, .or
potassium permanganate to the boiling solution has little effect
in reducing the color. Evaporation to fumes with perchloric
acid destroys the color in the case of tri-p-cresyl and tri-o-cresyl
phosphates, but the meta derivative requires evaporation to
dryness. From the outset, therefore, it appeared doubtful
whether the molybdivanadophosphoric acid method would find
convenient adaptation to hydriodie acid conversion in the analysis
of aromatic phosphates. The residual color after conversion of
organic phosphates by catalytic oxidation is due to the presence
of molybdenum which is found not to interfere in the procedure
herein described for the determination of orthophosphates.

Gibbs (3) reported that molybdiphosphoric acids form readily
when soluble phosphates and molybdates are brought into
solution together. The green color present after catalytic oxida-
tion is attributed to some heteropoly acid of phosphate and
molybdate, the exact nature of which is dependent upon the pH
and the relative concentrations of phosphate and molybdate
(2). Kitson and Mellon (4) found that unless too much ammo-
nium ion is present the addition of ammonium vanadate solution
readily converts molybdiphosphoric acids to. the heteropoly
molybdivanadophosphoric acid. This observation was confirmed
in the present investigation. The necessity for adding vanadate
before molybdate for the complete conversion of phosphate to
molybdivanadophosphoric acid exists only under conditions
favorable for the formation of ammonium molybdiphosphate
which is not readily converted to the desired complex upon the
addition of vanadate. Bolin and Stambery (1) reported that the
presence of a small amount of molybdenum does not interfere in
the analysis of various agricultural materials by the molybdivana-
dophosphoric acid procedure using a Cenco photelometer with-a
420 my filter. In the present study measurements were made on
a Beckman Model DU spectrophotometer at 460 mgy, the wave
length used by Kitson and Mellon (4). The acidities of the solu-
tions in the present study were approximately 0.6 N.

SOLUTIONS

A. Blank for Hydriodic Acid Conversion. Thirty milliliters of
reagent grade hydriodic acid, specific gravity 1.7, 556 and 589,
were diluted to 100 ml., decomposed by the cautious addition of
30 ml. of concentrated nitric acid, diluted somewhat, boiled down
to 100 ml. to remove all iodine, transferred to a
250-ml. volumetric flask, and diluted to the mark.
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diluted to the mark, shaken, and allowed to stand for 10 minutes.
The photoelectric spectrophotometer was adjusted to read 100%
transmittance for a blank containing 5 ml. of each of solutions
A, C, D, and E, diluted to 50 ml. The results were plotted on
semilogarithmic paper as per cent transmittance against concen-
tration of phosphorus in milligrams per 50 ml. The straight
line provided a standard graph for reference of all analyses
made on this instrument with the same reagents at the same
dilution. A second series of ten standards was similarly pre-
pared, using twice the volume of all reagents with the excep-
tion of solution A, of which only 5 ml. was used, and diluting to
the mark in 100-ml. volumetric flasks. These standards were for
use in making measurements on those phosphate solutions which
were diluted to 100 ml. to keep the concentration of phosphorus
less than 1.0 mg. per 50 ml., the highest concentration at which
measurements were to be made. For both series of dilutions the
slope was found to be —0.4989. The weight of phosphorus in 50
ml. of solution is given by the expression
. 2 — log 7

Mg. of P in 50 ml. 0.4989 (1)
where 7’ is the per cent transmittance.

Preparation of Standard Graphs for Catalytic Oxidation. Two
graphs were prepared as described above, except that solution B
was substituted for solution A. The slopes of these graphs were
the same and identical with those for hydriodic acid conversion
within the limits of experimental error.

Measurement of Hydriodic Acid Conversion Samples. Five-
milliliter aliquots of samples of organic phosphates decomposed
by hydricdic acid conversion were transferred from their 250-ml.
volumetric flasks to those used for color development. Aliquots

.containing less than 1.0 mg. of phosphorus were transferred to

50-ml. volumetric flasks and aliquots containing from 1.0 to 2.0
mg. of phosphorus were transferred to 100-ml. volumetric flasks.
For the 50-ml. dilutions, 5 ml. each of solutions C, D, and E were
added in the order named, and the solution was made up to the
mark and allowed to stand 10 minutes. For the blank, 5 ml. each
of the solutions A, C, D, and E were similarly mixed, diluted, and
allowed to stand 10 minutes. The per cent transmittance was
measured and the concentration of phosphorus was calculated
from Equation 1. For the 100-ml. dilutions, 10 ml. each of solu-
tions C, D, and E were added, and the final solution was made up
to the mark and allowed to stand 10 minutes. For the blank, 5
ml. of solution A and 10 ml. each of solutions C, D, and E were
similarly diluted. The per cent transmittance was measured and
the concentration of phosphorus was calculated. The percentage
of phosphorus pentoxide in the unknown samples was calculated
as follows:
Dilution volume

% P,0s = mg. of P in 50 ml. X 11.456
o grams of unknown sample
mg. of P in 50 ml. X 22.912

grams of unknown sample

50 ml.

(2)

100 ml. % POy = (3)

B. Blank for Catalytic Oxidation. A mixture
of 5 ml. of catalytic oxidation reagent (6), 10 ml.
of concentrated nitric acid, and 2 ml. of concen-
trated perchloric acid was evaporated to fumes of
perchloric acid, transferred to a 250-ml. volu-

Table I. Comparison of Methods for Determination of Phosphorus

in Organic Phosphates

Theoretica] Hydriodic Acid Conversion Catalytic Oxidation

metric flask, and diluted to the mark. P:0s  Alkali- Spectro- Alkali- Spectro-
C. Nitric Acid, 1 to 2 i Equivalent®, metric photometric metric photometric
D' oni un,l Vanaﬁate 0.25% Two and Compound or Mixture % titration procedure titration procedure
one half grams of ammonium vé.nad%te were dis- Hoxacthol tot 6.1 P;05 Found, % B
solved in 500 ml. of warm water, the solution was Hzggthil :gtf-i 26'_ i gij; gg: 5g gg:g gg‘;é
cooled, 20 ml. of concentrated nitric acid were Monoethyl 56.3 55.0 55.87 56.4 56.01
added, and the mixture was diluted to 1 liter. %,’Ionoetll;yllb b 56.3 56.2 57.66 57.2 57.38
. Ammonium Molybdate, 5%. Fifty grams ~ JERetulo pyiobase 45.3 7.3 7% i 1988
of ammonium molybdate were dissolved in water Triethyl 38.9 37.6 38.18 37.9 38.03
and diluted to 1 liter. Triethyl 38.9 37.8 39.37 37.9 38.69
Mean for aliphatics 46.16 45.39 46.32 45.96 46.11
Vapotone® 43.3 44 .17 44 .8 43.70
PROCEDURE Triphenyld 21.8 21.3 35.82 21.8 21.19
Triphenyl 21.8 21.1 37.89 20.7 21.20
Preparation of Standard Graphs for Hydriodic %:_‘;fgf:g’;l 152 19.5 1558 18.8 19.18
Acid Convergion. A 9.4393&%1;:131 sample I(x)f tvilce- Tri-p-oresyl 19.2 19.0 19.62 20.0 19.36
recrystallized potassium dihydrogen phosphate ricresyl . . 17.64 18 18.71
was dissolved -in distilled water and diluted to 1 Tri-o-phenyl phe“y_ 1 12.8 n.7 12.98 13.1 12.77
literin a volumetric flask. This solution contained Mean for aromatics 19.03 18.36 23.61 19.00 18.81

exactly 0.1 mg. of phosphorusperml. Ten aliquots
ranging from 1 to 10 ml. were measured from a
10-ml. buret into 50-ml. volumetric flasks. To
each aliquot 5 ml. of each of solutions A, C, D, and
E were successively.added, and the mixtures were

@ Upon basis of 1009, purity.

b Technical tetraethyl pyrophosphate.

¢ 509, technical tetraethyl pyrophosphate with organic solvent and emulsifier.

d Recrystallized twice from methanol and water. :

¢ Isomer not specified, but identified through derivatives as chiefly meta isomer.
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Measurement of Catalytic Oxidation Samples. Measurement
on 5-ml. aliquots of samples decomposed by catalytic oxidation
were made as described above, except that solution B was sub-
stituted for solution A in the blanks.

DISCUSSION

In Table I each value for the per cent phosphorus pentoxide
found represents the mean of measurements on duplicate aliquots
from each of two to eight samples of the organic phosphate. The
data for alkalimetric titration of aliquots of the same solutions
analyzed here and reported previously (8) for both aliphatics and
aromatics are included for comparison.

Hydriodic Acid Conversion. For aliphatic phosphates, results
by the molybdivanadophosphoric acid method are slightly
higher than by the alkalimetric titration procedure. For the
aromatics they are somewhat high, in general, and in the case
of triphenyl phosphate and tri-m-cresyl phosphate the results are
so high as to make the method completely unreliable when ap-
plied to them. These results are attributed to the presence of
residual colored organic matter. The time required for the de-
struction of this color by evaporation with oxidizing agents makes
the method of hydriodic acid conversion of aromatics less desirable
than catalytic oxidation for the spectrophotometric determina-
tion. The standard deviation for the aliphatics was 0.38%,, and
the results, while higher than by alkalimetric titration, are in
agreement with those similarly obtained after conversion by cata-
lytic oxidation. Comparison of results recorded in Table I sug-
gests that the results obtained by alkalimetric titration after
hydriodic acid conversion may be slightly low and those by the
spectrophotometric procedure after similar conversion slightly
high.
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Catalytic Oxidation. Values obtained by the miolybdivanado-
phosphoric acid method agree well with those obtained by the al-
kalimetric titration procedure. The standard deviation for
aliphatics was 0.28%, and for aromatics 0.099%,.

SUMMARY

Analyses of organic phosphates, decomposed by hydriodic acid
and by catalytic oxidation, were completed by the molybdivana-
dophosphoric acid spectrophotometric procedure, and compared
with values obtained for aliquots of the same solutions by the
molybdiphosphate-alkalimetric titration procedure. Results ob-
tained by the spectrophotometric procedure compare favorably
with results obtained by the titration procedure for aliphatic
phosphates converted by hydriodic acid and for both aliphatic

‘and aromatic phosphates converted by catalytic oxidation.

The results obtained by the spectrophotometric procedure for
aromatics after conversion by hydriodie acid are unreliable.
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Determination of Small Amounts of Chromium and
Vanadium by Amperometric Titration

THOMAS D. PARKS! AND ELIGIO J. AGAZZI, Shell Development Company, Emeryville, Calif.

An amperometric method for the rapid determination of chromium and vana-
dium is described. Chromium and vanadium are oxidized to chromate ion and
vanadate ion by heating with perchloric acid and treatment with permanganate.
Chromate and vanadate ions are titrated amperometrically with ferrous solution
at the rotating platinum electrode. Reduced vanadium is selectively reoxidized
to vanadate ion with permanganate ion and again titrated amperometrically.
Chromium is obtained by difference. The method has been successfully applied
to steel, crude oil, oil residuum, and asphalt samples. As little as 5 micrograms
of chromium or vanadium can be determined.

OLTHOFF and May (5) have shown that chromate ion in
very dilute acid solution can be accurately determined by
amperometric titration with ferrous ion using a rotating platinum
indicator electrode. Ducret (3) determined chromate and
vanadate ions in mixtures by titration with ferrous ion using
sulfonated diphenylamine as indicator; he first determined
chromate plus vanadate ions by reduction with ferrous ion, and
then determined vanadium alone after selective reoxidation with
permanganate ion. This method fails when dealing with small
amounts of. these ions because of the large indicator correction
).

The chemistry and electrode reactions involved in the ampero-
metric titration of chromate ion have been amply discussed by
Kolthoff and May (5). In these laboratories, their method was
found to be applicable also to the determination of small amounts
of vanadium by titration of vanadate ion with ferrous ion. The

! Present a.ddr;éss. Stanford Research Institute, Stanford, Calif.

principle is the same, except that the reduction of vanada'te ion to
vanadyl ion involves the addition of only one electron. Using
0.001 NV ferrous solution, as little as 5 micrograms of vanadium
can be readily titrated.

Oxidation of chromium and vanadium to chromate and vana-
date ions may be accomplished by a number of oxidizing agents,
such as bromate ion (6, 12), persulfate ion (13), permanganate ion
(13), or perchloric acid (10, 11, 13). Of these reagents, perchloric
acid was selected because of the simple and rapid manner in which
the oxidation can be performed. However, some reduction of the
chromate ion occurs by virtue of the hydrogen peroxide formed
by decomposition of the perchloric acid (10, 18). Rapid cooling
and dilution were found to be inadequate as a means of avoiding
this reduction. Complete oxidation of the mixture was achieved
by treating with permanganate ion after cooling and diluting.

In the method described, chromate and vanadate ions are
titrated amperometrically with ferrous solution to measure the
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chromium plus vanadium. Vanadium is then selectively oxidized
with permanganate ion according to the method of Ducret (3) and
titrated amperometrically with ferrous solution. Chromium
is obtained by difference. The method has been applied success-
fully to steel, crude oil, asphalt, and oil residuum.

APPARATUS

The apparatus used for amperometric titration was similar to
that described by Laitinen, Jennings, and Parks (?), and con-
sisted of a Fisher Elecdropode (Fisher Scientific Company, Pitts-
burgh, Pa.) equipped with a saturated calomel reference electrode,
salt bridge, constant-speed stirring motor, and rotating platinum
indicator electrode.

REAGENTS

Perchloric acid, approximately 60 to 729%,.

Potassium permanganate solution, approximately 0.1 M.

Ferrous Ammonium Sulfate Solutions. To prepare 0.1 N
ferrous solution, dissolve 39 grams of reagent grade ferrous am-
monium sulfate hexahydrate in 1 liter of 1 N sulfuric acid. Pre-
pare 0.01 N and 0.001 N solutions by dilution of the 0.1 N solution.
Standardize these solutions immediately before use by ampero-
metric titration with standard potassium dichromate solution of
suitable strength.

Sodium azide, 4% aqueous solution.

PROCEDURE

To the solution of chromium and/or vanadium contained in a
50-ml. borosilicate glass Erlenmeyer flask, add 2 to 3 ml. of

Table I. Optimum Conditions for Amperometric
Titration of Chromium and Vanadium

Chromium plus 1\\,/ia.nadium Content,
e.

Titrating Conditions 1.0-0.1 0.1-0.01 <0.01
Volume of solution, ml. 40 30 30
Galvanometer sensitivity,

microamperes per mm. 0.50 0.20 0.02
Normality of ferrous solution 0.1 0.01 0.001

Table II. Analysis of Solutions Containing Known
Amounts of Chromium and Vanadium
Chromium, Mg. Vanadium, Mg. A;&p;;);s;ﬁ%;e
Present Fouund Present Found of Titrant (Fe +*)
4.96 5.04 0.01
0.991 0.988 0.01
0.495 0.497 0.01
0.050 0.049 0.001
0.010 0.010 0.001
0.005 0.004 0.001
0.000 0.0007 0.001
0.000 0.0009 0.001
4.90 4.93 0.01
4.90 4.97 0.01
1.96 1.98 0.01
0.490 0.494 0.01
0.098 0.100 0.001
0.010 0.011 0.001
0.005 0.007 0.001
0.000 0.002 0.001
0.000 0.003 0.001
4.96 4.92 4.90 4.96 0.1,0.01
4.96 4.97 0.490 0.491 0.1,0.01
4.96 4.93 0.490 0.460 0.1,0.0t
4.96 4.94 0.000 0.000 0.1
0.000 —90.010 4.90 4.94 0.01
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concentrated sulfuric acid and 3 ml. of 60 to 729, perchloric acid.
Boil until heavy fumes appear or until the mixture becomes
orange in color (Cr:0;~~). Continue boiling for approximately 3
minutes after the appearance of heavy fumes of perchloric acid or
2 minutes after coloration of the mixture. Cool the flask rapidly
by plunging the lower half of the hot flask into ice water for a
fraction of a second, withdraw it rapidly, then quickly immerse a
second time, swirling for 6 to 7 seconds. This procedure permits
rapid cooling of borosilicate glass flasks with a minimum danger
of breakage. Immediately dilute with 10 to 15 ml. of water.
Heat to boiling and add 0.1 M potassium permanganate drop-
wise until a pink color persists for 2 minutes. Add one drop of
concentrated hydrochloric acid, boil 3 minutes, and cool to ap-
proximately 25° C.

Transfer the solution to a 100-ml. tall-form beaker, adjust the
volume (see Table I), and place in position at the rotating plati-
num anode. Set the potential of the platinum anode to +1.0
volt. Using the conditions given in Table I, record the gal-
vanometer reading, add 0.2 ml. of freshly standardized ferrous
solution, and again record the galvanometer reading. Slowly add
titrant until an increase in current is obtained; record the reading
and volume of titrant added. Continue adding titrant in incre-
ments of 0.05 ml., recording the galvanometer reading after each
addition, until 4 or 5 points on a straight line are obtained. Draw
a straight line through the points obtained with no titrant and 0.2
ml. of titrant, and through the points obtained well after the
“bend’”’ in the curve. The point of intersection of these lines
represents the end point.of the titration.

After titration of chromium plus vanadium add 0.1 M potas-
sium permanganate dropwise to the mixture (without turning off
the stirring electrode) until a pink color persists for 2 minutes.
Add 2 ml. of 49, sodium azide solution and stir for 5 minutes. If a
pink color is still discernible, add 1 ml. of 4%, sodium azide solu-
tion and stir 5 minutes. Titrate the mixture amperometrically, as
before, conforming to the conditions given in Table I, but do not
readjust the volume of solution.

From the result of the second titration, calculate the vanadium
content of the sample. Subtract the milliequivalents of vanadium
(second titration) from the total number of milliequivalents (first
titration) to obtain milliequivalents of chromium. From this
value calculate the chromium content of the sample.

RECOVERY OF CHROMIUM AND VANADIUM FROM KNOWN
SOLUTIONS

Two aqueous solutions, one of pure potassium dichromate and
the other of ammonium metavanadate (98.0% pure by electro-
metric titration, 4), were prepared. The compounds were re-
duced by boiling the solutions with sulfuric acid and ethyl alcohol;
excess ethyl alcohol was removed by subsequent heating to fumes
of sulfuric acid. The results obtained for these solutions, sepa-
rately and mixed, are shown in Table II.

APPLICATION TO STEEL SAMPLES

The reliability of the method for the analysis of complex steel
samples is illustrated by the data in Table III for the analysis of
four samples obtained from the National Bureau of Standards.
These samples were dissolved in sulfuric acid or in a mixture of
nitric and sulfurie acids. Nitric acid, when used, was removed by
heating to fumes of sulfuric acid. The data show that little or no
interference was caused by the various elements
present.

Table III. Chromium and Vanadium in National Bureau of

Standards Steel Samples

APPLICATION TO PETROLEUM PRODUCTS
The data in Table II indicate that the method

éxapmp;(f: m\‘aati Chromium, % Vanadium, % is sufficiently sensitive to be useful for the deter-
N.B.S. Sample No. Meg. Present® Found Present® Found mination of small amounts of chromium and
(chro me—?l?ggsten— vanadium in petroleum products, Therefore, the
vanadium steel)® 100 3.52 3.50 0.97 0.94 method was applied to crude oil, asphalt,
(fmom‘i;ﬁium)c 18 0.68 0.75 50.2 50.2 residuum, and a simulated high-additive oil to
(ferrotiggﬁx m)é 100 0.23 0.23 0.33 0.35 which was added known amounts of National
161 0.23 0.34 Bureau of Standards steel samples.
(“‘cc;;ill;]"gh;‘if;“y“)’? 50 16.9 16.8 0.03 0.04 The samples (60 grams) were burned in air and
16.5 0.03 the residues ignited in a muffle furnace to remove

¢ Values taken from N.B.S. certificate of analysis.
b Also contained Mn, 8i, P, Cu, Ni, As, Sn, Mo.
¢ Also contained Mn, 8i, P, Al.

d Also contained Si, Al.

¢ Also contained Mn, P, Si, Cu, Mo, Co.

carbon. Three to 4 ml. of concentrated sulfuric
acid and 5 drops of concentrated nitric acid were
added to the residue and the mixture was heated to
fumes of sulfuric acid. Four additional portions
of nitric acid were added (heating to fumes of sul-
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Table IV. Chromium and Vanadium in Various Petroleum

Products
Sample Chromium, P.P.M. Vanadium, P.P.M,
Description Added Found Added Found
Simulated high-additive?
oil + ferrotitanium 0.20 0.33 0.29 0.24
0.21 0.21 0.30 0.26
0.09 0.11 0.13 0.15
X 0.05 0.05 0.07 0.06
Simulated high-additive®
oil +chrome-tungsten
vanadium steel 11.5 10.6 3.2 3.0
Texas crude oil 0.0 s 7.8
0.0 7.8
Refined mineral oil 0.0 0.0
0.0 0.0
California residuum ! <0.1 10.4
<0.1 9.7
Venezuela crude oil <0.1 178
181
Texas crude oil <0.1 §g
2.
California erude oil <0.1 22
Asphalt ) 0.1 . 20.4
18.2
Venezuela residuum <0.1 g;g
¢ Composition of high-additive oil:
% %
Cd 0.06 Si <0.01
Pb 0.23 Cu 0.01
Mg 0.29 Fe 0.03
Na 0.35 Ca 0.14
Al 0.07 Sn 0.12
Ba 0.41 Cl 1.60
P 0.67

furic acid after each addition) and the resulting mixture was
oxidized and tested as described above.

Results obtained are shown in Table IV. The samples that
contained the high-additive oils gave milky solutions and also
gave a slightly less rapid increase in diffusion current following the
end point. However, the results appear to be satisfactory. The
results for various natural petroleums shown in Table IV indi-
cate the presence of appreciable amounts of vanadium. This
is in agreement with the findings of Shirey (9) and De Golyer (2),
who report presence of vanadium in many petroleums. The
large amount of vanadium found for the Venezuela samples is
not surprising; a vanadium content of as high as 459, has been
reported in the ash from a Venezuela petroleum (Z). The data
show that 5 micrograms (or less) of chromium or vanadium
can be determined in 60 grams of oil.

DISCUSSION AND CONCLUSIONS

Small amounts of chromium and vanadium can be determined
by the amperometric method without interference from moderate
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amounts of almuinum, barium, cadmium, calcium, chlorine,
copper, iron, lead, magnesium, manganese, nickel, phosphorus,
tin, titanium, tungsten, and zirconium. Approximately 0.5 hour
is required to complete the analysis after bringing the sample
into solution.

Several of the samples analyzed yielded milky solutions which
would have seriously handicapped an indicator titration, but
caused little difficulty in the amperometric titration. This
method eliminates indicator corrections which are possible sources
of error and are particularly undesirable when dilute solutions are
employed.

The use of 0.001 N ferrous solution in the titration makes the
method very sensitive and presents little difficulty due to change
in titer. Normally the ferrous solution is freshly standardized
against dichromate by titration at the rotating platinum elec-
trode, but Schéfer (8) has recently shown it is possible to main-
tain ferrous solution of constant normality by using a reductor in
the dispensing system.

Although the amperometric method for chromium and vana-
dium is most accurate when the metals occur in about equivalent
concentrations, the data indicate that small amounts of either
metal can be determined satisfactorily in the presence of the
other, although because chromium is determined by difference,
small amounts of chromium are determined less accurately in the
presence of a large amount of vanadium than vice versa. This is
particularly true when a more dilute ferrous solution can be used
to titrate the vanadium.
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Determination of Small Amounts of Sulfuric Acid
in the Atmosphere

PAUL P. MADER, WALTER J. HAMMING, AND ANTHONY BELLIN
Los Angeles Air Pollution Control District, Los Angeles, Calif.

URING the study of air contaminants it became necessary
to determine the amount of free sulfuric acid in the atmos-
phere. The purpose was to determine the absolute amounts of
this aerosol at various times of the day in connection with the
observed variation in visibility, and to establish the rate of oxida-
tion of sulfur dioxide into sulfuric acid mist under the meteorologi-
cal conditions prevalent in the Los Angeles Basin. Specific
measurements were also needed to determine the harmful effect
of sulfuric acid on animal tissues as well as deleterious effects on
vegetation.

Various methods have been tested for their suitability in the
determination of very small concentrations of this aerosol in the
air. The method used by Coste and Courtier in England (2)
consists of the removal of sulfur dioxide from the air sample and
the subsequent saturation of the air with water vapor. Follow-
ing this, the sulfuric acid aerosol is condensed in a flask immersed
in ice. The sulfuric acid, if present in the atmosphere sample,
forms the nucleus for the water droplets. The particle sizes of
these acid droplets grow sufficiently large to be collected as con-
densates in the cooled flask. Although this method produced
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good results with solutions of known concentrations, it had the
disadvantage that the atmosphere could be sampled only at the
rate of 30 cubic feet in 24 hours. Therefore, because this repre-
sents about a minimum sample, only an average result for the
entire period could be obtained.

Another method for the collection of the sulfuric acid compo-
nent in the atmosphere makes use of a train of four to five Gooch
crucibles which are inserted into one another (8). KEach of the
crucibles is tightly packed with asbestos, glass wool, or cotton
wool. It was found that the filtering material itself showed a
considerable alkalinity or acidity to water, even after repeated
washings. In addition, the sampling rate had to be maintained
at the low rate of 6 cubic feet per hour as a result of the back-pres-
sure caused by the tightly packed filtering material. Results
obtained by this method were erratic and the efficiency varied
from 40 to 859.

Holder for Filter Paper Disks

Figure 1.

The Jena-type glass sintered filter, as recommended by Good-
eve (5) of University College, London, for the removal of the sul-
furic acid aerosol was also tested. Results from this type of
filter confirmed the high efficiencies reported by Goodeve. How-
ever, because of the high resistance of the filters, the maximum
sampling rate of air was limited to 10 cubic feet per hour. This
rate was insufficient to determine the sulfuric acid collected over
a 1-hour period because of the low concentrations normally in-
volved. Goodeve’s method is satisfactory for a 7- to 9-hour
sampling period which would represent 70 to 90 cubic feet of air,
but it proved unsatisfactory for shorter periods of sampling at the
same rate.

Because none of the above procedures was sufficiently rapid for
the authors’ purpose, a modified sampling method has been de-
veloped, which is based upon the use of specially prepared What-
man No. 4 filter papers. The use of these filter papers had been
suggested in 1924 (9) for the determination of sulfuric acid mist
within chemical industries. Because of the fairly high concen-
trations of this acid encountered within the plant, no special con-
sideration had to be given to the acidity or alkalinity of the filter
papers. However, with the presence of very minute quantities
of sulfurie acid mist in the atmosphere, these filter papers can be
used for atmospheric sampling only after their own acidity or
alkalinity has been carefully removed by special treatment.
Failure to take this factor into consideration would lead to
erroneous results. Owing to the low resistance and the high col-
lecting efficiency of these filter papers, sampling rates as high as
60 cubic feet per hour can be used. Inasmuch as a 60-cubic-foot
sample was found sufficient to determine the free sulfuric acid
present, this method permits the measurement of hourly varia-
tions of the sulfuric acid aerosol in the atmosphere.

The presence of interfering substances in the atmosphere has
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been investigated. It was found that particulate matter normally
present as dust is neutral and that gases such as sulfur dioxide,
hydrogen chloride, oxides of nitrogen, and ammonia pass through
the filter without affecting its pH. Therefore, for all practical
purposes, the residual acidity measured by this method is equal
to the total acidity of the sulfuric acid aerosol collected.

Although the pore size of the Whatman No. 4 filter papers is
given by the manufacturer as 2 to 5 microns, particle sizes of 0.01
micron can be effectively trapped because of the centrifugal action
on the particle being drawn through the filter paper. A gas con-
taining an aerosol, on being drawn through a mechanical filter, is
broken up into a large number of small eddy currents (4). It is
thereby brought into contact with a relatively enormous surface
and the aerosol will be deposited in or on the mechanical filter by
the centrifugal force.

The efficiency of the Whatman No. 4 filter papers for the col-
lection of the sulfuric acid aerosol was tested by generating
known concentrations of sulfuric acid of various particle sizes and
measuring quantitatively the amount of acid that was recovered.
The recoveries were found to be 91 to 979, of the amount of sul-
furic acid passed into the system (see Table I).

In the efficiency studies no Tyndall beam effect was observed
in the air after it had passed the filters. According to Goodeve,
no Tyndall beam effect can be observed with particles less than
0.01 micron in diameter. It is therefore possible that the small
amount of acid unaccounted for was due to particle sizes of less
than 0.01 micron. In this case no great significance is attached
to the small amount of acid not recovered by the Whatman filters,
because the particle size of sulfuric acid mist most frequently
encountered in the Los Angeles atmosphere is of the order of 0.75
micron. This has been shown on atmospheric samples which
were previously collected by this laboratory, using a modified
Sonkin’s cascade impacter. However, the possibility also exists
that a slight buffering action of the filter paper and/or absorption
on the walls of the sampling tubes contributed to this loss of about

5%.

EXPERIMENTAL

A glass holder was built to hold small disks of filter paper, 1
inch (2.5 cm.) in diameter. This holder is shown in Figure 1 and
is similar to filter paper holders devised by Clarke and Hermance
(1) and Gettler and Goldbaum (3). It consisted of two pieces of
borosilicate glass tubing (15 mm. in inside diameter), each of
which had been flared to a cross-sectional diameter of 30 mm. and
ground flat on the flared ends. These two ends were coupled by
means of two perforated metal collars which were clamped to-
gether and pressure-tightened by screws with knurled nuts. The
disks of filter paper were cut to a diameter of 25.4 mm., seated
between the ground ends of the holder, and clamped. Two disks,
superimposed, were used for each test.

Table I. Efficiency Study of Whatman No. 4 Filter

Theoretical Wt. of Total Wt. of Efficiency,
Test Sulfur Trioxide Sulfur Trioxide A
Run Generated, Mg. Recovered, Mg. Recovery
1 3.73 3.39 90.8
2 7.79 7.32 94.0
3 5.84 5.43 93.0
4 13.60 12.84 94.5
5 14.60 14.10 96.6

The filter paper disks were cut from large Whatman No. 4,
18.5-cm. filter papers. Three of these filter papers were washed
and dried together to form a given batch of filter disks. Washing
consisted of leaching with copious quantities of distilled water
successively over an extended period of time. Satisfactory re-
sults were obtained with five 12-hour leachings, using 500 ml. of
distilled water for each. A 19-cm. borosilicate glass crystallizing
dish was used for the washing. After washing, the filter papers
were oven-dried at 100° C.

By means of a sharpened cutting tool, each filter paper was cut
into 1-inch disks, which were placed in a dry, clean jar represent-
ing a filter batch containing 70 to 75 filter disks.
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A method has been developed for determining small concentrations of sulfuric

acid mist in the atmosphere.

It employs specially prepared filter papers for the

removal of this aerosol from the air stream and determines the acidity by titra-

tion.

With the help of this method it is possible to measure variations of the

amount of free sulfuric acid in the air on an hourly basis.

The pH of the filter batch was tested by placing two disks,
selected at random, in a given volume (20 ml.) of carbon dioxide—
free, distilled water of known pH. The disks were thoroughly
macerated and stirred by means of two glass rods to form a
slurry of pulp. After standing for 3 minutes, the pH of the
water—filter paper mixture was determined with the use of a
Beckman pH meter. Similarly, two other pH tests were made
on the filter batch to determine the uniformity of pH. If the
three pH batch tests indicated a consistency of 0.03 pH unit and
a deviation of not more than 0.10 pH unit from that of the dis-
tilled water used in the measurement, the filter batch was con-
sidere(;i satisfactory for use in determining atmospheric sulfur
trioxide.

Figure 2. Apparatus for Field Tests

Table II. Results Obtained in Downtown Los Angeles
Relative Sulfuric
Hour Humidity Sample, Acid,
Date, Sample at 8:30 Cu. P.P.M.
1949 Taken AM. Feet (Vol.) Remarks
Dec. 2 9-10 A.m. 94 54 0.036 Dense fog, intense
air pollution
Nov.22 1-2r.M. 91 60 0.033 Dense fog, intense
air pollution
Sept. 1  9-10 A.M. 71 59 0.015 Less fog, moderate
air pollution
Aug.31 9-10 A.Mm. 61 61 0.0056  Very little fog, very
slight haze
Dec.4 9-10 A.m. 30 62 0.0 Clear day, no pollu-
tion
Table III. Results Obtained in London, England
Volume HZSOA,
Date, of Air, Time, P.P.M.
1934 Liters Hours (Vol.) Remarks
Feb. 12 3440 7.5 0.034 Slight fog
Feb. 14 2360 9.5 0.019 Less fog
Feb. 15 3660 9.75 0.015 Less fog
Feb. 16 3580 9.5 0.009 Fog in morning
Feb. 23 1390 i 4 0.0 Clear

Field tests for atmospheric sulfur trioxide were made using two
filter disks in the holder as described. Air was drawn through
the filter at a rate of 50 to 60 cubic feet per hour with the pressure
drop through the filter and air temperature being recorded
(Figure 2). After sampling for 1 hour, the filter disks were re-
moved and placed in a dry, clean 2 X 2 inch jar.

Following the foregoing procedure, the test filters were macer-
ated in 20 ml. of distilled water and the resulting solution was
then measured for pH and titrated with 0.002 N sodium hydroxide.
The end point for the titration was that of carbon dioxide~free,
distilled water corrected for filter batch acidity or alkalinity. It
was determined by the use of a Beckman pH meter.

The titrated acidity was expressed as parts per million of sul-

?uric a;,cid by volume according to the following
ormula:

p.p-m. =
ml. of base X normality X 10° X 22.41 X 10°
98 X 28.32 X cu. feet of air (S.T.P.)

RESULTS

The amounts of sulfuric acid found in typical
samples from the Los Angeles area are shown in
Table II. They are of the same order of mag-
nitude as the data which were taken by the Uni-
versity College, London, employing the sintered
filter method. Results shown in Table III (6) are
the data which were collected in London, England,
under clear and foggy weather conditions.

The results obtained by this method indicate
that the sulfuric acid content of the atmosphere
ranges from 0.0 to 0.036 p.p.m. by volume. The
highest readings for sulfuric acid were obtained in
days that started with a high relative humidity.
A high moisture saturation of the atmosphere,
when water droplets are condensed on the surface
of dust particles, salt spray, metallic oxides, etc.,
appears to provide a highly satisfactory medium
for the sulfur dioxide of the atmosphere to be
dissolved and then rapidly oxidized to sulfuric
acid. After the temperature increases during the day and the
fog particles dissipate, the sulfuric acid mist remains in the
atmosphere because of its low vapor pressure. In dry air the
oxidation of sulfur dioxide to sulfuric acid seems to proceed at
a very slow rate. Even in the presence of relatively high sul-
fur dioxide concentrations, the sulfuric acid content remained
very low or immeasurable at a low relative humidity.
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Microdetermination of Oxalate in Fermentation Media

GEOFFREY HALLIWELL
Faculty of Technology, Manchester University, Manchester 1, England

An improved volumetric method is presented for the determination of small
quantities of oxalate, capable of analyzing 3.5 mg. of oxalic acid with a recovery of
100.55% (coefficient of variation 0.24) down to 0.4 mg. with a recovery of 99.71%

(coefficient of variation 0.40).

Comparisons are made with contemporary tech-

niques. The effect of citrate, original sample volume (up to 10 ml.), and medium
constituents upon the accuracy is also given.

METHOD is described for the estimation of small quantities
(0.4 to 4.0 mg.) of oxalic acid in the presence of other or-
ganic acids.

The method of Pucher, Wakeman, and Vickery (4), on which
it was based, entailed precipitation of the calcium salt at pH 5.0;
separation was effected by means of a microcrucible containing
special asbestos, prepared as directed by Kirk and Moberg (2).
Neither this separation, which was unreliable and involved a
transference of the precipitate, nor separation by centrifugation
was found suitable. Advantageous though the latter process
might be in theory (3), it had the disadvantage that floating of
the precipitate was troublesome, in spite of the addition of an
acid-alcohol mixture.

Standard Method
8 replicates)

Table I.

(1 ml. of oxalate solution in each case.

Theoretical Range of Coefficient
(COOH): Recovery Difference Recoveries of Variation
Mg. Mg. Mg. % %

3.646 3.666 +0.020 +0.55 100.3-100.7 0.24
3.599 3.614 +0.015 +0.42 100.0-100.7 .
1.370 1.366 —0.004 —-0.29 99.1-100.3 0.37
1.286 1.281 —0.005 —0.39 99.3-99.8 &
0.4061 (G.4049 —0.0012 —0.29 99.2-100.3 0.40
0.3990 0.3989 —0.0001 —-0.03 99.5-100.3 .

The present author employed King filter sticks (1) in the early
part of the work for the separation of the precipitate, but occa-
sional reaction of the filter paper with the permanganate caused
their discontinuance, although they were handier to use. Sintered-
glass filter sticks were found most suitable for the separation.
Titration of the oxalate with 0.02 N potassium permanganate at
100° C. gave unsatisfactory end points (variation of =2.59%, for
0.4 mg. and =5.0% for 7 mg. in 12 ml,, 4). Instead, titration was
done with 0.10 N or 0.05 N permanganate at room temperature
(about 25° C.) in the presence of manganese sulfate as a catalyst.
This was very satisfactory if the volume of liquid to be titrated
was kept below about 3 ml. and if horizontal microburets capable
of delivering 0.8 to 0.001 ml. or 0.2 to 0.0002 ml. were used.

REAGENTS

Sodium oxalate, analytical reagent grade, dried at 110° C. for
2 hours. Solutions are made up to contain approximately 5.0,
1.0, and 0.6 mg. per ml.

N

Vacuum <—

Figure 1. Method of Filtration

Potassium permanganate, analytical reagent grade, 0.10 N
and 0.05 N. The requisite amount is dissolved in slightly more
than the theoretical quantity of distilled water, boiled 30 minutes,
then allowed to stand overnight. After being filtered through
sintered glass the solution is standardized against sodium oxalate.
Permanganate so prepared is stable for at least 9 months.

Citric acid, analytical reagent grade. Solutions are prepared
to contain approximately 25.0, 6.0, and 2.0 mg. per ml.

Ammonia, 6 N, analytical reagent grade.

Acetic acid, 2 N, analytical reagent grade.

Sulfuric acid, 3 N, analytical reagent grade.

Manganese svlfate tetrahydrate, analytical reagent grade.

Bromocresol purple indicator, 0.04% in distilled water.

Calcium acetate, pure, 5% solution.

PROCEDURE

One milliliter or less of the solution
containing oxalic acid (0.4 to 4.0 mg.)
was measured into a microbeaker and

Table II.

(1 ml. of oxalate solution in each case)

Modifications of Filtration and Titration Procedure

made just alkaline to the bromocresol
purple (already present) with 6 N am-
monia; 2 N acetic acid was then added
to a yellow color (pH 4.0 to 5.6),

Filtra- Theo-
tion ) retical  Repli- Coefficient followed by 0.5 ml. of 5% calcium ace-
Method Titration Method (COOH): cates Recovery Difference of Variation tate in the cold, and was left to stand
Mg. Mg. My. % a minimum of 2 hours, after the beaker
King 0.02 N KMnOy, 10-ml. buret  3.519 8 3.593  40.075 +2.10 1.7 had been gently swirled to mix the
filter graduated in 0.01 ml.,  3.501 8 3.589  +0.088 +2.51 : contents
stick 100° C. (4) tenss.
Pucher  Pucher (4) 3.626 6 3.817  +0.191 +5.3 lich T supemat%nt o rem? v e
() 3588 6  3.773 +0.185 +5.1 2.5 Eient yacuum, by meaus of a 7.
it @ I r Huss 6 ppin S A L 1 H4 sintered-glass filter stick and the
ucher Xcess MnOs;, , an . i . . 1Dl 1 =
4) titration with Na;S:O in  3.426 6  3.540 40,124 13.6 1.3 precipitate was washed with a sstu
10:m), buret gradnatediin rated solution of calcium oxalate pre-
0.01 ml. (3) pared according to Stanford and
King  Powers (3) 3.521 5 8.577 40.06 +1.60 | . Wheatley (5). The washings were re-
ﬁ'l;ce‘: 3.500 7 3.566  +0.066 -+1.90 9 moved in the same manner and the pre-
stic

cipitate was finally sucked dry by appro-
priate manipulation with the filter stick.
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The beaker containing the precipitate and filter stick was now
treated with 1 ml. of 3 N sulfuric acid and warmed on the hot
plate. The filter stick was used to assist the solution of the cal-
cium oxalate, especially on the sides of the beaker, where there
was usually a tendency to upward creep of the precipitate during
the washing with saturated caleium oxalate. The resultant solu-
tion was then removed under reduced pressure through the filter
stick, followed by washing with distilled water.

The product was collected in a second microbeaker as illus-
trated in Figure 1. About 4 mg. of manganese sulfate were now
added and shaken to dissolve, and the solution was titrated at
room temperature (about 25° C.), with 0.1 N or 0.05 N perman-
ganate using a horizontal microburet. The titration was carried
out for two minutes with the usual additional care near the end
point. This time was required to obtain the accuracy of deter-
mination in Table 1.

Table III. Effect of Titration Temperature

(King filter stick, 0.8- or 0.2-ml. microburet, and 0.10 or 0.05 N KMnOs..
1 ml. of oxalate solution in each case)

Theo-

Temp., retical Repli- Coefficient
°C. (COOH): cates ‘Recovery Difference of Variation
Mg. Myg. Mg. %
100 3.525 9 3.553 +0.028 +40.79 0.87
3.499 6 3.551 40.052 +41.48 .
60 3.525 11 3.529 +0.004 +0.11 0.71
3.499 6 3.527 +0.028 -+0.80 '
25 3.596 4 3.593 —0.003 —0.08 0.23
3.608 9 3.618 +0.610 +4-0.28 :

D1SCUSSION

The tables show that the standard method of titration at about
room temperature with manganese sulfate as catalyst was by far
the most accurate. All other titration techniques gave greater
variability and a slightly high result (Table II). Raising the
temperature had a similar effect on the results of the standard
method (Table IIT). The volume of solution at the time of pre-
cipitation had a small but definite effect in raising the titer
slightly and introducing a little greater variation (Table IV). Al-
though the presence of citrate produced statistically significant
differences from the expected titers, these effects were relatively
small under the conditions described in Table V. Possibly the
additive effect of the larger citrate concentration was due to a
slight insolubility of calcium citrate in the small volume of pre-
cipitated solution (2 ml.) used (but see Vickery and Pucher, 6).
It has never proved serious in the author’s experience in the range
indicated. These values of citrate (0 to 26 mg.) and oxalate (3.6
mg.) were chosen to cover the expected values in a research pro-
gram on the metabolism of Aspergillus niger.

Table IV. Effect of Volume of Precipitating Solution
(Present standard procedure. 6 replicates)
Theoretical Coefficient
Volume (COOH): Recovery Difference of Variation
M, Mg. Mg. Mg, %
10 3.476 3.490 4-0.014 <+0.40 0.21
3.575 3.593 +0.018 +0.50 .
0.5 -3.476 3.488 +0.012 +0 34 0.15
3.575 3.586 +0.011 +0.31 .

Table V. Effect of Citric Acid on Oxalate Precipitation

(Present standard procedure. 1 ml. of oxalate solution and 1 ml. of citrate

solution in each case, save with oxalate alone which contained 1 m]. of oxalate

solution and 1 ml. of distilled water. 7 replicates. Theoretical (COOH)2,
av., 3.627 mg.)

Citric Acid Recovery Coefficient
(Av.) (Av.) Difference of Variation
My. Mg. Mg. %

25.94 3.658 +0.031 +0.86 0.79
10.67 3.641 +0.014 +0.39 0.33
5.55 3.644 +0.617 +0.47 0.39
3.24 3.654 +0.027 +0.75 0.25
1.34 3.633 +0.006 +0.17 0.42
3.634 +0.007 +0.19 0.23
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Table VI. Recovery of Oxalic Acid in Presence of Large

Excess of Citric Acid

(Present standard procedure. 4 ml. of oxalate solution and 1 ml. of citrate.
5 mg. of citric acid per ml. 4 replicates)

Theoretical Range of Coefficient
(COOH), Recovery Difference Recoveries of Variation
Mg. Mg. Mg. % %
0.4176 0.4155 —0.0021 —~0.50 99.2-99.7
0.4211 0.4195 —0.0016 —0.38 99.3-99.9 0.22

Table VI provides data on the recovery, in the presence of a
rather greater excess of citrate. This concentration of oxalate
(0.4 mg.) was used because it provided the practical minimum for
the present improved method of oxalate determination. This
weight, however, may be contained in up to 10 ml. of solution
with only slight changes in efficiency (Table 1V). Titration of
less than 0.4 mg. of oxalic acid with permanganate provides dif-
ficulties in a poor end point appreciation and the recoveries pre-

‘sented here no longer hold.

Table VII.

(18.3 mg. of citric acid per ml. of media. Present standard procedure.
1 ml. of oxalate solution and 1 ml. of media in each case. 4 replicates)

Recoveries from Media Containing Citrate

Re-
covery
X o Coefficient
Medium (COOH); Added Range of of
(COOH); Added (COOH): Difference Recovery Variation
Mg. Mg. Mg. Mg. % %%
0.1589 1.6811 1.6778 —0.0033 -0.20 99.5-100.3 0.34
0.1963 1.8516 1.8516 0.0 0. 99.5-100.4 ©0.43
0.1826 1.8477 1.8436 —0.0041 —0.22 99.7-100.6 0.44

Table VII indicates that recoveries from fermented media
(Aspergillus niger grown on original media containing ammonium
nitrate 0.22%, potassium dihydrogen phosphate 0.10%, mag-
nesium sulfate heptahydrate 0.0259%, and glucose 109 as carbon
source) were in good agreement with theory.

To apply the method to very dark colored material, such as
molasses or plant tissues, the material is treated as for “prepara-
tion of organic acid fraction” (Pucher et al., 4). An aliquot of the
neutralized extract is then used for the determination of oxalate
as described above.

- The method has been used for routine analysis in these labora-
tories over the past year and has proved fully satisfactory. When
twenty samples were run together the method required about 5
hours, excluding the time involved in the precipitation and subse-
quent standing. If a less accurate determination will suffice—
e.g., coefficient of variation not more than 0.9% (Table III)—
then to speed up the titration, the acid solution of calcium oxalate
may be heated to boiling on the hot plate with a erystal of man-
ganese sulfate and titrated without further heating, the catalyst
compensating for the falling temperature.
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Amperometric Titration of Sulfhydryl Groups

Microgram Analysis

SHELDON ROSENBERG, J. C. PERRONE, AND PAUL L. KIRK
University of California Medical School, Berkeley, Calif.

A modification of the amperometric titration method for sulfhydryl groups

has been developed for use with microgram quantities.
electrode is used as a combination electrode-stirrer.

A vibrating platinum
With this technique it is

possible to determine with reasonable accuracy amounts of sulfhydryl as small

as about 1 microgram.

The method was tested with denatured protein solution

and yielded results which were in agreement with previous studies of this type.

OLTHOFF and Harris (6) described an argentometric titra~

tion for compounds containing the sulfhydryl group, using
an amperometric end point and a rotating platinum cathode. In
an effort to adapt the method to determination of microgram
quantities, Perrone and Kirk in 1946 were able to show that a
vibrating platinum electrode was equally effective. Using the
standard vibrating stirrer (§) commonly employed in microgram
analysis, but substituting a platinum wire for the glass thread
and attaching the wire to the electrical system, the end points
obtained with the Kolthott and Harris arrangement were as good
as those obtained with the rotating electrode, inasmuch as the
rapidity of movement of the platinum wire in the solution could
be made as great. Since that time, the vibrating electrode has
been used for polarography but not amperometry with larger
volumes of solution by Harris and Lindsey (4). Benesch and
Benesch (1) have recently demonstrated the applicability of the
rotating electrode to determination of the sulfhydryl group in
relatively large amounts of biological materials. In this article
is described the modification of standard microgram analysis to
the similar determination of microgram quantities of this group
in biological and other materials, using the vibrating platinum
stirrer-electrode.

APPARATUS

The vibrating electrode consisted of a standard stirrer, shown
in Figure 1, in which the glass thread was replaced by a platinum
wire. Because the vibrator is constructed of steel, electrical con-
nection was made to the screw holding it at the attached end.
The electrode also served as stirrer, agitation being produced in
the small volume of solution by the 60-cycle vibration. Titra-
tions were performed in porcelain titration dishes, carried on the
standard titration table (). Titrating liquid was added either
from the capillary buret described by Sisco, Cunningham, and
Kirk (8) or from a modified horizontal buret (5) whose total
capacity was only about 20 microliters. This buret of very small
capacity made possible greater precision in adding small incre-
ments when the amounts titrated were in the lower range of the
method.

As reference cell, a vessel similar to that previously described
(8) was filled. In the bottom of the eell was placed about 0.6
cm. of mercury, on top of which was added an electrolyte solution
made by dissolving 4.2 grams of potassium iodide and 1.3 grams
of mercuric iodide in 100 ml. of saturated potassium chloride solu-
tion. The salt bridge was filled with a gel of 39, agar containing
309, potassium chloride. After a few weeks’ use the agar gel
tended to crack and required replacement. This could be re-
tarded by keeping the gel immersed in potassium chloride solution
when not in use. Precautions against the inclusion of air bubbles
in the agar were necessary at all times; this was readily acecom-
plished by gently sucking the melted agar solution into the bottom
of the salt bridge tube.

The current was measured by a galvanometer of the swinging
light-beam type having a sensitivity of 0.21 pa. per division. A
resistance wire was provided across the leads in case the deflection
of the instrument became too great. This could be a high resist-
ance radio potentiometer allowing the adjustment of the resist-
ance as needed. The substitution of a fine Nichrome wire

about 45 em. (15 inches) long, having a resistance of about 25
ohms per inch, was satisfactory.

REAGENTS

Silver nitrate solution, about 0.001 M, was made by dilution of
a stronger stock solution which was usually 0.1 M. The stock
and diluted solutions were carefully standardized against potas-
sium chloride on a larger scale, making use of dichlorofluorescein
indicator.

Supporting electrolyte solution was made to contain 0.25 M
ammonium hydroxide and 0.1 M ammonium nitrate. This solu-
tion prevented precipitation of chloride and functioned in the
electron transport system.

PROCEDURE

A convenient aliquot of the solution being analyzed was meas-
ured with a mieropipet into the porcelain dish, using two or three
rinsings. The half-cell and vibrating platinum electrode were
immersed in the solution and the current was allowed to equili-
brate while the buret was being filled with silver nitrate solution.

Vibrating Cathode Assembly

A. Magnetic vibrator
G. Leads to galvanometer
P. Vibrating electrode

Figure 1.

Table I. Cysteine Solutions of Known Content
Cys- Av-
teine Sulf- Cysteine erage Stand-
HCl1 hydryl Time of HCI Re- ard
Taken, Group, Standing, No. of Found?®, covery, Errorb,
v v Min. Detns. v o A
30.6 6.23 10-30 6 30.4 =1.03 99.6 1.6
15.3 3.11 2-3 hours 6 11.98 =0.6 77.7 2.0
5.06 1.029 10-30 5 4.904 =0.22 97.8 2.9
3.03 0.616 10-30 8 2.765 = 0.08 91.2 1.3
1.01 0.205 10-30 3 0.943 =0.03 93.0 2.4
1.01 0.205 4-5 hours 3 0.83 =0.05 82.2 4.5

¢ Mean = mean deviation.

a2
b = A f S
Calculated from formula S.E. \/N(N T
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Table II. Glutathione, Solutions of Known Content
Aver-
age
Gluta- Sulf- Re- Stand-
thione  hydryl Time of Glutathione cov- ard
Taken, Group, Standing, No. of Found?, ery, Errorb,
¥ ¥ Min. Detns. ¥ % %
50 5.39 10-30 5 50.46 =0.24 100.1 " 0.27
21.1 2.27 10-30 4 21.55 =0.55 102.0 1.7
21.1 2.27 6~7 hours 5 19.3 =0.4 91.5 1.5
5.40 0.58 1045 5 4.84 =0.29 88.50 3.4
5.40 0.58 * 2-3 hours - 6 4.64-=0.49 86.0 4.5

¢ Mean = mean deviation.

b Caleulated from formula S.E. = \/N—(N——_T) .

Titration was not started until the current remained steady. At
times this required as long as 10 minutes when a new reference
cell was first employed. The vibrating electrode required a
shorter time for equilibration than the rotating electrode, usually
operating at the very beginning of its movement. Titration was
carried out by adding increments of silver nitrate of convenient
size and noting the galvanometer deflections after each addition.
When the first large deflection was observed, the current was re-
corded for at least three more additions of reagent. Blank de-
terminations were made under each set of experimental condi-
tions. Blanks were uniformly low, corresponding to 0.2 to 0.8
microliter of titrating solution.

A graph of the results showing galvanometer deflections as
ordinate versus increment as abscissa was constructed. The
shape of the curves was the same as those of Kolthoff and Harris

and others.
RESULTS

Using the technique described, analyses were made of cysteine
hydrochloride, glutathione, and eventually protein solutions,
some of which had been denatured. The range of the method
was tested by analysis of cysteine solutions of known content
(Table I). The recoveries were satisfactory when the experi-
mental conditions were controlled with reasonable accuracy.
When long times of standing were employed, the recovery fell
uniformly, as shown by the small standard error combined with
considerable lack of recovery. The smallest amounts of cysteine
when run rapidly still yielded a reasonably high recovery, though
not uniformly theoretical. As the amounts became larger the
theoretical recovery was approached more closely.

Similar results were obtained with known quantities of gluta-
thione (Table IT). Here, also, the time of standing was signifi-
cant, any time over a half hour causing low recovery. The smaller
quantities here also were not completely recovered. Consid-
ering that the amount of sulfhydryl group present in glutathione
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is only 10.779%, the lower limit of accurate analysis is at least as
low as 1 to 2 micrograms of sulfhydryl group.

After the procedure had been tested with known concentrations
of simple compounds, it was thought desirable to test its utility
with denatured proteins. For this purpose, bovine serum albu-
min was titrated to determine the amount of sulfhydryl normally
present. It was also denatured by various denaturing agents,
as shown in Table III. The amounts of sulfhydryl obtained with
denatured proteins by this procedure were found to be reasonably
constant, The values were in good agreement with the value of
0.349, found by Greenstein (3). There is no method by which
the exact amount of sulfhydryl which should be present may be
demonstrated. The agreement between denaturation with vari-
ous concentrations of alcohol and that with guanidine hydrochlo-
ride was striking, whereas the value with urea wassomewhat lower.

Table III. Sulfhydryl Group in Bovine Serum Albumin

Denaturing Agent No. of Sulfhydryl as
and Solvent Detns. Cysteine v/100 v Protein
Alcohola %
4 0.32 =0.02
42 . 5 3 0.29 =0.01
63.3 4 0.30 =0.02
None 4 No titration
Guanidine hydrochloride®
Distilled water 0.33 =0.03
63.3% alcohol 4 0.31 =0.02
Ureac©
Distilled water 5 No titration
43.59%, aleohol 5 0.21 =0.01

2 Protein placed in alcohol solution and allowed to stand at.room tempera-
ture 0.5 hour before titration.

b Protein solution added to guanidine hydrochloride according to method
of Greenstein (2).

¢ Denatured according to method of Anson (7).
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Microbiological Determination of Sulfur in Yeast

DORIS K. MCMANUS, ALFRED S. SCHULTZ AND WAYNE E. MAYNARD
The Fleischmann Laboratories, Standard Brands Inc., New York, N. Y.

HE recent investigation of the ability of various yeasts to

use the sulfur of amino acids and other sulfur compounds (11)
suggested the possible development of a microbiological assay
method for sulfur. A search of the literature revealed that most
of the values given for the sulfur content of yeast were obtained by
direct ashing of the samples. Fink and Just (9) used the Eschka
mixture as a fixative during the ashing of yeast samples and ob-
tained much higher values than those obtainable by direct ashing.
Highest total sulfur values found were obtained by Block and
Bolling (4) using the Pregl method. These authors reported that
sulfur analyses on dried yeasts are difficult to carry out and may
at times be low. In view of the widely divergent values for sul-

fur in yeast reported by different investigators, an attempt has
been made to clarify this problem by the development of a mi-
crobiological method.

The success of such a microbiological assay method is partially
dependent upon the utilization of a test organism capable of re-
sponding equally well to all forms of available suifur in the sam-
ple. In previous work (11) Torula witlis gave indications of re-
sponding to both organic and inorganic sulfur sources in this
manner. Further investigation has revealed that although its
growth responses to small increments of various sulfur sources
are not, identical, they are more alike than those of any other or-
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A microbiological assay method for the determination of total sulfur in yeast is
described in which Torula utilis is the test organism and methionine is the refer-

ence standard for sulfur.

applicable to other substances.

The microbiological assay results on yeast are com-
pared with results from four known chemical methods.

The method may be

Results on whole soybean flour, defatted soy-

bean flour, and vitamin-free casein indicate that the selection of the reference

standard is important.

ganism tested. This yeast also possesses other desirable attri-
butes, such as fast growth and ease of handling.

Another requisite of a microbiological method is the treatment
of the sample in such a manner that all the sulfur will be in assimi-
lable form. The test organism selected is capable of utilizing sul-
fur from amino acids and inorganic compounds but not directly
from proteins. This problem has been studied and the results
are presented in later paragraphs.

The procedure described has been developed on these bases and
the results are compared with those obtained with several known
chemical methods for the determination of total sulfur.

APPARATUS

Colorimeter. A Lumetron 400 colorimeter, fitted for use with
matched 18 X 150 mm. borosilicate glass test tubes without lips,
was employed with a filter made of a gray glass and wire screen
combination. The glass transmitted 209, of the incident light
and the screen 33%. This combination is supplied as part of the
regular complement of filters if requested. Other photoelectric
colorimeters which may be adapted to turbidimetric measurement
are also suitable for the test.

Shaker. During the growth period test tubes were shaken on a
reciprocating platform shaker driven at 160 cycles per minute
through a 33/;s inch stroke by a 0.25-hp. motor. The platform
was equipped with 3 wooden blocks 113/, X 73/, X 23/s inches
drilled with holes 7/; inch in diameter and 2 inches (5 cm.) deep.
The holes were purposely made larger than the test tubes to per-
mit vigorous shaking, which prevents the yeast from settling out.
Properly spaced, 40 holes can be made in each block.

Temperature Control. Growth tests were conducted at
30° C. by placing the entire shaking apparatus in an incubator.

SOLUTIONS!

In the preparation of solutions and in carrying out the assay it
was found necessary to wash all glassware thoroughly and rinse it
in distilled water just prior to use. All pipets were rinsed
twice in the solution to be pipetted just before use.

Sugar and Salts Solution (SAS No. 1). One liter contained 40
grams of c.P. dextrose (anhydrous), 2.2 grams of potassium di-
hydrogen phosphate, 1.7 grams of potassium chloride, 0.5 gram
of magnesium chloride hexahydrate, 0.5 gram of calcium chloride
dihydrate, and 0.01 gram of ferric chloride.

Potassium Citrate Buffer. One liter contained 100 grams of
potassium citrate (KsCeHs;0..H.0) and 20 grams of citric acid
(H;CeH;07,.H,0).

Ammonium Chloride Solution.
of ammonium chloride.

These solutions were distributed in Erlenmeyer flasks, plugged
with cotton, and sterilized by heating in flowing steam at 100° C.
for 30 minutes on three successive days. They were then stored
at room temperature until opened.

Growth Factor Concentrate. Two hundred milliliters con-
tained 2 ml. of 50 mg. per ml. inositol solution, 4 ml. of 10 mg.
per ml. calcium pantothenate solution, 0.2 ml. of 100 micrograms
per ml. biotin solution, 2 ml. of 1 mg. per ml. thiamine solution, 2
ml. of 1 mg. per ml. pyridoxine solution, and 2 ml. of 1 mg. per ml.
nicotinic acid solution. This mixture should not be sterilized;
it may be stored in the refrigerator for about a week.

pL-Methionine Standard Solution. One hundred milliliters
contained 4.65 mg. of pL-methionine, equivalent to 10 micrograms
of sulfur per ml. This solution was stored in the refrigerator in a
tightly stoppered flask.

Basal Medium. A basal medium sufficient for 60 test tubes
was prepared by mixing in the following proportions:

One liter contained 30 grams

SAS No. 1 150 ml.
Potassium citrate buffer 30 ml.
Ammonium chloride solution 30 ml.
Growth factor concentrate 30 ml.

This basal medium was prepared fresh on the day that the assay
was to be run.

PREPARATION OF SAMPLES FOR ASSAY

One gram of dried yeast or 3 grams of pressed yeast were
weighed out accurately and suspended in 20 ml. of 10 N sodium
hydroxide. The sample was autoclaved for 2 hours at 20 pounds’
pressure. Then the hydrolyzate was cooled and the volume was
made to about 700 ml. with distilled water. The pH was ad-
justed to 8.6 electrometrically with approximately 3 N hydrochlo-
ric acid and the volume was made to 1 liter with distilled water.
A convenient amount of this solution (at least 15 ml.) was centri-
fuged for 10 minutes at 1500 r.p.m. and the supernatant liquid to
be used for the assay was decanted.

ASSAY PROCEDURE

To a series of five test tubes set up in quadruplicate, amounts of
pi~-methionine standard solution to supply 0, 1, 2, 4, and 6 micro-
grams of sulfur were added. It isrecommended that each sample
solution to be assayed be run in quadruplicate at two different
Jevels. The proper aliquots of each sample solution were pipetted
into test tubes. Four milliliters of basal medium were added to
each tube and the volume of the tubes was made to 9.5 ml. with
distilled water. They were then plugged tightly with cotton,
steamed for 15 minutes at 100° C., and cooled rapidly.

100
90
80

70

60

50

40

PERCENT TRANSMISSION

» 16 HOURS
= 18 HOURS
e 20 HOURS

L 1 ! ] L N L
300 i 2 3 4 5 6

MICROGRAMS SULFUR AS DL - METHIONINE

Figure 1. Reference Curve

A fresh 24-hour agar slant of Torule utilis was used for the test
organism. Sufficient yeast to give a colorimeter reading of 20%,
absorption of light was transferred with a sterile wire loop to a
tube containing 10 ml. of 0.99%, sterile saline. This amounts to
approximately 0.7 mg. per ml. of moist yeast. The contents of
the tube were added to an Erlenmeyer flask containing 40 ml. of

» sterile saline, giving a total volume of 50 ml.

Using a sterile 2-ml. graduated pipet, 0.5 ml. of this suspension
was transferred to each test tube. The cotton plugs were pushed
down so there were no loose cotton ends. Then the sets of prL-
methionine standards were distributed among the sets of sample
tubes on the shaker blocks to correct for slight temperature dif-
ferences from one end of the shaker to the othier. The tubes were
shaken for 20 hours in an incubator maintained at 30° C.

The amount of growth was measured after 16, 18, and 20 hours
by measuring percentage absorption of light on the colorimeter.

Part of a typical assay is given in Table I. For a full run the
standards should be run in quadruplicate rather than in dupli-
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Table I. Typical Protocol

[To each tube are added 4 ml. of basal medium plus the ingredients noted
below. After sterilization 0.5 ml. of yeast suspension (0.07 mg. of moist
yeast) is added to each tube. The tubes are shaken at 30° C. for 20 hours.
Absorption, 9%, of light is measured at 16, 18, and 20 hours.}

% Absorption at

Tub H,0, 16 18 20
No. Mi. Added, MI. hours hours hours
46.5 v/ml. pL-methionine®
1 5.5 0 15 16 17
2 5.4 0.1 25 28 29
3 5.3 0.2 30 33 36
4 5.1 0.4 45 47 50
5 4.9 0.6 52 56 58
Hydrolyzed yeast A solutionb
6 5.0 0.5 27 31 33
7 5.0 0.5 27 31 34
8 5.0 0.5 28 31 34
9 5.0 0.5 28 32 34
10 4.5 1.0 40 43 45
11 4.5 1.0 39 42 45
12 4.5 1.0 38 43 45
13 4.5 1.0 38 43 44
46.5 v/ml. pL-methionine®
14 5.5 0 16 19 21
15 5.4 0.1 24 28 30
16 5.3 0.2 31 36 38
17 5.1 0.4 45 49 51
18 4.9 0.6 53 57 59
Hydrolyzed yeast B solution®
19 5.0 0.5 30 32 35
20 5.0 0.5 30 33 34
21 5.0 0.5 29 31 34
22 5.0 0.5 31 33 35
23 4.5 1.0 43 46 47
24 4.5 1.0 44 46 50
25 4.5 1.0 44 46 48
26 4.5 1.0 43 46 47

¢ Solution contains 10 v of sulfur per ml. . i
& Solution contains 3 grams of moist veast per liter treated as described.

cate. The averaged values of the sulfur standards were plotted
as per cent transmission (100 — %, absorption) on semilogarith-
mic graph paper, making a curve for each time of measurement
(Figure 1). Replicate transmission values of the samples were
averaged and the corresponding amount of sulfur was deter-
mined from the graph,

RESULTS AND DISCUSSION

In the preparation of the yeast samples for analysis, acid hy-
drolysis was attempted and abandoned because of sulfur loss as
hydrogen sulfide. Alkaline hydrolysis was tried with encouraging
results, A series of tests was run hydrolyzing samples with 1, 5, 10,
and 15 N sodium hydroxide. The averaged results of two such
test series are presented in Table II. Hydrolysis with 10 N so-
dium hydroxide consistently yielded maximum results and con-
sequently has been used throughout this method. Enzymatic
hydrolysis was not attempted, but may also give satisfactory re-
sults if possible sulfur losses can be avoided.

Table II. Hydrolysis of Yeast C with Varying Normalities

of Sodium Hydroxide

Microbiological Assay
NaOH normality 1 5 10 15

% sulfur (dry basis) 0.241 0.408 0.436 0.393

Chemical Assay

0.430

The growth curve obtained from the pr-methionine standard
series can be plotted as a straight line on semilogarithmic graph
paper only between 0 and 4 micrograms of sulfur. It is apparent
upon examining the curves in Figure 1 that linearity is not ob-
tained above the level of 4 micrograms of sulfur. Evidence pre-
sented in a recent paper by Fels and Cheldelin (8) shows the non-
linear growth response of Saccharomyces cerevisiae with respect to
level of added sulfate. For this reason it is important that ali-
quots of samples to be assayed contain between 1 and 4 micro-
gramis of sulfur.
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Values obtained for bakers’ yeasts using the microbiological
assay method were for the most part between 0.35 and 0.459% sul-
fur, agreeing with values reported by Block and Bolling (4) but
much higher than those obtained by Fink and Just (9), who found
from 0.17 to 0.25% sulfur in various yeasts. In view of the wide
range of results reported in the literature it seemed desirable to
investigate various chemical methods in an attempt to find a pro-
cedure that would yield reliable data on the sulfur content of
yeast, thus providing a means of evaluating the accuracy of the
microbiological assay.

Four commercial pressed bakers’ yeast samples were obtained
and dried in the laboratory to preserve them for use in comparison
tests. The following different methods of ashing the samples for
sulfur analysis were carried out: ’

Eschka Mixture Method. This is the method used by Fink
and Just (9) in their work on the sulfur content of yeasts. Re-
sults by this method on the dried yeast samples ranged from 0.256
to 0.306 % sulfur (Table III).

Acidic Magnesium Nitrate Method (2). This is a tentative
Association of Official Agricultural Chemists method for sulfur in
fruit and fruit produets. Sulfur values on the same four yeast
samples varied from 0.389 to 0.473%.

Alkaline Magnesium Nitrate Method (Z). This is an official
A.0.A.C. method for the determination of total sulfur in plants.
The collaborative work carried out on this method by the A.O.A.-
C. (10) prior to its adoption as official demonstrated that results
thus obtained agreed very closely with the values obtained using
the bomb method or the sodium fusion technique. The samples
used in the collaborative work were cottonseed meal, soybean
meal, and mustard seed meal, all plant seed products of high pro-
tein content. The results obtained with this method on the
four dried yeast samples ranged from 0.406 to 0.4659, sulfur.

The alkaline magnesium nitrate method, the acidic magnesium
nitrate method, and the microbiolgocial method yield total sulfur
values which are in close agreement with one another, as shown
in Table III. These results also confirm those of Block and Bol-
ling (4) for total sulfur in yeast.

Table III. Microbiological and Chemical Sulfur Assay of
Yeast
(All results reported as % sulfur on dry basis)
Acidic Alkaline
% Protein Eschka Magnesium  Magnesium Micro-
Yeast (N X 6.25) Mixture Nitrate Nitrate biological
C 56.9 0.306 0.430 0.430 0.405
D 46.8 0.256 0.406 0.406 0.401
E 54.6 0.290 0.473 0.465 0.447
F 46.5 0.256 0.389 0.407 0.377

When 7. utilis was originally grown on sodium sulfate and prL-
methionine at a sulfur level of 10 micrograms, the amount of
growth was approximately the same in each case. However,
when sodium sulfate was used as a standard in the present
method, results were found to be about 209, higher than when
pi-methionine standard was used. In comparing these com-
pounds in increments of from 1 to 6 micrograms of sulfur it be-
came apparent that sodium sulfate produces somewhat slower
growth than does pr-methionine. In view of the work of Block
and Bolling (4), which shows that yeast contains about 709, methi-
onine sulfur, the authors’ sulfur values usirg pi-methionine as a
standard should be essentially correct.

An attempt was also made to apply this microbiological method
to other high-protein natural products. Defatted soybean flour,
whole soybean flour, and vitamin-free casein were analyzed by
the alkaline magnesium nitrate method and by the microbiological
method using both pi~-methionine and sodium sulfate as stand-
ards. Results of this test are recorded in Table IV. The total
sulfur values for the soybean products using pr-methionine as a
standard are low compared to the chemical results, whereas
values obtained with the sodium sulfate standard agree well
with the results of the chemical method. Experience has shown
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Table IV. Microbiological and Chemical Sulfur Assays of
Various Substances
(All results reported as 9%, sulfur on dry basis)
Alkaline Microbiological
Magnesium  pL-Methionine Na,SO,
Sample % Protein Nitrate standard standard
Soybean flour (N X 6.25)
(defatted) 54.10 0.519 0.417 0.522
Soybean flour (N X 6.25)
(whole) 53.06 0.443 0.338 0.436
Vitamin-free (V X 6.38)
casein 98.18 0.711 0.679

that cystine and sodium sulfate produce very similar yeast
growth response. This observation coupled with data given
by Evans (?) and Chang and Murray (§), showing that the
sulfur in soybean is predominantly from cystine, adequately
explains this apparently anomalous behavior. Admittedly
these authors’ data are at a variance with a considerable portion
of the literature, which shows soybeans to contain a greater
relative amount of methionine. However, it is the authors’
belief that Evans (7) presents sufficient justification for his
results.

Microbiological results on the total sulfur content of casein
using pr-methionine as the standard are in good agreement with
those obtained with the chemical method. This is in accord
with data cited by Cohn and Edsall (6), Evans (7), and Block

ANALYTICAL CHEMISTRY

and Bolling (3, 4), who report casein to contain 85 to 909
methionine sulfur and 10 to 15%, cystine sulfur.

CONCLUSIONS

It is believed that this microbiological assay method, using
pL-methionine as a standard, will yield reliable total sulfur
values when used on yeast. However, care must be taken in the
application of the method to substances other than yeast. An
understanding of the composition of the sample to be assayed
is essential for the selection of a standard which will produce a
growth response corresponding to that of the sulfur in the

sample.
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Indicators for Titration of Fluoride with Thorium

HOBART H. WILLARD AND CHARLES A. HORTON!
University of Michigan, Ann Arbor, Mich.

In a study of colorimetric and fluorometric indicators for the titration of fluoride
with thorium, the best colorimetric indicators found were, in order of decreasing
effectiveness, the two-color indicators purpurin sulfonate, Alizarin Red S, Erio-
chromeyanin R, dicyanoquinizarin, and Chrome Azurol S; and the best fluores-

cent indicators were pure sublimed morin and quercetin.

Optimum conditions

for the use of the better indicators are presented.

HE need for a better indicator for the titration of fluoride

with thorium nitrate has been a matter of study for some
time. Yoe, Salsbury, and Cole (8, 9) studied the color change
of some 54 dyes in admixture with Alizarin Red S in the hope of
enhancing the color change of the latter. Shevdov (7) studied
several zirconium-hydroxyanthraquinone lakes as indicators for
the same purpose.

Others have compared the effectiveness of only two or three
indicators. Komaroviskil (4) and Frers and Lauchner (3) em-
ployed a zirconium-quinalizarin lake as indicator; Zakhar’evskil
(10), methyl red; Elsworth and Barritt (2), a mixture of Alizarin
Red S and 1,2,5,8-tetrahydroxyanthraquinone; Clifford (1), a
zirconium-purpurin lake; Milton (5), Sollochrome Brilliant Blue
BS and Chrome Azurol 8; and Shevdov (7), an Alizarin Cyanin
R—zirconium lake.

A large number of compounds for use in the titration of
fluoride with thorium nitrate were studied to determine the most
sensitive and effective indicator for this method. Compounds
that might form soluble-colored or fluorescent complexes or
lakes with the thorium ion as well as the compounds tested by
Yoe and co-workers (8, 9) were tested.

The testing procedure consisted of a selection of the most

! Present ‘address, Carbide and Carbon Chemicals Division, Union
Carbide and Carbon Corporation, Oak Ridge, Tenn.

promising compounds by preliminary Procedures I and II,
followed by a more complete examination of the more promising
materials.

PRELIMINARY PROCEDURE I

Solutions of the indicator compounds containing 0.5 mg. per
ml. were prepared using water or ethyl alcohol as the solvent
wherever possible. Each compound was examined in the
vicinity of the titration equivalence point for its color change at
three or more pH ranges (pH 2, 3, and 4.7), and at pH 3.0 in
ultraviolet light for fluorescence changes. Sufficient buffer
from 0.5 M to 2 M stock solutions was added so that each test
solution contained in about 50 ml. 1 millimole of dichloroacetate
buffer for pH 2.0, monochloroacetate for pH 3.0 to 3.5, and
acetate for pH 4.1 to 4.7. Sodium fluoride samples containing
either 45 or 300 micrograms of fluoride were titrated in a volume
of about 50 ml. using tall-form Nessler tubes. In cases where
alcohol concentration might have an effect, titrations were carried
out at several concentrations of ethyl alcohol.

The colors in visible light were compared in a Nessler rack,
equipped with an opal-glass reflecting mirror with illumination
from a Mazda 20-watt Daylight tubular fluorescent light mounted
45 em. (18 inches) from the mirror. For fluorescence studies a.
Hanovia AH-4 lamp covered by a Wood’s filter (Corning 5850)
was mounted at the side of the Nessler tubes and the fluorescence
was observed from the top in a darkened room. Kach sample
was titrated well beyond the calculated end point with standard
thorium nitrate, and the color or fluorescent change, if any, was
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with Thorium

Table I.
Alkaloids
Atropine sulfate Brucine
. Quinine bisulfate Strychnine

Amines, Hy&roxyamines, and Related Compounds

1 - Acetylamino - 4 - aminonaph-
thalene-7-sulfonic acid

2-Amino-2-ethyl-1,3-propanediol

2 - Amino - 8 - naphthol - 6 - sulfonic

acid
1,3-(Bisdiethyl)-diaminoisopropyl

alechol
1,3-Diaminoisopropy! aleohol
1,3-Diaminopropionic acid. HBr
1,1-(Dimethyol}-1-aminoethane
Ethylenediamine
Ethylenediamine tetraacetic acid
‘m-Phenylenediamine
1,5,7-Trisulfonamido-2-naphthol
m-Toluenediamine. HCl

2-Amino-1-butanol
2-Ethylaminoethanol
2-Amino-2-methyl-1-propanol
2-Amino-2(hydroxymethyl)1,3-pro-
panediol
B-Bromoethylamine. HBr
2,5-Diamino-1-naphthol . HC1
2-Diethylaminoethyl chloride
N-Ethylaniline
2-Aminoethanol
1-Amino-2-propanol
p-Phenylenediamine sulfonate
N,N,N’,N’'-Tetrakis(2-hydroxy-
ethyl)-ethylenediamine

Anthraquinones and Related Compounds

Alizarin blue

Anthraflavin

Chrysazin

Diaminoanthrarufin

1,5 - Dibydroxy - 4,8 - diamino-
anthraquinone-2,6-disulfonic aecid

Frangula extracts

1-Hydroxy-4-chloroanthraquinone

1 - Hydroxy - 2,4 - dianilinoanthra-
quinone

1-Hydroxy-4-toluidoanthraquinone

Rufigallic acid

1,4,5,8 - Tetrahydroxyanthraqui-
none-2-sulfonic acid

Alizarin orange

Anthrarufin

Cochineal

Dinitroanthrarufin

1,4 - Dihydroxy - 2 - phenoxyanthra-
quinone

1 - Hydroxy - 2 - carboxy - 4 - bromo-
anthraquinone -

1 - Hydroxy - 2,4 - dichloroanthra-
quinone

Leucoquinizarin

1,4,5,8-Tetrahydroxyanthraquinone

Azo, Disazo, and Related Compounds

Acid Alizarin Black RA

Alizarol Orange R

Benzoazodiphenylamine

Benzoazurin 3R

1,3 - Dihydroxybenzo - 4 - azo - 3’-
(4’-hydroxybenzene)-sulfonic acid

Erie Fast Yellow WB

Flavazin

Methyl red

Pontsacyl Sulfon Violet R

Pontamine Sky Blue 6BX

Pontamine Green BX

Purpurine 4B

Superchrome Blue B extra

Tartrazine

Acid Alizarin black SEA

Alizarol Verdon S

Benzoazophenol

Chrysoidine

1,3 - Dihydroxybenzo - 4 - azo - 2/~
benzoic acid

Evans blue

Methyl orange

Fontacyl Carmine 6B

Pontamine Blue BBT

Pontamine Violet N

Pontamine Brown CG

Rainbow Orange G

Superchrome Black PV

Superchrome Garnet Y

Superchrome Violet B

Compounds Showing No Visual or Fluorescent Change of Indicators for Titration of Fluoride

Fluorescein-Type Compounds

Dichlorofluorescein
Fluorescein
Tetrabromosulfonphthalein

Diiodofluorescein
Phenolphthalein
Thymolphthalein

Quinoline Derivatives

5,6-Benzoquinoline oxalate

8-Hydroxyquinaldine

5-Nitroso-8-hydroxyquinoline

7 - Nitroso - 8 - hydroxyquinoline-
5-sulfonic acid

x - (p - Sulfophenylazo) - 8 - hydroxy-
quinoline-5-sulfonic acid

Bromoxine

8 - Hydroxyquinoline - 5 - azo - 4/~
nitrobenzene-2-sulfonic acid

5- (p-Sulfophenylazo) - 8 - hydroxy-
quinoline (sulfenazoxine)

1-(o-Hydroxyphenyl)-2-benzazine

2-(o-Hydroxyphenyl)-quinoline

Triphenylmethane-Type Compounds

Alkali blue 4GP

Aniline blue

Crystal violet
p-Fuchsin

Malachite green

Methyl Violet 5B
Triphenyichloromethane
‘Wool Violet 4BN

Alphazurine A
Aurine

Fast Acid Green B
Guinea Green B
Methyl violet
Rosaniline
Victoria Blue B

Flavonoid-Type Compounds

p-Catechol
Naringin
Phloretin

I-Epicatechin
3,5,7,3/,4’-Pentahydroxyflavanone
Rutin

Miscellaneous Dyes and Compounds

Acridine

Acridone

Brasilin

Chlorogenic acid
o-Dianisidine
2,4-Dihydroxybenzene sulfinic acid
Diphenyl carbazide
Fluorene

Hematein

Indigo disulfonate
Indophenol B.G.

Litmus

Luminol
B-Methylumbelliferone
Methylene blue
Nordihydroguaiaretic acid
Phenosafranine hydrochloride
Primuline NAC
Quinaldine

Resazurin

Riboflavin
Salicylaldoxime

Thiamine chloride
Vitamin C

Acridine orange

Auramine

Cacotheline

Cupferron

Anthraquinonyl sulfide .

a-Dinitrodiphenylamine sulfoxide

Dithio-oxamide

Gallic acid

Hemoglobin

Indole

Leuco Indophenol R

Logwood extracts

Methane trisulfonic acid, NH; salt

Methyl-8-phenylethylmalonic acid
dihydrazide

o-Phenanthroline

Phosphine

Printing Violet R

Resorufin

Rhodamine B

Safranine A

Sodium diethyl dithiocarbamate

Violamine RR

Xanthone

compared to the change given by Alizarin Red S at pH 3.0. The
amounts of the indicator solutions (0.2 to 2.0 ml.) used were
selected by trial to permit the maximum change at the end point.

PRELIMINARY PROCEDURE II

The compounds available in small amounts only were tested
by this procedure, primarily for fluorescent effects.

Solutions containing 0.5 mg. per ml., or in a few cases 0.2 mg.
per ml., were prepared in 109, ethyl alcohol if possible; 959,
ethyl alcohol, propylene glycol, or pyridine if necessary. For
each compound a series of eight Klett No. 802 test tubes was set
up, using 10 ml. of water in four tubes and 10 ml. of 509, ethyl
alcohol in the second four tubes.

The proper pH in each series of four tubes was maintained by
the addition of 1 millimole of pH 2.0, 3.0, or 4.15 buffer to the
first three, respectively, and water of pH 7 to the last tube. To
each tube was added 0.15 mg. of indicator, usually in solution,
and the total volume was brought to 11 ml.

The initial color under visible light and the fluorescence of each
of these solutions were noted. Fluorescence intensities were also
measured with a Klett fluorometer equipped with a Corning

5850 primary and a Wratten No. 4 secondary filter with the

balance diaphragm set at 14 in most cases. To each of the 8
tubes were added 0.3, 0.3, 0.4, and 0.6 ml. of 0.0157 M thorium
nitrate, and the fluorescent reading was noted for each addition.
The color under ultraviolet light was also finally observed after
introduction of an additional Corning 5790 filter in the primary
ultraviolet beam to cut out blue light passing the Corning 5850
filter. If a turbidity or precipitate formed, its color was noted.

RESULTS OF PRELIMINARY PROCEDURES

The compounds tested which showed no color or fluorescent
change by Procedure I or II are listed in Table I. In addition,
30 compounds of unknown structure previously investigated by
Yoe and co-workers (8, 9) were tested. The compounds which
showed color or fluorescent change by Procedure I are listed in
Table 1I, and the indicating compounds tested by Procedure
II are listed in Table III.

DISCUSSION OF PRELIMINARY PROCEDURE

Bamples of the same indicator compound from different sup-
pliers generally gave comparable results by either procedure.
The agreement was especially notable for samples of Alizarin
Red S. However, two samples of 2’,6’-dichlorohydroxydimethyl-
fuchsondicarboxylic acid, Alizurol Azurine ECA, and Basic
Color MD-1293, differed in sensitivity as did two samples of ¢’-
sulfohydroxydimethylfuchsondicarboxylic acid, Eriochromeyanin
R and Pontachrome Blue ERC (see Table II). Differences in
sensitivity were especially pronounced for various samples of
quercetin and morin. Quercetin obtained by the hydrolysis of
rutin supplied by S. B. Penick & Company and sublimed
Schuchardt’s morin recrystallized from acetic acid proved the
most sensitive fluorescent indicators.

SELECTION OF OPTIMUM INDICATOR AND OPTIMA STUDIES

The indicators which showed a color or fluorescent change in
this titration were studied further to determine the best indicator
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Table II. Compounds Showing Some Change in Visible or Ultraviolet Light as Indicators for Titration of Fluoride
(Procedure I)

O no change; VS very slight change; S slight change; M moderate chdnge; G good change (comparable to Alizarin Red S at pH 3.0 in water);
X very good change; XX excellent change in the color or fluorescence; ? doubtful result

Best A
Compound pH Class Alcohol
Changes in Visible Light
Anthraquinone Types
Alizarin 3.0,3.5 G 0
Alizarin Red S 3.0 G 0
3.2 X 0
Alizarin sapphire 2.0 VS 0
Alizarin Y 4.7 G 10
Anthragallol 4.2 S-M 20
Anthrapurpurin 4.7 G 0-20
Cascara sagrada (509 alcohol extract) 4.7 M 0
2-Chloroquinizarin 3.0 Vs 0-20
Dicyanoquinizarin 4.2 G 0
Leucotetra® 3.0,3.5 S 0-20
Purpurin 4.7 M-G 0-25
Purpurin sulfonate 3.5,4.2 G 0
Quinalizarin 3.5 S-M 0-20
Quinizarin 3.0 G 10-25
Synthracene Blue WRS? 3.5 S 0
Azo-Type Compounds
Diamine Pink BD (C.I. 128) 4.2,4.7 Vs 0
p-Nitrophenylazoresorcinol 3.0,4.7 VE 0
Pontachrome Blue R 3.0 S 0
Pogxtg)mine Light Yellow 5GX (C.I. 3.0,4.7 VS 0
4
Pontamine Yellow 5X (C.I. 620) 3.0,4.7 Vs 0
Azo Quino.line Compound
5 (or 7)-(4-nitro-1-phenylazo-2-sulfonic 4.7 M-G 0
acid)-8-hydroxyquinoline
Triphenylmethane-Type Compounds
Alizurol Azurine ECA ¢ (C.I. 720) 2.0-4.7 M 0
Aluminon 4.2,4.7 M-G 0
Basic Color MD 1293¢ (C.I. 720) 4.7 G-X 0
Chrome Azurol 8§ (C.I. 723) 3.0 G 0
Eriochromeyanin R (C.1. 722) ¢ 4.2,4.7 G (4]
Pontachrome Blue ERC/ 4. M (1}
Miscellaneous Compounds
Alkali Fast Green 2G (C.1. 735) 2.0 S 0
Alkannin (C.I. 1240) 4.7 Vs 0
6.0 8 10
Chrome Blue GD (C.I. 878) 4.2,4.7 S-M 0
p-Dimethylaminobenzilidine rhodanine 4.7 M 0
2-Nitroso-1-naphthol 4.7 S 0-20
Pontacyl Fast Violet 10B (C.1. 696) 4.7 S 0
Rose petal powder, 509, alc. extract 4.2 M-G 0
ppt.
Polyporic acid 4.2 S 0-50

¢ 1,4,5,8-tetrahydroxyanthraquinol.

b 1,2,4,5,6,8-hexahydroxyanthraquinone-3(or 7)-sulfonic acid.
¢ From National Aniline .

4 Obtained through Chemical Corp.

¢ From German source.

Rest %
Compound pH Class Alcohol
Compounds Also Showing Fluorescent Change
Changes in Visible Light
Congo Corinth (C.1. 375) 3.0 S 0
Pozn(;;;chrome Blue-Black RM (C.I. 3.5 S 0
Sué)éei‘;:hrome Blue-Black 6BP (C.I. 3.0,4.2 S 0
Ferron . 4.7 S-M 0
Isoquinoline 2.0-4.2 S ppt. 35
Oxine 4.7 M ppt. 30
Oxine sulfonate 4.7 M 0
Flavonoid-Type Compounds
Cyanidin chloride (crude, impure) 4.7 M [4
Quercetin (S. B. Penick & Co.) 3.5 X 50
Quercetin (S. B. Wender) 3.2-3.5 X 50
Quercetin (Am. Dyewood Corp.) 3.5 G 50
Quercetin, quercetin mixture? 3.0-4.2 M 50
Quercetin-6’-sulfonic acid, Na salth 3.0-4.2 X 20
Quercetin-6"-sulfonic acid, Na salt+ 3.0,3.5 \E] 0
Morin, tech. (Eastman Kodak Co.) 3.5 M 50
Morin (Schuchardt, Germany) 3.5 G-X 50
Morin (sublimed and recryst. from 3.0,3.5 M-X 50
above)
Morindin chloride (crude, impure) 4.2 S 0
Morin-z-sulfonic acid 2.0-4.7 . Q-VS 0-50
Kaempferol (S. B. Wender) 3.0-4.2 G 50
Gossypetin (W. Clark) 4.2 G 50
Changes in Ultraviolet Light
Congo Corinth 3.5 Vs 0
Pontachrome Blue-Black RM 4.7 Vs 0
Superchrome Blue-Black 6BP 4.7 \L 0
Ferron - 3.0~-4.7 M-G 0
Isoquinoline 2.0 Vs 40
Oxine 4.7 M 30
Oxine sulfonate 4. G 0-30
Flavonoid-Type Compounds
Cyanidin chioride (crude, impure) 2.0-4.2 5-M 0
Gossypetin (W. Clark) 3.0 S 50
Kaempferol (S. B. Wender) 3.0 X 50
Quercetin (S. B. Penick & Co.) 3.0,3.5 X-XX 50
Quercetin (Am. Dyewood Corp.) 3.0,4.7 M-G 50
Quercetin (S. B. Wender) 3.0,3.5 X-XX 50
Quercetin, quercetin mixture¢ 3.0 G 50
Quercetin-6’-sulfonic acid, Na salth 3.0 X 50
Quercetin-6’-sulfonic acid, Na salt ¢ 3.0 (8] 50
Morin, tech. (Eastman) 3.5 M 50
Moron (Schuchardt) 3.5 X 50

f From Jackson Lab., Du Pont.

¢ Sample from Schuchardt, Germany, ratio unknown.

k From W. Clark, freshly prepared solution.

i+ From W. Clark, solution after standing 12 days, oxidation apparent.

in each class. The best indicators are listed in Table IV with
a rank of effectiveness assigned to each compound and the opti-
mum conditions for titration as determined in the studies out-
lined below.

Both 35- and 300-microgram aliquots of standard fluoride
were titrated visually at the optimum pH and alcohol content
previously approximately determined with varying indicator
concentrations to select the best indicator concentration for a
volume of 50 ml. The illumination conditions specified in Pro-
cedure I were used for both visible and ultraviolet studies. In
addition, fluorescence changes were followed using a modified
Klett fluorometer equipped with a 140-ml. rectangular cell and
the filters mentioned previously. It was generally observed
that the smallest amount of indicator which would give a light
color with the buffer in the presence of fluoride in the case of
two-color indicators, or a light color and moderate fluorescence
in the presence of a slight excess of thorium for the fluorescent
indicators, was more sensitive in change at the equivalence
point than larger amounts of indicator.

Using the optimum indicator concentration, variations in the
color or fluorescence change were studied at several pH values.
The proper proportion of alcohol was added where necessary.
The optimum pH for the best color change of the better indicators
is given in Table IV. The studies confirmed previous con-
clusions (6) that pH 3.0 to 3.5 is the optimum for the titration

of fluoride ion with thorium nitrate. Because the optimum color
change of Alizurol Azurine ECA, Basic Color MD-1293, and
5(or 7)-(4-nitro-1-phenylazo-2-sulfonic acid)-8-hydroxyquinoline
does not occur in this range, they were eliminated from further
consideration.

The most suitable alcohol content was redetermined for in-
dicators which required alcohol. Alizarin Red 8, Alizurol
Azurine, Chrome Azurol S, Eriochromeyanin R, and purpurin
sulfonate do not require alcohol. A high alcohol content with
the flavonoid fluorescent indicators, quercetin and morin, is
accompanied by greater intensity of fluorescence and sensitivity
in the titration. For these a limiting alcoholic concentration
of 50% was selected to avoid interference of foreign ions at
greater concentrations, even though greater fluorescence in-
tensities might be obtained with higher alcohol concentrations.

Using the best conditions determined above, the responses in
the titration of 5 to 50 micrograms, 250 to 500 micrograms, and
1.0 to 5.0 mg. of fluoride in a total volume of 50 ml. were deter-
mined. The color changes observed for the better indicators
are given-in Table V. From the results of these studies the best
two-color indicators in visible light in order of decreasing ef-
fectiveness are:

1. Purpurin sulfonate
2. Alizarin Red 8
3. Eriochromcyanin R
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Table III.

Compounds Showing Change in Visible or Ultraviolet Light When Used for Titration of Fluoride

(Procedure II)

Class Symbols. Symbols used in Table II: max maximum change for
intermediate amount of thorlum, min minimum change for intermediate
amount of thorium; neg decrease in color or fluorescence of class as indicated;
? doubtful ﬂuorescence, vis. visual; fluor. fluorescent.

Color Symbols. bk black; bkh blackxsh bl blue; blh bluish; br brown;
bri bright; buf buff or bufﬁsh d dark or dull g green; gh greemsh 1light;
\avlavenéer, mag magenta; no none; or orange; pk pmk ppt precipitate;
pu purple; r red; rh l‘eddlsh sl slxght tur turbidity; Tyndall blue
scattering by a turbidity; v very; vio violet; y yellow; yh yellowish;

. not determined. For color changes, if original solution is practically
colorless_or nonfluorescent, only color formed after addition of thorium is
given. In other cases initial color is given, followed by final color.

Data Presented. To conserve space, visual and fluorescent changes are
given only for pH and alcohol content, if any, at which best change occurred
or where some unusual effect was noted. Additional details are given in
thesx%froan which this paper is abstracted. Tests in neutral solution are not
considered.

ype Best % Color or Type Best Y% Color or
Compound Observed pH  Alcohol Class Fluorescence Compound Observed pH Alecohol Class Fluoresence
Flavonoid Types Flavonoid Types (Contd.)
3’-Carbethoxyhesperidin vis. 2.0,3.0 50 V8 1ly-g Pomiferin vis. 2.0-4.1 0,50 O no
fluor. 3.0 0,50 S-M bi-g fluor. 4.1 0 S neg T bl
p-Catechol vis, 2.0-7.0 0,50 O no Quercetagetin vis. 4.1 50 S-M or
fluor. 2.0 50 VS max bl fluor. 2.0 0 S max 1dg
v-Epicatechol vis. 2.0-7.0 0,50 O no Quercetin (S. B. Penick) vis. 3.0,4.1 50 X-XX bri y-g
fluor. 4.1 50 Vs bl fluor. 3.0,4.1 50 XX bri yh-g
Cyanin chloride vis. 3.0,4.1 50 VS 1lav to rh-lav 6’-Sulfoquercetin, Na vis. 2.04.1 0,50 G vy
fluor. 3.0,4.1 0 . S max pu- salt (fresh solution) fluor. 2.0,3.0 50 X bri g
fluor. 3.0,4.1 50 S neg bl .
L. 6’-Sulfoquercetin, Na vis. 4.1 0,50 S gh-y, ¥y
Dianiline gossypol oxime vis. 2.0-4.1 0,50 M - salt (old solution) fluor. 3.0 0 Vs lg
fluor. 3.0 0,50 S max bl, bl- 3
A Quercitrin’ vis. 3.0 50 S-M ly-g
3,4’-Dihydroxy-4/-meth- vis. 2.0-4.1 0,50 M V-2 fluor. 4.1 50 S max ly-g
oxychaleone-4-phos- fluor. 2.0-4.1 50 Vs bl-g
phate, disodium salt Rhamnetin vis. 2.0,3.0 0 G ppt ¥y ppt
fluor. 2.0-4.1 50 X brig
Eriodietyol vis. 2.0,3.0 0,50 ppt w
vis. 4.1 0,50 O no Robinin vis, 2.0,3.0 50 S v-g
fluor. 2.0 50 M-G bl fluor. 2.0 50 S-M vh bl-g
Gossypetin vis. 3.0,4.1 0 G gh-bk Rutin ) vis. 2.0,3.0 0,50 O no
fluor. 3.0 50 S br? fluor. 4.1 0 A\ gh-bl
Gossypin vis. 3.0,4.1 0,50 M v-g Rutin methylglucamine vis. 2.0-4.1 50 VS vig
fluor. 4.1 0 S v- fluor. 3.0 50 A\ v1bl
fluor. 4.1 50 S neg bl-g
2,3,4-Trihydroxy- vis. 3.0,4.1 50 S-M y-g
Gossypitrin vis. 2.0-4.1 0,50 S y chalcone fluor. 2.0-4.1 0,50 O no
fluor. 3.0,4.1 50 S-M g
Xanthorhamnetin vis. 2.0 50 S y-g
Hesperidin vis. 4.1 50 S-M y-g fluor. 2.0,3.0 50 S 1yh-g
fluor. 4.1 50 M bl-g
4 | 2.0 o M Other Types of Compounds
Homoeriodictyo vis. . 0,5 w ppt, w tur . .
- 4-Carboxyesculetin, Na vis. 2.0-4.1 50 S 1 y-g
fluor. 2.0 0.50 M-G  Thl salt fluor. 2.0,4.1 50 VS gh-bl
Isoquercitrin f‘ﬁis{,n 3:8—4 1 55,8 SZM {Vy-g Chlorogenic acid vis. 2.0-4.1 0,50 O no
fluor. 2.0 0 VS neg w fluor. 2.0,4.1 50 Vs bl-g
s x . Curcumin vis. 2.04.1 0,50 O no change
Kaempferol H:i;r. 38: §(1) gg § ﬂrigg fluor. 2.0,3.0 50 B neg bri g,2
i is. 3! X-XX  briy- Chloroxine vis. 3.0 0 S lg
Morin (Schuchardt) ;iytxsor. 3.8 gg XXX b:i ihg-g fuor. 2.0-4.1 50 S-M 2
i i - i { v N,N'-Disalicylidene-o- vis. 3.0,4.1 0,50 VS 1y-g.
e e “Mohe. fuor. 3.0 %0 %X biy® phenylenediamine  fluor. 3.0 0 Sneg  blg
chardt) min
ingi 1 - Esculetin vis. 2.0-4.1 50 S lg
Naringin . 2941 050 O o fluor. 3.0 30 SM  brilbl
di ;i Nordihydroguaiaretic vis. 2.04.1 0,50 O none
Neohesperidin Etxs(')r. 58, 3.0 2,050 MG w’; g{)t, w tur s fuor. 370 0 Vs bl
fuor. 4.1 0 8 max bl fluor. 3.0,4.1 50 VS neg bl
: i i is. . lav to g tur
3,5,7,3",4"-Pentahy- vis. 2.0-4.1 0,50 O no Polyporic acid vis 3.0 50 M
droxyflavanone fluor. 3.0 50 M-max bl fluor. 3.0 50 S‘I\H/{ax blh-g
Phloretin vis. 2.0-4.1 0,50 O no
fluor. 7 0 VS neg
Table IV. Optimum Conditions for Best Indicators by Procedure 1
Opt. Opt.
Opt. Ale. Opt. Ale.
Indicator Con- Indicator Con-
Concn. for  Best For Range tent, Conen. for  Best For Range tent,
Rank?® Compound 50 Ml., Mg. pH of F~, Mg. % Rank® Compound 50 Ml., Mg. pH of F—, Mg. %
2A  Alizarin Red S 0.20 3.4 0.6 up None 8A Aluminon 0.4-0.9 4.2-4.5 Best all ranges None
3.0 Under 0.2 None A B Golor MD1293 0.10 3.75 lSﬁflsfactory 0-10
-Di ini- . . 10-20 7 asic Color . . ranges -
44 2,32311;yan0qmm 0.60 8.8 All ranges 5A Chrome Azurol S 0.15-0.25 3.0-3.2 All ranges None
1A Purpurin sulfonate 0.15 3.7 0.6 up None 3A Eriochromecyanin R 0.6-0.8 2.2 Best all ranges None
3.3 Under 0.2 None 3.6 Satisfactory
9A 5(or  7)-(4-nitro-1- 0.20 4.2 All ranges 30-40 1B  Quercetin (Penick) 0.50 3.5 All ranges 50
phenylazo-2-sul- 1B Morin (Schuchardt) 0.50 3.5-3.8 All ranges 50
fonic acid)-8-hy- 2B Morin (subhmed) 1.0 3.5-3.8 All ranges 50
droxyquinoline 3B Quercetin-6’-sulfo- 0.3-0.7 3.2 All ranges 50
Azurine 0.15 3.5-3.9 All ranges 0-5 nate, Na salt (fresh

6A Alizurol
ECA

solutlon)

@ A, two-color indicators; B, one-color visual indicators and also fluorescent indicators.
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Table V. Color Change of Best Indicators in Visible Light
by Procedure I Using Optimum Conditions Listed in

Table IV
Color
With With slight With large’
excess At end excess of excess of
Compound fluoride point thorium thorium
Alizarin Red S Yellow- Pinkish Light pink Rose
green buff
Dicyanoquinizarin Duil Dull Bluish Lavender blue
lavender purple violet
Purpurin sulfonate Orangish Light pink Light Purple
yellow lavender
5(or 7)-(4-nitro-1- Yellow - Buflish Orange Deep orange
phenylazo-2-sul-~ orange
fonie  acid)-8-hy-
droxyquinoline (at
pH 4.7)
Alizurol Azurine ECA Pink Lavender Lavender Lavender blue
pin
Aluminon Pink Pinkish Pink-rose  Dull dark rose
rose .
Basic color MD1293 Light pink Light pink- Lavender Medium blue
lavender blue
Eriochromeyanin R Orangish Reddish Orangish Rose red
pink orange red
Quercetin (Penick) Almost Light Yellow- Bright green-
colorless green green ish yellow
Morin (Schuchardt) Same as quercetin
Morin (sublimed) Colorless Light ellow- Bright yellow-
green green ish green

Quercetin-6’-sulfonic Same as quercetin
acid, Na salt (fresh

solution)

2,3-Dicyanoquinizarin
Chrome Azurol S

ok

The best one-color visual indicators similarly are:

Quercetin (8. B. Penick & Co.)
Morin (T. Schuchardt)

o=

The best fluorescent indicators similarly are:

Morin (sublimed and recrystallized from Schuchardt’s morin)
Quercetin (S. B. Penick & Co.)

Morin (Schuchardt)

Ferron

8-Hydroxyquinoline-5-sulfonic acid

Kaempferol

Ml

ANALYTICAL CHEMISTRY

Foreign ions such as sulfate, chromate, calcium, and iron
were found to affect all two-color indicators to a similar extent.
Halide ions and sodium acetate or chloroacetate affect all the
two-color indicators slightly, when present in high concentra-
tions. The chloride, bromide, iodide, chlorate, perchlorate,
acetate, and chloroacetate ions did not affect the results with the
flavonoid fluorescent indicators. Thus, the latter would be espe-
cially suitable for determination of the fluoride obtained by alkaline
decomposition of halogenated organic compounds. Of the best
two-color indicators, purpurin sulfonate has some advantage
over Alizarin Red 8, as it lacks the grayish buff color range just
before the end point. The last three two-color indicators are
inferior to both purpurin sulfonate and Alizarin Red 8 in the
sharpness of their color change at the equivalence point.
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Photofluorometric Titration of Fluoride

HOBART H. WILLARD AND CHARLES A. HORTON!
University of Michigan, Ann Arbor, Mich.

A procedure is presented for the photofluorometric titration of fluoride in the
presence of considerable sodium chloride, using thorium nitrate as the titrant
and quercetin as the fluorescent indicator. The method may be used following
alkaline decomposition of fluorocarbons or after the Willard-Winter separation.

LIZARIN Red 8 and Chrome Azurol S are now commonly
used as visual colorimetric indicators for the titration of
fluoride with thorium nitrate. These indicators have the dis-
advantage of a subtle color change at the end point and inter-
ference by semicolloidal thorium nitrate when large amounts of
fluoride are titrated.

Fluorescent indicators are readily adaptable for the instru-
mental titration of fluoride with thorium nitrate. The best
fluorescent indicators, in order of decreasing effectiveness, have
been reported to be (1): pure sublimed and recrystallized morin
(2,3,4,5,7-pentahydroxyflavone), pure quercetin (3,3',4",5,7-
pentahydroxyflavone), ferron (8-hydroxy-7-iodo-5-quinolinesul-
fonic acid), kaempferol (3,4’,5,7-tetrahydroxyflavone), and 8-
hydroxyquinoline-5-sulfonic acid. Because pure morin is at

i Present address, Carbide and Carbon Chemicals Corporation, K-25
Plant, Oak Ridge, Tenn.

present generally unavailable, the work reported here is restricted
to the use of quercetin as an indicator.

APPARATUS

Modified Klett Fluorometer. The regular cell compartment
lid, filter support, cell support, and mirror assembly of a Klett
fluorometer were removed. A cardboard support was used to
hold the secondary filter in front of the photocell. A special high
cell house cover was constructed, with a hole for the buret tip
located to the rear out of the path of the ultraviolet and fluores-
cent light paths. The arrangement is shown in Figure 1.

Filters. The fluorescence of the thorium-quercetin complex
using 50%, ethyl alcohol and monochloroacetate buffer of pH 3.0
showed a wide band from 530 to 580 muz with a maximum at
about 575 mu. Thus Corning No. 3385 was chosen as the second-
ary filter; however, Corning No. 3384 or Wratten No. 4 or No. 8
is also satisfactory. Optimum sensitivity in the titration of 0.1
mg. of fluoride was obtained using a standard thickness Corning
No. 5850 primary filter. - )
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Stirrer. A magnetic stir-
ring motor was located in P‘ M r
the wooden instrument box, -
centered under the cell, with SRR S RS N
itsspeed control projecting be- NF FF UV UNH! !

3

i
yond the case of the fluorom- {
eter. A small rod magnet '
encased in plastic was used in i
the cell. If a magnetic stirrer !
is unavailable, an ordinary -
small two-bladed glass stirrer X
may be suspended midway |
down in the solution, When !
this is used, the upper por- |
tion should be painted dull '
black and a guard ring should

be used at the point where
the stirrer enters the cell
house. The rate of stirring

should be moderate, neither
too slow nor too fast.

Cells. Four types of cells
were used: a Klett ¢“100-ml.”
colorimeter cell with
cemented sides, a similar cell
with two aluminum foil reflec-
tors located on the sides
opposite the light paths, a
150-ml. quartz cell with
similar refiectors, and ablown \
borosilicate glass cell. The
special cells were about 37 X \
42 mm. and approximately
120 mm. high. The quartz
cell with reflectors gave some-
what better results for the
titration of less than 0.2 mg.

of fluoride, the other «cell
with reflectors gave better . .
results under 1 mg. of Figure 1. Modified Klett
fluoride, and all cells worked Fluorometer
equally well for the titration

of more than 1 mg. of fluoride.

Cooling. It was found necessary to cool the fluorometer lamp
house with the full pressure of an air stream introduced at the
bottom of the housing.

Buret. A long tip was fused to the bottom of a side-filling 10-
ml. buret graduated in 0.05-ml. divisions or less. The buret was
introduced so that the tip just dipped into the solution to be
titrated and its position was not changed during the titration.

REAGENTS

Ethyl Alcohol, 95%. Ethyl alcohol denatured with methanol is
satisfactory.

pH indicator, 0.059%, solution of p-nitrophenol in 509, ethyl
alcohol.

Titration Indicator.
S. B. Penick & Company in 500 ml. of 959, ethyl alcohol.
in borosilicate glass.

Buffer. Dissolve 94.5 grams of c.p. monochloroacetic acid and
30.0 grams of reagent grade sodium hydroxide separately in cool
water, slowly mix, and then dilute to 1 liter with water. Store
in borosilicate glass in a cool place. The pH of 4 ml. of buffer
diluted to 50 ml. with water should be 3.00 = 0.15,

Monochloroacetic acid, ¢.p., 0.5 M, or any convenient strength.

Thorium Nitrate Solutions, 0.05 N and 0.01 N. Prepare from
c.p. thorium nitrate tetrahydrate dried in a desiccator at room
temperature. Standardize against sodium fluoride or sodium
silicofluoride using the procedure below.

Standard Sodium Fluoride Solution.
reagent grade sodium fluoride in 2 liters of water.
equals 0.38 mg. or 20 micromoles of fluoride.

Dissolve 100 mg. of pure quercetin from
Store

Dissolve 1.6800 grams of
One milliliter

FACTORS INFLUENCING TITRATION

The variables involved were studied using the apparatus de-
scribed above. Preliminary experiments (1) showed that in
approximately 509 alcohol containing 1 mg. of quercetin per 100
ml., buffered at pH 3, fluorescence increased with increasing
thorium concentration and decreased again on addition of fluo-
ride. In the titration of a given amount of luoride with thorium
nitrate, there was a sharp increase in fluorescence at the end-point
region. The appearance or disappearance of fluorescence was
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rather difficult to detect visually. The intensity of fluorescence,
the sharpness of the end point, and the sensitivity of the titration
were influenced by several variables regardless of the fluorescent
indicator used.

Type of Alcohol. Using 50 ml. of various aleohols, about 2 mg.
of fluoride were titrated with 0.0125 M thorium nitrate using 1
mg. of pure quercetin and 2 ml. of 1 M monochloroacetate buffer
at pH 3.0 in a total .volume of 100 ml. Ethyl alcohol gave the
most satisfactory results, methanol almost as satisfactory, iso-
propyl alcohol not quite so satisfactory, and other alcohols such
as n-propyl and tert-butyl alcohol unsatisfactory results. Abso-
lute ethyl alcohol (benzene-free) or 95% denatured alcohol are
equally good and need not be redistilled except when it is desired
to extend the method below 0.1 mg. of fluoride.

Variation in Alcohol Concentration. The fluorescence of a given
amount of thorium in the presence of quercetin increases linearly
with increasing ethyl alcohol concentration up to at least 809,
ethyl alcohol. It was shown that a minimum of 309, ethyl alco-
hol is necessary for the satisfactory titration of 2 to 40 mg. of
fluoride. The ethyl alcohol content must be increased to 509, to
extend the method down to 0.1 mg. of fluoride or less. The effect,
of alcohol in increasing fluorescence of a given amount of thorium
was similar for titrations at pH 2.0, 3.0, 3.2, 3.5, and 4.15. In-
creasing the alcohol content, however, increases the initial luores-
cence of the system and increases the deleterious effect of foreign
ions by decreasing the solubility of their salts and also makes con-
trol of pH more difficult. Thus the alcohol content was fixed at
509% for the titration of less than 1 mg. of fluoride, and 409, for
over 1 mg. of fluoride.

For 50% alcohol a variation of =49, and for 409, alcohol a
variation of =59%, did not affect the titration of 0.5 and 2.0 mg. of
fluoride, respectively. For titration of large amounts of fluoride,
the change in alcohol concentration caused by addition of the
aqueous titrant. did not adversely affect the sensitivity of the
method.

Concentration of Quercetin. Using either 40 or 509, ethyl
aleohol, buffered at pH 3.0 or 3.5 with monochloroacetate, it was
found by a series of titrations of 1 mg. of fluoride that a concen-
tration of 1.0 mg. of quercetin per 100 ml. of solution titrated
gave optimum results in the titration. If the concentration is
less than 0.8 mg., the maximum fluorescence will be reached too
soon after the end point; if over 1.5 mg., the strong color of the
thorlum-quercetin complex may cause a deviation from Beer’s
law of the fluorescence with increase in thorium concentration
after the end point.

Variation in pH. Previous work has shown that pH 3.0 to 3.2 is
most effective for the titration of fluoride using thorium nitrate.
Although the fluorescence of the thorium-quercetin complex
shifts with pH, it was found that a variation of =0.15 pH unit,
using a pH 3.0 monochloroacetate buffer, had no effect on the end
point in fluoride titrations in the 0.5- to 10-mg. range.

Effect of Temperature. The initial fluorescence reading before
titration does not vary appreciably between 10° and 50° C. For
the titration of less than 0.5 mg. of fluoride the sharpness of the
inflection at the end point is improved by starting the titration at
10° to 15° C. Less than 0.15 mg. of fluoride cannot be titrated
at 30° C. using 0.0025 M thorium nitrate. Above 2 mg. of fluo-
ride, variation of the initial temperature from 10° to 50° C. did not
affect the end point. To prevent excessive heating in the fiuo-
rometer during titration it is necessary to cool the lamp housing
with a stream of air.

Variations Due to Stirring. A few typical titrations with
stirring are shown in Figure 2. Near the region of the extra-
polated end point the observed fluorescent readings fall on a
curve, which is more gradual in the titration of large amounts of
fluoride or silicofluoride. This curve is due to maximum solu-
bility and maximum dispersion of colloidal thorium fluoride in
the region of stoichiometric equivalence for the two ions. On
either side of this region solubility and colloidal tendencies are
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reduced by an excess of one of these ions. Thus, linear fluores-
cence readings are obtained at the beginning of the titration and
somewhat after the end point. The distinctness of the end point
decreases at very low fluoride concentrations. Some of the
fluorescence. registered by the photocell is really due to Tyndall-
type scattering of light by the dispersed thorium fluoride and this
accounts in part for the curved portion of titration curves. The
effect is even more noticeable when ferron rather than quercetin
is used as the indicator. This effect cannot be reduced by use of
narrower band filters in the Klett fluorometer without sacrificing
sensitivity in the titration of very low concentrations of fluoride.
Figure 3 shows the fluorescence with stirring compared to the
fluorescence after settling without stirring when ferron is used as
the indicator. The difference in the end-point values is negligi-
ble. Thus, continual stirring gives correct end-point, values, and
with steady slow addition of titrant, reproducible readings of the
intensity of fluorescence are usually obtained even in the end-
point region.

28
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Figure 2. Typical Titrations with Stirring

Interferences. In general, the same types of ions interfere in
this photofluorometric method using quercetin indicator as in the
visual Alizarin Red S method. These interferences include,
naturally, all ions which precipitate or form very stable complexes
with thorium in acidic solutions, such as sulfate, phosphate, and
iodate; those which also give a color or fluorescent change with
the indicators, such as aluminum, iron, or zirconium; highly
colored ions which mask the color or fluorescence such as chro-
mate, permanganate, cobalt, or nickel; and ions which form
insoluble fluorides in acidic solution such as calcium, lead, and
the rare earths. Silver, nitrite, and borate ions also interfere in
this method. Phosphate ion is titrated sharply, just like fluo-
ride, and & titration of a mixture of fluoride and phosphate will
give the total of these two ions. Sulfate interferes seriously in
the fluorescence of the complex and cannot be titrated.

The quercetin photofluorometric procedure is not affected,
however, by several ions which interfere to some extent in the
visual method using Alizarin Red S. This is especially true for
large amounts of thorium fluoride, which mask the color change
in the visual titrations. High concentrations of the alkali
metals, ammonium, manganous, chlorate, perchlorate, eyanide,
acetate, chloroacetate, and other halide ions do not affect this

ANALYTICAL CHEMISTRY
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Figure 3. Fluorescence with Stirring and
after Settling without Stirring

procedure. Thus the method is especially suited for titration of
samples of fluorocarbons after decomposition with sodium or
sodium peroxide.

Silicate ion interferes to some extent in the procedure, giving
somewhat higher values in the titration of fluoride. However,
because in hydrofluosilic acid there is a constant ratio of the sili-
cate to the fluoride, a linear calibration curve is obtained when
milliliters of titrant are plotted against milligrams of fluoride

Table I. Precision and Range of Photofluorometric

Method
¥~ Found F~ Found
F- Taken by A Deviation by B Deviation
Mg. Myg. Mg, Mg. Mg.
0.00317 M Th(NOs)4
0.090 0.085 —0.005 0.078 —0.012
0.090 0.094 +0.004 0.102 +0.012
0.105 0.108 +0.003 0.167 +0.062
0.140 0.151 +0.011 0.144 +0.004
0.2105 0.210% 0.211¢
0.2105 0.242 +0.032
0.281 .. 0.286 +0.005
0.421 0.430 +0.009 0.421 0.000
0.461 0.474 +0.013
0.491 0.485 -0.006 0.472 —0.019
0.561 0.570 +0.009 0.541 —0.020
0.702 0.697 —0.005 0.703 +0.001
0.772 0.763 —0.009 0.777 +0.005
0.900 0.900¢ 0.9032
0.922 0.920 —0.002
. 1.382 1.387 +0.005
2.000 2.000%
2.304 2.30 —0.004
0.0157 M Th(NO:)s
1.382 . 1.43 +0.05
1.843 .. 1.81 —0.03
2.765 2.82 -0.10
3.005 3.00¢ 3.02¢
3.69 3.46 —0.23
3.69 3.71 +0.02 3.69 0.00
5.53 5.50 —-0.03 5.53 0.00
8.75 9.05 +0.30 8.94 +0.19
8.75 8.82 +0.07
9.22 9.16 —0.086 9.21 —0.01
10.50 10.482 10.51¢°
11.98 11.93 —0.05 11.97 —-0.01
12,90 12.85 | —0.05 13.05 +0.15
13.82 13.70 —0.12 14.10 +0.28
14.94 14.90 —-0.04 15.00 +0.06

8 Values used for standardization purposes.
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present as hydrofluosilic acid or sodium silicofluoride. Thus, the

procedure may be applied to distillates from the Willard-Winter

method (2).

RANGE, PRECISION, AND REPRODUCIBILITY OF METHOD

To determine the precision and range of this method the pro-
cedure given below was employed.

Two thorium nitrate solutions were prepared, 0.0157 M and
0.0032 M, respectively, based on precipitation of thorium as the
hydroxide and ignition to the oxide. The weaker titrant was
standardized at 0.3, 0.9, and 2.0 mg. of fluoride, the stronger at
3.0 and 10.5 mg., using sodium fluoride that had been especially
purified by Winter (2). The experimental results obtained by
two analysts using these standardization levels are presented in
Table I. The results all fit one of the following equations closely:
For the 0.0157 M solution, theoretical factor 1.19 mg. per ml.,
mg. F = 1.188 mg. per ml. (ml. — 0.15); for the 0.0032 M solu-
tion, theoretical factor 0.2415 mg. per ml. in the 0.3- to 0.9-mg.
range, mg. F = 0.2406 mg. per ml. (ml. — 0.15), in the 0.9- to
2.0-mg. range, mg. F = 0.266 mg. per ml. (ml. — 0.3). The pre-
cision was determined using 0.0123 M titrant. Ten samples of
sodium fluoride were titrated at three levels. The deviation, on
the 959 confidence level for a single determination, was =0.013
mg. at 1.00 mg., =0.09 mg. at 15.00 mg., and =0.154 at 30.0 mg.
of fluoride.

The lower limit of the method using the apparatus and pro-
cedure given below is about 0.04 mg. of fluoride using a quartz
cell, 509, alcohol, and 0.01 NV titrant. The upper limit is above
40 mg. of fluoride using a blown borosilicate glass cell, 409, alco-
hol, and 0.0125 M1 titrant.

Procedure I (0.1 to 2.0 mg. of fluoride). Place an aliquot of not
more than 40 ml. of the sample in the special cell, add 1 to 2 drops
of the pH indicator, and adjust the acidity by adding monochloro-
acetic acid slowly until the yellow indicator color just disappears.
Add 5 ml. of buffer solution, 5 ml. of quercetin indicator solution,
and sufficient 959, ethyl alcohol to form a 509, solution, taking
into account the alcohol added with the indicator. Make all
additions with pipets to keep the alcohol content constant.

Place the cell in the modified Klett fluorometer after cooling to
10° to 15° C., and adjust the stirrer to obtain a moderate stirring
rate. The fluorometer should have warmed up for 15 minutes.
Close the cover of the cell chamber, insert the tip of the buret
filled with 0.0025 M titrant through the hole, and allow it to dip
just into the solution. Adjust the balance diaphragm slit of the
Klett to about 15 and balance the intensity potentiometer in the
usual manner. The galvanometer should be steady on zero; if
not, decrease the stirring rate slightly,

Add several small increments (usually 0.05 or 0.1 ml.) of tho-
rium nitrate, balancing the galvanometer to zero after each addi-
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tion and plotting the observed intensity readings against volume
of titrant added. Do this until sufficient points have been ob-
tained definitely to establish a straight line. Allow the titrant to
follow slowly into the solution, watching for a sharp increase in
galvanometer reading, indicating that the end point is near. At
this point make several more small additions of titrant (usually
0.05 ml.) with galvanometer adjustment as before. Continue
this until sufficient points have been obtained to establish a
straight line. Extrapolate the straight lines graphically to the
point of intersection which indicates the equivalence point, and
read the end-point volume from the graph.

Procedure II (1.0 to 40 mg. of fluoride). Use Procedure I, but
omit cooling of the cell and adjust the alcohol content to 409,
instead of 509,. Use 0.0125 M titrant. The first increments
may be larger (0.1 to 0.6 ml.), but the increments after the end
point should be 0.1 or 0.05 ml.

RESULTS AND DISCUSSION

This procedure has given very good results on certain fluoro-
organic compounds after treatment by alkaline decomposition
methods. Results agreed much more closely than those obtained
visually using Alizarin Red S. After one series of distillations
for standardization purposes, results by this method applied to
distillates from the Willard-Winter separation checked more
closely for amounts of fluoride greater than 2 mg. than by the
Alizarin Red S method. The method avoids the personal factor
of judging subtle visual color changes and takes no longer than
the visual procedure.
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Spectrographic Microdetermination of Beryllium in
Air Dust Samples

GEORGE E. PETERSON, GEORGE A. WELFORD, AND JOHN H. HARLEY
U. S. Atomic Energy Commission, Health and Safety Division, New York, N. Y.

NE of the important tools in the prevention of beryllium

poisoning is the monitoring of the concentration of beryl-
lium in the air. The critical concentration for outside air may be
as low as 0.01 microgram per cubic meter (4), and it is necessary
to measure at the level of 0.001 microgram per cubic meter.
Even with a sensitive spectrographic method, the necessity for
taking large volume air samples leads to many difficulties in the
analytical process.

The most widely adopted method for spectrographic analysis for
microquantities of beryllium is that of Cholak and Hubbard (2,
3). Barnes, Piros, Bryson, and Wiener (1) have described a
method for urine, tissue, and electrostatic separator dust samples.
The general methods of Steadman (9) and Feldman (5) have also
been applied to the determination of traces of beryllium. All
these methods had certain disadvantages for the particular type of

samples run in this laboratory, and it was necessary to develop a
suitable procedure.

The method is not sufficiently sensitive to be useful in the
analysis of urine and tissue samples. Further work is being done
on the development of a more sensitive, yet reproducible method.

Air dust samples run in this laboratory are collected by drawing
known volumes of air through paper filters. Depending on the
atmosphere sampled, varying types and amounts of impurities are
collected with the beryllium. This makes it necessary to use
chemical separations to obtain the beryllium in relatively pure
solution, not because of spectral interference, but in order to
obtain a more uniform matrix for excitation. Any of the usual
dilution methods reduces the sensitivity below the required
minimum.

Although the techniques of air sampling are outside the scope of
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this paper, certain features of the sampling influence the analytical
method and must be described.

Three types of filters are in common use, the Whatman No.
41 ashless filter paper, the Mine Safety Appliances Company’s
all dust paper No. 2133 and Type S unimpregnated filter. The
first filter, in a 10-cm. (4-inch) diameter, allows a sampling rate
about 0.7 cu. meter per minute, but clogs rapidly in dusty at-
mospheres. The second paper allows a sampling rate of 1.0 to
1.3 cu. meters per minute and does not clog so rapidly. The
Type 8 filter, because of the large area of the pleated structure,
allows a sampling rate of about 2 cu. meters per minute and is
very resistant to clogging. However, it has an ash content of
over 19, (125 mg. per filter), which adds to the impurities in the
sample. Blanks run on these papers show up to 0.3 microgram
of beryllium per filter.

Table I. Precision of Spectrographic Procedure

v Be per MI. v Be Found % Relative Error
0.10 0.13 30
0.15 0.18 20
0.20 0.22 10
0.50 0.72 44

0.4 20

1.0 1.0 1]
1.5 1.6 7
1.4 7

2.0 1.8 10
2.6 30

5.0 4.8 4
5.8 16

7.5 6.9 8
10 9.0 10
8.6 14

20 22 10
19 5

50 64 28
51 2

44 12

47 6

100 116 16
107 7

100 0

150 190 27
200 220 10
Av. 13

The total volume of air sampled may range from 100 to 20,000
cu. meters. This means that at the 0.001 microgram per cubic
meter level from 0.1 to 20 micrograms of beryllium would be
present.

REAGENTS

All chemicals used are reagent grade.

Standard Beryllium  Solution. Spectroscopically  pure
beryllium sulfate (0.982 gram) is dissolved in 100 ml. of 209,
hydrochloric acid and diluted to 1 liter with water. The nominal
composition is 50 micrograms of beryllium per ml. Further dilu-
tions are made with water just before use.

Standard Aluminum Solution. A solution containing approxi-
mately 2.5 mg. of aluminum per ml. is prepared by dissolving
aluminum nitrate nonahydrate in water. This solution is pre-
pared in large amounts and standardized gravimetrically.

Oxine Solution. Twelve grams of oxine (8-quinolinol,8-
hydroxyquinoline) are dissolved in glacial acetic acid and made
up to 100 ml. The solution should be prepared fresh weekly and
kept out of the light when not in use.

CHEMICAL PROCEDURE

The procedure given covers the analysis of dust on the Type S
filter only, as the treatment of the other papers differs only in that
smaller quantities of reagents are used in the wet-ashing and ex-
traction steps.

The paper is placed in a 400-ml. beaker and 100 ml. of nitric acid
are added. It is stirred to a pulp, 5 ml. of sulfuric acid are added,
and the beaker is covered and taken to sulfur trioxide fumes on a
hot plate. It is cooled slightly, 25 ml. of nitric acid and 0.5
ml. of 609, perchloric acid are added, and the samples refumed.

ANALYTICAL CHEMISTRY

The addition of nitric acid is repeated until all organic matter is
destroyed. The solution is transferred to a 50-ml. platinum dish,
2 ml. of hydrofluoric acid are added and taken to dryness on a
sand bath. .

To the dry samples, 4 ml. of hydrochloric acid are added,
the sample is transferred to a 50-ml. centrifuge tube, and the
volume 1s adjusted to about 20 ml. It is neutralized to the first
precipitate of iron or aluminum hydroxide with ammonium
hydroxide, and 2 ml. of glacial acetic acid and then hydrochlorie
acid are added dropwise, until the precipitate dissolves. Then
5 ml. of 129, oxine in glacial acetic acid and some paper pulp
are added. The pH is adjusted to 6 with ammonium hydroxide,
using test paper as indicator, and the sample is centrifuged at
about 3000 r.p.m. for 5 minutes. The liquid is decanted through
a loose-textured paper into a 125-ml. separatory funnel, the pre-
cipitate is washed with water, and the washings are added to the
original filtrate.

The filtrate and washings are extracted with 10 ml. of chloro-
form to remove excess oxine, repeating if the organic layer is not
colorless. The aqueous phase is transferred to a clean 50-ml.
centrifuge tube and the pH adjusted to 7. :

If a visible precipitate forms at this point, the removal of iron
and aluminum was incomplete and the oxine separation must be
repeated. If the solution is clear, 1.0 ml. of an aluminum solu-
tion (2.5 mg. of aluminum per ml.) is added, centrifuged, and
the supernatant liquid is discarded. The precipitate is dissolved
in 0.5 ml. of 1 to 3 sulfuric acid and rinsed into a graduated 15-
ml. centrifuge tube with water. It is evaporated to a volume of
1.0 ml. under an infrared lamp.

SPECTROGRAPHIC PROCEDURE

Spectrograph. Baird 3-meter grating, 50-micron slit.

Source Unit. Baird with Sola constant voltage transformer.

Lower Electrode. National Carbon Company 0.25-inch
(0.6-cm.) nominal diameter graphite, regular grade, 6.3 by 50
mm., with a 4.5-mm. cup, 5 mm. deep.

Upper Electrode. Same type, sharpened to a 45° point.

Excitation. Direct current arc, 10 amperes, 2 minutes.

Densitometer. Baird nonrecording.

The cupped electrodes are waterproofed with a solution of

Table II. Recovery of Beryllium from Synthetic Samples

Type of Filter v Be Added v Be Found % Recovery?®
None 0 <0.2 e
<0.2 .
1.0 0.7 70
5.0 4.5 90 -
No. 2133 0 0.3 .
0.5 0.9 120
1.5 1.2 60
5.0 4.0 75
5.2 100
25 19.4 75
Type 8 0 0.3 .
0.3 S
0.2 .
0.3 oo
0.4 s
<0.15 e
0.05 0.5 400%
0.10 0.6 300%
0.50 0.3 0
1.0 1.2 90
0.8 50
1.25 2.0 140
1.75 1.5 70
2.0 2.3 100
3.0 135
1.9 80
1.7 70
3.5 3.3 85
5.0 5.6 105
4.0 75
4.2 80
3.8 70
4.4 80
10 12 120
25 20 80
22 90
21 85
28 110
26 105
50 45 90
60 120
44 90
Average recovery 909%
Average error 209
(All samples over 1 micro-
gram)

¢ Corrected for blank.
b Omitted from average.
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A spectrographic method for determining beryllium
in air dust samples collected on filter paper covers
from 0.05 to 200 micrograms of beryllium per sample.
The filter paper is wet- or dry-ashed, treated with
hydrofluoric and sulfuric acids, and taken to dryness.
After solution in hydrochloric acid, the iron, alumi-
num, and other metals are removed by precipitation
with oxine in acetate-buffered solution. The excess
oxine is removed with chloroform, and the beryllium
is precipitated as hydroxide, using 2.5 mg. of alumi-
num as a carrier. The hydroxide is dissolved in sul-
furic acid, and the volume brought to 1 ml. of 1 to

7 acid. Aliquots of this solution are used for the
spectrographic analysis. A 0.05-ml. portion is trans-
ferred to each of three cupped, waterproofed carbon
electrodes containing about 45 mg. of sodium chlo-
ride as spectrographic buffer and carrier. Excita-
tion is with the direct current arc at 10 amperes for
2 minutes. The average of triplicate density ratios
of Be 2348/Al 2367 or Be 2650/Al1 2367 is used as the
analytical curve function. Check analyses show a
relative error of =209%, except at the extreme lower
range, and over-all recovery of the chemical proce-
dure is 90% of the beryllium content.

- Duco cement in acetone and filled with sodium chloride to within
1 mm. of the top by tamping in a dish of the salt. The weight
of sodium chloride has been found to be 45 = 5 mg. in all cases
measured. Three electrodes for each sample are treated with
0.05 %]. of the solution prepared above and dried in an oven at
110° C.

The lower electrode is made the anode in the arc. The elec-
trode spacing of 4.5 mm., and the length of anode extending from
the water-cooled electrode holders are set manually, using an
auxiliary lens and screen. The arc image is focused on the
grating with a long-focal-length quartz lens.

The spectrum is recorded on Eastman Type 33 plates, and
standard development and fixing procedures are used. The
densities of Be 2348.6, Be 2650.8, and Al 2367.1 are read and the
ratio of the suitable beryllium line to the aluminum line is used
as the analytical function. :

No plate calibration procedure is used; the ratio Be 2348/Al
2367 gives a straight line from 0.005 to above 0.2 microgram of
beryllium on the electrode, as does the ratio Be 2650/Al 2367
from 0.1 to 10 micrograms of beryllium. Standards are run
periodically and the analytical curve is remade if excessive shifts
appear.

The sample burns smoothly during the excitation period,
giving a negligible background on the plate. Although reburning
the electrodes shows that some beryllium is left, complete burning
does not increase sensitivity or accuracy because an increased
continuous background is produced.

RESULTS OF ANALYSES

The values in Table I were obtained by adding appropriate
amounts of the standard beryllium solution to 0.5 ml. of 1 to 3
sulfuric acid, adjusting the volume to 1 ml., and running through
the standard spectrographic procedure.

The values in Table IT were obtained by adding appropriate
amounts of the standard beryllium solution to the paper filter in a
beaker and running through the complete procedure. It was not
found possible to prepare synthetic samples with beryl, but the
procedure used has been shown to give complete solution of beryl
and other beryllium ores.

The accuracy in the lower range is limited by the high blank
(0.3 microgram) and no results showing under 1 microgram of
beryllium per sample are considered reliable.

EXPERIMENTAL

Ashing Procedure. Three ashing procedures were tried: dry
ashing in silica and in platinum dishes and wet ashing in borosili-
cate glass beakers (as in the procedure). The results shown in
Table I1I indicate that the use of silica leads to the loss of con-
siderable beryllium, and that dry ashing in platinum is inferior to
wet ashing, although it is used if speed is essential.

Known amounts of beryllium solution were dried on paper
filters in the dishes used. Before ashing, the filters were mois-
tened with 1 to 1 sulfuric acid to aid in conversion to beryllium
oxide. Organic matter was burned off at a low temperature and
the sample ignited for a few minutes in a muffle at 900° C.
Beryllium was recovered from the ash by heating with 3 ml. of

sulfuric acid, transferring to platinum if necessary, and com-
pleting the procedure from the hydrofluoric acid treatment on.

Oxine Separation. Kolthoff and Sandell (?) and Knowles
(6) have used oxine for separating beryllium from iron, aluminum,
and other heavy metals. However, no data on the recovery of
microgram quantities of beryllium from large amounts of pre-
cipitable elements were available.

Table III. Recovery of Beryllium from Dry Ashing
Procedures
Type of Be Salt Type of v Be v Be
Filter Used Dish Added Found
Type S Sulfate Silica 1.2
1.2
5 2.0
2.2
10 2.4
.3
50 52
13
Type 8 Fluoride Silica 50 24
5
Type S Chloride Silica 5 1.4
2.7
1.9
No. 2133 Fluoride Silica 50 4.4
6.2
Type 8 Sulfate Platinum 5 9.3
5.2
3.3
3.5
2.2
2.9
4.1
Type S Fluoride Platinum* 5 2.5
5.5
3.5
4.6
3.1
3.5
Type 8 Chloride Platinum 5 3.0
2.9
3.5

So that all samples received could be handled by the same
method, the use of a large quantity of oxine was indicated. Five
milliliters of a 129, solution were found to remove iron and
aluminum completely from all but a very few samples. Theo-
retically, 0.6 gram of oxine should precipitate 77 mg. of iron or 37
mg. of aluminum.

The pH is not critical, and indicator paper is suitable for the
adjustment. If the excess oxine is incompletely removed, the
aluminum is not quantitatively precipitated. Both the extraction
and the phase separation after extraction must be done carefully.

The oxine separation cannot be checked separately, but the re-
sults given for the entire process in Table IT show that the
beryllium recovery is good.

Precipitation with Aluminum as Carrier. Table IV shows the
results obtained when various known amounts of beryllium were
carried through the precipitation step.
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Table IV. Recovery of Beryllium with Aluminum
Hydroxide Carrier
v Be/Ml. vy Be/Ml.

Added Found % Relative Error
0.05 0.042 15
0.10 0.095 5
0.20 0.19 5
0.30 0.35 17

0.32 7

1.0 0.6 40
5.0 5.0 0
4.4 12

7.0 40

10 9.4 6
13.4 34

40 45 13
50) 56 12
58 16

56 12

41 18

Av. 16

The chief interference seems to be the incomplete precipitation
of aluminum (and possibly beryllium) caused by carry-over of
organic matter from the oxine separation. However, this is
readily detectable by the resultant decrease in the density of the
aluminum 2367 line, and such results are discarded. Care in the
operations reduces this error to negligible proportions, and, if
necessary, the solution and precipitate may be digested briefly in a
water bath to aid coagulation.

Selection of Spectroscopic Buffer Carrier. Several salts were
tested as buffer carriers for the beryllium, using a erater 5 mm.
deep packed with the salt to within 1 mm. of the lip. All samples
were arced for 2 minutes at 10 amperes. Sodium chloride was
selected on the basis of sensitivity and freedom from background.
The cup depth was selected to hold a sufficient quantity of salt to
last for the full 2-minute excitation period.

ANALYTICAL CHEMISTRY.

Other Spectrographic Variables. The National Carbon
spectroscopically pure graphite electrodes showed a slight increase .
in sensitivity over the regular grade, but not enough to warrant
the difference in cost.

The burning time was selected as a reasonable compromise be-
tween speed and complete volatilization of the beryllium.

The concentration of the sulfuric acid used has a considerable
effect on the spectrographic results. This was first pointed out to
the authors by Landis (8) and confirmed in their laboratories.
The exact concentration is less eritical in the range of 3 fo 5 N
and the 1 to 7 acid concentration was selected for this reason. It
should be noted that 0.5 mg. of phosphate ion on the electrode
lowered the sensitivity to 0.05 microgram of beryllium.

The use of aluminum as internal standard was recommended by
Barnes, Piros, Bryson, and Wiener (1), who used Al 2321.6. The
present authors have selected Al 2367 for its suitable density and
ability to correct slight variations in operating conditions.
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Micromethod for Estimation of Potassium hy
Paper Chromatography

ERNEST BEERSTECHER, JR.
Biochemicﬁ_l’lustitute, University of Texas, and Clayton Foundation for Research, Austin, Tex.

VARIETY of methods exists for the determination of small
quantities of potassium. Relatively few laboratories are
equipped with spectrographic equipment or flame photometers,
however, and the latter instrument is frequently troublesome and
inaccurate when applied to the analysis of complex samples (8).
Polarographic analysis does not distinguish between potassium
and sodium (10). Chemical tests involving gravimetric, volu-
metrie, turbidimetric, and colorimetric analyses of the perchlo-
rate, cobaltinitrite, chloroplatinate, iodoplatinate, phosphotung-
state, and dipicrylamine complex are frequently laborious (4) and
occasionally dangerous (perchlorate, 6), and require considerable
skill (9). In most of these cases, quantities of potassium exceed-
ing 0.100 mg. are required, and the results obtained from complex
mixtures vary from =2 to =109%(1, 3, 7).
In the course of studies on potassium metabolism there has
been oceasion to develop a technique for potassium determination
which is somewhat simpler than many of the usual methods and

requires the use of no equipment beyond that generally found in -

smaller laboratories. A total sample of less than 0.1 mg. of
potassium is required, which for most biological fluids represents

less than 0.1 ml. For this reason it is felt that the technique has
broad applicability in general, clinical, research, and classroom
work. The method involves a rapid chromatographic separatlon
on paper, development with a sensitive and specific reagent ‘and
quantitation to eliminate errors caused by extraneous materials .
By employing a modification of the technique described by Berry’
and Cain (2), each sample serves both as a standard and as an
unknown at the same time.

PROCEDURE

The sample solution to be analyzed is diluted or concentrated
so as -to contain approximately 0.19, potassium. .Portions of
this sample are placed on a 30 X 12 cm. sheet of Whatman No. 1
filter paper as follows: Ten points are marked with a pencil 2
cm. from one edge of the paper and 2.5 cm. apart from each other.
To each of the first five of these spots are added from a suitable
pipet-5.0 ul. of the sample, and all the spots are allowed to:dry.
A standard solution ‘of potassium chloride containing:1.91 grams
per liter (1.00 gram:of potassium ) is then prepared and distributed
upon the spots.in amounts as follows: 0, 5, 10,:15,:20;0; 5, 10,15,
and 2074l On' the sheet-as:finally prepared the. ﬁrst "five. spots
contain 5 ul. of unknown plus 0, 5, 10, 15, and 20 micrograms of
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A paper chromatographic method for the quantitative estimation of potassium
involves a rapid chromatographic separation on paper, development of the chro-
matogram with sodium lead cobaltous hexanitrite solution, and quantitation

of the potassium spots by planimetry.

A technique of chromatogram prepa-

ration is described which eliminates errors due to foreign materials in the
sample. Using the method described, potassium in concentrations of 0.1% may
be determined with an error of less than 109 on a 0.1-ml. sample.

potassium, respectively, and the second five spots contain 10 ul.
of unknown with the same amounts of added potassium as the
first five.

The filter paper is fixed in the form of a cylinder with staples,
and set in a 1- or 2-liter beaker with the spots along the bottom of
the cylinder and.in such a manner that the paper cylinder does
not touch the sides of the beaker. Into the bottom of the beaker
is introduced, to a depth of about 1 ¢m., a solution consisting of
80 parts of ethyl alcohol and 20 parts of 0.1 N hydrochloric acid.
The beaker is covered with a watch glass and the solvent is al-
lowed to ascend to the top of the filter paper cylinder. This
ascent requires about an hour. The cylinder of filter paper is
then removed from the beaker and dried in air.

Sodium lead cobaltous hexanitrite (§) is used to develop the
chromatogram. The reagent is conveniently prepared by dis-
solving 11.5 grams of lead nitrate and 15.0 grams of sodium nitrite
in 50 ml. of distilled water. When solution has occurred, 10.0
grams of cobaltous nitrate are added and the volume is made up
to 100 ml. with distilled water. This solution is allowed to stand
for 1 hour, diluted to 200 ml, with distilled water, and filtered just
prior to use. The reagent is sprayed lightly over the chromato-
gram with a hand atomizer or pressure spray, after which a green
spot at R, 0.4 rapidly develops, owing to the presence of potas-
sium. Under the conditions of the test, no interference occurs as
a result of the presence of ammonia, calcium, or magnesium,
which give positive reactions in crystallographic work employing
this reagent (10). The chromatogram is then allowed to dry, and
the spots are carefully circumscribed with a pencil. The areas
.of the spots may then be measured with a grid system or with a
polar planimeter, or quantitated by excision and weighing on an
analytical balance. The results reported here were obtained by
planimetry.

When the areas of the first five spots are plotted against the
amounts of added potassium, a straight line is obtained, as shown
in Figure 1. A second straight line, parallel to the first, is ob-
tained by plotting the corresponding areas against the potassium
added to the 10-pl. samples of unknown. It is apparent from
Figure 1 that the difference between the intercepts of these two
parallel lines with the z-axis is equivalent to the potassium con-
tent of 5 ul. of unknown solution (K in Figure 1). This follows
because K corresponds to the amount of potassium that must be
added to the 5-pl. aliquot of unknown to produce a spot of the

Table I. Typical Analytical Data Baséd on Determination
of Potassium in Urine and Unknowns

Potagsium Found,
Sample Mg./MI. % Error“

Urine sample 1 1.75 +5
1.60 -3
1.65 —1

Mean 1.67
Urine sample 2 1.30 +6
1.10 —10
1.25 +2

Mean 1.22
Urine sample 2 4- 0.2 mg. K/ml. b 1.47 +4
" + 0.6 mg. K/ml.? 1.70 -7
+ 1.0 me. K/ml.5 2.35 +6
Unknown A€ (1.70 mg. X/ml.) 1.75 +3
Unknown B (1.16 mg. K/ml.) 1.10 -5
Unknown C (0.67 mg. K/ml.) 0.75 +12
Unknown D (2.07 mg. K/ml.) 2.25 +9
Unknown E (1.35 mg. K/ml.) 1.25 -7

8 Values on urine samples based on deviation from mean; other urine re-
covery data based on mean value for sample 2.

b Average of duplicate determinations.

¢ Quantitative unknown solutions of potassium salts prepared by other
workers and analyzed by author in duplicate.

same size as the 10-ul. aliquot. It is generally best to analyze
the data by this graphic method. By employing simple mathe-
matical formulas, however, it is possible to calculate the potassium
content of the sample from the equation:

ZIO —_ Zﬁ
0.01 2(K.4) — 20.1 4

K(mg./ml.) =

where Ao = the mean area of the spots containing 10 ul. of the
unknown, 4; = the mean area of the spots containing 5 ul. of the
unknown, Z(K,4) = the sum for the ten spots of the products of
the area of each spot and the microliters of potassium standard
added to that spot, and A = the total area of all ten spots.
Minor deviations in technique, however, may greatly increase
the errors obtained by the use of this formula, so that a graphic
solution is preferable except when experienced workers are con-
ducting routine analyses. The accuracy of the procedure may be
further increased by increasing the number of increments of
known potassium concentrations on the chromatogram, or by
determination in replicate.

10
9
~.8
z
o.7
12}
< 6
w
x.5
<
4
3
2
L 1
5 10 15 20
UGM. POTASSIUM ADDED
Figure 1. Illustration of Graphic Method of Analysis

of Potassium Determination Data

The technique described was originally designed for the deter-
mination of potassium in urine, and the analytical data in Table
1 were obtained from this material and from a series of unknowns
such as are used in quantitative analysis courses. Tests on other
materials have shown that the method works well in general
analytical work, although slight changes in technique may be
desirable in some cases. Thus, when large amounts of foreign
materials interfere with the potassium spot, the test should be
run on a larger sheet of filter paper, so that greater resolution of
the components of the sample is obtained.

DISCUSSION

The technique employed largely embodies the usual methods of
paper chromatography. The modifications concerned with the
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analysis of the data, however, involve several unique factors.
When the same increments of potassium are added to the two
series containing different amounts of unknown, and the areas of
the resulting spots are measured, the rate of increase of the areas
within the two series should be equal, and the plotted results
should produce two parallel lines. It is therefore easy to devise
a series of simultaneous equations which could be solved for the
potassium content of the unknown. The equation presented is
based on these considerations and provides a simplified method
for calculating the result. The quantitation of results obtained
by paper chromatography is extremely subject to errors due to
the effects of foreign materials in the sample, and a method based
on the principle of sample distribution employed here is essential
for a suitable degree of accuracy, as pointed out by Berry and
Cain (2). The concentration of the extraneous materials inn a
sample spot on paper may markedly influence the degree of
spreading of any particular constituent. Consequently, com-
parison cannot validly be made of the areas of urinary potassium
spots with standard spots in which large concentrations of other
materials are absent. It is essential that the potassium standard
be influenced in its “spreading” and migrating characteristics in
the same manner as is the potassium in the unknown sample.
This may be achieved by preparing the standard solution so that
it contains representative amounts of the major constituents of
urine. Such a procedure is analogous to that employed in the
flame photometry of complex mixtures, where the reference
standard is made up with foreign materials present so as to re-
semble the type of unknown under study. The use of the un-
known itself as a base for the standard, however, presents a more
accurate means of achieving this effect.

ANALYTICAL CHEMISTRY

Sodium lead cobaltous hexanitrite has been previously used
for the detection of potassium by microcrysta]!@gﬁaphjg means
(6), under which circumstances ammonium, cesjum, lithium,
rubidium, thallium, arsenic, antimony, calcium, chromium, iron,
magnesium, silver, and tin are reported to interfere with the re-
sults. Under the conditions of the test described here, none of
these materials interferes, although some difficulty may result
when these elements are present in very high amounts. Using
the method described, potassium in concentrations of about 0.1%,
may be determined with an error of less than 10% on a sample of
0.075 ml. of solution. Although the accuracy of the present
method is thus not so great as that of some other methods, it
seems adequate for many analyses in which greater precision is
not required, and where limitations exist on equipment, sample
size, and time.
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Round-Table Discussion

FLAME PHOTOMETRY

Digest of stenographic report of round-table discussion held by Division of
Analytical Chemistry, 117th Meeting, A.C.S., Houston, Tex., March 1950

Moderator: W. G. SCHRENK, Department of Chemistry, Agricultural Experiment Station, Manhattan, Kan.

LAME photometry offers excellent possibilities -for the

development of analytical procedures for those metallic
ions which can be excited by the relatively low excitation levels
available in the flame. The procedure is not new and has been
used for years as a qualitative test for ions such as potassium and
sodium.

Interest in quantitative procedures, however, has increased
rapidly in the past few years. This has been due, first, to the
development and availability of instruments, designed for this
purpose (1, 2, 4, 8), and secondly, to the need for simpler and more
accurate methods for the determination of the ions of the alkali
metals. Particular attention has been given to the determina-
tion of sodium and potassium because of their importance in
biological systems. Other elements, however, can be determined
by this procedure. Of particular interest at the discussion were
calcium and magnesium.

Although flame methods appear promising with regard to the
determinations of these elements, any new technique involves
certain difficulties not found in established methods. As a
result discussion centered around two general topics concerning
this method of analysis. First, were factors influencing instru-
ment stability and precision and, second, were the preparation of
samples and calibration techniques.

FACTORS INFLUENCING INSTRUMENT REPRODUCIBILITY

Included among the factors which govern the reproducibility
of any given instrument are such items as the atomizer system,
air supply, gas supply, and the stability of the electronic amplifier
circuit, including the photocell.

Discussion brought out the point that atomizer construction is
critical. Atomizers of apparently identical construction require
separate calibration and therefore are not entirely interchange-
able. The atomizer described by Weichselbaum and Varney (6)
was mentioned, but no performance data were available other
than those described by them in their paper.

Several people mentioned the need for extreme cleanliness in
handling the atomizer. It was pointed out that if the atomizer
does not drain properly erratic results will occur. Some workers
clean the atomizer with distilled water and sdlcohol after each
determination, followed by periodic cleanings with other mate-
rials. Others routinely clean after a definite number of determi-
nations.

It was also pointed out that the type of sample plays a role in
determining the number of analyses which can be made before
cleaning is required. Biological samples, in general, tend to re-
duce the number of times the atomizer can be used before thorough
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cleaning is required. All agreed that cleanliness with respect to
_ the atomizer is a critical point in flame photometry.

Air supply also needs to be controlled. If the air supply in the
laboratory is not clean it should be filtered. Dust particles may
cause two effects: first, they may clog the orifice of the atomizer,
and secondly, they may cause luminous spots to appear in the
flame. Both effects are undesirable. Fumes from a chemical
laboratory may cause difficulty also. One report was made of
erratic behavior caused by mercury vapor in the air. It follows,
therefore, that care is necessary with the air supply with regard
to elements which are not usually considered in flame photom-
etry.

Adequate control of air, gas, and oxygen pressures is necessary
also. It has been shown (1, 3) that these factors influence the
sensitivity of the analytical procedure and therefore not only
need adequate control, but also must be easily reset to pre-
determined values. Diaphragm-type pressure regulators do not
give as steady a flow of gas as is required. If used as pressure
reducers, they should be followed by some additional control
such as a needle valve.

Discussion also indicated that electronic amplifier tubes can
cause errors in analyses. These errors are due in part to the lack
of stability and uniformity of the tubes. Errors may also be due
to variations in line voltage when instruments are alternating
current operated. Tube errors can be minimized by buying on the
open market and selecting by trial and error those that function
best in the instrument. Line voltage variation can be stabilized
in part by the use of ‘“‘constant voltage” transformers. One
reference was made to literature (3) which reported on a modifica-
tion of an exsiting electronic circuit which gave improved per-
formance.

Several other factors which were discussed briefly included
atomizer chambers, the use of alcohol in the test solution, and
surface tension effects, all of which appear to be related in instru-
ment stability. The use of isopropyl alcohol in the test solution
increases the sensitivity. The heated jacket on the atomizer
chamber also increases sensitivity and gives more reproducible
results. The effect is apparently one of getting more of the sample
into the flame. The alcohol apparently increases the volatility
of the sample and the heated atomizer chamber tends to prevent
condensation of the atomized sample before it reaches the flame:

Surface tension apparently affects the rate of atomization of the
sample and consequently the sensitivity. This effect can be
minimized by using dilute test solutions, adding alcohol, and
eliminating as far as possible the larger organic molecules which
may be present in some cases.

CALIBRATION AND SAMPLE PREPARATION

Special care is required in the preparation of standard solu-
tions for the calibration of flame photometers. It was suggested
that consideration be given spectroscopically pure samples for such
calibrations. Some laboratories reported that they run a stand-
ard for every four or five unknowns. Others calibrate their
instruments at the beginning and end of each series of determina~
tions. Another technique reported was that in which two stand-
ards are run for each unknown, one of higher and the other of
lower concentration than the unknown. This technique permits
interpolation of results on the unknown.

The accuracy of the determination is influenced by the com-
position of the test solution. Thus, it has been shown (2, 3, §) that
extraneous elements may influence the intensity of emission of the
test element. In cases where the extraneous elements are present
in small amounts standards containing only the test element may
be used. It was pointed out, however, that such standard
solutions have limited application. In most cases it was felt
desirable to make standard solutions of approximately the com-
position of the unknown.

Included among the types of samples which were being analyzed
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for sodium and potassium were such substances as soil, food
products, blood serum, urine, plant tissue, and water. Dis-
cussion emphasized the need for careful sample preparation.
Most organic substances need to be eliminated by ashing before
analysis. In some cases a simple extraction process can be
used—for example, potassium can be quantitatively extracted
from many dried plant materials with hot water. Care in check-
ing such a method:is required, however, because oil-bearing sub-
stances such as cottonseed meal cannot be handled by this pro-
cedure.

Samples of blood serum also require special care. If serum is
not removed from the blood soon after the blood is drawn, erro-
neous results on potassium will be obtained. Anticoagulants cause
errors on sodium analysis. Hemolysis also may cause errors
in the determination of potasstum. If liquid biological materials
can be diluted sufficiently, ashing may not be required. Other
laboratories routinely eliminate all organic substances by ashing.
If the surface tension of the fluid is close to that of water, it is
possible that some organic material is permissible.

No mention was made during the discussion regarding the
internal standard technique which may be used with some equip-
ment. This method of improving accuracy should not be over-
looked, however, by those who may be starting work in this field.

Most laboratories were using flame methods primarily for the
determination of sodium and potassium, although some were con-
sidering calcium and magnesium also and indicated considerable
interest in their determination. In answer to questions concern-
ing flame methods for calcium and magnesium it was pointed out
that errors were greater and sensitivity less than for sodium and
potassium. Suggestions regarding changes in instruments to
accommodate such determinations included (1) a better lens
system between the flame and the photocell, (2) an improved
amplifier eircuit, and (3) an increase in flame temperature.

In answer to a question concerning the use of flame photometric
techniques for the continuous determination of calcium and mag-
nesium and water it was suggested that if total calcium and mag-
nesium was desired a technique using a resin exchange might
possibly be developed. Readings could then be made on sodium
and translated to combined calcium and magnesium content,

The lack of sensitivity in the determination of magnesium was
also discussed. At low magnesium levels the errors-are consid-
erably larger than in the determination of sodium and potassium.
It was suggested that a hotter flame might increase sensitivity.
This could possibly be accomplished by the substitution of an
acetylene-oxygen mixture to replace a gas-oxygen mixture in the
burner. It was also pointed eut that such a change would in-
crease the hazard of backfiring in a burner and that a mew burner
design might be of help. '

Among those taking extensive part in the discussions were V.
W. Meloche of the University of Wisconsin, H. A. Frediani of
Merck and Co., Inc.,, W. R. Lowstuter of Hercules Powder
Company, J. H. Gast of Baylor University, and C. E. Bills.
Thanks are due them for the success of the discussion period as well
as to all others who attended and took part in the round table
discussion,
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NOTES ON ANALYTICAL PROCEDURES . . .

Quantitative Hydrogenation of Unsaturated Fatty Acid Derivatives

Hydrogenation of Less Than Milligram Amounts in the Warburg Apparatus

JAMES F. MEAD AND DAVID R. HOWTON, Medical School, University of California, Los Angeles, Calif.

RECENT publication (7) of a method for the determination
‘of unsaturation by microhydrogenation prompts a report

of a procedure developed some time ago (§) to serve a similar -

purpose.

Having in hand a promising method (6) of isolating very small,
pure samples of unsaturated fatty acid esters derived from nat-
ural sources, the authors were faced with the problem of deter-
mining the extent to which these samples were unsaturated.
As it did to Ogg and Cooper (7), microhydrogenation appeared
to be much more attractive than microhalogenation because of
its less capricious dependence upon structural factors. Some
years ago, Kuhn and Moller (3) published details of a method
based on similar reasoning.

Although a number of microhydrogenation apparatus have
been described (2), these were considered unsuitable because
they involved mere_or less complicated construction or were
incapable of measuring accurately the small hydrogen uptake
anticipated in the experiments.

The commercially available Barcroft-Warburg apparatus,
with no more complicated modification than is customary for
studies involving gases other than air, serves admirably for the
microhydrogenation of less-than-milligram amounts of material
containing as little unsaturation per molecule as that found in
methyl oleate. Coupled with a colorimetric determination (1)
of carbomethoxy content, this procedure suffices to distinguish
very small amounts of such esters as methyl oleate, linoleate,
and linolenate from one another.

PROCEDURE

Standard single-side-armed 15-ml. Warburg flasks are charged
as follows: -Approximately 5 mg. of catalyst (109, palladium
black on charcoal) and 2.5 ml. of redistilled 969, ethyl aleohol
are placed in the main compartment of the flasks, while 0.5 ml.
of an ethyl alcohol solution of the unsaturated compound (1 to
10u moles per ml.) is added to the side arm (which should be suf-
ficiently large to prevent spilling into the body of the flask during
the equilibration-period shaking).

The charged flasks are connected to the Warburg manometers
and the air in them is replaced by hydrogen, by means the
apparatus described by Burris (8), except that screw clamps
are used to prevent rising of the manometer fluid from its reser-
voir bulb during evacuation.

Table I. Hydrogen Uptake of Unsaturated Acid
Derivatives
Hydrogen Uptake, ¢
Amount # Moles %%‘rlxl:ilse
Substrate Mg. wpmoles Caled. Observed Error, % Found
Maleic anhydride 0.23 2.37 2.37 2.50 +5.5 1.06
2.47 +4.2 1.04
2.42 +2.1 1.02
Methyl oleate 0.54 1.81 1.81 1.85 +2.2 1.02
1.67 -7.7 0.92
1.08 3.62 3.62 3.48 -3.9 0.96
Methyl linoleate 0.35 1.19 2.38 2.29 —-3.8 1.93
2.47 +3.8 2.08
Methyl linolenate 0.19 0.64 1.92 1.86 —3.1 2.91
0.47 1.60 4.80 5.02 +4.6 3.14

Without disconnecting the assembly from the hydrogen reser-
voir, the manometer stopcocks are closed by a quarter turn,
and the shaking is started. When the absorption of hydrogen
by the catalyst and the solutions has stopped (this requires about
30 minutes and is followed manometrically), the manometer
stopcocks are reopened to the system, and the manometer fluid
is readjusted to the zero point (usually 250 mm.). The stop-
cocks are again closed, the manometers are disconnected from
each other, and the system is equilibrated for 5 minutes. The
contents of the side arms are then tipped into the main compart-
ments, and the shaking is continued for 5 minutes. At this
time a preliminary reading is taken and, by appropriate tipping
of the manometers, the side arms are rinsed with some of the
reduced solution; the shaking is then continued for an additional
5-minute period. The- final readings are corrected against a
blank manometer, identically charged and manipulated, but
containing no unsaturated material, and the corrected hydrogen
uptake is converted to micromoles by the usual procedures.

Using this technique, the hydrogen uptake of less-than-milli-
gram amounts of several unsaturated acid derivatives has been
measured and is reported in Table 1.

The maleic anhydride was freghly sublimed; the methyl esters
were purchased from the Hormel Foundation and were reported
to have the following iodine numbers (Wijs): oleate, 85.43
(theory 85.6); linoleate, 172.4 (theory 172.4); linolenate, 258.6
(theory 260.4).

ERRORS AND PRECAUTIONS

A survey of the literature failed to reveal data on the solubility
of hydrogen in 969%, ethyl alcohol, which are required in the
evaluation of the Warburg flask constant. However, because
this factor affects only about 19 of the flask constant, using
data on the solubility of hydrogen in “absolute ethyl alcohol
at 30° C. (4) probably introduces no greit error. Absolute
ethyl alecohol is to be avoided as a solvent in these microhydro-
genations because of its usual benzene content.

The reading of the manometers, especially where small dif-
ferences of level are involved, is probably the greatest single
source of low precision. To minimize the change in readings
which occurs when the shaking of the flasks in the bath is inter-
rupted, the method of reading is standardized in any convenient,
way and accomplished as quickly as possible. The temperature
of the bath should also be standardized, and should be as close
to room temperature as proper functioning of the bath thermo-
stat will permit. )

The lubricant used on the ground surfaces of the apparatus
should be insoluble in 96% ethyl alcohol and must not itself
take up hydrogen under the conditions of the determinations.
The silicone-type high vacuum grease manufactured by the Dow
Corning Company was found to be satisfactory from these stand-
points; use of another common lubricant of a different type led
to continued erratic hydrogen'abs‘orption.

Following preliminary examination of various hydrogenation
catalysts, Adams’ platinum oxide was discarded because the small
amounts required were not adequately dispersed in the solution
by the rather moderate shaking typical of the Warburg apparatus.
A catalyst which proved to be eminently satisfactory both from
the point of view of easy suspension in the solution and for its
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activity is the 109, palladium on charcoal manufactured by the
American Platinum Works.

The volume of the solution of substrate is important in that it
must be large enough for adequate transfer from the side arm to
the main compartment and small enough for adequate equilibra-~
tion with hydrogen before the substrate and catalyst solutions
are mixed. In this connection, it is wise not to fill the side arm
too full, lest premature mixing occur during evacuation of the
system or during the equilibration shaking period. For the type
of flask used in this laboratory (American Instrument Company,
No. 5-201 without center well), 0.5 ml. of substrate solution
was entirely satisfactory.

A cursory examination of Table I discloses the fact that the
factors discussed above may lead to very appreciable errors in
terms of per cent; however, the precision is adequate for the
determination of the number of carbon-to-carbon double bonds
in less-than-milligram amounts of fatty acid derivatives.
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Elastomeric Test Films from Acidic Latices

T. B. BLEVINS, W. S. WRIGHT, AND FRED LEONARD
Army Prosthetics Research Laboratory, Forest Glen, Md.

THE necessity for obtaining homogeneous ‘‘flaw-free”
samples for testing the stress-strain properties of elastomeric
films is well recognized. Tensile strength, elongation, modulus,
and tear resistance are all affected by the presence of flaws such as
air bubbles, surface cracks, ridges, edge nicks, and thickness
heterogeneities in the films tested. Previous authors (3) consider-
ing the problem have recommended carefully pouring the latex
on flat glass plates and using controlled humidity and precipitat-
ing atmospheres to.prevent the formation of an impervious sur-
face film whiech would prevent further escape of water from the
underlayers within the latex film. Use of this method in this
laboratory has in many cases yielded flawed and irregular films
of acidic copolymer latices of ethyl acrylate and acrylonitrile,
even after the alkalinity had been adjusted to pH 10.5 with so-
dium hydroxide. It became necessary therefore to devise a
method for casting, from such acidic type latices, films which
would be essentially flaw-free.
Thick plaster of Paris molds are generally used to cast com-
mercial articles froxp latex. The mechanism of film formation
against such a plaster mold is usually considered as being due to

absorption of water thrbugh the minute plaster of Paris pores, the.

size of which prevents passage of the solid polymer particles.
The polymer film is deposited as a more or less porous mass

Casting Molds and Polymeric Films

Figure 1.

through which diffusion of water may occur, and drying may
take place simultaneously from both surfaces—e.g., through the
plaster mold and from the side exposed to the atmosphere. This
has a distinet advantage over casting against glass, where drying
may take place through one surface only. For these reasons, it
was decided to attempt to apply this technique to casting flat
films for test purposes.

In the method used, thick plaster molds with an interior cavity
the size and shape of a 250-ml. high-form beaker were preparéd.
This shape of mold was used for several reasons. Its cylindrieal
shape allows the film to distribute evenly any stresses that de-
velop in drying. In addition, under these conditions of casting,
the film, during formation, is maintained in contact with an aquie-
ous medium that prevents the formation of an impervious surface
skin, which would cause entrapment of water in the subsurface
layers. Experience has shown that such a skin is likely to de-
velop wrinkles and other flaws as the film dries. Films deposited
on plaster molds were built up rapidly and wet films 0.060 to
0.090 inch thick could be deposited in 1 to 2 hours.

MOLDS

The molds were prepared from Coe Dental Laboratories
Hydrocal dental stone and distilled water. To 2100 grams of
stone, 700 ml. of distilled water were slowly added and the result-
ing slurry was kneaded between the fingers until all lumps had
been dispersed, evacuated in a vibrating vacuum chamber for 2
minutes, and then poured into a 1-liter beaker. A 250-ml. high-
form beaker, which had previously been dipped into an alcoholic
solution of green soap and allowed to dry, was now moistened and
a thin coat of the plaster slurry was rubbed onto its outer surface.
The high-form beaker was filled with water to counteract its buoy-
ancy, inserted into the slurry with a gentle rotary motion, and
centered by eye. The plaster was then allowed to harden.
When the plaster set it expanded slightly, breaking the outer
beaker. At this point, a gentle, rotary pull freed the inner
beaker, which was readlly removable, owing to the soap and its
tapered shape. The mold was then dried for 24 hours in a circu-
lating air oven at 60° C. An occasional mold prepared in this
fashion yielded consistently poor films. No explanation of this
effect has been discovered as yet.

CASTING

To prepare best sheets from latex, the dry plaster mold was
filled with latex, previously filtered through cotton gauze to re-
move any coagulum. The latex was allowed to remain in the
mold from 30 minutes to 2 hours, depending upon the solids con-
tent of the latex. Latices containing 50‘; solids yielded films



Figure 2.

from 0.060 to 0.090 inch thick in 2 hours. After the time re-
quired for deposition had elapsed, the balance of the latex was
poured out, and the mold, which then had a wet film of polymer
deposited upon the surface of its inner cavity, was placed in a
circulating air oven at 60° C. until dry. The drying time varied
from 3 to 12 hours, depending upon the type of latex used. The
film could then be stripped from the mold, cut along one side to
form a sheet, and given any further
vulcanizing or curing treatment
desired. Certain high-solids latices
deposited films that adhered tena-
ciously to the molds. The re-
moval of these films was greatly
expedited by pouring water under
the edge of the film as it was
loosened from the plaster.

PREPARATION OF LATEX

Ethyl acrylate (90 grams) and
acrylonitrile (10 grams) were co-
polymerized in emulsion using 100
grams of a 19, Santomerse D solu-
tion as emulsifying agent in the
presence of 0.5 gram of potassium
persulfate and 0.5 gram of sodium
thiosulfate. The reaction was al-
lowed to proceed for 4 hours at
20° C. and the latex steam stripped
to remove unreacted monomer.
The yield was 94 to 96% of latex at
pH 2.2.

TESTING

The tensile strength tests were
conducted according to A.S.T.M.
D 41241 using die C. The test-
ing machine used was a Scott L-6
rubber tester. All samples were
conditioned for 7 days at 509, . .
relative humidity and 75° F. prior 9
to testing. Figure 3.

ANALYTICAL CHEMISTRY

2 3

Photomicrographs of Tensile Test Specimens ( X 20)

RESULTS

The casting technique described gave excellent results when
applied to the acidic copolymerlatices of ethyl acrylate and acrylo-
nitrile. The films were visually bubble-free, ridge-free, and
homogeneous in thickness. Similar results were obtained with

10
Photomicrographs of Tensile Test Specimens (X 20)



VOLUME 22, NO. 9, SEPTEMBER 1950

commercial latices of neoprene, natural rubber, and Geon poly-
blend. .

- The method is rapid, reproducible, and easily applied, and pro-
duces films of excellent appearance. Figure 1 shows the molds

and films of various polymeric materials prepared by this. tech-.

nique.
Despite the fact that the films appeared to be flaw-free, deter-
mination of the tensile values of a very large number of speci-

mens gave inordinately low values in approximately 5% of the.
cases.. The data tabulated in Table I show five specimens. iith-

low values of tensile strength and five reference specimens having
higher values. All the samples. tested were examined under a
microscope using 20 to 1350 power magnification, and it was
established that those samples which had low tensile valies had
broken through a bubble. These bubbles were visible only under
the microscope. Figures 2 and 3 show a seriés of photomicro-
graphs of these ten specimens taken at 20X, which demonstrate
this effect.

Table I. Tensile Strength of Polyethyl Acrylate-
Acrylonitrile 90-10 Copolymers

Tensile Strength, Ultimate
Lb.

Specimen No. a. Inc Elongation, %
1 747 . 730
2 800 730
3 330, bubble present 740
4 800 750
5 227, bubble present 600
[} 267, bubble present 680
7 302, bubble present 710
8 817 750
9 744 ) 750

10 392, bubble present 670

Despite the fact that the specimens with low tensile strength
broke through a bubble, it is not axiomatic that a specimen con-
-taining a flaw will fail at the flaw. It has been shown that the
stress concentration in the shoulder of the specimen is often.suffi-
cient to cause rupture at that point in preference to another
point of lower ‘stress concentration that contains a flaw (1, 2, 4).

Examination of Figures 2 and 3 and Table I also shows that the
presence of bubbles does not appear to affect the ultimate elon-
gation materially.
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DISCUSSION AND CONCLUSIONS

The knowledge of the tensile strength of a polymer is of impor-
tance to a polymer research laboratory in order to serve as a guide
for further modification of polymer structure. The results ob~
tained from flawed samples will frequently lead to unfruitfud
research. A product fabrication laboratory, however, is pri~
marily interested in the strength of the polymer and the ability
of the fabricator to make a flaw-free product. This situation sug-
gests the adoption of two techniques by the testing laboratory.
In testing for the pelymer laboratory, each specimen is examined!
after testing under' a microscope. Any specimen that breaks
through a bubble or flaw visible when examined in this fashion is
rejected. The results:of five specimens that show no flaws are
averaged and reported as the polymer tensile strength. For a&
product fabrication laboratory, any specimens that show visible
‘flaws that would cause rejection of the finished product should be
discarded and the balance tested. The average of five specimens
that show no flaws under unaided visual inspection is reported as
the average tensile strength of the article.

SUMMARY

A method for casting and testing essentially flaw-free films fronx
acidic type latices consists of casting against the interior cavity
of a cylindrical gypsum mold. The method permits drying of
the film from both surfaces and prevents the formation of an im-
pervious surface film, which would later cause imperfections.
Films 0.060 to 0.090 inch thick can be deposited in 1 to 2 hours
using a latex containing 50%, solids. Measurements of tensile
strength and microscopic examination of samples cut from the
films cast according to this technique showed that those samples
which gave inordinately low values of tensile strength broke
through a bubble visible only under the microscope. Suggestions
are given for evaluating tensile test results. ’
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Effect of Temperature on Tributyl Phosphate as Extracting Agent
- for Organic Acids

H. ARMIN PAGEL anp KENDALL D. SCHWAB
University of Nebraska, Lincoln, Neb.

HE use of n-tributyl phosphate for extracting organic acids

from aqueous solution at 25° = 2° C. was reported earlier
(I). Work recently completed shows the effect of tempera-
ture from 0° to 35° C. for acetic, citric, tartaric, and glycolic
acids: ’ :

. PROCEDURF

Fifty milliliters of ester (previously saturated with water to.
minimize volume change on mixing) and 50 ml. of the :aqueous
acid were pipetted into a 150-ml. glass-stoppered separatory fun-
nel. The mixture was allowed to reach.the bath téemperature
and then shaken vigorously for 30 seconds at about 5-minute
intervals for at least 0.5 hour without being removed from the
bath. Agitation for longer periods gave identical results. -After
phase separation had taken place, two 20-ml. pipetted portions
from each phase were titrated with 0.1 or 0.5 N carbonate-free
standard sodium hydroxide, using thymol blue indicator.

Table I. Effect of Temperature on Distribution of Organic
Acids in the Two-Phase System Water-n-Tributyl i
Phosphate
Femp., Extracteds, C (Ester)

Acid Conen., N =0.1°C. "% (=0:1) C (Water)
Acetic 1.125 0 66.3 . 1.97
15 64.4 1.81
25 63.3 1.73
35 62.3 1.65
Acetio .0.0988 0 71.5 2.51
15 69.5 2.28
25 68.1 2.14
) 35 66.4 1.98
Citric 1.000 1] 71.3 2.48
15 62.4 1.66
25 56.5 1.30
, 35 50.5 1.02
Citric- .0.0992 0 80.1 4.03
| 15 70.9 2.44
25 63.9 1.77
35 56.6 1.30

(Continued on next page)
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Table I (Continued)
Temp., Extractede, C (Ester)

Acid Conen., N %0.1°C. 9, (=0.1) C (Water)
Tartaric 1.001 0 41.8 0.72
15 34.6 0.53
25 30.5 0.44
35 26.7 0.36
Tartaric 0.0988 0 49.5 0.98
15 39.3 0.65
25 33.5 0.50
35 28.7 0.40
‘Glyeolie 0.992 0 34.9 0.54
15 31.8 0.47
25 29.9 0.43
35 28.3 0.40
Glycolic 0.0983 0 39.1 0.64
15 35.0 0.54
4 Based on analyses of equal vol- 25 32.6 0.48
umes of aqueous and ester phases. 35 30.5 0.44

ANALYTICAL CHEMISTRY

In titrating the ester phase sample with aqueous base & two-
phase system is formed, wherein the indicator is almost com-
pletely extracted into the ester. Sharp end points were obtained,
however, by injecting a small amount of indicator into the aque-
ous layer (lower) after each addition of base.

In several instances the densities of the two phases were nearly
identical, in which cases the rate of phase separation was very
slow. A study of the effect of adding inorganic salts to increase
the density of the aqueous phase to hasten phase separation, and
the effect of such salts on the distribution constant, is in progress.
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Colorimetric Determination of Sodium Pentachlorophenate

GUY R. WALLIN, High Point, N. C.!

NIETHODS have been developed to meet the need for a sim-
ple procedure for determining small dmounts of sodium
pentachlorophenate in solutions for mildewproofing, algae con-
trol, etc. The methylene blue procedure was developed first and
at a time when the author was not aware that any other colori-
metric procedure existed (at Cannon Mills, Kannapolis, N. C.).
The copper method was developed much later. A good
colorimetric procedure consists of oxidizing the compound to a
quinone (4). The oxygen bomb method and the lime ignition
method are also available (4). '

COPPER METHOD -

It was found that the copper salt formed by treating sodium
pentachlorophenate with copper sulfate is soluble in 70% iso-
propy! aleohol with the produetion of an opalescent colloidal solu-
tion which clears with acidification. The desired acidity for the
reaction of potassium ferrocyanide with copper is also obtained,

8

% TRANSMITTANCE
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Figure 1. Absorptioh of Colored Solution

as outlined in the procedure. The amount of sodium penta-
chlorophenate can be determined by treating the foregoing color-
less solution with potassium ferrocyanide, which is a, very sensitive
reagent for copper. The method has a range of 15 mg. and ad-
heres to Beer’s law over this range. The abridged spectrophoto-
metric curve shown in Figure 1 was obtained with a Leitz-Rouy
photometer. Maximum absorption occurs at 415 my, and a filter
covering this range should be used.

! Present address, Chemical Eaboratoty, Burlington Mills, Greensboro,
N. C.

Table I. Recoveries

Amount in Solution, Amount Recovered, Recovery,
Mg. Me. %
5 4.8 96.0
5 5.0 100.0
5 5.0 100.0
10 10.0 100.0
10 10.0 100.0
10 9.8 98.0
15 15.0 100.0
15 14.7 98.0
15 15.0 100.0
PROCEDURE

Reagents used are 1%, copper sulfate, 709, isopropyl alcohol,
0.67 N sulfuric acid, and 19, potassium ferrocyanide. The
sample should contain approximately 10.0 mg. of active material.

The sample is placed in a 125-ml. separatory funnel and 20 ml.
of 19, copper sulfate are added. The solution is filtered, the
separatory funnel is rinsed with several portions of water, and the
residue on filter paper is washed thoroughly with distilled water.
Then 50 ml. of 709%, isopropyl alcohol, acidified to the optimum
point with- 3 drops of 0.67 N sulfuric acid, are added to remove
any residue present, and this alcohol is used to dissolve residue on
filter paper into 100-ml. flask. The paper is washed with a little
distilled water. Then 5 ml. of 19, potassium ferrocyanide are
placed in the flask and the solution is mixed, diluted to 100 ml.,
and allowed to stand for 5 minutes. The colorimeter is set to its
zero position with distilled water, and is read at the end of a
5-minute period with a filter transmitting at 415 mpu.

Sodium pentachlorophenate may be precipitated from water by
copper sulfate, forming a purple salt which dissolves with a loss of
color in acid aleohol. By treating the solution with potassium
ferrocyanide the amount of copper involved in the reaction is de-
termined. One mole of copper combines with 2 moles of sodium
pentachlorophenate. Absolute or 70% ethyl alchol may be used;
however, 709, isopropyl alcohol is cheaper and more available.

This is an accurate method and a rapid one. The greatest
error in recovery was 4%, which is within the range tolerated for
colorimetric procedures. A determination may be completed in
about 15 minutes. It is necessary to adhere to the time factors
pointed out in the procedure, for the colored copper ferrocyanide
is unstable, and its optical density changes rapidly with time. A
large source of error will develop unless these points are kept in
mind. )

Other phenols react in the same manner and will introduce a
source of error. Commercial sodium pentachlorophenate containg
some tetrachlorophenate plus a few related impurities commonly
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classified as tars (2). This procedure was calibrated with techni-
cal sodium pentachlorophenate, which cancels out the effect of
these substances.

METHYLENE BLUE METHOD

Methylene blue hydrochloride combines with sodium penta-
chlorophenate quantitatively at a pH of 10.9, producing a blue
colored complex which is soluble in chloroform. The reaction
obeys Beer’s law up to 1 mg. and the maximum absorption band is
at 600 to 640 myu as determined with a photoelectric colorimeter
The blank, which is prepared with sodium hydroxide, chloroform,
methylene blue, and water, is a magenta colored solution prior to
being filtered through cotton. Upon being filtered, this solution
turns « very pale blue, much lighter than that found with sodium
pentachlorophenate. A certain part of the color of the unknown
is due to this reaction, but is taken care of by setting the instru-
ment to zero with the blank. :

The reaction producing the magenta colored blank seems to be
physical and is probably a hydration phenomenon. Water is
essential for the production of the red color, and removal of the
water results in a blue solution. It is believed that the alkali
reacts with some impurity in methylene blue, such as methylene
violet or azure blue (Z). Azure blue will react with an alkali,
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producing the same red color and the same type of absorption
curve. All the azure blue may be used up in this fashion, which is
contrary to what is observed with methylene blue, ’

SUMMARY

Two methods have been developed for the determination of
sodium pentachlorophenate. The eopper method is superior be-
cause of its wider range and greater simplicity. The methylene
blue procedure is interesting from the standpoint of the reactions
described with regard to this and similar compounds with alkalies,
ete., which may be of some value in determining these substances.

These methods were worked out for solutions containing so-
dium pentachlorophenate, but they can also be applied to textiles,
wood, etc., if one takes advantage of the {act that this.compound
is soluble in water, alcohol, and benzene (water at 25° 26.19%,
acetone 32 to 33%, alcohol 32 to 33%, and benzene 0.1%) (3).
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Determination of Tryptophan with p-Dimethylaminobenzaldehyde Using Photochemical
Development of Color

JOSEPH R. SPIES aAND DORRIS C. CHAMBERS

Allergen Research Division, Bureau of Agricultural and Industrial Chemistry,
U. S. Department of Agriculture, Washington 25, D. C.

LOG PER CENT TRANSMITTANCY
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Figure 1. Standard Curves for Tryptophan

L. Color developed with light

N. Color obtained by addition of sodium nitrite to previously
illuminated test solutions

C. Color developed with sodium nitrite

'FWO reactions are involved in previous methods for the

determination of tryptophan (2). Reaction I is the con-
densation of tryptophan and p-dimethylaminobenzaldehyde in
19 N sulfuric acid to form a colorless product, and reaction II
is the development of a blue color by oxidation of this compound
with sodium nitrite. The photochemistry of these reactions has
been reported (4). This note describes a method for the estima-
tion of tryptophan, using light as the agent for inducing oxidation.
This method may have special applications in some of the many
complex problems related to tryptophan analysis, but it is not
intended to replace previously described procedures using sodium
nitrite as oxidant.

The rate of reaction II, caused photochemically, was rapid at
first but became slow as the reaction approached completion as
70, 88, 91, 939% of the potentially available color (as compared
with that obtainable with sodium nitrite) developed on illumina-
tion of test solutions for 5, 20, 60, and 120 minutes, respectively.
Illumination caused slight destruction or alteration of the
chromogen, because after 5 minutes’ illumination 93 to 949,
of the total color obtainable by sodium nitrite alone could- -be
obtained by subsequent oxidation with sodium nitrite. This
effect was not progressive, because whether illumination was for
5 or 120 minutes 93 to 949, of the total color was subsequently
obtainable with sodium nitrite.

The transmittancy-concentration relationship obtained when
reaction II was carried out photochemically or with sodium
nitrite is shown in Figure 1, where the log of the per cent trans-
mittancy is plotted against weight of tryptophan. C was ob-
tained using sodium nitrite, L was obtained by illumination for
20 minutes, and N was obtained by sodium nitrite oxidation of
test solutions previously illuminated for 20 minutes. That C
and N do not coincide shows that light destroys or modifies some
of the chromogen. The conformity of these results to Beer's
law, for transmittancies ranging from 12 to 829, is shown be-
cause C, L, and N are straight lines.
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Tablel. Tryptophan Content of Prpteiﬁs Using Light and
Sodium Nitrite to Develop Color

Tryptophan Content®

Sodium
Protein " Light nitrite Difference
% . % %
Casein 1.75 = 0.01(3)° 1.70 2.9
B-Lactogiobulin 2.50 = 0.01(3) - 2.52 0.8
Ovalbumin, de-
natured 1.55 = 0.02(3) 1.46 6.2
Conalbumin, de-
natured 3.38 = 0.04(3) 3.01 12.3
CS-54R (1) 0.907 = 0.013(3) 0.991 8.5
C8-56R (1) 0.524 = 0.005(2) 0.561 6.

¢ Same protein samples used for analyses using light and sodium nitrite.
‘Results are on ash~- and water-free basis and values were corrected as de-
scribed in (3). Values obtained using sodium nitrite were determined by
Procedure O and were taken from Table XIII (3).
Numbers in parentheses show number of determinations made on each
protein.

The relative color intensities obtained on 20 minutes’ illumina-
tion of tryptophan, casein, ovalbumin, and a cottonseed aller-
genic polysaccharidic protein CS-54R (1) were 97, 99, 100, and
999, respectively, of the color intensity obtainable by a 60-
minute period of illumination of each substance. These data
indicate that the photochemical development of color, reaction
11, is slightly more rapid for proteins than for free tryptophan
and for greatest accuracy in an analytical method the exact
time of maximum color development for tryptophan and each
protein should be determined as was done previously for re-
action II with sodium nitrite (2, 3). In the present work, how-
ever, a 20-minute period of illumination was adopted as suf-
ficiently accurate to illustrate the method.

Results of tryptophan analysis of several representative pro-
teins using light to develop the color are compared in Table 1
with wvalues obtained using sodium nitrite. The difference
between values varied from a minimum of 0.89, with g-lacto-
globulin to a maximum of 12.3% with conalbumin, and the
average difference for six proteins was 6.2%. The precision
using photochemical oxidation was =19, while that using sodium
nitrite was =0.889,. These results indicate that photochemical

ANALYTICAL CHEMISTRY

oxidation could be used in an analytical procedure with a reason-
able degree of accuracy # use of sodium nitrite were not feasible.

APPARATUS, MATERIALS, AND METHODS

Apparatus, materials, and general procedures have been de-
scribed in detail (2-4). Reaction I for free tryptophan and for
proteins can be carried out by any appropriate procedure.
The apparatus and procedure for illumination of test solutions
have been described (4). C, Figure 1, is the same as described
in Figure 4 of (2). L and N were obtained as described below
using Procedure E (2) for reaction 1.

Procedure S. To 1.003 mg. of tryptophan and 250.8 mg. of
p-dimethylaminobenzaldehyde (30 mg. per 10 ml.) in a 125-
ml. glass-stoppered FErlenmeyer flask were added 83.6 ml. of
19 N sulfuric acid at 25°, solution A. In another flask 100 ml.
of 19 N acid were added to 300 mg. of p-dimethylaminobenzal-
dehyde, solution B. Required volumes of solutions A and B
were mixed immediately in 25-ml. glass-stoppered flasks to give
test solutions containing 10 to 120 micrograms of tryptophan and
30 mg. of p-dimethylaminobenzaldehyde in a volume of 10 ml.
The solutions were reserved in the dark at 25° for 19 hours.
Each solution was then illuminated for 20 minutes at 25° and
transmittancies were read using & blank solution similar to the
test solution, except that tryptophan was omitted. The lowest
transmittancy obtained over the wave length ranging from
580 to 620 mu was used for calculation of results. Results are
plotted as L. To each solution was then added 0.1 ml. of 0.049%,
sodium nitrite solution and after standing for 30 minutes trans-
mittancies were read. Results are plotted as V..

For the proteins, Procedure O (3) was used with approximately
individual optimum times for reaction I (3). Solutions were
illuminated for 20 minutes. Transmittancies were converted
to weight of tryptophan from L, Figure 1.
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Determination of Cholesterol

Adaptation of Schoenheimer-Sperry Method to Photoelectric Instriuments

FRANCIS F. FOLDES AND B. CRAIG WILSON
Department of Anesthesia, Mercy Hospital, Pittsburgh, Pa.

THIS paper describes a modification of the Schoenheimer-

Sperry method - (1), simple enough for clinical - use and
accurate enough for research purposes. A similar adaptation,
published by.Sperry (5), has limited distribution and is at present
out of print. : The authors have tried to eliminate some of the
difficulties of the method which in the past have been made its
intraduction into' the routine of any laboratory a tedious and
time-consuming procedure.

REAGENTS

With three ‘exceptions, the reagents used are the same as de-
scribed by Sperry (4). Instead of redistilled alcohol and acetone,
c.r. acetone and absolute alcohol are entirely satisfactory. The
0.49%, aqueous digitonin solution has been replaced by an 0.5%
digitonin solution in 50%, alcohol, as recommended by Sobel an
Mayer (2). The use of alcoholic digitonin sélution results in an
evenly dispersed, fine precipitate. ~The precipitate.is not sticky,
and the washed precipitate easily dissolves in glacial acetic acid
without the development of the sediment, referred to by Sperry
{4). -The stock standard used confainéd 2 mg. of ¢holesterol per
ml., and three different working ‘standards" containing 0.250,

0.500,. and 0.750 mg. were prepared with each series of determina-
tions.

APPARATUS

The apparatus was that described by Sperry (4), except that
15-ml. glass-stoppered, heavy-duty borosilicate glass centrifuge
tubes (obtained from MacAllaster-Bicknell, Cambridge, Mass.)
were substituted for the stirring rods and preserving jars.

EXPERIMENTAL

In attempting to adapt the method to the spectrophotom-
eter and photoelectric colorimeter it soon became evident that
the development of the color and the determination of its inten-
sity are the most sensitive points of the reaction. The time rela~
tionship of the color development and the relationship between
the color intensity and the Beer-Lambert law seemed to be the
most important in-this respect. o
" In-his earlier publications Sperry recommended that if the color
is developed at 25° C. it should be read at 30 minutes (3, 4). Inhis



VOLUME 22, NO. 9, SEPTEMBER 1950

Table I. Optical Density (=log T) of Samples Containing

0.5 Mg. of Cholesterol
Sample 30 Min. 30.5 Min. 31 Min. 31.5 Min. 32 Min. 33 Min.
Determined with Spectrophotometer

1 48.9 48.9 48.9 48.9° 48.9

2 49.0 491 49.1 49.1 49.1

3 49.0 49.1 49.1 49.0 49.0

4 .. 49.3 .. 49.3 ..
5 .. 49.8 ..
6 .. 49.9

Determined with Photoelectric Colorimeter

1 48.8 48.8 48.8 49.1 48.9

2 48.5 48.5 48.5 48.5 48.6

3 48.4 48.4 48.5 48.7 48.5

4 .. .. 48.7 .. 48.7 ..
5 .. .. 48.5 .
6 .. . . 485

40 Min. 40.5 Min. 41 Min. 41.5 Min. 42 Min, 43 Min.
Determined with Spectrophotometer

7 48.7 48.5 48.3 48.3 48.1

8 49.0 48.9 48.5 48.4 48.2

9 49.0 49.0 48.8 - 48.7 48.5
10 .. .. 48.7 .. 48.2 ..
11 e . . .. 48.2 ..
12 .. PN .. .. . 47.5

Determined with Photoelectric Colorimeter

7 49.8 49.8 49.7 49.7 49.7

8 49.7 49.6 49.7 49.6 49.6

9 49.7 49.7 49.7 49.7 49.7
10 .. .. 49.7 .. 49.3 ..
11 .. .. 49.4 ..
12 .. 49.3

latest publication (5) he specified 40 minutes as the optimal time
for the determination of the color intensity.

To clarify this point, color was developed at 25°C. in a series of
standards containing 0.5 mg. of cholesterol dissolved in glacial ace-
tic acid, by the addition of the acetic anhydride-sulfuric acid
reagent. When the color intensity was to be determined in the
photoelectric colorimeter (Fisher Scientific Company, Pittsburgh,
Pa.) 0.5 mg. of cholesterol was dissolved in 1 ml. of glacial acetic
acid to which 2 ml. of acetic anhydride-sulfuric acid reagent
were added, and the color was read 1n a microcuvette of approxi-
mately 10-mm. diameter, using a 650 mu filter. When a spectro-
photometer (Coleman Junior Model 6a, Maywood, Ill.) was used,
0.5 mg. of cholesterol was dissolved in 2 ml. of glacial acetic acid,
4 ml. of acetic anhydride-reagent were used, and the reading was
made in a cuvette of 19-mm. diameter at a wave length of 625 mp.

Each series consisted of six samples, and the acetic anhydride
reagent was added at 3-minute intervals. The color intensity in
the first and second series was determined in the spectrophotom-
eter and in the third and fourth series in the photoeelectric
colorimeter. In three samples of the first and third series the
color was read at 30 minutes, then the samples were left in the
cuvette and the color was read again at 30.5, 31, 31.5, and 32
minutes. Another sample was left in the water bath a minute
longer and the color was read at 31 and 32 minutes, and in two
other samples the color was read at 32 and 33 minutes, respec-
tively. A similar procedure was carried out with the second and
fourth series; the color was read at 40, 41, 42, and 43 minutes.
Findings are presented in Table 1.

It can be seen from the table that there is little or no difference
in the color intensity read at or around 30 minutes, or at or around
40 minutes. At 30 minutes there is a slight tendeney to a further
increase of the color intensity with time, and at 40 minutes a simi-
lar tendency to a decrease of the color intensity, but for practical
purposes the color can be considered stable, and its intensity can
be determined at any time between 30 and 40 minutes.

To study the relationship between the color intensity and the
Beer-Lambert law, color was developed in samples containing
0.125, 0.250, 0.500, 0.750, and 1.000 mg. of cholesterol. When
the determinations were made on the spectrophotometer, the
above quantities of cholesterol were dissolved in 2 ml. of glacial
acetic acid, to which 4 ml. of acetic acid anhydride reagent were
added. When photoelectric colorimeter was used the cholesterol
was dissolved in 1 ml. of glacial acetic acid and 2 ml. of acetic
acid anhydride were used. The results are presented in Table II.

1211

"The color intensity as determined with either instrument fol-
lows the Beer-Lambert law fairly closely. The parallelism is
closer when the color intensity (or optical density) is determined
with the spectrophotometer than when it is determned by the
photoelectric colorimeter. The spectrophotometer in higher con-
centrations tends to give slightly higher values. The results ob-
tained with the photgelectric,(;pl\qﬁmetér are somewhat higher in
low concentrations, and considerably lower in higher concentra-
tions than would follow from the Beer-Lambert law. The error
caused by this discrepancy can be largely eliminated by the iise of
several standards of different concentrations and comparison of
the unknown with the standard nearest to it. This point is
brought out more clearly in connection with the results of the
recovery tests.

PROCEDURE FOR ANALYSIS OF CHOLESTEROL IN BLOOD OR
PLASMA

Extraction. Add 5 ml. of heparinized plasma (or whole blood)
rapidly, in a fine stream, to 75 to 80 ml. of 1 to 1 aleohol-acetone
mixture in 8 100-ml.volumetric flask. Bring to boil, and keep at
boiling point for 30 seconds in a water bath, rotating to avoid
bumping. After cooling to room temperature, make up to vol-
ume with 1 to 1 alcohol-acetone, mix, and filter through fat-free
filter paper into a glass-stoppered bottle.

Table II. Optical Density of Cholesterol Selutions Read

40 Minutes after Development of Color

Cholesterol
Content of Photoelectrio .

Sample, Mg. Colorimeter Spectrophotometer

"0.125 14.3 11.3

14.5 11.7

Q.250 28.4 23.3

28.5 23.4

0.500 49.6 45.9

50.0 46.1

0.750 67.8 69.0

67.8 69.6

1.000 80.0 96.0

80.0 95.0

Determination of Total Cholesterol.

1. Place 2 drops of 509, potassium hydroxide in a 15-ml.
glass-stoppered centrifuge tube, add 5 ml. of extract, and shake
vigorously. )

2. Place the centrifuge tube in a water bath at 40° C. for 30
g;i?lges. Do not allow the temperature of the bath to fall below

3. Remove centrifuge tube from water bath, cool to room
temperature, add 1 drop of phenolphthalein solution, and titrate
with 109,-acetic:aeid.solution. Add 1 drop in excess.

4. Add 3 ml of 0.5% alcoholic digitonin solution to the slightly
acid extract in centrifuge tube, stopper, mix thoroughly, and keep
at room temperature overnight. :

5. Remove stopper, centrifuge at 2500 to 2800 r.p.m. for 15
minutes, and decant. supernatant fluid. Blow in 2 ml. of 1 to 2
acetone-ether mixture in a rapid stream to break up sediment and
wash down the wall of centrifuge tube with another 2 ml.

6. Centrifuge again for 10 minutes, -decant, and wash with 4
ml. of ether. -

7. Centrifuge again for 10 minutes, decant, and evaporate
ether with a stream of filtered air for 1 minute. .

8. Heat a 3- to 4-cm. layer of sand in a pan to 110° to 115° C.
in an oven. Replace the stopper loosely in the centrifuge tube
(preferably by placing a fine string about halfway down the stop-
per), place the centrifuge tube in hot sand, and keep in oven for
30 minutes. . S

9. Take the centrifuge tube from the sand bath, remove the
stopper, and allow 2 ml. of glacial acetic acid to run down its
wall. Replace stopper, shake vigorously, and put back into sand
bath for 2 to 3 minutes. . Co

Detérmination of Free Cholesterol. . Put 10 ml. of extract ihto
a glass-stoppered centrifuge tube. Omit steps 2 and 3 and carry
out steps 4 to 9, inclusive, as described for total cholesterol, but

" do step 6 twice.

Development of -Color.: :Remove. centrifuge. tubes from the

" oven and cool in a 25° C. water bath. .

Prepare standards containing 0.25, 0.50, and 0.75 mg. of choles-

‘terol in 2 ml. of glacial acetic acid and a blank containing 2 ml. of

glacial acetic acid.
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Prepare acetic anhydride—sulfuric acid (20 to 1) reagent and
keep 1in a glass-stoppered bottle in an ice-cold water bath.

Add at regular intervals (1 minute is suitable after some prac-
tice) 4 ml. of ice-cold anhydride reagent to blank, each unknown,
and standards, mix well, and place in 25° C. water bath keptin a
dark cabinet.

Adjus* the instrument to zero with blank in place.

" At an exact time (any time between 30 and 40 minutes may be
chosen) from- the addition of the anhydride reagent, and in the
same-order the reagent was added, read the color.

If the photoelectric colorimeter is used, dissolve both unknowns
and standards in 1 ml. of acetic acid and use only 2 ml. of anhy-
dride reagent. This change is made necessary by the fact that
with this type of instrument the color is read in a 10-mm. cuvette
and the decreased thickness of the solution must be compensated
for by increased concentration. It was also necessary to use a
cushion in the cuvette holder to raise the cuvette and thereby
bring the small quantity of solution into the path of the light of
the instrument.

CALCULATION

For accurate results calculations should be made with the
standard that gave the nearest reading to the unknown in ques-
tion. The readings are made on the optical density (—log T')
scale of the instruments.

Mg. of cholesterol in sample =

reading of unknown
reading of standard

mg. of cholesterol in standard X

To obtain results in milligrams per cent, the cholesterol con-
tent of the sample must be multiplied by the dilution factor of
the sample. If 5 ml. of plasma (whole blood) are extracted in 100
ml. (dilution 1 to 20) and 5 ml. of the extract are used in a sample,
the factor converting to milligrams per cent will be 20 X 20 =
400. If 10 ml. of extract are used (as in the determination of
free cholesterol), the factor will be 10 X 20 = 200. Simpler for-
mulas can be obtained if the milligrams of cholesterol in the
sample are multiplied by the dilution factor used. For conven-
ience the factors to be used are presented in Table III.

With the use of the above combined factors '

reading of unknown

Mg. 9 of cholesterol in sample = reading of standard

X F

Table III.

Cholesterol in
Standard, Mg.

Dilution Factors

Factor ¥
5 ml. of extract 10 ml. of extract

0.25 100 50
0.50 200 100
0.75 300 150

CONTROL OF METHOD BY RECOVERY OF KNOWN QUANTITIES
OF CHOLESTEROL

The cholesterol concentration was determined as total choles-

terol in 50, 100, 200, and 300 mg. % acetone-alcohol solutions.

- The total and free plasma cholesterol content was determined in
two pregnant women, with and without the addition of 0.125 mg.
of cholesterol to the samples. It follows from the above calcula-
tions that the addition of 0.125 mg. of cholesterol to a sample
should produce a 50 mg. 9% increase in the total cholesterol con-
centration and a 25 mg. 9, increase in the free cholesterol concen-
tration. The results are presented in Tables IV and V. Table
IV shows good agreement between the expected and determined
cholesterol concentrations, when the calculations were made
with the nearest standard. The maximum difference was 39%,.
When the results were calculated with a single standard, the maxi-
mum difference between the calculated and determined choles-
terol concentration was as high as 129%.

ANALYTICAL CHEMISTRY

Table IV. Recovery of Cholesterol from Acetone-Alcohol
Solutions of Known Concentration

Photoelectric Colorimeter, Spectrophotometer,

Cholesterol Meg. % Calculated Mg. % Calculated

Concentration, Nearest Single Nearest Single
Meg. % standard standard® standard standard®

50 49.0 55.0 49.0 45.0

50.0 56.0 50.0 46.0

100 99.0 111.0 98.0 97.0

99.0 111.0 97.0 96.0

200 197.0 197.0 199.0 199.0

198.0 198.0 200.0 200.0

300 300.0 265.0 299.0 298.0

300.0 265.0 300.0 300.0

@ Standard used contained 0.5 mg. of cholesterol == 200 mg. %.

Table V. Recovery of Cholesterol Added to Plasma

Extracts
Total Cholesterol, Free Cholesterol,
Mg. % Mg. %
Sample Detd. Caled. Detd. Caled.
Plasma 58
Without added cholesterol 222.0 .. 56.5 ..
219.0 .. 57.0 ..
With added cholesterol 271.5 271.5 82.0 81.8
272.0 o 81.0 -
Plasma 59
Without added cholesterol 255.0 . 77.5 ..
257.0 .. 77.0 ..
With added cholesterol 308.0 306.0 103.5 102.8
306.0 .. 103.0 ..

Table V shows that good recovery was obtained when 0.125 mg.
of cholesterol was added to samples of plasma extracts in which
total and free cholesterol was determined.

DISCUSSION

If a given color reaction is to be considered adaptable to analy-
sis with photoelectric instruments, the optical density—i.e., the
concentration of the sample—must be within the sensitive range
of the instruments. Preliminary experiments indicated that
accurate results could be expected if the cholesterol content of
the samples was between 0.125 and 0.750 mg. Thus, when a
5-ml. blood or plasma aliquot is extracted with 100 ml. of 1 to 1
alcohol acetone and 5 and 10 ml. of the extract are used for the
determination of total and free cholesterol, respectively, the
cholesterol content of the samples will be between 0.125 and
0.750 mg., provided that the total cholesterol concentration is be-
tween 50 and 300 mg. %, and the free cholesterol concentration is
between 25 and 150 mg. %. If lower or higher concentrations are
encountered the determinations should be repeated using more,
or less, extract.

The use of glass-stoppered test tubes offers several advantages.
The extract can be mixed with the potassium hydroxide used in
the total cholesterol determination more satisfactorily. Fre-
quently, in the last washing of cholesterol digitonide a small
quantity of ether is trapped under the centrifuged precipitate.
When the tubes are placed in the oven for drying, the trapped
ether evaporates rapidly. This may scatter the precipitate and
lead to a loss of material. This can be prevented by loosely
stoppering the centrifuge tube. Furthermore, in the course of
the repeated washing of the precipitate some of it unavoidably
sticks to the wall of the centrifuge tube. This precipitate can be
dissolved more completely with the relatively small quantity (1
to 2 ml.) of acetic acid used if the centrifuge tube can be stoppered
and its contents well shaken. Another advantage of the stop-
pered test tube is that it will prevent absorption of atmospheric
moisture by the hygroscopic glacial acetic acid and acetic acid
anhydride, thereby eliminating the interference with the color
development caused by the presence of water.

Close agreement was found (especially with the use of the
spectrophotometer) with the Beer-Lambert law when the color

‘was developed in glacial acetic acid solutions of cholesterol. Re-
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covery tests on acetone-alcohol solutions of cholesterol, however
(Table IV), gave better results when the samples were compared
to standards containing approximately the same quantity of
cholesterol. The discrepancy resulting from the use of a single
standard was greater when the photoelectric colorimeter was
used. It is therefore suggested that three different standards
containing 0.250, 0.500, and 0.750 mg. be prepared for each series
of photoelectric determination of plasma (or blood) cholesterol.

It was necessary for the authors’ purposes to extract 5 ml. of
plasma (or whole blood), but total cholesterol can be determined
in 0.25 ml. and free cholesterol in 0.50 ml. of plasma. In this
case the extraction should be done as recommended by Sobel and
Mayer (2), and from then on the procedure continued as described
here.

SUMMARY

The Schoenheimer-Sperry method of cholesterol determiriation
has been adapted to photoelectric instruments. The introduc-
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tion of glass-stoppered centrifuge tubes obviates the use of stirring
rods and preserving jars recommended in the original method.
Cholesterol may be determined apctirately by photoelectric meth-
ods in samples containing 0.125 to 0.750 mg. of cholesterol. The
accuracy of the Schoenheimer-Sperry method may be enhanced
by the use of serial standards; calculations are based on the com-
parison of the unknown to the standard of approximating concen-
tration.
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Dropping Mercury Electrode Apparatus

W. CHARLES COOPER! AND M. M. WRIGHT®

Princeton University, Princeton, N. J.

VARIOUS dropping mercury electrode assemblies have been
suggested (1-7). In the majority of these, rubber tubing
with its inherent disadvantages is used to some extent. For
polarographic analysis based on standardized diffusion current
constants, the apparatus of Lingane (4) with the stop-clock circuit
for the rapid, automatic determination of the rate of flow of mer-
cury is probably the most advantageous. The apparatus de-
scribed in this paper is particularly well suited for routine polaro-
graphic analysis by comparative methods. Designed entirely of
glass and having ground-glass connections, there is no contact
between mercury and rubber and hence no possibility of the
mercury being fouled from this source. The three-piece assem-
bly is compact, is more readily disassembled and cleaned than the
glass-rubber or all-glass apparatus currently in use, and is not
considered by the authors as extremely complicated or fragile.
These advantages offset the initial expense.
Figure 1 illustrates the entire apparatus, an enlarged view of
one section of the stand tube, and a hand-drawn capillary.

The apparatus is made up of three pieces: A, the capillary;
B, the mercury reservoir vessel; and C, the stand tube with
adjoining stopcock and blood pressure bulb and valve.. In 4 a
5.5-cm. length of Corning marine barometer tubing is joined to
6-mm. soft-glass tubing have a 7/25 § female joint. Electrical
contact to the mercury in B is made by means of the tungsten
contact and mercury well, D. The details of the construction of
the stand tube, C, in the region of the ground-glass joint, E, 12/30
§, are shown in Figure 1, center.

The operation of the apparatus is simple. By means of the
blood pressure bulb and valve, F, mercury can be raised to any
‘desired height in the stand tube. The air forced in when the
bulb is squeezed (valve is closed and stopcock is open during this
operation) enters the reservoir vessel through a hole, G, close to
the lower inner seal. As a result of the pressure which is built up
in the reservoir vessel, the mercury proceeds up tube H. The
stopcock is closed when the mercury has reached the desired
level. When the polarographic analysis has been completed, the
capillary is washed carefully with a stream of distilled water and
immersed in either distilled water or pure mercury. Then the
mercury column is lowered by opening the stopcock and the valve,
whereupon the pressure in the vessel is returned to atmospheric.

In polarographic work hand-drawn capillaries can be used as
well as marine barometer tubing. Various features of such

1 Present address, Department of Chemistry, University of Wisconsin,
Madison, Wis,

? Present address, Chemistry Division, National Research Council,
Ottawa, Canada.

capillaries have been discussed by Novak (8). The major dis-
advantage in their use is the fact that they are easily breakable.
Figure 1, right, shows a hand-drawn capillary for which this dis-
advantage has been overcome. Such a capillary has been used
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Figure 1. Dropping Mercury Electrode Apparatus
Left. Entire apparatus

Center. Enlarged view of section of stand tube

Right. Hand-drawn capillary with protective shield
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successfully for many months and the operator has been relieved
of any fear of losing his capillary through breakage.

The capillary is protected against mechanical shock by a shield
of 7-mm. tubing. Six holes, three on opposiie sides, in the shield
near the tip of the capillary permit circulation of the solution. A
hole in the shield near its upper end permits air to escape when the
capillary is immersed. During routine analysis a stream of dis-
tilled water from a wash bottle directed through one of the ports
in the shield serves to wash the capillary free of any solution.
Adhering water is removed readily by wiping the capillary and
shield with a small piece of filter paper.

The following is a very efficient way to clean the capillary,
either the hand-drawn model or one of marine barometer tubing.

Having removed all mercury from the capillary (by carefully
jarring the capillary or by suction supplied by an aspirator), one
first draws hot concentrated nitric acid through the capillary,
using an aspirator. Whether or not the acid is passing through
the capillary can be determined by lifting the capillary out of the
acid and draining any excess off the tip. If the passage is free, a
column of liquid will be seen moving up the capillary. Next one

ANALYTICAL CHEMISTRY

draws distilled water through the capillary, then a little acetone,
and finally a little air.

The hand-drawn capillary with the protective shield can be
cleaned as easily as the same capillary without the shield or a
capillary of marine barometer tubing, but it may be a little more
difficult to determine whether or not liquid is passing up the capil-
lary.
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Rate-Indicating Mariotte Bottle

F. A. SCHWERTZ
Koppers Company, Inc., Mellon Institute, Pittsburgh 13, Pa.

AMARIOTTE bottle is frequently employed in the laboratory
to obtain low but constant rates of liquid flow. If the liquid
is used to displace a gas, this bottle serves also to meter the gas
at rates far below the threshold of the ordinary wet-test gas meter.
Its utility suffers, however, from the fact that it is not an indicat-
ing instrument and must be set at the required flow rate by a
method of trial and error. The present note deals with some
simple additions to the Mariotte bottle that transform it into a
rate-indicating device. These additions are based on the ap-
proximate theory of the operation of the bottle.

THEORY OF MARIOTTE BOTTLE

A typical Mariotte bottle, shown in Figure 1, consists essen-
tially of a jar provided with a liquid-exhaust line, 4, and an air-
intake line, B. As the liquid flows out of the jar at C it is re-
f)laced by air which enters at B and bubbles up through the
iquid level, D.

The rate of discharge of the liquid, considered as ideal and
nonviscous, may be calculated from Bernoulli’s equation, which
requires that the energy per. unit volume of liquid at any two
points along a streamline must be constant. Its familiar form
for an incompressible liquid is

guz + P + dgz = constant (1)

where d is the density of the liquid, v its velocity at any point,
P the hydrostatic pressure at the same point, and z the vertical
distance of the point above some arbitrary datum line. If this
datum line is taken at level C, it is necessary that

d

g vcz + P o = K (2)
where v, is the velocity of discharge, P, is atmospheric pressure,
and K is a constant. Similarly, because the velocity at liquid
surface D is neghigibly small,

Pi + dghe = K (3)

where P; is the air pressure above the liquid surface. Hence, on
combining Equations 2 and 3,
gvoz+Po =Pi +dgha
or ve = V(2/d) (P; — P, + dgha) (4)
It is also necessary that
P, = P; + dghy - (5)

Putting this value in Equation 4 gives

ve = V2g(hs — hy)

or
ve = V2gh (8)

The velocity of discharge is therefore proportional to the
square root of the hydrostatic head between the points of liquid
discharge and air entry. The rate of discharge may accordingly
be regulated by changing the distance between these points.

An alternative way of controlling the rate is to insert a resist-
ance in the air-intake line.

B
Z

/

O — hy

T hy

\. hl

C
Typical Mariotte Bottle

Figure 1.
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Figure 2. Development of Modified Mariotte Bottle

Without inquiring into the nature of this resistance, assume:

that it lowers the pressure of the intake air an amount equal to a
hydrostatic head of height h,. Then, in place of Equation 5,

one has
P, — dghs = P; + dghs (7
Combining this equation with Equation 4 yields
% = Vg — ) (8)

For an actual, viscous fluid the velocity of discharge will be
somewhat smaller than that given by Equation 8. The rate
of liquid discharge, R, should then follow the equation

R=k~{h — ) (9)

- of the discharge orifice.
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where k& is a constant, provided the liquid is flowing in a steady
stream. If, however, the rate of flow is so small that droplets
are formed at the exit point, C, surface tension will play a role
and Equation 9 will no longer be valid. Nevertheless this
equation serves as a guide for transforming the Mariotte bottle
into a rate-indicating device.

MODIFIED MARIOTTE BOTTLE

From Equation 9 it is apparent that the liquid rate, R, will
be a function of h; alone if k, is held constant, or, conversely, of
hs if b, is held constant. The problem of designing a satisfactory
rate-indicating Mariotte bottle therefore consists of varying and
measuring ki, or ks in a simple manner. Two methods of effecting
this result are illustrated in Figure 2.

In one of them, A, is held constant and ks is varied; in the other,
the reverse is true. To vary hs, the air is allowed to leak into the
Mariotte bottle through the liquid trap, A. This operation
reduces the pressure in the air-intake line below atmospheric

ressure by an amount indicated on the liquid manometer, B.
n operating this device, the leveling bulb, C, is used to bring the
liquid level in the trap above point D. Stopcock E is then
opened and liquid is allowed to discharge from the Mariotte
bottle. This action draws the liquid from the leveling bulb
up into the liquid trap until the discharge ceases. The pinch-
cock, F, is then closed and the leveling bulb dropped below level
D. TImmediately thereafter the pincheock is reopened, air flows
into the Mariotte bottle, and k. is adjusted to any desired value.

In this manner the calibration curve in Figure 3 was obtained.
Here the rate of discharge of water, R, was plotted against
vk — ks in order to check the validity of Equation 9. When
the liquid was discharged in a full stream, the rate of discharge
was indeed proportional ‘to Vhi = h;. When the discharge
was dropwise, surface tension played a role, and the rate of dis-
charge was considerably less than one would expect from the
back-extrapolation of the straight-line calibration curve.

Two additional features of the calibration curve are attributable
to surface tension—the discharge rate does not fall to zero for
(i — hs) = 0 as would be expected from Equation 9, and
the - back-extrapolated straight line (dotted portion) does not
pass through the origin of coordinates. The first feature can be
quantitatively explained as follows:

The bubble formed at the discharge tip, G, is capable of su
porting a column of liquid, A, whose magnitude is defined by the
equation .

hdg = 2v/r (10)

where v is the surface tension of the liquid and r is the radius
Because water was used, v = 72 dynes
per cm. while r = 0.045 cm. Consequently 2 = 3.3 em. At
zero flow rate the calibration curve gives VA — hy = 1.7, so
that (b — hy) = 3 em., a figure in rough agreement with the
preceding one. (A more careful consideration
of this point may show that the Mariotte
bottle is adaptable to surface-tension measure-

8 3
T

8
T

n
o
T

LIQUID DISCHARGE RATE,R, CC/MiN.

droptet
formation

1 1 |

© tull streom=-no droplets, Exp |

X full streom-no droplets, Exp. 2

ments.)

That the ‘back-extrapolation of the straight-
line. portion of the calibration curve does not
pass through the origin is probably related to
the fact that the flowing liquid loses energy in
forming fresh liquid surfaces around the intake
air bubbles and at the exhaust orifice, G.

The method of calibrating the Mariotte bottle
by varying h, and keeping k. constant is also illus-
trated in Figure 2.

One need merely connect the discharge. tip, G,
to the gooseneck, H, by means of a rubber tube.
If the gooseneck is lifted above level I, the flow
will be entirely shut off. As it is lowered, the
rate of discharge will increase in 8 manner similar
to that depicted by the calibration curve in Fig-

2 3 ) 4
SQUARE ROOT OF PRESSURE HEAD, Vhy—h,,(h=3L.OCM. )

Figure 3. Calibration Curve for Hydrostatic Head

5 ure 3. If there is negligible flow resistance in the
air-intake line, A2 = 0, and consequently the rate

of discharge will be simply proportional to vE,.
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Very accurately reproducible microflow rates may be obtained
by inserting one or more pieces of glass eapillary tubing in series
with the air-intake line, using rubber tubing connections. Glass
“thermometer tubing serves well for this purpose.

APPLICATION OF MARIOTTE BOTTLE

The Mariotte bottle has been utilized to calibrate a fine-
capillary flow-rate indicator in the flow-rate range below 100 cec.
of gas per minute. In this range the usual laboratory instru-

- ments, such as a wet-test meter, will not serve, and the Mariotte
bottle affords a simple but accurate means of doing the job..

The technique of calibration may easily be understood with
reference to Figure 4. '

tmm, CAPILLARY
TAPERED

FLUSHED GAS

TEST
GAST™
n-BUTYL
PHTHALATE
GLASS CAT'S—= ]
WHISKER

1000¢C.—»
CYLINDER

DRYING BOTTLE
CaClz

TR Rt b L |

FLOW RATE
INDICATOR

Figure 4. Setup for Calibration

The discharge tip of the Mariotte bottle is connected to tube
A. Water is then run into the graduated cylinder at a fixed,
invariable rate. The gas in the cylinder is thereby displaced
and caused to pass through the capillary. To make the setup
easy to handle, various refinements are incorporated. Stopcock
B is used to fill in the test gas at the same time the foreign gas is
being flushed out through stopcocks C and D. To prevent
splashing and to smooth out the flow of water, the lip of the dis-
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Figure 5. Two Calibration Curves

charge tube is provided with a very fine glass cat’s-whisker whieh
extends into the graduated cylinder. The drying bottle is
used to present a moisture-free gas to the capillary.

In Figure 5 are two calibration curves obtained with the
arrangement shown in Figure 4. The upper curve refers to
hydrogen, the lower to air. The straight-line calibration holds
good down to flow rates in the neighborhood of 5 cc. per minute
and presumably lower. To test the accuracy of the work, the
inverse ratio of the slopes of these two curves was compared
to the ratio of the viscosities of the respective gases at the experi-
mental temperature of 25° C. The ratio of the viscosity of air
to that of hydrogen at this temperature is 2.05, whereas the
inverse ratio of the slopes is 2.06.

There are several fine points to be considered if very high ac-
curacy is required. In the first place, the solubility of the test
gas in the water is of no importance, because the volume of the
displaced gas alone is measured. - But this displaced gas is water-
saturated, so that the gas displacement rate of Figure 2 should
strictly be corrected downward for the water vapor held up in the
drying bottle. On the other hand, the gas is displaced at a
pressure higher than atmospheric by the pressure drop across the
capillary. The gas displacement rate of Figure 5 should accord-
ingly be corrected upward if all gas volumes are to be referred to
atmospheric pressure. These two effects . therefore tend to
cancel out and for most work calibration curves similar to those
depicted in Figure 5 will be adequately accurate.

REecEIVED December 22, 1949,

Determination of Phosphorus in Alloys

JAMES L. KASSNER AND MARY ALICE OZIER, University of Alabama, University, Ala.

THE analytical usefulness of the double-strength citromolyb-
date solution which was used in the determination of phos-
phorus in iron ore (5) has been extended to include the determina-
tion of phosphorus in alloys. The analysis of several Bureau of
Standards samples indicates that the accuracy and precision of
this method are good, and average deviations in results are well
within the range recommended for iron and steel analysis (3).
Standard procedures other than those given may be used in
dissolving the samples, provided that the volume of the solution
before the addition of the citromolybdate solution is not over 80 to
100 ml., and that the solution contains not more than 10 grams of
ammonium nitrate or its equivalent in addition to not more than
6 ml. of concentrated nitric acid (specifi¢ gravity 1.42) or not
more than 6 ml. of 60% perchloric acid. The mixed indicator (4)

used in the determination of phosphorus pentoxide in phosphate .

rock is used in determining the end point.

.acidity.

REAGENTS AND STANDARD SOLUTIONS

The reagents for this method are essentially those used in the
determination of phosphorus in iron ore (5).

DETERMINATION OF PHOSPHORUS IN STEEL

Steels Soluble in Nitric Acid. The procedure for dissolving
the steel samples is essentially that adopted by the American
Society for Testing Materials (1) and others (7, 9). The volume
of acid should be determined by the size of the sample, so that it
will not be necessary to use more than 8 ml. of concentrated am-
monium hydroxide (specific gravity 0.90) in adjusting the
From this point, proceed- as in the determination of
phosphorus in iron ore (§) (Table I).

Steels Insoluble in Nitric Acid. Weigh out a 0.5- to 2-gram
sample of the steel into a 400-ml. beaker, add 30 ml. of hydro-
chloric-nitric acid (10) mixture and 0.5 to 1.0 ml. of hydrofluoric
acid, and heat on a hot plate-until the sample is in solution and the
silica.is volatilized (7). Add 30 mil. of 60 to 70%, perchloric acid,
evaporate to fumeés of perchloric acid, and fume“for 5 to 10
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Table 1. Analyses of Standard Steels, Soluble in Nitric

Acid
Bur. Stds. Sample Phosphorus Value, % Deviations,
No. Type Certified Exptl.e %
8¢ Bessemer steel 0.093 0.093 0.000
10e Bessemer steel 0.083 0.083 0.000
0.081 —0.002
1294 Bessemer steel 0.094 0.091 —0.003
0.098 +0.004
0.091 —0.003
1le B.0.H. steel 0.015 0.015 0.000
0.012 —0.003
15D B.0.H. steel 0.018 0.017 —0.001
21C A.O.H. steel 0.062 0.060 -0.002
0.063 +0.001

¢ Time of beiling for complete precipitation about 5 minutes.

Table II. Analyses of Standard Steels, Insoluble in Nitric
Acid
Bur. Stds. Sample Phosphorus Value, % Deviations,
No. Type Certified Exptl.® %

30¢ Cr-V  steel, 0.019 0.020% +4-0.001
Y 0.2359% 0.02186 +4-0.002
0.014¢ —0.005
32b Cr-Ni steel 0.016 0.015 ~0.001
0.014 —0.002
100 Mn rail steel 0.023 0.020 —0.003
0.021 —0.002
108A Cr-Mo-Al steel 0.016 0.018 +0.002
0.014 —0.002
111A Ni-Mo steel 0.017 0.020 +0.003
0.016 —0.001
1214 Stainless steel, 0.023 0.020 —0.003
189, Cr, 10% Ni, 0.022 . —0.001

titanium bearing

« Time of boiling for complete precipitation 10 to 15 minutes.

& Reduced with ferrous sulfate, allowed to stand overnight before filtering,
150 ml. of double-strength citromolybdate solution used.

¢ Reduced with ferrous sulfate, filtered immediately, 150 ml. of double-
strength citromolybdate solution used.

minutes. Cool, add 50 ml. of water and a saturated solution of
sulfur dioxide or sodium sulfite until chromium and vanadium are
reduced, and boil until all the sulfur dioxide has been expelled.

From this point, the procedure for the determination of phos-
phorus in steels insoluble in nitric acid is the same as that for
steels soluble in nitric acid, except that the boiling time for com-
plete precipitation is 10 to 15 minutes (Table IT).

DETERMINATION OF PHOSPHORUS IN CAST IRON

The samples were dissolved according to the standard procedure
(2, 11), precipitated, and titrated as when determining phosphorus
in steel (Table III).

The nitric and perchloric acid procedure (11), which is similar

to the procedure for steels insoluble in nitric acid, can be used for
cast iron.

DETERMINATION OF PHOSPHORUS IN FERROPHOSPHORUS

Prepare a 1-gram sample for analysis as described by Lundell,
Hoffman, and Bright (8), and dilute to 500 ml. in a volumetric
flask. Pipet a 25-ml. aliquot into a 400-ml. beaker; add 50 ml. of
water, 3 to 5 ml. of concentrated nitric acid (specific gravity
1.42), and 3 to 5 ml.-of 2.59, solution of potassium permanganate;
and boil carefully until manganese dioxide is precipitated. Add a

saturated solution of sodium nitrite, dropwise, until all the man-.

ganese dioxide disappears. Boil to expel oxides of nitrogen, add
100 ml. of double-strength citromolybdate solution, heat to boil-
ing, and boil 5 to 10 minutes. From this point, proceed as in the
determination of phosphorus pentoxide in phosphate rock (4)
(TableIV).

PROCEDURE FOR PHOSPHORUS IN PHOSPHOR BRONZE

Weigh out a 2-gram sample of phosphor-bronze bearing metal
into a 400-ml. beaker, add 15 ml. of concentrated nitric acid
($pecific gravity 1.42) and 5 ml. of concentrated hydrochloric
acid (specific gravity 1.19), and heat on ahotplate until the sample
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is in solution except for a white residue. Add 15 ml. of hot water
and digest at 80° to 90° C. until the residue goes in solution.
Dilute tq about 80 ml. with water, add 100 ml. of double-strength
citromolybdate solution, heat to boiling, and boil for 5 to 10
minutes. From this point, proceed as in the determination of
phosphorus pentoxide in phosphate rock (4) (Table IV).

DISCUSSION AND NOTES ON PROCEDURE

In using the perchloric acid procedure as outlined for steel, it
was found unnecessary to adjust the acidity by adding am-’
monium hydroxide when the volume of perchloric acid used did
not exceed 30 ml. of 60 to 709, acid.

‘When the sample contained a large amount of vanadium, it was
found advisable to add 150 ml. of the citromolybdate solution and
allow it to stand overnight before filtering.

If arsenic is present in large amount, it should be removed as
recommended by Lundell, Hoffman, and Bright (6).
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Table III. Analyses of Standard Cast Irons
Bur. Stds. Sample Phosphorus Value, % Deviations
No. Type Certified Exptl.¢ %
4g Cast iron 0.121 0.126 +0.005
0.123 +0.002
6d Cast iron, 0.486 0.502 +0.016%
As 0.26% 0.502 +0.016¢
0.474 —0.012¢
7e Cast iron, 0.778 0.787 —+0.009¢
As 0.0719% 0.791 +0.013¢
0.796 +0.018%
0.806 +0.028%
82 Ni-Cr cast iron 0.102 0.104 +0.002
0.103 +0.001
107 Ni-Cr-Mo cast iron 0.197 0.195 -—0.002
0.195 —0.002
115 Cu-Ni-Cr cast iron 0.113 0.107 —0.006
0.107 —0.006

¢ Time of boiling for complete precipitation about 5 minutes.
b Arsenic not removed; 100 ml. of double-strength citromolybdate used.
¢ Arsenic not removed; 40 ml. of double-strength citromolybdate used.

Table IV. Analyses of Other Bureau of Standards Samples

Certified Exptl.
Sample Phosphorus Phosphorus Deviations,
No. Type Value, % Value, % %
90 Ferrophosphorus 26.2 26.2 0.0
26.2 0.0
63 Phosphor-bronze 0.62 0.61 -0.01
bearing metal 0.61 -0.01
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Preparing Extruded Specimens for X-Ray Diffraction Analysis

L. J. E. HOFER AND W. C. PEEBLES, Office of Synthetic Liquid Fuels, Bureau of Minés, Bruceton, Pa.,
AND P. G. GUEST, Fuels and Explosives Division, Bureau of Mines, Pittsburgh, Pa.

X -RAY powder diffraction analysis has many features that

qualify it as a method for microanalysis of organic com-
pounds in the solid state. The extruded binderless (2, 5, 6)
- specimen probably represents the best type of specimen for micro-
analytical work because of its minuteness (2 to 3 mg.) and
absence of foreign materials.

The disadvantages of other types of specimen are: (a) excessive
size [wedge specimen (), McLachlan specimen (7), the flat
specimens used in Geiger counter spectrometry, ete.]; (b)
contamination of the specimen so that it must be repurified for
further use [specimens mounted on fibers with adhesive (3),
specimens extruded with binder (3), specimens mounted on a
stage with adhesive (8), etc.];(¢c) and the presence of foreign
materials which contribute to the background scattering [speci-
mens in little tubes (3) of cellophane, nylon, or glass, or coated on
fibers]. This last difficulty is particularly important for organic
specimens whose scattering power is not much greater than the
containing tubes and supporting fibers.

There are several objections to the use of extruded binderless
specimens in microanalysis. Although the specimen is very
small, a relatively large amount of sample is required to fill the
extrusion tube by the usual “scoop and tamp’’ technique. It is
hard to prepare a sample that is mechanically strong. Extrusion
of samples at high pressures is said to lead to preferred orientation
of crystallites.

Morse (8) has designed a loader which apparently was intended
to cope with some of these difficulties. Unfortunately, specimens
produced in this way are mechanically weak and insecurely
anchored. Moreover, the use of adhesive for anchoring the
specimen tends to contaminate the specimen so that it cannot be
used subsequently without repurification. Morse also mentions
that high extrusion pressures tend to cause preferred orientation
in the specimen. The present authors have been unable to sub-
stantiate this claim, although they have used pressures up to
~ 40,000 pounds per square inch. In all cases (naphthalene was
especially troublesome), preferred orientation could be com-
pletely avoided by grinding the sample to a small enough particle
size. Specimens of 59 aromatic hydrocarbons (4) whose diffrac-
tion patterns are soon to be published, could be prepared so that
no preferred orientation was evident.

PROCEDURE

The details of the equigment are shown in Figure 1.

Basically it consists of a tiny funnel just large enough to
accommodate the amount of sample necessary to produce a
specimen, and a holding device which keeps the specimen tube
properly positioned with respect to the funnel. By means of a
plunger wire fastened in a small pin vise, the sample material is
pushed into the specimen tube with constant tamping to con-
solidate the specimen uniformly throughout its length. The
plunger should be a stiff No. 22 steel wire (Piano wire has the
requisite stiffness). The specimen tubes are 19-gage stainless
steel tubing cut to the proper length (available from the Superior
Tube Co., Norristown, Pa.). When the specimen tube is filled
to the proper depth (about 4 mm.) the loading device is dis-
assembled and the specimen is extruded from the specimen tube
with the plunger wire. The plunger wire should protrude
from the pin vise a distance just 1 mm. short of the specimen
tube length, so that the specimen cannot be completely extruded
out of the tube, which thus serves as a handle for it. Specimens
produced in this-way contain no binder and are sufficiently
rugged to permit mounting in typical Debye-Scherrer cameras.

The neck prevents the specimen tube from being pulled out of
the loading device during tamping. The anvil rod acts as a
spacer and serves to keep the specimen tube against the neck.
By using anvil rods of different lengths, specimen tubes of
different lengths can be accommodated. The relation between

the thickness of the funnel block and the length of the specimen
tube should be such that the specimen tube projects out of the
funnel block even when it has made contact with the neck.
The apparatus, with the exception of the alignment pins and the
studs, is made of brass. It is now used routinely in the authors’
laboratory.

This apparatus has been used only with organic compounds
for which there are noncorrosive organic solvents. Inorganic
samples present a difficult cleaning problem. - Although the
apparatus shown is very convenient, a much simpler form, con-
sisting of funnel block and anvil block clamped together with
external clamps, can be used.
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Interference of Methyl Anthranilate in Estimations of Parathion

R. C. BLINN AND F. A. GUNTHER
University of California Citrus Experiment Station, Riverside, Calif.

WITH the initial application of the insecticidal material
0,0-diethyl O-p-nitrophenyl thiophosphate (parathion) to
agricultural products has coincided the introduction of a method
for the quantitative estimation of its residues upon these prod-
ucts (7). The basis of this very sensitive method is the quanti-
tative reduction of the nitro to the amino group, which is then di-
azotized and coupled with N-1-naphthylethylenediamine to give
an intense magenta color (“dyed” parathion). However, Gun-
ther and Blinn (8), Norris (4), and Edwards (2) have reported
that aniline and some of its analogs afford essentially the same
magenta color by this procedure. This suggested that methyl
anthranilate, reported by Power and Chestnut (5) to be found in
grapes and by Small (6) to be found in citrus fruits, might inter-
fere with the determination of parathion residues on and in these
products, particularly as the methyl anthranilate content may
vary with both the age and the variety of the fruit. The present

report deals with the spectral study of “‘dyed” methyl anthranil-
ate.

DISCUSSION

After being carefully purified, methyl anthranilate hydrochlo-
ride was subjected to the exact dyeing procedure used for para-
thion estimations (7); the resulting intense magenta color was
visually very similar to that produced by parathion. The absorp-
tion characteristics, determined on a Beckman spectrophotom-
eter Model DU, in the visible range are compared with those
given by dyed technical parathion in Figure 1. The molar ex-
tinction coefficients were based upon the concentrations of the
undyed materials.

Although the spectral characteristics of the two dyed com-
pounds differ slightly, it can be seen that methyl anthranilate

would interfere seriously in a determination for parathion by the
above-mentioned procedure. The maxima are separated only
by 8 mpu, but they differ in molecular extinction coefficient

by about 800 units (2%). Maximum color development is
achieved by methyl anthranilate well within the 10-minute
period specified for parathion.

The presence of methyl anthranilate in a “‘strip” solution can
be demonstrated, even though intermixed with parathion, by the
use of the dyeing procedure (1) without the preceding reduction
step. However, any interference caused by methyl anthranilate
can largely be removed from the strip solution by modifying a
procedure originally reported by Gunther and Blinn (3).

To illustrate, 100-ml. portions of benzene were each fortified
with 81 micrograms of methyl anthranilate, then washed one,
two, or three times with 25 ml. of 109, hydrochloric acid solution.
After evaporation of the benzene in the usual manner, the dyeing
procedure was applied. It was found that one hydrochloric acid
wash removed 60.5% of the methffl anthranilate present. With
two and three washes with the dilute acid, there was left no de-
tectable amount of methyl anthranilate in the benzene.

It is therefore suggested that strip solutions, in which methyl

anthranilate is suspected, be washed at least twice with dilute
hydrochloric acid.

MOLAR EXTINCTION, € X 10-2

It was incidentally noticed that the color characteristics of
dyed methyl anthranilate behaved according to Beer’s law within
the range of 18 to 360 micrograms of parent material. This
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suggests a possible method for the quantitative estimation of
methyl anthranilate.

ACKNOWLEDGMENT

The authors wish to thank W, E. Baier, California Fruit Grow-

ers Exchange, Ontario, Calif., for suggesting the problem and for
a supply of methyl anthranilate.

LITERATURE CITED

(1) Averell and Norris, ANAL. CrEM., 20, 753 (1948).

(2) Edwards, Ibid., 21, 1415 (1949).

(3) Gunther and Blinn, Ad
(1950).

(4) Norris, private communication.

(6) Power and Chestnut, J. Agr. Research, 23, 47 (1923).
(6) Small, Food, 12, 179, 210 (1943).

wn Ch

wstry Series, No. 1, 72

REece1vED December 9, 1949.



Electromechanical Integrator for Coulometric Analysis

JAMES J. LINGANE AND STANLEY L. JONES
Harvard University, Cambridge 38, Mass.

COULOMETRIC analysis based on controlled potential elec-
trolysis requires the accurate measurement of the quantity
of electricity passed through the electrolysis cell (2). Any of the
classical types of chemical coulometers can be used for this pur-
pose. However, they require considerable manipulation and it
is very desirable to have a more convenient, direct-reading device
to perform this function of integrating the current-time curve.

In controlled potential coulometric analysis the current usually
decreases more or less exponentially with time from a relatively
large value (which may be anywhere between a few tenths and
several amperes) to a final value which is practically zero. The
elapsed time may vary from about 10 minutes to an hour or more.
These characteristics require that the integrating instrument
function accurately over the entire range of current values from
zero up. The design of an instrument which will fulfill this re-
quirement, will have the necessary precision and accuracy of the
order of 19, or better, and will not be so complicated and tem-
peramental that its use is more involved than the chemical
coulometer it is intended to replace, is not so simple as it might
seem at first thought. The instrument described in this paper is
one solution to this problem.

PEN-DRIVE ADJUSTS
STEEL BALLS
ALONG RADIUS OF DISK.

CONST.
CONST. SPEED ;gsgg
CHART DRIVE.
Figure 1. Ball and Disk Transmission

As indicated schematically in Figure 1, the heart of the device
is a precision ball and disk transmission. The disk is rotated at
precisely constant speed and this motion is transmitted to a eylin-
der by two steel balls. The speed of the cylinder, and hence the
counting rate of the revolution counter driven by it, are directly
proportional to the position of the balls along the radius of the
disk. Because the balls are positioned by the same mechanism
that drives the pen of the recording potentiometer, the counting
rate at any instant is directly proportional to the reading of the
recording potentiometer, and the total counts which accumulate
are directly proportional to the area under the recorded curve.
By appropriate selection of the mechanical characteristics and
the range of the recording potentiometer, the counter can be
caused to read directly in coulombs or other desired units.

The ball and disk transmission was taken from a Type K-4
Automatic Computing Sight for Turret (Lower Ball), purchased
as war surplus and manufactured originally by the Sperry Gyro-
scope Company. This particular unit employs a screw to posi-
tion the balls; one revolution of the screw shaft shifts the balls
from the center to the edge of the disk. The unit was small
enough to be mounted on the rear of the carriage of a standard
Brown Electronik potentiometer recorder, together with the small
synchronous motor used to drive the disk and the revolution
counter, as shown in Figure 2. An aluminum spur gear is fitted
over the hub of the large gear which drives the recording pen, and
is held in place by compression exerted by a threaded ring
screwed on the hub, which permits easy adjustment of its angular
position relative to the potentiometer reading. This gear en-
gages an aluminum spur gear attached to the screw shaft which
positions the balls. The gear ratio is approximately 1 to 1, and
because the “pen drive gear’’ rotates through about 320°, a com-
plete excursion of the recording pen causes the balls to shift over
nearly the entire radius of the disk.

The disk is rotated at 45 r.p.m. by a Type RWC 2505 Holtzer-
Cabot synchronous motor. The integrating unit includes a
spring-loaded screw adjustment which enables the compression
between the disk, balls, and cylinder to be adjusted.

The maximum speed of the cylinder is twice the disk speed.
The Model S13, 5-digit Veeder-Root revolution counter is con-
nected by two spur gears to the cylinder, the gear ratio being 1 to
1. Because this counter counts each tenth of a revolution, the
maximal counting rate is 900 counts per minute for full scale
recorder deflection.

To minimize error and dead zone caused by lost motion in the
gears and screw which positions the balls, a strip of spring bronze
is mounted to maintain constant tension in one direction against
the sliding carriage in which the balls are mounted.

To measure and integrate current a precision resistor (1 to 10
ohms depending on the current range) is placed in series with the
electrolysis cell and the recording potentiometer is connected
across this resistor to record the R drop. The integrator is cali-
brated with a known constant current which is evaluated by
measuring the R drop across the precision resistor with a potenti-
ometer. The counter reading over a measured time interval with
the known current is observed. These data are combined to com-
pute the calibration factor expressed as coulombs per count. A
voltage-divider arrangement (1) can be used conveniently to
change the range of the integrator over very wide limits to meas-
ure relatively large or very small quantities of electricity.

The gear that drives the ball-positioning screw is adjustable
with respect to the recorder deflection, which allows the zero of
the integrator to be set to correspond to any desired position of
the recorder pen. The zero of the recorder and integrator can
thus be set to an intermediate scale position and the instrument
used to integrate curves in cases where the measured quantity
changes sign during the course of an experiment.

The precision (reproducibility) of the instrument is demon-
strated by typical calibration data obtained when twelve different
constant -voltages, accurately measured with a potentiometer,.
were applied to the instrument to obtain deflections of the re-
cording potentiometer from one tenth to full scale. The cali-
bration factor was computed from the observed counting rate
at each constant applied voltage. The average was 0.0530
coulomb per count with an average deviation from the mean of
=0.0003 or *=0.6%.

The accuracy—i.e., reliability of the calibration factor obtained
with known constant voltages—was then tested under actual use
conditions by operating the instrument in series with a silver
coulometer during the deposition of copper from a 0.5 M sodium

Figure 2. Electromechanical Integrator
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tartrate electrolyte of pH 5-to 6 with the potential of the platinum
cathode held constant by an automatic potentiostat (2) at
—0.32 volt versus the saturated calomel electrode. When 50- to
60-mg. quantities of copper were used, the current decreased
exponentially from about 500 to 2 ma. over a period of 20 to 30
minutes. In three trials the average calibration factor of the
integrator, computed from the weight of silver deposited in the
silver coulometer, was 0.0529 coulomb per count with an average
deviation from the mean of =0.0003 or =0.6%. This value
agrees very well with the calibration factor (0.0530) determined
with known constant voltages.

The particular ball and disk unit used was small, the disk hav-
ing a radius of only 1.6 c¢m., and a higher degree of precision prob-
ably could be obtained by employing a larger integrating unit.
Precision ball and disk units with disk radii of 3.2 and 6.3 cm.
(1.25 and 2.50 inches) are available from the Ford Instrument
Company, Long Island City, N. Y. It is evident that the inher-
ent precision of the recording potentiometer itself, rather than
mechunical limitations, is the factor that determines the ultimate
precision and accuracy attainable with this type of integrator.

Lag in the recording potentiometer is a possible inherent source
of error in cases where the current varies rapidly with time. This
can be minimized or eliminated altogether by employing a record-
ing or indicating potentiometer whose speed of response is great
compared to the time rate of change of the current. The time
required for full scale deflection of the particular Brown Elek-
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tronik recorder used in this study was 10 seconds. This is amply
fast for purposes of coulometric analysis. :

Although designed specifically as a coulometer, the integrator
has other possible uses. It will integrate any curve which the
recording potentiometer is capable of drawing. One interesting
possibility is the integration of polarographic current-voltage
curves recorded over a precisely regulated time interval corre-
sponding to an applied voltage range which includes the polaro-
graphic wave.

SUMMARY

A mechanical ball and disk integrator controlled by the pen-
drive mechanism of an ordinary recording potentiometer serves
as a convenient electromechanical integrator. The instrument
integrates any curve which the recording potentiometer can draw,
the integral (area under the recorded curve) appearing as a read-
ing on a revolution counter. The precision and accuracy are
better than =19%. The instrument was designed to replace
the more cumbersome classical types of chemical coulometer in
coulometric analysis, .
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Automatically and Continuously Recording Flow Refractometer

GEORGE R. THOMAS!, CHESTER T. O’ KONSKI?, AND CHARLES D. HURD

Northwestern University, Evanston, Ill.

'[N 1946 Claesson (1) described an instrument for the con-
tinuous analysis of the eluate from an adsorption column,
using the change in refractive index as an indication of change
in composition. The essential features were as follows: )

Light is conducted through a lens system and the emerging
beam is passed through two solutions (A and B) separated from
each other in a refractometer cell by -a thin glass plate set at an
angle of 45° to the beam of light. Solution B is a liquid of
known, constant refractive index, and solution A is the eluate
from an adsorption column. As the beam of light passes from
A through B, any change in refractive index in A will deflect the
beam. This emergent beam is then divided into two beams by
passing through a hexagonal glass prism, one edge of which is
pointed toward the refractometer cell. At the start the two
beams may be equal, but any change in A will make them un-
equal. Each beam is received by a photovoltaic cell. The
change in the amount of light received by each cell is measured
by means of a bridge circuit and a recording galvanometer.
This change is directly related to the change in refractive index
oceurring in A.

In connection with some studies to be reported separately,
it became necessary to use methods of adsorption analysis,
Claesson’s procedure seemed attractive, but it soon became ap-
parent that his apparatus was needlessly elaborate for the
authors’ purpose and prohibitively expensive. The present
paper describes a much simpler and cheaper instrument which,
however, is comparable in sensitivity and utility to Claesson’s.
Attention is called to another continuous recording refractometer
(8) designed and built for industrial control use, the action of
which depends on intensity of internal reflection, near the critical
angle, in a prism in contact with the stream of sample. The

! Present address, Department of Chemistry, Boston University, Boston,
Mass.

2 Present address, Department of Chemistry, University of California,
Berkeley, Calif.

design of another recording refractometer was also recently
reported by Zaukelies and Frost (4) of this laboratory. Their
design, an important feature of which was the use of a twin-
cathode photocell, was conceived and developed independently
of the authors’ but both came as a result of a talk on frontal
analysis given by Claesson at Northwestern University in 1947.
The present paper is submitted in view of the importance and
potentialities of this analytical approach, and because of the
modifications in the optical systems and electrical circuits.

The major change (suggested by C. T. O., July 1947) was the
use of sensitive phototubes in a balanced circuit to provide high
voltage sensitivity and a single vacuum tube in & stable circuit
which provides sufficient current to operate a rugged milliam-
meter, in place of Claesson’s relatively insensitive circuit using
photovoltaic cells. This permitted a much more compact in-
strument because the optical lever arm was reduced from 100 to
10 ecm. Another important change was the elimination of the
weight-recording device. Claesson’s apparatus recorded the
weight of the eluate as a function of the refractive index by
means of a spring scale attached to the galvanometer mirror.
This has been eliminated by recording the refractive index on a
motor-driven chart which moves at a constant rate. A General
Electric photoelectric recording milliammeter was used. A
more insensitive Esterline-Angus instrument was tested also in
the preliminary work, but only the General Electri¢ instrument
was used in the final setup. Inasmuch as constant flow rate is
maintained through the column, the chart can be calibrated to
read the volume of eluate.

Claesson found it necessary to incorporate a complex constant
pressure device in his apparatus because with the adsorbent
selected—namely, carbon—the flow of solution was too slow.
The adsorbents used in the present work, silica gel and alumina,
allowed a rapid passage of the solution and at the same time
maintained the necessary selective adsorption characteristies.
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A minor difference was the use of a stainless steel, right-angle
reflecting prism instead of the hexagonal glass prism.

DESCRIPTION OF INSTRUMENT

The optical parts essential to the instrument are shown in
Figure 1. These include the light source, the refractometer
cell, the prism, and the phototubes. Figure 2 portrays the
electronic circuit.
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Figure 1. Refractometer Assembly
a. Tungsten lamp

b. Heat-absorbing glass plates
¢. Condensing lenses

d. Brass plate for base
Focusing lens

Cell 1

Cell 2

Track

Reflecting prism
Phototubes T, T:
Micrometer

Fr TR

The light source was a 50-candlepower, 6- to 8-volt, automobile
headlight bulb used in conjunction with a set of achromatic con-
densing lenses (obtained from the Edmund Salvage Co., Audu-~
bon, N. J., Stock No. 6179; focal length, 78 mm.; diameter,
46 mm.) and a focusing lens (focal length, 25.4 mm.; diameter,
12.5 mm.). The light source was adjusted in such-a way that it
focused in the middle of the refractometer cell. The bulb was
operated at 6.3 volts from a transformer fed by a Sola constant
voltage regulator operating from a 115-volt alternating current
line. Although higher operating voltages increased the sensi-
tivity of the instrument, the bulbs burned out more rapidly.

The refractometer cell was constructed from a brass block as
shown in Figure 3. The volume of cell 1 was 0.7 ml. The angle
between cell 1 and cell 2 was set arbitrarily at 45°, but could be
changed if greater sensitivity were desired. The cells were
separated from each other by microscope cover glasses, which
were used also as windows at the ends of the cells.  Seepage
of liquid around the cover glasses was prevented by use of lead-
foil washers. Cell 1 was connected to the vertical adsorption
column by means of a brass-to-glass ground joint. The eluate
entered through G and made its exit through H. Cell 2 contained
the solvent used in the adsorption column,

ANALYTICAL CHEMISTRY
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Figure 2. Electronic Circuit

¥. R. Voltage regulator
L. To source of light

The highly polished stainless-steel, right-angle prism was 2
em. on each edge. This prism divided the beam into two parts,
each of which was received by a phototube. The prism and the
two phototubes were housed in a light-tight box, which could be
moved in a track perpendicular to the beam by means of a depth
micrometer. i

The circuit, Figure 2, was essentially a cathode-follower cir-
cuit in which the grid potential was controlled by the potential
existing between the two phototubes connected .in series. -

Two RCA929 phototubes, T, and T, shown in Figure 2, were
chosen for the balanced circuit because of their high sensitivity
to light from a tungsten lamp. In this type of circuit a large
voltage change is produced by a small unbalance of phototube
current because of the high dynamic impedance:of the vacuum-
type phototube. --In-fact, for the-authors’ purposes the sensi-
tivity was decreased by inserting two matched 10-megohm
resistors, R4 and R;, across the phototubes because stability
was the limit on useful sensitivity. By increasing the stability
of the optical system and selecting the phototubes and amplifier
tube,da ten- or twentyfold increase in sensitivity can be ob-
tained. .

The single 6SJ7 vacuum. tube, 75 connected as a triode,
served as a current amplifier or an impedance match between
the phototubes and the recording meter. The circuit was a
cathode-follower type which proved to be very stable and
relatively free from drift. To balance this circuit, switch S,
was turned to the position at which the control grid was con-
nected directly to the junction between B, and B, which were
45-volt B batteries. Then the balancing control, R;, was ad-
justed until no potential existed across the sensitivity. control,
R, as indicated by a null on the meter, M.

Optical balance was then obtained with liquids in both sections
of the refractometer cell. Starting with the sensitivity control

.near ‘zero, S; was turned to connect the control grid to’the

phototube cirecuit and the micrometer screw was adjusted until
a null was observed on the meter.  Then: the sensitivity was in-
creased to any desired value and subsequent changes in the re-
fractive index of the solution were clearly presented on the re-
corder tape by suitably adjusting the micrometer control.

Suitable values for R;, R., and R; were found to be 50,000,
5000, and 5000 ohms, respectively. '

No thermostat was used, because temperature was not. found
to be of prime consideration in the present investigation.. The
concentration of the solutions used was of the order of-1%, so
that the change of refractive index of the solution with tem-
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perature approximated the corresponding change for the solvent.
Variations in room temperature were transmitted to both cells
concurrently through the brass block. Heating by the light
source was reduced by inserting two heat-absorbing glass plates
in the optical system. .

Stability of the optical path was of utmost importance, for
a distortion of 0.06 mm. would cause full-scale deflection on the
milliammeter. In order to acquire this optical stability, the
parts of the instrument were secured to a 3/s;-inch brass plate
which in turn rested on a three-point mount.

SENSITIVITY AND CALIBRATION OF INSTRUMENT

In Figure 4 is plotted the meter reading when the reflecting
prism was moved across the beam by means of the depth microm-
eter mentioned above,

Curve A demonstrated that a 0.1-mm. shift in the prism gave
full-scale ‘deflection (about 0.2 ma.) on the G.E. recorder at full
sensitivity setting (R; at 5000 ohms) and that the meter reading
was a linear function of the prism position. At the lowest
sensitivity used (Rs at about 500 ohms), a 0.23-mm. shift gave
full-scale deflection. Curve D indicates that a 1.2-mm., shift in
prism position corresponded to full-scale deflection (1 ma.)
on an Esterline-Angus recording meter. The relationship was
not completely linear but could be made so by minor changes
in the circuit. With optimum adjustment of the optical path,
a shift of 0.06 mm. gave full-scale deflection on the G.E. meter.

By placing solutions of known refractive index in the cell,
it was determined that a change of 2 X 10-3 unit in refractive
index corresponded to a 0.2-mm., shift of the prism. Thus, with
the instrument as shown, the full-scale sensitivity was con-
veniently adjustable in the range from 6 X 10~4 to 1.2 X 102
refractive index unit. In the work to be reported (2) the G.E.
meter was used at a full-scale sensitivity of 2 X 1073 unit, which
was ample. In a room free from drafts, over-all stability during
the course of a typical experiment was better than 10~ unit.
Accordingly, a change in refractive index of 2 X 10~% unit was
essily detectable.
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Figure 3. Refractometer Cells

A. Vertical cross section
B. Horizontal cross section

Miecr pe cover gl
D. Celll
E. Cell2

F. Focusing lens
G. Eluate entering cell
. Eluate leaving cell

Experience showed that thermostating the cell alone decreased
stability, probably because of temperature differences between
the column and cell. Careful jacketing of the entire apparatus
would increase the optical stability. With other refinements an
ultimate usable sensitivity between 10 -8 and 107 refractive index
unit is considered feasible for this type of instrument. Minor
changes in the circuit also extend the lower range of sensitivity.

Utility of this instrument in separating various mixtures of
ethers -and sulfides by adsorption methods is described in an
article (2) to appear elsewhere. Specifically, these mixtures
were studied using alumina and silica gel as adsorbents with
cyclohexane as solvent; butyl ether and 1,2-diethoxyethane;
propy! sulfide and 1,2-bis(ethylmercapto)ethane; 2-chloroethyl
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sulfide and 1,8-dichloro-3,6-dithiaoctane. Straight-line curves
were obtained for each mixture by plotting percentage of the
more strongly adsorbed component (the diethers or the dithia
compounds) against L;/L,. L, and L, are the lengths of the
lines on the chart of the recording G.E. milliammeter from zero
volume to the volumes (V; and V) at which points the first and
second components, respectively, are just ready to appear in
the effluent liquid. For analysis, therefore, one prepares such
a curve from known mixtures, then obtains the L,/L. value for
an unknown, and reads off the percentage of A from the curve.

Scale for Cusve D
0.2 0.6 1.0 1.4
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Minimum changes in Prism Position
SCALES FOR CURVES A, B, and C

Figure 4. Meter Readings at Various
Sensitivities
General Electric meter used for curves A, B, C. Faull-
scale deflection equals 50 units on Y-axis.
A. Maximum sensitivity (setting at 90), R: = 5000 ohms
B. Intermediate sensitivity (setting at 50)
C. Lowest sensitivity used (setting at 10), R: = about
00 ohms
Esterline-Angus meter used for curve D, with setting at
90. Full-scale deflection equals 25 units (not 50) on Y-
axis.

SUMMARY

The design and construction of an automatically recording
flow refractometer useful in adsorption analyses are described.
Full-scale sensitivity of this unit was conveniently variable
between 1.2 X 1072 and 6 X 10 ~*refractive index unit. Over-
all stability corresponded to less than 10~® unit, which was the
lower limit of sensitivity for the apparatus in the described form..
An ultimate sensitivity between 107% and 1077 refractive index
unit is regarded as feasible for this type of instrument.
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Mass Spectrometric Analysis of Low Concentrations of Vapors in Air

G. P. HAPP, D. W. STEWART, AnD H. F. BROCKMYRE
Kodak Research Laboratories, Rochester, N. Y.

ALTHOUGH it is well known that the mass spectrometer -
£

can determine low concentrations of one gas in the presence
of large amounts of another, as in the analysis of atmospheres
in annealing furnaces for traces of oxygen, or of soil gases for
hydrocarbons, no description has been found of techniques suit-
able for concentrating and determining contaminants in airin the
range below 100 p.p.m. The following procedure has given useful
results when substances that can be trapped by liquid nitrogen
are to be determined. This would appear to include most of the
ordinary atmospheric contaminants with the exception of carbon
monoxide. Typical results are given for several mixtures of
solvent vapors in air, sampled in a small test room.

The inherent advantages of the mass spectrometric method of
gas analysis are rapidity and freedom from interference by
chemically related substances. In addition, the spectrum pro-
vides a complete qualitative record, which should be particularly
important when the source of atmospheric contamination is not
completely known. Two recent discussions of mass spectrom-
etry outline the principles and techniques of this instrumental
method of analysis (4, 6).

APPARATUS AND PROCEDURE

The mass spectrometer was a 60° sector-type instrument con-
structed in this laboratory and used successfully for general ana-
lytical work. The all-glass inlet manifold, including several
stopcocks and a 1-liter expansion volume, operated without aux-
iliary heating, as did the ion source. A glass capillary leak was
located at the end of the inlet tube inside the ion source. For
calibration, pure liquids in volumes up to 0.0005 ml. were ad-
mitted, through a sintered-glass valve, from a graduated micro-
pipet.

Ion currents were amplified and then recorded on a Leeds &
Northrup Speedomax recorder, with manual selection of shunts.
All scanning was done by varying the magnetic field. The maxi-
mum over-all sensitivity of the apparatus as used in this work
was approximately 30 chart divisions for the principal peak of
acetone, mass 43, with an expanded sample pressure of 1 micron,
This corresponds to an acetone content of 30 p.p.m. in the 50-ml.
sample bulb. The observed peak heights may be measured to
0.2 chart division, or 0.2 p.p.m. for acetone.

Air samples were taken from a static atmosphere in a small,
tightly closed laboratory room with painted walls and a volume of
290 cubic feet. Mixed solvents were evaporated on a hot plate,
and the air was circulated with an electric fan. Sampling started
20 minutes after completion of the evaporation. Instantaneous
samples for the mass spectrometer were taken in previously evacu-
ated 50-ml. bulbs with stopcocks.

For comparative chemical analysis, continuous samples were
drawn from the same point in the room into suitable absorbers.
The volume of air was measured with rotameters. Activated
silica gel was used to absorb acetone, chloride-free activated car-
bon to absorb chlorinated hydrocarbons, and a sulfurie acid-po-
tassium nitrate nitrating mixture for aromatics. The chemical
determination of acetone was by the iodometric method (3), of
chlorinated solvents by decomposition with liquid ammonia and
sodium (5), followed by precipitation with silver nitrate, and of
aromatics by extraction and weighing of the nitrated products (2).

The bulb samples for the mass spectrometer were attached to
the inlet manifold through an 8mm. glass U-trap, 4 inches (10
cim.) deep, which was cooled in liquid nitrogen. The contents of
the bulb were exhausted through the U-trap by means of a me-
chanical pump preceded by a second liquid nitrogen trap. Care-
ful manipulation of the stopeock on the bulb prevented any large
initial surge. Evacuation was continued for a total of 5 minutes.
The U-trap and manifold were then isolated (eliminating the vol-
ume of the sample bulb), the liquid nitrogen was removed, and
the collected solvents were vaporized into the fixed volume of the
fore-part of the sample system. After 2 minutes, this volumeé was
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opened to the main expansion volume and to the leak into the
spectrometer. With this procedure, there was no indication of

. fractionation in the condensation-evaporation process.

Despite the use of stopcocks and lubricated ground joints, there
was negligible carry-over from one sample to the next, if care was
taken to use the sample bulbs only at low concentrations, and if
back-diffusion from the oil of the mechanical pump was prevented
by the second liquid nitrogen trap. Pump-out times between
samples varied from 5 to 15 minutes, depending upon the com-
pounds present and their concentrations. In the most recent
work, 200-ml. sample bulbs, with break-seals instead of stopcocks,
have been used with good results.

100
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[ Acetone
80 X Ethylene dichloride
@ Propylene dichioride
@ Cyclohexone
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Figure 1. Variation of Solvent Concentrations in Air

with Time

Five-component mixture

Typical curves of concentration »s. time of sampling for a
five-component mixture, shown in Figure 1, indicate a die-
away effect due to absorption by the walls and contents of the
room. Average concentrations obtained graphically from these
and other similar results are shown in Table I, together with the

Table I. Analysis of Test-Room Atmospheres
Volume Found, P.P.M.
Mass
Sample No. Component spectrometer Chemical.

1 Acetone (see Figure 1) 44 .4 48.2

Cyclohexane 30.6 @

Methylene chloride 53.86 @

Ethylene dichloride 43 .4 @

Propylene dichloride 36.4 @
Total chlorinated solvents 133.4 145.5
2 Acetone 19.8 19.3
Methylene chioride 36.1 39.4
3 Acetone 41.8 46.4
Methylene chloride 11.6 13.3

4. Toluene 229.1 e

Benzene . 161.3 e

Total aromatics 390.4 360

¢ Not determined separately.
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comparable chemical analyses. Direct comparison with the
amount cvaporated was not possible because of the absorption
during the necessary mixing period in the closed room. -

The results deviate, on the average, by 8.3%, from the amount
found chemically, with the spectrometer low in five out of the
seven cases. Although this accuracy is sufficient for many
studies in industrial hygiene, particularly when conventional
methods are not suitable because of the complexity of the mix-
ture or the need to take instantaneous samples, further work is
expected to result in considerable improvement. A further
description of this technique and its application will be published
(1).
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36. Cyclotetramethylene Tetranitramine (HMX)

Contributed by WALTER C. MCCRONE, Armour Research Foundation, Illinois Institute of Technology, Chicago 16, Ill.
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Structural Formula for HMX

HMX is a high melting by-product in the manufacture of
RDX. The cystallography of HMX is therefore important in
order to recognize this component in RDX products. It is also
particularly interesting because it exists in four polymorphic
forms, each of which can be obtained at will from a variety of
solvents by varying the rate of cooling during crystallization.

HMX I

The room-temperature-stable form of HMX can be prepared
by very slow cooling of solutions of HMX in acetic acid, acetone,
nitric acid, or nitromethane. Agitation favors formation of I.

3’ /‘
Ve >

Figure 1. Ortho-
graphic Projection
of HMX I
CrysTAL MORPHOLOGY
Crystal System. Monoclinic.
Form and Habit. Massive crystals showing the forms:
prism, {110};  clinopinacoid, {010}; clinodome, {011};

and l?oth the posxtlve and negative hermorthodomes, {101} and
{101}.

Interfacial Angles (Polar). 101 A 101 = 83°
Beta Angle. 103°
Density. 1.96.

OprIicAL PROPERTIES
Refractive Indexes (5893 A.; 25° C.).

B = 1.594 = 0.002; v = 1.73 = 0.01.
Optic Axial Angles (5893 A.; 25° C.).
Dispersion. Slight horizontal, r > .
Optic Axial Plane. 1010; yAc = 30° in acute 8.

a = 1.589 = 0.002;
2V = 20°; 2E = 33°.

Sign of Double Refraction. Positive.
Acute Bisectrix. ~.
¢ <
I ]
101
ol0 — &
d‘[ﬁ +
[ 1o
-
37
Figure 2. Orthographic Projection
of HMX 11
Molecular Refraction (R) (5893 A 25° C.). VaBy = 1.64.

R (caled.) = 58.0. R (obsd.) =
Fusion Data

The three low temperature modifications of HMX transform
through the solid phase to HMX IV at about 156° C.; hence,
the sublimate and the crystals formed on cooling are of the latter
modification. Some decomposition occurs during melting at
279° C. and the preparation should be quickly cooled.

The sublimate shows slightly rounded hexagonal pinacoid and
bipyramid combinations. All possible orientations are usually
shown with a few giving a centered uniaxial negative interference
figure. The crystals from the melt show the same random orien-
tations, but again some six-sided outlines can be recognized show-
ing low birefringence and a centered figure.

HMX II

HMX II can be prepared from the same solvents as I but with
more rapid cooling. It is the stable form from about 115° to
156° C.

CRYSTAL MORPHOLOGY
Crystal System. Orthorhombic.
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Form and Habit. Needles from all solvents with no well
developed forms except perhaps prism, {110};  brachypinacoid
{010}, Occasional well formed ends are macrodomes, {101},
43° Interfamal Angles (Polar). 110 A T10 = 116°; 101 A 101 =

Densﬂ;y 1.87.
OpticaL PROPERTIES

The optical properties vary from crystal to erystal and even
from one end of the same crystal to the opposite end over a nar-
row range as follows: « = 1.561 to 1.565; 8 = 1.562 to 1.566;
v = 1.72 to 1.74.

Optic Axial Angles (5893 A.; 25° C.). 2V = 10 to 30° (red);
—8° to 30° (blue).

Dispersion. Crossed axial plane dlsperswn (see table below).

Optic Axial Plane. 010 (red); 001 (blue).

Sign of Double Refraction. Positive.

Acute Bisectrix. .

Molecular Refraction (R) (5893 A 25° C.).
R (caled.) = 58.0. R (obsd.) = 55.

VaBy = 1.61.

Dispersion of Optic Axial Angle (2E) for Two Different
Crystals of HMX I

2E

Wave Length, A. Crystal 1 Crystal 2
7000 17.5° 23.0°
6400 17.0° 20.0°
6000 15.5° 16.5°
5800 10.0° 10.0°
5600 0.0° 1.5°
5400 —9.2° —9.0°
5100 —17.5° —16.5°
4500 —25.5° ..

HMX IIE

HMX III is also obtained from the same solvent as 1 and IT,
but with much more rapid cooling rates. HMX TII has only
a very narrow temperature stability range around 156° C., if
at all, at atmospheric pressure.

CrysTAL MORPHOLOGY

Crystal System. Monoclinic,

Form and Habit. Massive or plates lying on 001; the usual
forms are prism, {110}; orthopinacoid, {100}; and basal pina-
coid, {001}.

Interfaclal Angles (not a polar angle).
on 001) =

110 A 110 (projection

Orthographic Projection of HMX I11

Figure 3.

Beta Angle. 120°,

Twinning Plane. 001.

Density. 1.82.
OpTIcAL PROPERTIES

Refractive Indexes*(5893 A.; 25° C.). « = 1.537 = 0.002;
g = 1.585 = 0.002; y = 1.666 = 0.002; g8’ = 1.583 = 0.004 (in

the 001 plane).
Optic Axial Angles. (5893 A.; 25° C.). 2V = 75°.
Dispersion. Strong crossed, » > r.

Optic Axial Plane.  1.010; aAc = 42° in obtuse 8.

Sign of Double Refraction. Positive.

Acute Bisectrix. «.

Molecular Refraction (R) (5893 A 25° C.).
R (caled.) = 58.0. R (obsd.) = 55.4

\/aﬂ‘y 1.597.

ANALYTICAL"CHEMISTRY
HMX IV

HMX IV can be crystallized most readily from solvents in
which it is only slightly soluble and by very rapid chilling, pref-
erably in small amounts poured over ice. “This modification is
stable from about 156° C. to the melting point, 279° C. '
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Orthographic Projection of HMX IV

Figure 4.

CrysTAL MORPHOLOGY

Crystal System. Hexagonal,

Form and Habit. Rods and needles elongated parallel to ¢
with the forms: first-order bipyramid, {1011}; first~order
prism, {1010};  and basal pinacoid, {0001}.

Profile Angle. 37° (lying on 1010).

Density. 1.78.

OpricaL PROPERTIES L

Molecular Refraction (R) (5893 A.; 25° C.). vaBy =
R (caled.) = 58.0. R (obsd.) = 55.9.

1.593.

Most of the work described above was carried out on a contract
between Cornell University and the Office of Scientific Research
and Development during June 1943 to July 1944. It was de-

‘scribed in OSRD Report No. 3014 recently declassified by the

Ordnance Department of the Army. Acknowledgment is due to
Alfred T. Bloomquist who was technieal representative of OSRD
Section B-2-A during the progress of this work and to Colonel C.
H. M. Roberts of the Ordnance Department for his efforts in
regrading this report.

CoNTRIBUTIONS of crystallographic data for this section should be sent to

Walter C. McCrone, Analytical Section, Armour Research Foundation of
Illinois Institute of Technology, Chicago 16, Tll.

Analytical and Microchemical Group of Philadelphia
Section

The Analytical and Microchemical Group of the Philadelphia
Section has planned meetings for October, November, and Decem-
ber, to be held at the Philadelphia Museum School of Art, Broad
and Pine Sts. Topics and speakers are:

Rapid Microspectrophotometric Procedures Used in Studies of
Iron-Containing Proteins.. BritrroNn CHaNCE, University of
Pennsylvania. October 3 :

Coulometric Titrations,
sity. November 7

Methods for Molecular Weight Determinations. Rosert E.
Kirtson, Polychemicals Department E. I. du Pont de Nemours
& Co., Inc. . December 5

JouNn W. Seasg, Wesleyan Univer-

Optical Society of America.
28

Fourth Symposium on Analytical Chemistry. Louisiana State
University, Baton Rouge, La.,. January 29 to February 1,
1951 .

Fourth Annual Summer Symposmm Washington, D. C.,
June 14 to 16, 1951

Cleveland, Ohio, October 26 to




A Calorimetric Pipet for Liquids or Solids. John E. Wertz,
University of Chicago, Chicago, Ill, (Present address, Uni-
versity of Minnesota, Minneapolis, Minn.)

FOR some accurate measurements of the integral heat of solu-

tion of solid sodium chloride it was necessary to devise a
container that would hold the salt in a dry state below the surface
of water in a calorimeter until thermal equilibrium had been estab-
lished. It was desirable that the container have a negligibly
small heat of opening or that this heat be reproducible in magni-
tude. This requirement excluded the possibility of using thin-
walled glass bulbs, because their heat of breakage is irregular and
not negligible in comparison with the magnitude of the heat quan-
tity that was being measured. Furthermore, the fra.gments
may alter the heat of stirring.

‘E"f | F

A pipet which performed better than was auticipated is shown
in-two forms:in the diagram...

The pipet on the left is constructed of soft glass with platinum
foil windows 0.0005 (0.0125 mm.) or 0.001 inch (0.025 mm.) in
thickness The platinum disks, 10 to 15 mm. in diameter, are
punched from foifby a very sharp die. Two pieces of soft glass
of internal diameter 2 mm. less than that of the disk are flared,
care being taken that the end lies in one plane. A disk is care-
fully centered on one of these while it is hot enough to cause the
disk to be held. Both ends are then heated and joined as in B.
By heating, pulling, and blowing, the thick glass at the seal can
be worked down to uniform wall thickness as in C. A side tube
of small diameter is connected to one of the tubes at a point near
the middle of the finished pipet and the other is cut or broken
off' 5 mm. from the disk. The second disk is incorporated in a
similar manner and the end is again shortened (E). A solid rod
is affixed opposite the side tube and is then bent (F) so as to be
coaxial with the pipet. After filling, the side tube is pulled off.

A properly made pipet will be water-tight. Tightness can be
tested by filling the pipet with phenolphthalein solution and im-

mersing it in sodium carbonate solution. (The author is indebted
to T. F. Young for suggesting this procedure.) Leaks are indi-
cated by fine red lines. To ensure vapor tightness, the ends may
be given a thin coat ot glyptal lacquer. Although a foil window
is occasionally broken on evacuation, one may usually both heat
and evacuate the pipet for outgassing a containéd powder.

The pipet was coaxial with a sharply pointed tungsten wire,
baving four smaller pointed wires sealed into a borosilicate glass
bead on the central one. The platinum disks were easily torn by
impalement, leaving a hole almost the full inside diameter of the
glass tube through which the water can pass.

The platinum is completely recoverable, for it rolls toward the
walls and remains as'one piece, so that the net cost per pipet is
only the difference between the cost of the new platinum and the
exchange value of scrap.

The requirement of small heat of breakage was met satis-
factorily, for in experiments with disks 0.0005 inch thick and 13
mm. in diameter, no detectable heat of breaking could be ob-
served. This indicated that heat of breaking was less than 0.02
calorie. This was confirmed by G. Jura, who found similar results
for platinum 0.001 inch thick. This pipet has been successfully
used also for heat of immersion measurements.

For preliminary determinations and for work in which evacua-
tion of the container was unnecessary, an all-silver pipet of similar
construction, shown at right, was machined from a solid silver
rod 0.75 inch in diameter, and threaded at each end to receive
hollow nuts which were screwed firmly against a silver washer
pressing on the disk. After the piece of platinum was seated, it
was lightly coated around the edges with a mixture of vaseline
and mineral oil to ensure water-tightness.

The knurled nuts could easily be tightened with the fingers
sufficiently to prevent leakage, which never occurred in more than
thirty experiments that were run with the pipet. The con-
venience of this device, which requires only cleaning and replace-
ment of the disks, commends it for use where possible.

Slide Rule for Quantitative Spectrochemical Analysis. Duane
D. Harmon, Gulf Research & Development Company, Pitts--
burgh, Pa.

To permit rapid interpretation of quantitative spectrographic
plates, a slide rule has been developed in this laboratory.
It carries the calibration curve as a transmittance scale on the
base of the slide rule and the working curves as concentration-
scales on the slide. No relative intensity scale is necessary, so
long as it is remembered that the transmittance scale and the
concentration scales are plotted against the same relative inten-

‘sity scale. - The concentration scales are so constructed as to

have their indexes at one point on the slide. The “in-
dex is defined as the concentration of the element where

I analysis line _ . . :
T ioternal standard Tine = 1. This index is marked on the slide.

The indicator is a broad sheet of Lucite carrying a hairline and
possessing a roughened upper surface capable of taking a pencil
mark. Merely rubbing the surface with an eraser roughens
it sufficiently and yet preserves the transparency of the Lucite.

Over lengthy periods the index has been found to move with
respect to the concentration. This is known as curve shift and
must be corrected on the slide rule. One method would be to
change the position of the index on the slide. This is imprac-
tical in cases where the same internal standard line is used for
several elements which have different curve shifts and conse-
quently give several indexes.
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Another method of curve shift correction permits the use of
the original index. A standard containing the elements to be
determined in known concentrations must be photographed on
each plate. The plate is processed and the internal standard
and analytical lines are read on the densitometer.

REFERENCE MARKS
REFERENGE MARKS
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The index is placed at the transmittance of the internal stand-
ard line by moving the slide. The hairline of the indicator is
then referred to the transmittance of each element line in turn
and the percentages of the elements are read from the proper
concentration scale under the hairline. If a curve shift has
occurred, the values obtained for the elements in the standard
will not agree with the known concentrations. To correct for
the curve shift, the hairline is placed at the values first obtained
and reference marks are drawn on the surface of the indicator
at the known concentrations. Subsequent analyses are made
in the same manner, except that the concentrations of the
elements are read from the proper concentration scales under the
penciled reference mark instead of under the hairline.

This technique could be adapted to a calculating board to
permit frequent plate calibration. For this the indicator would
act as the vertical scale on the board and the slide carrying the
concentration scales would act as the horizontal scale.

New Design of Rubber Stoppers for Microchemistry. Com-
mittee for the Standardization of Microchemical Apparatus,
Division of Analytical Chemistry, AmMericaNn CrEMIicaL So-
ciery, Al Steyermark, Chairman, Hoffmann-LaRoche, Inc.,
Nutley, N. J.

r[‘rm micro rubber stoppers used in the field of microchem-

istry are usually supplied in a solid and in a one-hole type.
Because of variations in the internal diameters of the wide variety
of apparatus with which they are used—combustion tubes, filter
‘tubes, centrifuge cones, and test tubes—they do not always fit
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Figure 2. Dimen-
Figure 1. Dimensions of sions of One-Hole

Solid Stopper Stopper
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the individual object properly. Therefore, universal extra-long
rubber stoppers have been designed; - these can be trimmed to the
desired length in order to obtain a diameter which will best fit
the apparatus in question. Figure 1 gives the dimensions of the
solid stopper and Figure 2 gives those for the one-hole type. It
is impracticable to make the one-hole rubber stopper of the same
length as the solid stopper, because the wall thickness on the
smaller end would be too thin. In order to permit proper fit of
the stoppers in the various necks and turbulatures of micro-~
chemical apparatus, the rubber composition should be compara-
tively soft and pliable. Both new rubber stoppers are commer-
cially available from the Artbur H:'Thomas Company, Phila-
delphia, Pa.

Large-Size Sodium Press. Raymond P. Mariella, North-
western University, Evanston, Il

PROBABLY there is a sodium press in every chemical research
laboratory. The capacity is usually small, the plunger
frequently gets stuck in the sleeve, and much time is spent
getting the apparatus in a state to receive the next charge.

In the author’s laboratory, in recent years, frequent condensa-
tions have been performed using appreciable quantities of sodium
metal, averaging 2 gram atoms or more. Because to produce
50 grams of ribbon from the conventionally sized press would
be difficult, a large scale press (Figure 1) was designed. The
press is made from cold-rolled steél, and
when used, is attached to an arbor press.

-
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Figure 1. Sodium Press

1. Plunger (fastened to arbor press). 2. Sleeve (sliding fit on 1 and

serewed into 4). 3. Die (hole in center of convenient size and shape).

4. Base (aligned accurately with arbor press ram and clamped to
arbor press table)

The capacity of the sleeve is approximately 50 grams’ per
downward sweep of the plunger.. If the plunger does get stuck,
it is easily removed.” By inverting the press, removing the base
and die, and securing the sleeve, the plunger can be instantly
rammed out, using the arbor press. The apparatus is easily
assembled, easily cleaned (dip parts in alcohol), and kept free
from rust by being covered with vaseline or a heavy oil when
not in use. :

The sodium should be clean, for, if too much scale is present,
the hole in the die will be plugged up. The amount of sodium
left in the press, after the plunger has descended as far as pos-
sible, averages 0.5 gram. The sodium shoots out of the die and
into the desired solution at a rapid rate, so that there is little
chance for the clean sodium surface to react with oxygen or
atmospheric moisture.

The author is indebted to Nick Dallas, who helped design the
press, and John Kamper, of the shop staff.
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