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This salt lost no weight when it was stored under vacuum
over anhydrous calcium chloride for 24 hours.

GEORGE M. MOFFETT RESEARCH LABORATORIES
CoRrN PRODUCTS REFINING COMPANY
ARrco, ILLINOIS

A Qualitative Test for Silicon in Organosilicon
Compounds and for Germanium in Organoger-
manium Compounds

By HeNrRy GILMAN, ROBERT K. INGHAM AND RICHARD D.
GORSICH

RECEIVED SEPTEMBER 2, 1953

Silicomolybdic acid was first described by Par-
mentier! in 1882. Sixteen years later a method for
the detection of silicic acid in water by the use of
the yellow silicomolybdate solution for a colori-
metric determination was reported.?

Feigl and Krumholz? first described the use of
benzidine in conjunction with silicomolybdic acid
as a sensitive spot test for silicon; the benzidine
becomes oxidized to ‘‘benzidine blue” and simulta-
neously the silicomolybdic acid is reduced to “mo-
lybdenum blue.” It has been reported that 0.001
mg. of silica in a concentration of 1:50,000 can be
detected by this method. The benzidine-molyb-
dic acid test has been used to detect silica in miner-
als,* silicon in steel® and silicic acid in limestone
and related materials.®

Germanates react similarly with molybdic acid to
form the insoluble germanomolybdic acid which
like its silicon analog will oxidize benzidine to
“benzidine blue” with the concurrent formation
of “molybdenum blue.”” The quantitative meth-
ods for germanium in organogermanium com-
pounds have been reviewed recently.®

A qualitative test for silicon in organosilicon
compounds has been reported,® the compound be-
ing oxidized to silica with concentrated sulfuric acid
plus either glacial acetic acid or 709, nittic acid.
Another qualitative test! for silicon in organic com-
pounds involves treatment with sodium fluoride
and sulfuric acid; the resulting silicon tetrafluoride
vapors are allowed to contact an asphalt-covered
rod which has been previously dipped in water. A
white deposit of silica indicates the presence of sili-
con.

The benzidine-molybdic acid test recently has
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been applied to organosilicon compounds.!* The
organosilicon compound was decomposed to the
soluble silicate by fusion on a platinum loop with
sodium carbonate and sodium peroxide; subsequent
reaction with ammonium molybdate and benzidine
resulted in the blue coloration when neutralized
with ammonia.

The benzidine-molybdic acid test has been em-
ployed in this Laboratory; several modifications
and refinements have been made and the method
has been extended to include organogermaniuin
compounds. Although a platinum loop is more
convenient and available than a small platinum
spoon, the spoon has several advantages over the
loop. Liquids may be tested with greater facility,
a smaller amount of the organosilicon (or organo-
germanium) compound is required and no trans-
feral of the fused mixture is necessary when em-
ploying the platinum spoon. Sodium acetate was
found more practical than ammonia for neutralizing
the acidic solution. Commercially available sodium
peroxide contains iton as an impurity which causes
a brown color on neutralization with ammonia and
thus masks the blue color which is characteristic of
a positive test for silicon or germanium. Only
with some sulfur-containing organosilicon com-
pounds was any difficulty encountered in obtaining
a positive test; with certain of these compounds a
large excess of sodium peroxide was necessary in or-
der to ensure complete oxidation of the sulfur atom.
If the sulfur is not completely oxidized, the resulting
sulfide will reduce the ammonium molybdate solu-
tion to “‘molybdenum blue” and therefore give a
positive test in the absence of silicon. A variety
of organosilicon and organogermanium compounds
has been tested, a positive result being obtained in
every case.

Experimental

Approximately 0.02 g. of the organosilicon (or organo-
germanium) compound, 0.01 g. of sodium peroxide!? and
0.06 g. of sodium potassium carbonate (1:2 fusion mixture)
are mixed thoroughly. If the sample to be tested is a liquid,
it is best to mix the materials on a small piece of platinum
foil, possibly a platinum crucible lid; 2 or 3 drops of the
liquid should be used, and if the liquid is relatively volatile,
the mixture should not be made up until the bead is ready
to be prepared. A platinum loop (approximately 4 mm. in
diameter), which has previously been rid of any silicate by
fusion with sodium potassium carbonate, is heated and
brought into contact with the mixture. After a bead has
been formed, it is heated in a bunsen or meeker burner flame
for approximately 1 minute. The mixture should not be
heated too rapidly at first or some spattering may occur.
After placing about 1 ml. of water in a platinum crucible,
the bead is immersed in the water, and the solution is warmed
to boiling in order to dissolve the fused mixture; glassware
cannot be used since the boiling mixture may dissolve suffi-
cient silica to give a positive test. On a piece of filter paper
are placed 2 or 3 drops of ammonium molybdate solution.
The 2 drops of the solution to be tested are added to the am-
monium molybdate on the filter paper. If the test is run
rapidly, the solution will still be warm; however, if the
solution has cooled, the filter paper should be warmed gently
following the addition of the molybdate and test solutions.
Subsequently, 1 drop of benzidine solution and 2-5 drops of

(11) A. P, Kreshkov and V. A, Bork, Zhur. Angl. Khim., 6, 78
(1981) [C. A., 48, 8125 (1951)]); see also A. P. Kreshkov and V. A,
Bork, Trudy Komissii Anai. Khim., Aked. Nauk S.S.S.R., 8, 361
(1951) [C. A., 47T, 2646 (1953)].

(12) If the organosilicon or organogermanium compound being
tested contains sulfur, the amount of sodium peroxide should be two
or three times the sample weight.
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sodium acetate solution are added; the appearance of a blue
color indicates a positive test.

A platinum spoon can be advantageously substituted for
the loop, using a short heavy piece of platinum wire fused
in a glass rod as a handle. After use of the spoon, any
fused mixture remaining within is dissolved in dilute hydro-
chloric acid, and the spoon is then rinsed with distilled water.
The spoon is dried, amost filled with sodium potassium car-
bonate and again fused. After dissolving the carbonate
mixture as described above, the spoon is again ready for
use.

Instead of sodium acetate, ammonia vapor can be used to
neutralize the free mineral acid. The advantages of em-
ploying sodium acetate for this purpose are enumerated in
the introductory section of this article; - however, the use of
ammonia vapor does somewhat increase the sensitivity of
the test.

If a blue color is obtained upon addition of the solution
containing the fused carbonate mixture to the ammonium
molybdate, one of the elements has not been completely oxi-
dized and the test should be repeated using a larger excess
of sodium peroxide. It isadvisable to run a blank test with
the wire (or spoon) and the reagents to assure the initial
absence of silicates. A saturated sodium acetate solution
on standing will dissolve sufficient silica from a glass con-
tainer to give a weakly positive test; therefore, the sodium
acetate reagent should either be stored in a polyethylene
bottle or be freshly prepared.

Concentrated sulfuric acid may be employed (with a
platinum spoon) to decompose the organosilicon compound
to silica,® the sensitivity might be slightly increased; how-
ever, the use of sodium peroxide is much more convenient.

Other reagents's have been suggested as replacements for
benzidine to reduce the molybdenum compound and include
pyrrole, 2,4-diaminophenol hydrochloride, hydroquinone,
p-hydroxyphenylglycine, 1-amino-2-naphthol-4-sulfonic
acid, 3,7-diaminodibenzofuran and stannous chloride.

In connection with obtaining some idea of the sensitivity
of the test under the above-described conditions, 0.1 g. of
tetraphenylsilane (and tetraphenylgermane) was fused with
sodium potassium carbonate and the fusion mixture was
diluted with water to a volume of 10 ml. Aliquots of this
solution were then diluted to various concentrations and a
test made of these solutions. With the tetraphenylsilane
using sodium acetate for neutralization, solutions as dilute
as 0.0125 g. of the original sample in 10 ml. gave a positive
test; using ammonia vapor for neutralization, solutions
diluted to 0.0063 g./10 ml. still gave a positive test. With
tetraphenylgermane using sodium acetate, solutions as
dilute as 0.0031 g./10 ml. gave a positive test; using am-
monia vapor, solutions diluted to 0.0016 g./10 ml. gave a
positive test.

TABLE I
OrcaNosiLICON ComMPOUNDS TESTED®

Tetraphenylsilane Diphenyldi-z#-dodecylsilane
Triethylsilane Trimethylphenylsilane
Triethylchlorosilane Tri-n-hexadecylphenylsilane
Diphenyldichlorosilane 2-Trimethylsilyldibenzothiophene-
Triphenylchlorosilane 5-dioxide

Ethyl silicate 3-Trimethylsilyldibenzothiophene-
Tri-1-naphthyl-p-tolylsilane 5-dioxide
Tri-o-tolyl-p-anisylsilane 4-Trimethylsilyldibenzothiophene-
Triphenylphenoxysilane 5-dioxide

Triphenylbenzyloxysilane
Triphenyl-n-tetradecylsilane
Triphenyl-n-hexadecylsilane
Tetra-B-phenylethylsilane
Diphenyldibenzylsilane
Tri-y-phenylpropylphenylsilane

3-Nitro-4-trimethylsilyldibenzothio-
phene-5-dioxide
N-(p-Triphenylsilylphenyl)-a,a’-
dimethylpyrrole
Triphenyl-(phenylethynyl)-silane
Tetra-(phenylmercaptomethyl)-

Diphenyldi-n-tetradecylsilane silane

Hexaphenyldisilane Hexaphenyldisilazane

Decaphenyltetrasilane Hexabenzyldisiloxane

Octaphenyltrisilane 2,p’-Di-(trimethylsilyl)-biphenyl

1,1,1-Trimethyl-1,1,1-tri-o- Trimethyltriphenylmethylsilane
tolyldisiloxane

@ All of the compounds listed gave a positive test for sili-
con. Tetraphenyltin and tetraphenyllead were tested and
did not give a positive test.

(13) F. J. Welcher, “Organic Analytical Reagents,” D. Van Nos-
trand and Co., lnc., New York, N. YV, 1947, 4 vols.
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TasrLe 11
ORGANOGERMANIUM CoMPOUNDS TESTED
Tetraphenylgermane Triphenyl-g-phenylethylgermane
Hezxaphenyldigermane Triphenyl-n-octadecylgermane
Triphenylgermane Tetra-n-dodecylgermane

Triphenylchlorogermane
Triphenylbromogermane
Triphenyliodogermane

Triphenylbenzylgermane

Tetra-n-tetradecylgermane
Triphenyl-(triethylsilyl)-germane
Triphenyl-(triphenylsilyl)- germane
Hexaphenyldigermoxane

The organosilicon and organogermanium compounds
which have been tested are listed in Tables I and II.

Reagents.1*—Ammonium Molybdate Solution.—Five
grams of ammonium molybdate is dissolved in 100 ml. of
cold water and poured into 35 ml. of nitricacid (sp. gr. 1.42).

Benzidine Solution.—Five-hundredths of a gram of ben-
zidine or benzidine hydrochloride is dissolved in 10 ml. of
glacial acetic and diluted with water to 100 ml.

Sodium Acetate Solution.—A saturated solution is used.

(14) F. Feigl, "Qualitative Analysis by Spot Tests,” Elsevier Pub-
lishing Co., Inc., Houston, Texas, 1946, p. 252.
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Mutarotation of ¢is-2-Phenyl-4-carboxy-5-hydroxy-
methyl-2-oxazolines
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RECEIVED JuLy 20, 1953

Lactones of two c¢is-2-phenyl-4-carboxy-5-hy-
droxymethyl-2-oxazolines recently were described.!
One {(ap +254°) was assigned the L-configuration
and the other (I, ap —251°) the p-configuration.?
When I reacted with a base and was then hydro-

7
CeH;—C |

L-cis-oxazoline (1)

lyzed by acid the amino acid Ds-threo-a-amino-3,y-
dihydroxybutyric (where C, is used to indicate con-
figuration and not Cg as used formerly?!) was ob-
tained. If our assignment of the configuration of I
is correct, inversion occurred at C,. Elliott* has
reported that bases invert C, of oxazolines prepared
from threonine and allothreonine and that the equi-
librium favors the trans (threo) compound. If the
reaction by bases is a mutarotation and I and II are
indeed enantiomers, the rate of the reversible reac-
tion

2
L[Ca] 2 p[Ca]
%
is given by
kot b= Zllog = te

This is the well-known expression describing the
mutarotation of sugars.

(1) E. E. Hamel and E. P. Painter, THIS JoUurNAL, 75, 1362 (1953).

(2) In drawing the projection formula of I the convention suggested
in the A.C.S. report? was followed. While no convention exists for
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former paper.!
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