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Analytical Procedures Employing Karl Fischer Reagent.

XIII. The Determination

of Nitriles'

By J. MITCHELL, JR., AND WALTER HAWKINS

Nitriles usually are identified after acid or alka-
line hydrolysis to the corresponding acid,?345 and
in some cases alcoholysis® or reduction™® has
proved feasible. Direct identification has beer
based on the preparation of crystalline derivatives
of the nitriles with mercaptoacetic acid’® and
phloroglucinol.’ These methods were designed
primarily for qualitative identification and conse-
quently have not proved generally applicable to
the quantitative estimation of nitriles.

In the present investigation a method has been
developed which is based on quantitative hy-
drolysis of the nitrile to the corresponding amide

RCN + H,O = RCONH:;

The nitrile is treated with an excess of water in
the presence of boron trifluoride and acetic acid.
After hydrolysis the unused water is titrated di-
rectly with Karl Fischer reagent. Net water be-
tween blank and sample is equivalent to the
nitrile originally present.

The new method is generally suitable for the
determination of normal alkyl cyanides. Quan-
titative results have been obtained on the normal
lower aliphatic nitriles, nitriles of dibasic acids
and several aromatic cyanides.

Experimental

Reagents —The hydrolytic reagent is prepared by dis-
olvmg 300 g. of dry boron trifluoride gas and 6.5-ml. of
water in 500 ml. of glacial acetic acid (BF;2CH;CO-
OH).11.12 Karl Fischer reagent is prepared according to
directions given in an earlier publication.!?

Analytical Procedure. —The sample, containing up to 10°

milliequivalents of nitrile, is weighed into a 250-ml. glass-
stoppered volumetric flask. Twenty nl. of the hydrolysis
reagent is added. The flask is tiglitly stoppered!¢ and,
together with duplicate blanks, placed in an oven or water-
bath at 80 = 2° for‘two hours. At the end of this time
the flasks are removed, allowed to.cool spontaneously to
room temperature, then placed in a container of finely
chopped ice during the careful addition of 15 ml. of dry
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pyridine.’® The homogeneous solution is titrated di-
rectly with Karl Fischer reagent.

Since the nitrile group does not interfere, the sample can
be .titrated directly for free water. The net titer plus
water originally present in the sample is a direct measure
of the equivalents of cyanide.

Analytical Results

Several aliphatic and aromatic nitriles have
been analyzed by this method. In general the
precision and accuracy are within =0.39%,. Ex-
perimental data are recorded in Table I. These
chemicals were analyzed as received, without
further purification. The number of repre-
sentative nitriles for which a 100% balance is
shown is considered sufficient for establishing the
order of precision and accuracy. Those which
totaled low were assumed to contain inert im-
purity.

TaBLE I
ANALYTICAL DATA FOR NITRILES

— Found, wt. %——mw-——

Nitrile Nitrile Water Total
Acetonitrile (10)* 97.6 =0.2 2.3 99.9
Propionitrile (6) 98.7 .3 1.6 100.3
Cyanoacetamide (2 93.6 .4 0.8 94 .4
n-Butyronitrile (2 99.0 .2 1.2 100.2
n-Valeronitrile (2 99 .4 .0 0.4 99.8
Lauryl cyanide (Y 97.7 1 97.8
Adiponitrile® (10) 99.8 2 .0 99.8
Sebaconitrile® (4) 100.0 .4 .0 100.0
.Phenylacetonitrile (2 99.6 .2 .2 99.8
m-Toluonitrile (2 100.6 .2 .1 100.7
p-Toluonitrile (2) 100.8 .4 .1 100.9
p-Chlorobenzonitrile *( 2)  97.6 .3 .1 97.7
B-Naphithonitrile (6) 96.5 .4 .1 96.6

¢ Figures in parentheses represent number of individual
determinations. ® Du Pont; all others Eastman Kodak
Co. chemicals used without further purification.

Other nitriles were found to give incomplete
but fairly precise results. Although m- and p-
toluonitrile and B-naphthonitrile reacted quanti-
tatively, o-toluonitrile and a-naphthonitrile gave
values of 89.5 = 0.5 and 80.9 = 0.2, respec-
tively. Methyleneaminoacetonitrile, presumably
because of the inhibiting influence of the amino
group, reacted only to the extent-of 80.9 = 0.29
and cyanoacétonitrile gave values of 88.8 =
0.9%. It is surprising that cyanoacetic acid!®
indicated only 37.1 = 1.49, reaction.

The new procedure was developed from a series
of experiments with various acid and basic cata-
lysts. Sulfuric acid wa$ apparently satisfactory

(15). Pyridine is essential at this point. It combines with the
boron fluoride thereby preventing esterification with the methanol

during subsequent titration with the Xarl Fischer reagent.
(16) Eastman Kodak Company practical.
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but the precision was poor {=5%;). With high
concentrations of boron fluoride in methanol
variable dehydration occurred at elevated tem-
peratures. Since alkalies react with the Karl
Fischer reagent!” only low concentrations could
be tolerated which were insufficient for normal
alkaline hydrolysis.

The effects of concentration of boron trifluoride
in acetic acid, time and temperature onn the hy-

drolysis of acetonitrile and adiponitrile are
recorded in Table I1.
TapLe IT
FAcTORS INFLUENCING THE HYDROLYSIS OF NITRILES
Reagent, o
Nitrile . BF;/1. Condition Reaction
Acetonitrile 100 1 hr.. room temp. 3.5
100 1 hr., 80° 9
360 1 hr., 60 66
360 2 hir., 60 91
360 1 hr., 80 95
360 2 hr., 80 100
Adiponitrile 360 1 hr., 60° 74
360 2 hrs., 60 a2
360 1 hr, 80 'h
360 2 hrs, 80 100

Interfering Substances.—Materials which in-
terfere with the Fischer hydroxyl procedure!®
(17) Mitchell, Smith: Ashby and Bryant, Tuls Jour~NaL, 63, 2927

(1941).
{18) Bryant, Mitchell aud Smith, {bid., 62, 1 (1940).
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also unfavorubly affect the new nitrile technique.
Alcoholic hydroxyl will esterify under these con-
ditions, quantitatively eliminating an equivalent
amount of water. Consequently, provided the
hvdroxyl content can be determined by an iude-
pendent niethod,” suitable corrections to the
nitrile value can be applied. Cyunohyvdrins hy-
drolyze readily. The normal hydroxyl esterifica-
tion catalyst (100 g. BF;/1.)'% was sufficient to
hivdrolyze acetaldehyde cyanohydrin to the extent
of about 609%,; the net increase in water after two
hours at 65° was equivalent to about 409, of the
hydroxyl., Under conditions of the general nitrile
procedure, however, both reactions are quantita-
tive giving a net water balance of zero.

Little interference is observed with amides.
Formamide, acetamide and adipamide gave
values of 0.0, 0.3 and 0.29 reaction, respectively.

The authors are grateful to Donald Milton
Smiith, under whose direction a portion of this
work was carried out.

Summary

1. A new method for the determination of
nitriles based on hydrolysis in the presence of
BF;3-2CH3;COOH, has been described.

2. Analytical results obtained on eighteen
nitriles have been reported.

(10) The acety] chloride method of Smith and Bryant, idid., 57,
61 (1933), can be used in the absence of amino-nitrogen.
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Dipole Moment and Structure of Organic Compounds. XVIL.! The Electric Mo-
ments of «- and g-Stilbene Dibromide and of p-Diacetylbenzene

By A. WEISSBERGER

The electric moments of a- and of S-stilbene
dibromide which were communicated to and pub-
lished by McCullough? have recently been re-
ferred to® with the apparent desire for publication
of the results in detail.

The dipole moments of the compounds were
determined in benzene by H. Miiller {«) and R.
Sdngewald (8), respectively. The electric mo-
ment of a-stilbene dibromide is 0.4 to 0.9 D; that
of B-stilbene dibromide is 2.8,D. Miiller used
methods for the determination of d and of ¢ which
he reported to permit the calculation of P, with
the accuracy stated in the table, in spite of the
low solubility of the a-dibromide. Sidngewald
usced the method described previously.* The mna-
terials were prepared according to Pfeiffer.® The
a-stilbene dibronde, recrystallized several times
from dioxuane, melted at 288°. The S-stilbene

(1) XVI1. G, C. Hampson and” A, Weissherger, Tiuis JoURNAL,
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(3) . Pleilfer, Ber., 45, 1810 (1912).

dibromide, recrystallized repeatedly from hex-
ane, melted at 110°.

The data of the measurements and calcula-
tions are given in the table. The symbols have
the usual significance: f; = molecular percentage;
d = density; ¢ = dielectric constant; n = re-
fractive index of the solutions; P, = total
polarization, and P”; = optical part of the total
polarization of the solute..

It was shown earlier that the g-stilbene di-
chloride with the electric moment 2.7;D° is the
di-compound,” while the a-stilbene dichloride
with the electric moment 1.2,% is the wmeso-
compound.” By analogy with the dichlorides,
a-stilbente  dibromide should be the meso-com-
pound, while S-stilbene dibromide represents the
dl-forn1, The difference in the moments of the
dibromides is obviously similar in origin to the
difference in the moments of the dichlorides.® It
may be assuined that the greater volume of the

() A. Weissberger and R, Simgewald, Z. physik. Chem., BS, 133
(10305,

(7) A. Weissberger and H. Bach, Ber., 64, 1095 {1931).

(8) A. Weissberger, J. Org. Chem., 3, 245 (1937).



