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At the present time for the determination
of acetone in methyl methacrylate mono-
mer (simply M-MM), hydroxylamine hy-
drochloride method has been used, but
the method is common to both ketones
and aldehydes, so that it can not determine
acetone only.

Many studies on the determination of
acetone are reported and each of them has
its own characteristics. Especially, salicyl-
aldehyde method generally is not appli-
cable to the determination of acetone in
M-MM on account of coloration of M-MM
itself. One of the best is J. Messinger’s!?
iodo titration method by iodoform reaction
and some of the reported modifications of
Messinger’s!? technique indicate the wide-
spread utility of this procedure. But iodo-
metry has generally too low an accuracy
for the determination of small quantities of
acetone. Absorption method in the ultra-
violet region has been well studied includ-
ing the work of Barthauer?, Nogare®,
Stolyarov®, Andreev®, Etienner® and
Shchukarev?™. Nogare’s method may be
considered as surpassing the others in
easiness of obtaining the reagents, and in
relative simplicity of the method ; it seems
also to be comparatively sensitive, but
its application is, limited in determination
of acetone in either aqueous solution or
non-aqueous solvent which is miscible
with water. In this report the application
of Nogare’s method was investigated for
determination of small quantities of ace-
tone in a2 medium which is immiscible with
water to establish a method superior to
those previously used.

Iodoform has a strong absorption in the
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ultraviolet region from 400 to 250mg.
This is characterized by three defined
maxima occurring at 274, 307 and 347 my,
in chloroform as shown in Fig. 1. There-
fore, acetone in sample M-MM is caused
to react in an alkaline solution with
sodium hypoiodite by vigorous shaking.
The absorbancy of resulting iodoform is
measured at 347 mp.
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Fig. 1. Iodoform absorption spectrum.

Experimental

Apparatus.—Shimadzu’s photoelectric spectro-
photometer with glass cells of 10 mm. thickness
and a tungsten lamp was used for absorbancy
measurement.

Reagents.—Sodium hydroxide solution: 259
aqueous solution.

Iodine solution: 4g. of potassium iodide and
20 g. of iodine in 80 ml. of water.

Sodium thiosulfate solution: 52, aqueous solu-
tion.

Anhydrous sodium sulfate: First grade reagent.

Chloroform: First grade reagent.

Procedure.—Place 7 ml. of 209 iodine solution
in a 100 ml. separatory funnel and add 2 ml. of
259, sodium hydroxide solution. Mix by swirling.
When the resulting solution is not distinctly
orange-yellow, add iodine solution drop by drop.
To this hypoiodite solution add 1ml. of the
sample containing no more than 4007 acetone,
and mix immediately. Shake for 5 minutes at
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room temperature continuously to keep the mix-
ture apparently homogeneous. When the orange-
vellow color gradually fades, add more iodine
solution dropwise until the color is restored.

After reaction, discharge the iodine color with
a few drops of 59 sodium thiosulfate. Add 14 ml.
of chloroform from a burette and extract the
produced iodoform by shaking. Let stand until
the phases are separated and transfer the chloro-
form layer to another 100 mm. separatory funnel
containing approximately an equal volume of
water. Shake vigorously, and transfer the
chloroform layer to a 10ml. glass cell, through
a funnel containing a thin bed of anhydrous
sodium sulfate supported on a glass wool as
shown in Fig. 2. Measure the absorbancy of
this chloroform extract against water in a 10 mm.
glass cell. Calculate the amount of acetone using
the calibration curve, shown in Fig. 3, obtained
by the following procedure.
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Fig. 2. Drying funnel
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Fig. 3. Working curve for acetone.

Preparation of the calibration curve. Prepare
the sodium hypoiodite solution similarly, to which
less than 5ml. of standard solution containing
79.6r of acetone in 1ml. of water is added.
Treat this similarly and extract the iodoform
with 15 ml. of chloroform; wash the chloroform
extract with water. The calibration curve ob-
tained with pure acetone is shown in Fig. 3.
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Discussion

(i) Omn the calibration curve:—QOn draw-
ing the calibration curve employing 1 ml.
of M-MM, the iodoform is extracted with
14 ml. of chloroform, as M-MM transfers
to chloroform layer. When the M-MM is
refined as shown in the following a), the
calibration curve is in good agreement
with that in Fig.3; in the case of follow-
ing b), it deviates higher than in the
case of Fig. 3 by 0.1 in the absorbancy
scale. This is due to the very small quan-
tity of impurities, the presence of M-MM
not affecting this analytical procedue.

(a) After washing M-MM with 109 sodium
hydroxide, wash it with water five times,
remove the water with calcium chloride, and
collect the middle fraction 46°C, 100 mmHg, by
vacuum distillation with cuprous chloride as
stabilizer. Repeat this operation.

(b) After washing M-MM with 102, sodium
hydroxide, wash it twice with water, remove
the water with calcium chloride, and then collect
the middle fraction similarly.

(ii) Reaction conditions:—The critical
studies made by Hatcher and Mueller®
and Nogare® showed that both the con-
centration and the order of addition of
reagents determined the yield of the iodo-
form obtained. It was confirmed that the
highest conversion from acetone into
iodoform is effected by adding in the order
iodine solution, sodium hydroxide solution,
on the sample. Concerning the concentra-
tion of the reagents, the optimum condi-
tion is indicated by the orange-yellow color
of the solution obtained by mixing 20%
iodine solution and 25% sodium hydroxide.
This experiment also exhibits that an
insufficient or an excessive iodine relative
to sodium hydroxide results in lower con-
version into iodoform. Namely it is im-
portant to make the sample react in an
orange-yellow solution and to maintain
this orange-yellow by dropwise addition
of iodine solution, when this color is dis-
charged during reaction.

The effect of time on iodoform reaction
under the optimum conditions is shown in
Table I. Five minutes suffice ; no marked
change was observed with increasing reac-
tion time up to 7 minutes. No significant
difference was observed with the reaction
temperature in this experiment but a low-
temperature is desirable in order to avoid
evaporation of M-MM. After reaction,
the excess of iodine in the hypoiodite
mixture can also be removed with sodium
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TABLE I
EFFECT OF TIME ON IODOFORM REACTION

Acetone, Reaction time,
Sample mg. min. Absorbancy
0.232 2 0.465
0.232 3 0.505
A 0.232 4 0.540
0.232 5 0.550
0.232 6 0.550
0.232 7 0.550
0.256 2 0.530
0.256 3 0.590
B 0.256 4 0.605
0.256 5 0.610
0.256 6 0.610
0.256 7 0.610

sulfite or additional sodium hydroxide
without sodium thiosulfate.

(iii) On the volume of the sample:—
When more than one ml. of the sample
is taken, the absorbancy becomes lower
than that calculated or the results are not
reproducible, as shown in Table II. The

TABLE II
RELATION BETWEEN THE VOLUME OF THE
SAMPLE M-MM AND ABSORBANCY

Volume
Sample
1ml. 2 ml. 3ml.

D 0.095 0.169 obs. 0.210 obs.
0.190 calcd. 0.285 calcd.

E 0.286 0.535 obs. 0.810 obs.
0.572 caled. 0.845 calcd.

F 0.317 0.555 obs. 0.835 obs.
0.630 calcd. 0.940 calcd.

caled.: Absorbance at sampling volume

1 ml. x sampling volume.

reason may be considered as follows. The
M-MM layer and the aqueous layer should
be mixed well by shaking and acetone in
the M-MM layer should be transfered to
the aqueous layer, since acetone reacts
with sodium hypoiodite in the aqueous
layer. On taking more than lml. of the
sample, the M-MM and the aqueous layer
do not mix perfectly, as M-MM is very
easily separated from water.

(iv) On fodoform :—The intensity of the
absorption in chloroform-M-MM layer was
not affected by temperature from 15°C to
30°C. It was observed that iodoform slowly
decomposed to liberate iodine in chloro-
form to decrease the absorbancy; it did
not decompose, however when M-MM was
present in the chloroform and maintained
the absorbancy unchanged for more than
one hour.

Ultraviolet absorption spectrum of the
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chloroform extract, using commercial M-
MM as a sample showed complete agree-
ment with that by the use of a mixture
of aqueous acetone solution and refined
M-MM. It can be ascertained that the
product of the reaction is iodoform.

(v) Effect of coexisting substance :—Inter-
ference will be encountered from com-
pounds which give iodoform by reaction
with sodium hypoiodite. Possible interfer-
ing compounds are acetaldehyde, ethanol
and methyl ethyl ketone, but in this
method conversion of acetaldehyde and
ethanol into iodoform is, respectively,
58 and 0.3%*. In many cases carbonyl
compounds which interfere with the ab-
sorption at 347 mpg can be washed away
from the chloroform extract with aqueous
hydroxylamine hydrochloride.

Effect of methanol, formaldehyde, hydro-
quinone and peroxides which possibly
coexist with M-MM is shown in Table
III. Small quantities of methanol and
formaldehyde do not affect this method.

TABLE III
EFFECT OF COEXISTING SUBSTANCE
Acetone Coexisting substance Absorbancy
mg.
(%)
0.256 M-M only 0.610
0.256 Methanol* (0.5) 0.615
o (0.2)  0.610
0.256 Formaldehyde (0.1) 0.610
# (0.05) 0.610
0.256 Hydroquinone (0.04) 0.520
” (0.02)
0.256 Hydrogen Peroxide (0.06) 0.505
4 (0.04) 0.610

* Large quantities of methanol cause white
precipitate.

(vi) Example of analysis:—A commer-
cial M-MM (90 ml.) was used as the sample
of unknown concentration of acetone;
this was submitted to single distillation
and 5ml. fractions were collected ¥from
forerun fraction in order. These fractions
were, respectively named sample No. A,,

TABLE IV
EXAMPLE OF ANALYSIS OF ACETONE
IN M-MM FRACTION

Sample No. Acetone content

mg./ml.
A* 0.656
Ag* 0.608
Ag* 0.504
A, 0.364
A 0.268

* Measured after twice dilution.



A eeenes , As and the acetone in these frac-
tion determined by the procedure men-
tioned above. Table IV shows an example
of the results.

Summary

The method described here is based on
the utilization of the iodoform reaction.
The essential point of this method consists
in the complete shaking of the methyl
methacrylate monomer with sodium hypo-
iodate solution. The methyl meth-
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acrylate monomer is water-insoluble and
iodoform reaction proceeds in an aqueous
medium. As a result, it was confirmed
that methyl methacrylate monomer does
not affect this reaction substantially and
one ml. sample makes it possible to deter-
mine small quantities (0.001%) of acetone
in the sample monomer. This method is
more sensitive than the hydroxylamine
hydrochloride method previously used.
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