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Determination of Hyperoxide in Dimethyl Sulfoxide by Photometric
Titration with Iodine
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The concentration of hyperoxide, O,~, in dimethyl sulfoxide (DMSO) was determined by photometric titra-

tion with iodine.

The validity of the method was confirmed on the basis of stoichiometry by use of the stand-

ardized hyperoxide solution in the reaction of the complex, MoO(tpp)NCS, with methanol, where TPP denotes

o, B,y,0-tetraphenylporphyrin.

Hyperoxide solutions prepared from potassium hy-
peroxide solubilized in aprotic solvents by crown ether?)
have been used for the syntheses of many organic
compounds? and for reactions of metal complexes.®)
However, for determination of hyperoxide in aprotic
solvents, only two reliable methods have been re-
ported:¥ (1) determination of the dioxygen evolved
first upon mixing a hyperoxide solution with water,
then by the addition of catalase to the mixed solution,®
and (2) measurement of the absorbance at 250 nm of
the solution of potassium hyperoxide solubilized by
18-crown-6 ether in DMSO.?

In the kinetic study of the reaction of cobalt(III)
complex with hyperoxide in aprotic solvents, we pro-
posed a simple method for the determination of hy-
peroxide in DMSO according to the reaction®

I, + 20, — 21- + 20,. 1)

The reaction proceeds quantitatively? because of a
large difference in the redox potential of iodine (E°=
0.54 V)® and that of hyperoxide ion (E°=—0.5—
—0.6 V).19 The validity of the proposed method was
confirmed by applying the hyperoxide solution to the
reaction between the complex, MoO(tpp)NCS, and
CH,OH in CH,CI,.

Experimental

Materials. Potassium hyperoxide (KO,, ICN Phar-
maceuticals) and 18-crown-6 (Nippon Soda) were used
without further purification. Potassium content in the hy-
peroxide specimen was determined to be 95.79, by the
Kalibor-Zephiramine method.'» The solution of hyperoxide
was prepared in an argon atmosphere from potassium hy-
peroxide solubilized by 18- crown-6 in DMSO. About 10h
is required for the pre paration of ¢a. 10-2 mol dm~3 solution.

Reagent grade iodine was purified by repeated sublima-
tion. In order to avoid any loss of iodine in the preparation
of the standard solution, the following procedure was adopted.
A small amount of DMSO was taken in a well-stoppered
volumetric flask, and weighed. A desired amount of iodine
was carefully taken in the volumetric flask and completely
dissolved. The amount of dissolved iodine was determined
from the difference in weight. Then the solvent was added
to a mark on the flask and mixed to prepare a standard
solution. Since the absorbance at 365 nm, A.,; of the solu-
tion, gradually increases (ca. 109 for 2.0x 10-3 mol dm-3
I, in 3d), and decreases in the presence of 18-crown-6 (ca.
5% in 40 h), the standard DMSO solution of iodine should
always ke prepared immediately before use.

Dimethyl sulfoxide was kept with CaH, for several days,
distilled under reduced pressure, and stored in an argon

atmosphere. The water content in the purified DMSO
was determined to be less than 0.039, by the Karl-Fischer
method.

Dichloromethane was distilled and passed through an
alumina column. The pre-purified solvent was distilled
immediately before use. The complexes, MoO(tpp)NCS
and MoO(tpp)Br, were synthesized.1?

Results and Discussion

Photometric Titration with Iodine. The concen-
tration of O,” in DMSO was determined as follows.
A 3.00-cm?® hyperoxide solution (2 x10-%—9 x 103 mol
dm~3) is taken into an optical cell in an argon atmos-
phere. The optical cell is sealed at once with a serum
cap. A small amount of iodine solution (5x10-%—
1x 1071 mol dm~—3) is then injected into the optical
cell with a 100 mm® microsyringe or a micropipet.
The absorbance at 400 nm, 4, of the iodine solution,
is measured and plotted against the volume of the
iodine solution injected. A typical change in ab-
sorbance at 400 nm is shown in Fig. 1. The absorbance
gradually decreases until the end point depicted by
A in Fig. 1 is reached. After the point A, the ab-
sorbance is measured 15 min after each addition of
the solution of iodine in order to complete the reaction.
The concentration of hyperoxide, x, is calculated by
x=2VC/3, where V is the volume of the iodine solution
consumed and C the concentration of iodine. The
10-fold change in the concentration ratio of 18-crown-
6 and weighed amount of KO, does not affect the
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Fig. 1. Typical change in absorbance of hyperoxide

solution at 400 nm by addition of an iodine solution.
[I,]1,6=3.98 x 10-2 mol dm~3, (a): [O,~],=0 and [18-
crown-6},=6.0 x 10-3 mol dm=3. (b): [O,7],=3.12%
10-3 and [18-crown-6],=6.0x 10—2 mol dm™3,
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Fig. 2. Change in spectra for the reaction among
MoO(tpp)NCS, CH,OH, and O,~ in CH,Cl, con-
taining 2% (v/v) CH,OH, 1%(v/v) DMSO, and
[MoO(tpp)NCS]y=7.54 X 10~¢ mol dm~2 at 25 °C.
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Fig. 3. Molar-ratio method for the reaction among
MoO(tpp)NCS, CH;OH, and O,~ at 25°C. (a):
At 452 nm. (b): At 488 nm.

determination of O,”. Reproducibility of the data
was estimated to be within £19%,.

Reaction among MoO(tpp) NCS, CH3;0H, and O,.
The solution of hyperoxide was applied to the reaction
between the complex, MoO(tpp)NCS, and CH;OH
in order to confirm the validity of the proposed method.
When the solution of hyperoxide is added to a dichlo-
romethane solution of the complex, MoO(tpp)NCS,
containing 29%,(v/v) methanol, the spectrum changes
with isosbestic points at 423 and 472 nm (Fig. 2).1%
The final spectrum agrees with the spectrum of the
complex, MoO(tpp)OCHj, synthesized from the com-
plex, MoO(tpp)Br. The reaction should be written
as follows.

Mo"O(tpp)NCS + CH,OH + O,~ —
MoVO (tpp)OCH, + HO, + NCS- @)

The stoichiometry of the reaction was determined to

Determination of O,~

1401

L L
0 10 20 30

KOy weighed / mg

Fig. 4. Concentrations of O,~ in DMSO us. weighed
amounts of KO,. Two-fold excess of 18-crown-6 is
contained over KO,.
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Fig. 5. Decomposition of hyperoxide solution in a
flask placed in the ultrasonic cleaner (Bransonic,
B-220, 45 kHz, 100 W).

be MoO(tpp)NCS: 0, =1:1.05 by the molar-ratio
method (Fig. 3). The absorbance at 452 nm, 4.,
of the spectrum of the complex, MoO(tpp)OCH,,
increased in proportion to the concentration of O3
with an excess of the complex, MoO(tpp)NCS, and
CH,OH. This confirms the high accuracy of the
determination of O3 in DMSO by means of the photo-
metric titration with iodine.

Stability of Oy~ in DMSO. The concentration
of hyperoxide in a stock solution was ca. 709, of that
calculated from the weighed amount of KO,, showing
the decomposition of ca. 309, of O, during the course
of preparation of the solution (Fig. 4). The concen-
tration gradually decreased ca. 2%, a day.

When 1 volume of a 3.51 X 10~2 mol dm~2 hyperoxide
solution was accurately diluted to 10 volumes with
DMSO, a 3.19x 10~% mol dm~2 solution was obtained,
which indicates partial decomposition of Oy~ by the
addition of DMSO. Thus a hyperoxide solution
should be standardized immediately before use.

A decrease in the concentration of O, in DMSO
was also observed when the solution was treated in
an ultrasonic cleaner (Fig. 5).
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