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Synopsis. The mechanochemical decomposition of
dipotassium peroxodisulfate by dry grinding was investigated
by X-ray diffractometry, infrared spectrophotometry, elec-
tron spin resonance (ESR) spectrometry, and thermal and
volumetric analyses. ~When dipotassium peroxodisulfate
(KyS,05) was ground, type I of K,S,0, was transformed
into type II and then into type III. With prolonged grind-
ing, the O-O linkage in K,S,0; was severed to produce
KSO,: radicals, which reacted with a little moisture to
give KHSO,.

Mechanochemical phenomena have recently been
noted in the wide field of scientific and technical
investigations because mechanical treatment influences
structures, physical and chemical properties, and reac-
tivity of solids. Although effects of pressure and heat
on the mechanochemical phenomena were observed,
mechanical force, particularly shear stress, has an im-
portant influence on the scission of chemical bonds.?

The chemical bonds in solid substances are reported
to be severed by mechanical treatment® as in the
case of grinding sodium pyrophosphate which gives
orthophosphates by severing the P-O-P linkage.®)

Peroxide is liable to decompose and produce radicals
since the O-O bond energy is relatively small. Di-
potassium peroxodisulfate gives SO, radicals by heat-
ing or exposing to ultraviolet light.5®) Therefore, it
is used as an initiator for radical polymerization. If
treated mechanically, the O-O bonds in peroxodisul-
fate are expected to be severed easily to produce radi-
cals such as SO,-.

In the present paper, the mechanochemical decom-
position of dipotassium peroxodisulfate by dry grinding
is investigated.

Experimental

Reagent grade dipotassium peroxodisulfate was used with-
out further purification. All other reagents used were of
analytical grade.

The X-ray diffraction patterns were obtained with a
Rigaku Geigerflex diffractometer using nickel-filtered Cu K«
radiation. Infrared spectra were recorded on a JASCO
IR-E spectrophotometer equipped with gratings. Thermal
analyses (DTA and TG) were carried out by a Rigaku 8002
SD thermal analyzer. The ESR spectra were recorded on
a JEOL JES-3BX electron spin resonance spectrometer
equipped with an X-band microwave units and 100 kHz
field modulation.

The grinding apparatus was an Ishikawa’s grinder equipped
with an agate mortar and installed in a steel box. Five
grams of crystalline dipotassium peroxodisulfate was ground
for the specified lengths of time with the relative humidity
of 30—409%, at room temperature because the mechanochem-
ical effects are affected by the atomosphere, particularly
moisture.

The amount of peroxodisulfate (S,O4%~) was determined
volumetrically by adding excess Mohr’s salt to a solution
of the ground sample and titrating excess iron(II) ion with
a standard solution of potassium permanganate. The
amount of sulfate (SO,%~) was determined as follows. Potas-

sium ions in the solution of the ground sample were exchanged
for hydrogen ions using a cation-cxchange resin. The re-
sulting peroxodisulfuric acid was thoroughly hydrolyzed to
sulfuric acid (total sulfate) by heating for 20 min in boiling
water, which was titrated with a standard solution of sodium
hydroxide. The amount of sulfate in the ground sample
was calculated by subtracting the amount of peroxodisulfate
from total sulfate.

Results and Discussion

Figure 1 shows X-ray diffraction patterns of K,S,04
at various stages of grinding. The intensity of each
diffraction line decreased, the line-width broadened
for all the diffraction lines, and the different diffraction
lines appeared. That is, with the distortion in crystal
lattice, type I of K,S,0, was transformed into type
IT after a grinding period of 6 h and into type III
after 168 h. With further grinding (250 h), the dif-
fraction lines of KHSO, appeared and became stronger
after 430 h. Type I of K,S,0, is apparently con-
verted to KHSO, through types II and III. The
infrared spectra of the samples ground for more than
250 h also indicated the presence of KHSO,.?

Figure 2 shows the DTA and TG diagrams of the
ground samples. The DTA and TG curves for 6 and
168 h were essentially the same as those of the original
sample. In Fig. 2 an exothermic peak in the 200
°C region with a weight loss is due to the decomposition
of K,S,04 with the evolution of oxygen, and the two
endothermic peaks at about 330 and 370 °C are due
to the order-disorder transformation and melting of
K,S,0,, respectively.®) The melting point lowered
with an increase in the grinding time because the
particle size became smaller by grinding, and then
it coincided in position with the transformation point.
The samples ground for 250 h and 430 h also had
an endothermic peak at about 200 °C. This peak may
be attributed to the pyrolysis of KHSO, produced by
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Fig. 1. X-Ray diffraction diagrams of ground samples.
O: KHSO,. ’
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Fig. 2. DTA-TG curves of ground samples.
Solid line: DTA, dotted line: TG.
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Fig. 3. Changes of distribution of sulfur in ground

samples upon grinding.

the grinding of K ;5,04 The intensity of this peak
increased with an increase in the grinding time, while
the weight loss in the 200 °C region decreased. 'This
finding indicates that K,S,04 changes to KHSO, by
grinding. This fact is compatible with the results of
X-ray diffractometry and infrared spectrophotometry.

Figure 3 shows the distribution of sulfur in the
ground samples. In the first stage of grinding (less
than 72 h), sulfate was produced to a small extent
and increased with decreasing amount of peroxodisul-
fate after grinding for more than 120 h.

The absence of peroxomonosulfate (SO42-) in the
ground samples was confirmed by paper chromatog-
raphy.®)

Above findings indicate that K,S,0, decomposes to
KHSO, by prolonged grinding.

Figure 4 shows ESR spectra of the ground K,S,0,.
A singlet signal with two g values, g,=2.011 and
8,=2.007, indicates the presence of radicals, probably
KSO,-.9 In the first stage of grinding, this signal
was very weak, reached a maximum in 168 h, and
decreased gradually with grinding time. This fact in-
dicates the presence of radicals which are larger in
the beginning of the severing of O-O linkages than
after grinding for more than 250 h. Thus, it is con-
sidered that the radicals produced in the beginning
are relatively stable, but that those produced by pro-
longed grinding react immediately with the moisture
adsorbed on the powder surface which is very active
due to prolonged grinding.
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Fig. 4. ESR spectra of ground samples.

It is concluded that the following changes take place
when K,S,04 is ground.

Grinding Grinding
K,S,04(type I) ———— K,S,04(type II) — -
Grinding +H,0
K,S,04(type III) — — > 9KSO,- ——— 2KHSO,
+1/20,

After conversion I—II—-III, the O-O linkages in
K,S,04 are severed to produce the KSO,- radicals
which react with a little moisture adsorbed on the
powder surface and are stabilized as KHSO, accom-
panied by oxygen cvolution. The reaction of the
KSO,- radical with H,O seems to take place by the
following mechanism proposed by Kolthofl and
Miller.19

2KSO,- + H,0 —— 2KHSO, + 2.-OH

2.0H — H,0 + 1/20,

The authors wish to thank Professor Yukio Kanaji,
Faculty of Engineering, Kobe University, for his advice
in making the ESR measurements.
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