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ON THE KINETICS OF ANODIC PROCESSES AT OXIDATION OF AQUEOUS SOLUTIONS OF
DIMETHYL SULFOXIDE

Dimethyl sulfoxide is a feedstock for a large number of organic substances syntheses. Nowadays research is considerably focused on the production
of general products of dimethyl sulfoxide oxidation — dimethyl sulfone and methane sulfonic acid. Dimethyl sulfone is well-known as a food
supplement for the treating and strengthening of human joints and ligaments. dimethyl sulfone is basically synthesized by oxidation of dimethyl
sulfoxide in hot 30 % hydrogen peroxide in glacial acetic acid. Synthesis is accompanied by significant losses of hydrogen peroxide, the target
product has to be significantly purified. It becomes possible to control the synthesis of pure dimethyl sulfone and methane sulfonic acid when using
the electrochemical method of oxidation of dimethyl sulfoxide in its aqueous solution with chemically resistant anode and high overvoltage of oxygen
reaction Controlled synthesis is relevant because sulfur tends to change the oxidation rate. Study of kinetics of anodic processes at platinum electrode
was performed in the dimethyl sulfoxide concentration range about 1.0...4.0 mol-dm . Current raise was observed at potentials that are more positive
than 1.3...1.4 V. This potential range corresponds to oxygen release. Dissolved sulfuric acid (0.2 mol-dm®) was added in order to inhibit the oxygen
release and achieve the potential for the formation of peroxide radicals in aqueous solutions of dimethyl sulfoxide. It is known that sulfate ions are
adsorbed on the surface of the platinum anode, displacing molecules of protonated water. This allows to shift the potentials and increase of the
electrolysis current in 0.2 mol-dm™ H,SO, to 1.7...1.9 V. It indicates the processes of formation of peroxide radicals on the surface of the platinum
anode. Further shift of the anode potential into more positive area than 2.00...2.05 V leads to a rapid increase in current density. At such potentials,
dimethyl sulfoxide and dimethyl sulfone are oxidized to methane sulfonic acid with a parallel oxygen and hydrogen peroxide release. Current-voltage
study has shown that the oxidation of dimethyl sulfoxide in aqueous solutions runs through the formation of dimethyl sulfone. When conducting
electrochemical synthesis with control of the anode potential, it is possible to produce dimethyl sulfone without further oxidation to methane sulfonic
acid. The addition of 0.2 mol-dm® H,SO, to aqueous dimethyl sulfoxide solutions inhibits oxygen release and intensifies oxidation of dipole dimethyl
sulfoxide molecules adsorbed on the platinum surface. The influence of adsorption processes on the kinetics of anode processes at the platinum anode
in aqueous solutions of dimethyl sulfoxide at high anode potentials has been studied.

Keywords: dimethyl sulfoxide, dimethyl sulfone, methane sulfonic acid, controlled synthesis, platinum electrode, oxygen release, peroxide radicals,
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ABJIYIXATI CAI® AJIl, A.T. TYJIbCbKA, B.5. BAHPAYHHH, I.B. CTHKEBHY

KIHETUKA AHOJHHUX IMPOIECIB TP OKUCJIEHHI BOOJHUX PO3YHHIB
JUMETHICYJIb®OKCUAY

JumeTnncynb(okcua € CUPOBUHOIO y BENIUKIH KiJIbKOCTI CHHTE3IB OpraHIYHMX PEYOBHMH. 3HAUHHI IHTEpEC SBIISE OJEPIKaHHS LiTbOBUX MPOJYKTIB
OKHCJICHHSI IUMETHICYIb(GOKCHIY — AUMETHICYIb(GOHY Ta MeTaH Cyab(oKHucIoTH. JuMeTwicynb()OH MOIIMPEHHH SK Xap4yoBa AOMIIlKa, IO
MpU3HAYeHA JUIsS JIIKYBAaHHSA 1 YKPIIJIEHHS CYCTaBiB M 3BA30K JIFOJMHHU. 32 3BUYAM, IUMETWICYIb(OH CHHTE3YIOTh HIISXOM OKHCICHHS
IUMeTHICYTbGoKkcuay rapsanm 30 %—HUM PO3YMHOM MEPOKCHAY BOMHIO B KPIDKaHil OHTOBiH KucioTi. CHHTE3 CYMPOBOMKYETHCS 3HAYHUME
BTpaTaMH MEPOKCHUIY BOIHIO, IIIbOBUH MPOIYKT MiJyIsArae 0araToCTyleHeBOMY OYHMIIEHHI0. MOXXIIMBOCTI KEPOBAHOTO CUHTE3Y AMMETHICYIBGOHY 1
MCK BHCOKOI YHCTOTH 3’SIBIISIFOTHCS P 3aCTOCYBAHHI ENEKTPOXIMIYHOTO METOMY OKHCICHHS AUMETHICYIb(OKCHIY Y HOro BOAHOMY PO3YHHI Ha
MaJio 3HOIIYBAaHOMY aHOJI 3 BUCOKOIO MEPEHANPYrol0 KUCHEBOI peakilii. MOKINBOCTI TaKOr0 KEPOBAHOTO CHHTE3Yy € aKTyaJbHUM 4Yepe3 3JaTHICTb
cynb(ypy 10 JErkoi 3MiHH CTyMeHs1 OKUCIEHHs. JlOCTiIKeHHs] KiIHeTHKA aHOAHHUX MPOIECIB HAa IUIATHHOBOMY €JIEKTPOJi MPOBOAWIM B Aiama3oHi
kouuenTpariit 1,0...4,0 moms-am ° uMernicyabhoxcuy. IlimioM CTpyMy eTeKTpomi3y CIOCTepiraBes IpH MOTEHIIANaX, MO € GibIl MO3HTHBHIME
3a 1,3...1,4 B. 3a Takux NOTEHIiaJdiB HA IIATHHOBOMY AaHOJI, BKPUTOMY IIApOM OKCHIB IUIATHHH, BiNOYBA€ThCS BHIUICHHS KUCHIO. Jlist
raJbMyBaHHS NPOLECY BUAUICHHSI KUCHIO 1 JOCATHEHHS IOTEHLIANB YTBOPEHHS MEPOKCUAHUX PAJUKAIIB Y BOAHI PO3YMHU TUMETHICYIb(OKCUIY
nofanu cymb(aTHy KHCI0TY y Kimbkocti 0,2 Momb-aM . Lle 103BOIIsE 3CYHYTH HOTEHIIaNM HigiioMy CTpyMy enekTponizy y 0,2 Moms-am > H,SO4 10
1,7...1,9 B. lllo Bka3dye Ha NpoLECH YTBOPEHHsS IMEPOKCHAHMX pAJWKAIiB Ha IOBEPXHI IUIATHHOBOTO aHOAY. [IpHM JOCSTHEHHI MOTEHIialiB
1,78...1,80 B cnocrepiraerscsi rpaHM4Ha TYCTHHA aHOAHOTO CTPyMy. 3HAY€HHS TPAHUYHOI TYCTHHH aHOJHOTO CTPYMY TaKOX 3aJeXHTh Bil
KOHLeHTpawii aumeruncynspokcuny. Tak, mns 1,0 MOJIb- M ° IUMETHICYIb(GOoKCUIy, noxaBaHusMm 0,2 MOJIb- M ° H,SO,, rpanumuHa TycTHHA
aHOJHOTO CTPyMy CKianae 32 MA-CM’Z, a ms 4,0 Monb M TuMeTuicynbdokeuay, noaaBanusam 0,2 Monb- M ° HpSOs, — 55 MA-cm 2. Tloganbiie
TMiABUIIEHHS KOHLEHTpAL] AUMETHICYIb(MOKCHIY B EIEKTPOJITI HE NPU3BOAUTD A0 30UIbIICHHS TPAHMYHOI TYCTHHU aHOAHOTO CTpyMy. Lle MoxxHa
MOSICHUTH TIOBHUM BHTICHEHHSM MOJICKYJI IIPOTOHOBAHOI BOAM 3 MOBEPXHI IUIATHHOBOTO aHOY 1 3HUKHEHHSM JUKEpeIa YTBOPEHHS TiJAPOKCHIIBHUX
rpyn. Iloganpmmii 3cyB aHOIHOrO MoOTeHIiany nozutuBHime 3a 2,00...2,05 B npu3BoguTh 10 CTPIMKOTO 3pOCTaHHS TyCTHHH cTpymy. [Ipu Takmx
MOTEHIiaNIax TUMETWICYITb()OKCUA 1 JUMETHICYIb()OH OKHCIIOIOTBHCS 10 METaHCYIb()OHOBOI KHCIIOTH 3 MapalelbHUM mepebdiroM MporeciB
BHIJICHHS KUCHIO 1 IEPOKCHY BOJHIO.

KiouoBi ciioBa: numerwicyiabQoKcua, AUMETHICYIb()OH, MeTaH Cylb()OHOBA KUCIOTA, KEPOBAaHMW CHHTE3, IUIATUHOBUM €IEKTPOI, BHIIICHHS
KHUCHIO, TIEPOKCH/IHI PaJuKai, TPaHUYHA TYCTHHA CTPYyMY
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ABJIYIIXAJH CAH® AJIH, A.T. TY/IbCKAA, B.B. BAHPAYHbIH, H.B. CEHKEBHY

KHHETUKA AHOJAHBIX ITPONECCOB ITPU OKUCJIEHNU BOJJHBIX PACTBOPOB
JUMETIICYJb®OKCHUIA

Jumernncynb(HOKCHa SBISETCS HUCXOAHBIM PEAreHTOM B IPOLIECCE CHHTE3a OOJBIIOTO aCCOPTUMEHTa OPraHMYECKUX BELICCTB. 3HAYMTEIbHBII
HWHTEPEC MPEICTABIISET MOJTYYCHUE IIENEBBIX MPOIYKTOB OKUCICHHS JTUMETHICYIb()OKCHAA — TUMETWICYIb(OHA U METaH CYIb()OHOBOW KHUCIIOTHI.
JumernicynboH pacHpoCTpaHeH Kak NUILeBas NOOaBKa, NMpeJAHA3HAYCHHAsS IS JICYCHUS M YKPEIUICHHUS] CYCTaBOB U CBSI30K 4enoBeka. OOBIYHO,
JIUMETHIICYIb()OH CHHTE3UPYIOT ITyTEM OKHCIICHUs TUMETHICYIb(okcuaa ropstaiM 30 % —HbIM pacTBOPOM MEPEKKUCH BOJOPOJIA B JIEASHON YKCYCHOM
kucnore. CHHTE3 CONMPOBOXKIACTCS 3HAYUTEIBHBIMH MOTEPSIMU MEPOKCHA BOJOPOJA, LEICBOW MPOJAYKT MOMJICKHT MHOTOCTYIICHYATONM OYHCTKE.
Bo3moxHOCTH ympaBisieMoro cuHre3a auMertiicyibhorna 1 MCK BBICOKOM YHUCTOTBI MOSBIISIOTCS MPU MPUMEHEHUH AJIEKTPOXUMUYECKOT0 METO/A
OKHCJICHHS AUMETHICYJIb(OKCHIA B €r0 BOJHOM PAaCTBOPE HA MaJl0 M3HALIMBACMBIX aHOJE C BBICOKOH MEpPEHANPSIKCHUEM KUCIOPOTHOM peaKiyu.
B03MOXXHOCTH TakKOro YIpaBlsIeMOTO CHUHTE3a SIBISIETCS aKTYaJbHBIM M3—3a CHOCOOHOCTH CEpbl K JIETKOMY HM3MEHEHHIO CTEICHH OKHCIICHHS.
HccenoBanye KHHETHKH AHOJHBIX IPOLECCOB HA IUIATHHOBOM SJIEKTPOJE MHPOBOMWIM B jManasoHe KoHmeHtpammii 1,0...4,0 Momb-aM
numetwicyiabdokeraa. [logpeM TOKa NpH AIEKTPOSHM3E HAOMIONANICS NMpPU MOTEHIMalax, Oojee MOJOKUTeNbHBIX, YeM 1,3...1,4 B. TIpu Takux
MOTEHIMaJaX Ha IUIATHHOBOM aHOZE, MOKPBITOM CJIOEM OKCHJOB IUIATHHBI, NPOMCXOIWT BBIJENICHHE Kuciopona. [lyis TOpMOXkeHHs Ipolecca
BBIJICJICHUS KACIIOPO/Ia U JIOCTIIKCHHS TIOTCHIIMAIOB 00pa30BaHUs MEPOKCHIHBIX PAIUKaJIOB B BOJHBIC PACTBOPBI AMMETHIICYIIBPOKCHIA TOOABHIH
cyib(aTHy0 KHCIOTY B KouuecTBe 0,2 MOJb-IM °. ITO 03BOJISET CIBUHYTH MOTEHIHANBI ObEMA TOKa 3J1eKTpoiu3a 1o 1,7...1,9 B. UTo ykassiBaer
Ha TIPOLECCH 00pa30BaHMs MEPOKCHIHBIX PaJUKaJOB Ha IOBEPXHOCTH IUIATHHOBOro aHona. Ilpu moctmxeHun noteHuuanos 1,78...1,80 B
HaOJI0aeTcs TpelelibHas IUIOTHOCTh aHOJHOTO TOKA. 3HAUSHHE MPEACNIbHOM IUIOTHOCTH AHOMHOTO TOKa 3aBHCHUT OT KOHICHTpAlUH
numerricyabhoxenna. Tak, ms 1,0 Momb-aM > aumericynsdokensa, ¢ qobasnerneM 0,2 Moib-aM ° HySO,, npeenbHast IIOTHOCTh aHOAHOTO TOKaA
cocrapisier 32 MA~CM’2, a s 4,0 MOJIb-IM nuMeTHIcybokenaa, ¢ gobasinenuem 0 2 MOJIB- M ° H,SO,, — 55 MA-cM % JlanpHeiiiee MoBbIIICHNE
KOHLICHTPALMU JIUMETHIICYJIL(OKCHIA B JICKTPOINTE HE PUBOAUT K YBEIMYCHHIO MPEICTbHON IUIOTHOCTH aHOIHOTO TOKA. DTO MOXHO OOBSCHUTH
MOJIHBIM BBITECHEHHEM MOJIEKYJ MPOTOHUPOBAHHOW BOJBI C IOBEPXHOCTH IUIATMHOBOIO aHOJAa M HCUYC3HOBEHHEM HCTOYHHMKA OOpa30BaHUS
THJIPOKCWIIBHBIX rpymil. JlanbHelimee cMemenne aHoqHoro norennuana Boime 2,00...2,05 B npuBoIUT K CTpEMHUTENBHOMY POCTY TUIOTHOCTH TOKA.
Ilpu TakuxX MOTEHIHANAX AUMETHICYJIbGOKCUI U TUMETHICYITb()OH OKUCISIOTCSA 0 METaHCYJIb(OHOBOI KHCIOTHI C MapauIeIbHBIM IPOTEKAHHEM
MIPOLIECCOB BBIAEIEHUS KUCIOPOJa H IEPOKCHIA BOJOPOIA.

KiwueBble c¢10Ba: JUMETWICYJIBGOKCH, JAUMETHICYIb()OH, MeTaH CyJab(OHOBas KUCIOTA, YNPABISEMbId CHHTE3, IUIATHHOBBIA DIIEKTPO]I,
BBIJIEJIEHUE KHCIIOPO/Ia, IIEPOKCUAHBIC PAJUKAIIBI, IIpe/ieNIbHAst INIOTHOCTh TOKa

Introduction. Dimethyl sulfoxide (DMSQO) is a It becomes possible to control the synthesis of pure

feedstock for a large number of organic substances
syntheses. Nowadays research is considerably focused on the
production of general products of DMSO oxidation —
dimethyl sulfone (DMS) and methane sulfonic acid (MSA).

DMSO is indefinitely soluble in water. The dipole
moment of DMSO is 13.21-10° Kl'm (3.96 D), at which
point it can be considered an aprotic bipolar solvent with
high dielectric constant (¢ = 46.7). Sulfur has an unshared
pair of electrons in the DMSO molecule [1,2], which
makes it a participant of anodic reactions at high anode
potentials. During the anodic process sulfur (IV) DMSO
is easily oxidized to sulfur (VI) DMS.

DMS is well-known as a food supplement for the
treating and strengthening of human joints and ligaments.
DMS is basically synthesized by oxidation of DMSO in
hot 30 % hydrogen peroxide in glacial acetic acid.
Synthesis is accompanied by significant losses of
hydrogen peroxide, the target product has to be
significantly purified [1, 2].

At higher oxidation potentials, DMSO and DMS are
oxidized to MSA. The initiators of the oxidation of
DMSO and DMS are: concentrated sulfuric acid,
peroxides, acetic anhydride, ozone, ultraviolet radiation
[3-6].

DMS and MSA when using the electrochemical method
of oxidation of DMSO in its aqueous solution with
chemically resistant anode and high overvoltage of
oxygen reaction [7]. Controlled synthesis is relevant
because sulfur tends to change the oxidation rate [8, 9].

Experiment methods. Anodic processes in DMSO
water solutions were studied by voltammetry at a
potentiostat P-45X. The study was performed in a three—
electrode cell. As an anode there was used a platinum
plate with the reaction surface 2.6 cm? The reverse side
of the platinum plate and the drain were insulated with
epoxy resin. The cathode was a platinum plate of a similar
plane. The reference silver chloride electrode contacted
the main electrode by means of the Lugin capillary
through a glass key.

Aqueous solutions were prepared using chemically
pure DMSO and distilled water. After that chemically pure
sulfuric acid was added to the solution. The temperature of
electrochemical studies was 291... 293 K. The oxidation
products were analyzed by IR spectrometry.

Results and discussion. Study of kinetics of anodic
processes at platinum electrode was performed in the
DMSO concentration range about 1.0... 4.0 mol-dm™.
Current raise was observed at potentials that are more
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positive than 1.3... 1.4 V. At such potentials platinum
anode is covered with a layer of platinum oxides, oxygen
is released according to the equation:

2H,0 = 0, +4H" +4¢, B}, 5,0 =1,228V .

To get DMSO oxidized to DMS it is necessary to
reach the potential of peroxide radicals formation.
Particularly for hydrogen peroxide those potential have to
be higher than:

2H,0 = H,0, + 2H" + 2, ESZO/HZOZ =1,776V .

Dissolved sulfuric acid (0.2 mol-dm®) was added in
order to inhibit the oxygen release and achieve the
potential for the formation of peroxide radicals in aqueous
solutions of DMSOQO. It is known that sulfate ions are
adsorbed on the surface of the platinum anode, displacing
molecules of protonated water. This allows to shift the
potentials and increase of the electrolysis current in 0.2
mol-dm™ H,S0, to 1.7... 1.9 V. It indicates the processes
of formation of peroxide radicals on the surface of the
platinum anode.

During the electrolysis of aqueous solutions of 1.0...
4.0 mol-dm™> DMSO with the addition of 0.2 mol-dm™
H,SO,, raise of electrolysis current begins at 1.4... 1.5 V.
As the concentration of DMSO increases, the rise of
potential of distribution of DMSO molecules into the
anode layer decreases.

The following processes can be observed at
potentials of 1.4... 1.5 V at the platinum anode:

PtO + H;0" — PtO(OH) + 2H" + e
PtO(OH") — PtO(OH-) + e

Hydroxyl radicals adsorbed on the platinum anode
are highly active [10 — 12]. They can take part both in the
formation of oxygen and in the oxidation of dipole
DMSO molecules adsorbed on the platinum surface:

PtO(OH-) + (CHj3),S(0) — PtO + (CH3),S(O)OH-

(CH3);S(0)OH-— (CH3),S(0), + H + e

The ultimate current density is reaches when the
potentials reach 1.78... 1.80 V. The value of the limiting
anode current density also depends on the DMSO
concentration. Thus, for 1.0 mol-dm® DMSO, by adding
0.2 mol-dm > H,S0y,, the limit density of the anode current
is 32 mA-sm™ % and for 4.0 mol-dm® DMSO, by adding 0
, 2 mol-dm ™ H,S0,, — 55 mA-cm™ 2. A further increase in
the concentration of DMSO in the electrolyte does not

increase the limiting anode current density. This can be
explained by the complete displacement of protonated
water molecules from the surface of the platinum anode
and the disappearance of the source of formation of
hydroxyl groups.

Further shift of the anode potential into more
positive area than 2.00... 2.05 V leads to a rapid increase
in current density. At such potentials, DMSO and DMS
are oxidized to MSA with a parallel oxygen and hydrogen
peroxide release.

Significant influence of adsorption processes on the
kinetics of anode processes at the platinum anode, at high
anode potentials, depending on the DMSO concentration
is presented at the figure.

For an aqueous solution of DMSO, with a
-, on the Current—voltage
lines in the Tafel coordinates, 3 sites with electrochemical
kinetics are observed. They consistently correspond to
oxygen release area; release of hydrogen peroxide and
oxidation of DMSO to DMS; oxidation of DMSO and
DMS to MSA. When the concentration of the aqueous
solution of DMSO reaches 2.0 mol-dm~, the anode
processes in the second and third sections of the Current—
voltage lines depolarize by approximately 200 mV.
Oxygen release potentials increased by 40... 50 mV due
to the increasing participation of DMSO molecules in
adsorption processes at the platinum anode.

A further increase in the concentration of the
aqueous solution of DMSO to 4.0 mol-dm™ leads to an
increase in the anode potentials, in comparison with the
aqueous solution of DMSO 2.0 mol-dm3, by 150... 160
mV. Oxidation of DMSO is combined with the release of
oxygen.

Nevertheless conducted research does not allow to
determine the operating ranges of concentration of
aqueous solutions of DMSO and current densities for each
of the studied combined processes.

The next stage of research should be balance studies
with the determination of the current output for each of
the processes for the studied concentrations of aqueous
solutions of DMSO and areas of potentials corresponding
to electrochemical control.

Conclusions. Current—voltage study has shown that
the oxidation of DMSO in aqueous solutions runs through
the formation of DMS. When conducting electrochemical
synthesis with control of the anode potential, it is possible
to produce DMS without further oxidation to MSA. The
addition of 0.2 mol-dm™ H,SO, to aqueous DMSO
solutions inhibits oxygen release and intensifies oxidation
of dipole DMSO molecules adsorbed on the platinum
surface. The influence of adsorption processes on the

concentration of 1.0 mol-dm
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kinetics of anode processes at the platinum anode in
aqueous solutions of DMSO at high anode potentials has

been studied.

A
24

EV

224

[

1 >

4 35 3 25 2 A5 L 05 g
S

Fig 1. Current—voltage lines at high anode potentials, when the
concentration of aqueous solutions of DMSO (mol-dm ) is: 1 —
1; 2 -2; 3 4. Temperature is 293 K.
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