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Aьstrrсt. Using the пtсthod of iпhiЬitoгs the Pе€uliагiti€s
of н]o' сleavа8е сatаlуzеd ьy сobait (Il)асеty]aсеtoпa1r
in diffеrсnt hydrophiliс so]vеnts was studiсd' As was
еstаblished' physiсаl-сhсmiсal ProP€rtiеs of thе гсaсtion
mcdium саn signifiсаntly аffcсl the 

'alе 
of рoroхidr

dесoпpоsitior aлd сatalyst oхidation.

кеy words: саtаi}tiо сlеavagе' hyd'ogen pсroxidе' cobalt
(II) ions' solvents, iпhiЬitог,

l. Introduсtion

A solvеnt саn affеоt thе kinet iсs of the
homogеnсоus oхidation prосеsses by influеnсing lheir
еlеmепtатy steрs tl' 2]' As а ru|е, the rаngе оf thеsе
сhаngеs doеs not ехсеrd onе ordеr oimagnitudе (us0а]ly
20о.]00 %). ln spitс of relаtivеlу lоw sensitivitу of suсh
proсesses towards thс nаture of а solvent, aсссlеrating
thе vсloсity ofсеrtaiл elсmеlrtаl slсрs саn notaЬly inf]uеnсе
thе Iагgсt ргоduсts yiеld. Аn iпiliаtiоп sиge is onе of the
elemсntary sиgеs whr.сh аrr пюst sensilivе to thc rеасtiоn
mеdium. тhus studying thс rоlе ofthis stаgс in thе 8сnетal
mесhалism of oхi.lаtion is of 8rеat imроnаnсе.

сomrnon|y' deсomРоsilion of peroxidе-like
сomрounds is rсsponsib|с fоr thс initiation. Duе to thе
gслeга|lу aсссFеd фnions tЬе d€сoгrц)sition of pеroхidоs
oсflrгs а|on8rtЕ twopaгallеl routеs - hсt€rolytiс (nоrьгаdiса|)
аnd inфсrd (rаdiсal) [з] ' Tъе тolе of thе solvсnl in this t}pе
of reасtions Ь сonditionоd ьy its sohъting proреrtiсs [4]'
\rfiiсh partiсular|y аffссt thе hеterolytiс deсoпроsition. At
thе sаnЕ timе thе induсеd rmiеty is rrвiriy dереndent Ф thе
solvеnt's srlf-assoсiahon vаluе (dеrБitу of сohеsion еnel5/)
[5]. тtЕ inстеаsе of lhе last rrЕmьeг ассеlсralеs thе ratс
s1lpрsеdly by еnfссing tlrе ..сa8d' efeсt in lhe ..solvЕпl-

solvоnf' and ..so]vеnt-pсгoxidе ' s}stem [6]. тhе lаst сffесt
саusrs .leстезsing ofthе rеaсtioп bsrгioг and ircrеаsсs thе
вtе of the induсеd пюiеty oftlrc с|еа!вgе [7].

тhjs wоfk сontinuеs thе study of the peculiатitiсs
oftье pсгохides сз!а|ytiс сlсаla8е in oгgалiс solvеnls lhаt
hаs ьееn stаrtеd in [8l, Thе sеlе€tiоn of н,o, as аIl objесt
of invеstigation is duе to its uniquе qrЙlitiеs (есologiса]
safеtу'  tеоhпо|ogiсаl vсrsаt iI i ty and ссоnоmiсэl
attraсtivmеss), that allоw aРрlying it as а relevant oхidaпt
fот numеrous organiс sDьstвl.}s oxifunсtionalizatjon' тhе
kiпеtiсs results havе ьееn oьtаЬеd ьy Usiлg th€ rnсlhоd
of inhibitors as onе of thс пrоst provеn, infoтmаtivr aпd
ассерtеd tools for radiсаl reaсtiоns studying'

2. Exрerimеntal

тhе kiпеliсs of }l,o2 сonsumption Ьas bсеn studiеd
аt з08 K iп a therrюstattеd 25 ml glass сеll. Тhе rеасtion
mixturс (totаl vo]umе 20 m|) wаs stiпed witЬ a тсflon
сovеred rnаgn€iiс sti.гing Ьаr. In the bеEnлiлg oгioт to
adding н1o,) nitrogrn wаs bеing bubь]еd tьrough thс
rсaсtion mixturе for 5 l0 miп, Fo]]owiпg thаt а determimtе
vо|Umе ofргохidе wаs injeсlсd into thс dеаеrаtсd miхfuте
by а qтЬgс аnd this tюmеnt wаs tаlсn as thе stаrt of
the теaсtiоn. Thc сontеnt of lI2o, in thе rеaсtiоn mrdium
during thе ехрrimсnt wаs ьсing rrюnitorеd by thе titration
оf thс рroьеs withdrаwп fiom thr rсасtioп miхhrrе with
defiпed intсrvаls. 0.0|N watст solution of Na.s"o. wаs
usсdаsа l|lгаnt. тьерlobе ( | п )wilhdrаwn\riБ ;piiрпе
wаs pourеd iпto 2 50 п сoniсаI flask lhаt iniliallу соnиinеd
2 mlofH,soa (4N dq so]цtion) aпd 2 Iт ofKI (saturаtеd
.lq solution) in l 00 n{ of distillеd watеr' Thе rеsu]tеd bIolen
mjхшIе was bеing Presсrved in а dаrk plасе for 30 mй
апd then titratеd with sodium tiosulphаtr uпdсr vigoгous
stiгring tj ll ]ight-yеllow сolor was oьtainеd, Fol] owing tьat
2 з d|ops of 10 o/o аq so|ution of stаrсh wаs addсd and
thе flаsk сопtrnt wаs titтatеd сolmlеss, веfore eaсh
ехpеrimеnt thе ..blank'' titration (withоut a probе) was
сonduсted in order to аьate thе influеnсe of drssolved
oхygen on thе lеsu|к ofthс aпa|ysis. Usually, thе errot of
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.nеаflrтorЕnt саused ьy thс prеsепсе ofdissolvсd o' was
<l 9о f1om lhе lotа| {iлсludiл8 H,o,t сonsumpl i6n of
trtrat|ng agеIrl,

In oгdеr to avoid prфable ехоeeding сonsurnрtiоn of
hуdrogen рего,ddс in oю readion йlh tь solve s сarnb!е
of oхidйй8 iп fiе сxpстimentаl сonditiопs (ttDгpholine)
..blаnг' titrаtions (iл tЬс absenсе ofсdt) оfH,q so|urjol in
suсh solvents Ьave bеm сa]тiеd out. Тhе obtained rеsults
wеrе tаken йtо ассormt for саlсulаtion ofthе rаtс ofhydrogсa
рroхidс dеtюrqositiоп саtа|}zed bу Фbаn ions.

Тhe eleсtroniс аьsorption st'ссtrа ofthе invrstigatеd
solutjons were rесoldеd usjng неwlеn Рaсkаrd 845з and
sF.20 spесtroрhotoinеtеrs (l сm quaтtz сuvеttоs)'

Фinonе (Inн) was synthеsizеd fiо'n hydroquiлonе
ьy the lrЕthоd dсsc.ibсd iп [9] аnd purifiеd by douьtе rc.
сrystаllizаtioп iiom еthanol'

Тhr solvenls (for thе anal}Бis) wеrе purifiеd ьy
сonvсntiona] rЕthods I l0] aпd distillеd ьеfolс еасh sетies

сoьalt (l l )асеty|ассtonаtе (сo(aсас)l) (99% gгаф,
Aldriсh) was usеd as pi]rсhasеd.

тhе сontibution of thе non-radjсal (hеtеIolytiс)
moiеty of thе таlс of hуdтogеn реroxide сlеаvsgе саn be
сз|сu|atеd using thе following еquаtion:

w=w'd+ wЙ
whеге: ,'/ - total ratс ofн:o' сlrаvage, м 's |; ,/,а .

induсed (гаdiоаl) flюiеty of total rаtе of сlеavagс, м,s l;

Notо: [н'or]o = 100 mMj [сo?.L = 5 mМi [QDЬoDe]0 = I0

ln the so|vеnts солtаining hydroxyl groups
2-рropenоl (iProн) and 2-mеthy].2-pгoраflol o-Buoн)
the сlеavаgе таtе is so hiф (и/ =2.l0r м'$|) thаt aflеr
аPproхirnаtеly 20 min ftom thе insеrtion of рeroхidе inlo
thе reасtiоп miхluге thе сonсеnlratioп of thc last oпe
vеrgоd towаrds zеro. Аt the sапе ti,nе in wаtеr апd aсetiс
aсid (Aсoн) thе сlеavagс ofн,o: is notаbly slower, Thr
reасtjon шrder сoпsidеrаtion nrns еvеn slowеr in сlесtrоп-
donаting diоxапe and pa iсularlу in morpholine. Th€
disсovered eхpcrimеntal faсt сorrсlates with tьr
depеndenсе оftьc гetc ofpеroхidе сIеаvage upon sрeсifiс

4, . non.rаdiсal (hсterolytiс) сoпцюnent oftоtаl ratc оf
н,o, сleаvagе in the presеnое оf frсe-radiсаl inhibitor
(qшnonе), М.s '.

3. Rеsults апd Disсцssion

Thе ехperimеntal rаtеs оfрsеudo.first ordет ofH,q
сlеаvаge саtаlyzеd with сo,- iпdiсаtс tЬе sigпifiсаnt
influenсe of solvепts on thе pгoсess undеr сolrsidеrаtion
(Еig, I' ъьlе l),

f

., mt!

Fig. 1. Kindiсs ofсo,, сalat}zеd сlеаvagс ofцo,
iл TнF (l)' МосN (2)' Aсotl (з), and moФholinе (4)

а1з08 K

Tаblе 1

mц lье t.mpевiurc ь зо8 к

(ability to form doпor-aссеptor сomр|ехеs) and non.
sprсifiс (еlссtroslаtiо) so]vatiоn ofIl.o' bу thе moleсulеs
of thе solvсnt [l l]' нenсе thе solvеnls with hydroхyl
groups (alсohols) аnd, to a bit lеss dеgтee aсids and warcr
faсi|itate thе сleаragс ofpеroхide. At thе sаttЕ timе еlесEon-
donаting solvents (morpholinе and dioxаne) staьi|ize it'

The рrсsеlrсе ofth€ inhibitor (quinone) signifiсаntly
сьаngеs thе рiоturе oьsегvеd for lhe non.inhibitйg Proсеss
(Fig. 2' Тaьlе l ). ft is known thаt in freе.radiсаI рroс€ssез
fiee-vа|ent spесies аrе aЬIe to indoсe dесotiрoGition of
thr сoпрounф with thе wеakеnеd ф bonds. Тъe frе€.

Totаl rаtr of hydrogen рeroxidr сonsumption (И snd it hetеrolуtiс (,/rJ rпd iпduсed (l/й) moiеttеs

i.Рrо|l t9.0 16.5 a-l
r.вuoti 18.0 2.1 15.9 88
нoAс 6.2 0.8
П:o 0.4 i .0 11

1_2 0.7 0.5 42
0.6 0.8

l\,lссN 5.5 0.lJ 75
тIIЕ 18.0 з.5 14.5 фt



The InI1uеnсе of thе Rеactioll ||Iеdi|m on thе

radiсals inliьitors slow this routе [l2] еnabliпg lье
quаntitаtive estimаtion of еaсh routе's input (heteтolytiс
аod йduсed) in thе toиI ralе ofpеroхidе сопsuпрtion'

cleavage ot Hydюgen Pеroхidе Catal'zеd, '73

н.o. dесomDosition rаtе iп фе sоlvents whiсh aге
prоnе to iсif.assосiation is more sеnsitivе to tlrе рrсsеnсе
of quinone as соmРаled tо lho6е сoпtайing пo hydroxyl
groups (Tablс l), Fоr examp]с in alсoьols aпd асetiс асid
thr iпdt]сеd moiеty of dесomposition is aьout 90 %,
fo]]owеd bу асеtоnitrile (МссN) and tеtгahy&ofurаnе
(ТHF) (thе rеviеwеd value is сqual - 80%), aпd thеn watеr
пюrрho|inс and dioxаne (4G-70 %). тhе aloоfPоsilion of
water iп this range apраrеntly is еxрlаiпеd by thе сoпсеrtеd
inf luсnсе оf several еlесtroсhеmiсal Proрeгt ies
сhаlасtrr ist iс of н.o'  тhеir сombinat iоn саn bе
rеsрonsiЬlе fof diffеirnt bеhavior of this solvent as
comраred to аlсoho|s and асids.

As fоllows ftоm таЬtе l thе rnaхirrиl тaljo of brutto-
ratеs оfll,o, dесоIт]рositioп in thе srlсrtеd solvеnts is аьоut
| 6 (w, ю!/|| D,,'"). F$ ьetLтo|}.tiс d.сorrрo6ition this valuс
|s 9 (||II'l/||Р',,,) and in сasс of the induосd onr '
зз (||,+,JWD..*' тhus iл thе testin8 conditions thе
rЙсtiсil пЁdiшn stson8сr аffесts thе ildi,сtd rrкiсty ofpеroхidе
сlеavаgс notаьlу (= 4 tirnеs) 0вn tIв non-гаdiсal onе.

For аdditionаl сlarifiсаtion ofthе mlс ofthе solvеnt's
naturе in Co?' ioш trаnsfогrnаlion thс еlесtroniс spссtra
of thеsе ions in thе sсlесtеd solvents havе Ьееn rrсordеd
bеfоrе аnd аflсr н.o. trоatrnеnt, Thе aЬsorDtion mаx |mtrrns
аttriьutedto сd-;d. сd* (Taьlе 2) as wеil as tЬr vеloсity
of thеse саtions trаnsfоrnrаtiоп аflcr Pеroхid€ addition
dеPеnded оn physiсаl.сhсmiсal p1oрertirs of the solvent.
Aссordiпg tо thе oЬlained dаtа (Fig.4' Tab]e 2) in thе
sо|vents tha! aгe aЬlе tо form slrong inlсrmоlrсUlаr
hydro8еп ьoпds (аlсohols) maхimum aьsоrpt iоп is
observеd аt 490 aпd 605 nm. Thе ratе of сo,. to сo].
tmnsformation aftеr ll1o? аdditiоп in suсh so|vепts аs wе|l
as in MеCN is diffxsion сontrollеd' Intеrсstinglу, in Aсoн
аnd wa!еr' whiсh ьy anаlogy with аlcohols' are сapаblс of
стеating assoсiatеs, [7, lз] thе Ьatoсfuomiс shift of сo,'
iоns absoФion was obseшed (Taьle 2).

d
f

! min

Еig. 2. Kinеtiсs of сatаlу7€d with сo2. сlеаvagе of нp]
in ЁProн witьout Inн (l) and in thе prеsrпсе

of20mм ofquinooс (2) at з08 K

Аs was detеrminеd eхpо, imепtа]ly (Fjg. з)
схсееding quinonе сonсеnlrаt iоn ovст l0 mМ hаs
рraсtiсаl Iy no influеnсс оп thс тatе of [l,o: оlсavа8е аnу
rrюrс. Аt thc sапrе tirrЕ suсh сontеnt of kiH in thе reaсtioп
mixturr (l0 20 % ftom the initiаl сonссntтation of !t,o,)
сaп not notiсeаьly influеnсе tЬс titrаting agеnt (Na!s,or)
consumplion and Йdiсa| сomponrnt ofhydrogen Prгoхidе
dссomposit iоn ratе'  (Quinonеs! bу аnalogy with
a|kуlрhсnols I l2] саn ье oхidizеd with frсе-rаdiсal
pгoduсts оf н,o, сlеаvagе with thс formalion оf thеir
pетoхidеJikо dеrivаtivеs). llеnсе it сan ье assirmеd that
аl suсh сonсеntration of InH сleаvаgе ofpе.oхidс in thе
testеd so]vеnts оссuгs rnяiЛ]y 61l)пg thс non-rаdiсаl гoutс-
тыs еnаbles rхреrimепtal dеtеrminatiоD of hеtеro]}'tiс
пюiеty of н2o: dссomposition,

0 0 Ф5 
'11 

00T' !  Ф 00.5 оln

Фшo!., м

гig. 3. Rateз of нp, dесоmpo€jtion сatаlуzеd ьy l0 mм
(l)' 5 m]'4 12) gnd 2,5 mм (]) сor dсpеnding on quinoле
соос€ntmtion. [цoi]o = 50mм' Т = з08 Iq AФH meditm

Fig. 4. Еlесtroniс aьsorptioп sPесtгa of lmМ сd, iп nPfoн
(|) шd in tье P.сsеnсe of50 mм цo, (2) at 29] к
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Tаblе 2

M{lirnums of rbsoIption (nrE) of сol. sпd сd, ions

0'з0

o,25

o,20

0.15

о'10

0,05

0,00

600

Fi& 7. Еlесftoniс аьsoФtioo sp€сttа ofm fure lmм сd'
and 20 mм quinoпе in 2 ml ,.Prон bеftrс (l ) and дft€' (2)

of2 pI нp, injсstion at 29з K

in thе testеd iolvents дt 29з к

s20

ln еleсtroп.donаtin8solvents rrюrpholiпе, dio.
хaпе, and aссtoпitri|с (Fig' 5) сhangеs in Co,' аЬsотрtion
щ)eсtrum oсcuгlеd almost instant]y (in l 0 20 s) аftеr нlot
афitiol liowсver thеrс аre somе inсoisistenсiеs ьеtwееn
thс rаtеs of сol' foпnаtion and pсroхide deсoпрositiоп,
whiсh are still hаrd tо еxD|iсatе'

400 500 6о0 7ф 8о0 90о
Wаve|€пglh' nm

Fig. 5. тimс.dФеfldiпg сьaflgeJ of Uv yЬ sPесtгa of 5mМ
solutioл сo(асдс)r in 2 ml месN in the presеnсе of н:q

at 29з K- тhс dash liaеs dсpiсt tье initial spесlrum оf
сo(aФс).' lhе dоt liпе thе lаst sp€сlrum lakсп аflеr

2ш Цq injссtioп

вvrntuдlly it is explaiлсd ьy thе faсt thаt сo,*
oxidation in suсh solvеrfis is liаin]y by .oн-radiсаls, tjnlikс
in thе rrЕntionеd sоlvents the е|есt.oniс sDесtfum of сd*
in aссtiс асid soIution rqnаinеd шсhаngеd for at lеаst
sсvеrаl hoщs afrеr нр1 addition (Fjg' 6).

AЬsorption maхimum of сoz. iп morpholine
(550 nm), tеtгahydrolirапе (525 nm)' dioxаnс (520 nm),
аnd асrtоnitгile (5l0 лп) aгe shiftеd to batoсhromiс (аs
сorDpqrcd to a|сoho|s) гegion (таble 2). тhе wavеlепgths
ot whiсh thс sbsoФion rrвxirm,m is oьsen,еd foт сo]- iп
тнц dioхanе, and МесN (610 лm) also сoinсide with
thе ones iп lhе solvents сарablс of fоrming thс hydiogсn
ьonds (Tаьlе 2). Тhe аЬsorptioп mахimum of соз. in
rmrpholiпе (570 лл) is sifualed с|o6e to йe сharасteristiс
pеаk of сo, '  iD this solvеnt. suсh a not iсeаьle
hуpsoсhromiс shift (whiсh hаs Ьееn oЬserved for moгc
po!аr сo]'ions) is eхplаined by strongrr еleсtron-dоnating
propеrtiеs ofтnoФholinr апd its lowrr pоIатity as сorrрafсd
to MесN [l4].

Ftg. 6. Тimс.dеpепdin8 сhangсs ofuv.vis sресlra of 5mn4
sоlutioп сцaсaс), iп 2 ml AсolI iп thе prсsсnсе of цo]

at 29з K. тhе dаsh liпes dФiсt ttЕ iпitial spссlrum
of сqaсяс):' tье dot line - ftе lбt sрсtrum tаkФ

aftсr 2 цl цo, iлjeсtion. insеt - timе.traсоs
of spесtra takеn at 5з0 пm

Thо аddition of hydro8еn регoхidr to thе solution
of соl'ions in 2-рroраnol dвl initiаllу сontains l0 mМ of
quiпonе doеs not lеаd to thе fоrrnаtion of oxidized form
of thesе ioлs _ thс сor'aЬsoФtion рeak is aЬsеnt (Fig. 7).
тhr sрeсlпrrn has rоmainеd unсhаngеd during mffe tьаn
l h aftеr miхing tЬе sоlution with нp1whiсh indiсates
lhс notiсеаьlе frсс rаdiсаIs (.otD соnt.iьutiоn to сo]'
cations оxidаtion.

s
€

0,0
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h is nесеssаry to note thаt aссording to the сlаssiс
.esеarсhсs I l 5] the с.*. йth tlд тrасlion гatе сonstаnt
js ьy morе thаn two oгdеrs of magnitudе highеr аs
сorrPared to Cd.. ].hjs is ехP]aЬеd ьу фе low rеduсtion
aьi|itу of hydIоgеn peroxidс. In аddition to this нoo.
rаdiсаl сonсentration whiсь аrе аlso gсnеrated dйng н,q
dесomрosition is so sliфt thаt thе сoDtriьution of thе
rеvеIsе rcaсtioп of }labеr-wеiss сусlе (сo.. rеduсtion)
саn ь€ nсgeсtеd.

All oftье mеntionсd fеаtures ofhydгogеn prroхidе
саtal}1iс dесomposition in diffФеnt so]vоnts imply thаt
thФe is а сombiлаtoгia| еffесt ofsсvrra| рh}siсаl-сhemiсаl
faсtors tьаl сh8асterize the rсасtioп mеdium similarly as
it is oЬsеrvеd during thе реrаоids dесornрosition I16]. To
pursuс thе sпrdy of the еstаblishеd dеpсndсnсlеs tn morc
dеtаil further thоrouф rеseатсhcs аre plannсd.

3. сonсlusioцs

тhе oьtainеd схрстimеntаl .lаtа prove thе сfitiсal
iлfluenсе of thе rеасtion mсdium on the routеs of |l^o.
сleavagе. тhe hydroхyl radiсаls induссd гоute maiсi
si8пifiсаnt сопtriьution into th€ gепеfa| proсеss of
hydrogеn pсroxidе dссomроsition. on thе other hlnd the
samе routе hаs a determining influenсe oп thе va]сnt
lrаnsforrnаlions of./.e|еmепts in the пЕdiumсhаmсlerizсd
by hiф sрссifiс solvаtion, It is nссеssary to notе that lhr
inf luеnсe of thе physiсal .сьemiсa| propетl iеs of thе
so|vеnts oп thе tоtа| rstс of tl!o' саlаlytic dесoщюsitiоn
hаs aп ambi8uоus аnd сompljсatеd сharасtет.
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