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AЬtraсt. Interboпd betwееn thе еffiсiеnсу of сonrрlex
оаta|ytjс solutions aсtion [сoьalt naftепate рo|yеthу'
lеnеgliсol {yсloЬexanonr] in thс Рoсess of liquid-phasе
сусlоhexaпе oxidйation and ооmрlrхation bсtweеn thе
сomрosite сomрolrents of саtаl,,tiс solution has been
сonsidеIеd in thc artiсlо.
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1. Introduсtion

Thе use оf diffеrеlt паture modifiеrs a]lows to
inсrеаse the effiсienсy of hoпюgеnеous сatalyst асtjon in
thс proсesses of hydroсarЬons liquid.phаsе oхidаtion.
нowevеr, the ехistiлg Ьаse ofthе given еxpеrimеntаl invеs-
tigаtiоns is not еnough foт dеtermination of thс aсtion
mесhanism of thesе additions aпd Pтеdiсtion of thсir
influenсе during thеiI usagе in diffеrеnt сhеmiсal рroсеsses,

тhе асtioп еffесt оf prеliminafy trstсd oгgапiс
modifiеrs of homogenеous сatаlуsts for сyсlоheхanе
oxidizat iоn рrосess (сhrоmoksan' crown.ethеls,
роlygliсоles erс,) is сonneсtеd йth thс сornрleхation оr
ioniс assoсiаtеs аmong thе molссules of сatalyst' сo.
сa|аlyst аnd modifirт. To сonfilm thеse suРpоsitjоns
sресtral invеstigatiоns of сomplех catа]}'tiс systоnrs have
Ьееn сonduct,еd'

2. Ехperimental
Comрlех сatab,tiс solutiоns of сobalt naphthenate

(CoNf) апd pоlyеthylеnegliсol with thе avеrаgе пюlесulal
mаss 2000 (PвG2000) in onс of speсified produсts оf
сусlohexaneохidization сyсlohехаnoпе(СoN) haveьсеn
invеstigatеd Il' 2].

The сonсenfiation of СoNf in thе tеsted sоlutions
еqualеd io 5.0 ltr' mo|Л. Mаss rаtio of сoNfPЕG2000
wаs 1/ l . тhе gеnerаl сonсеntration ofthе сatal''tiс solution
wаs equа | to 5 mass o;. Thе с}с|ohеlaле o)ddаliопргoсе55
wаs сonduсtеd in thе lаaboratory теaсtoт аt T = 418 K
and P = 1,0 мPa. Pюduсts сornрositioп wаs detегminеd
ьy titfimrtтiс and сhrоmatogmfiо analyses.
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Thr photoсolor imеtr iс аnalysis, IR. аnd
Llv-spеоtrоsсoру of the tсstеd ard сoп]рarativе so|utions
_ сoNf in CoN апd PЕG2000 in сoN havе ьееп

3. Results and Disсussion

The рhotосоlоrimеtтiс аna]ysis ьy sidе sсattеring
methоd showed thе prеsеnсе of dispсrsion рartiс]es in
thе so]ution оfptге trю]уоthуlепegliсol in CoN, In solutions
of purе сoNf and сatal},tiс sуstстrБ [сoNf PЕG2000
CoN] no paтtiсles wеrе disсovеrеd that a]lowеd to
сonсludе aЬout bonds formаtion Ьеtwееп сobalt
nарhIhеnаlе aлd рolуеlhуlеnegIiсol moleсulеs,

Thе сoloring сhаnge оf prФarеd solutions [сoNf
PЕс2000 сoN] fтom йolсt to thе glеeпish аlso рoints
to сoiYlрIехаtion iп саtal}'tiс s}stеnrs.

тhis suрроsition is сonfimrеd Ьy thе теsults of IR.
spесhosсopy оf thе trstсd solLrtiolts (Taьlel),

IR' spесtrosсopy of f lesh аnd mature
[соNf+PЕG2000+CoN] solutiоns was сonduсtеd for
molе detаilеd study oг сatal}'tiо solutions and fоr the
рossiьiljtу оf сoоrdiпation Ьоn.ь formatiоn: in Taьle l
they arе mатkcd аs т = 0 alld т = l fеspeсtivс|y' Thс
pсriod ofт =l was 72 h.

The аbsorрtion bаnd in the аrеа of з512 сmf is
oьsетvеd fof t = 0, that is сhaтaоtedstiс fol oll-group,
whiсh dо not form iDtramоlесular bonds (hydтogсn
bonds). тhus at t : 0 in fie йtегval of 1700 1720 оm]
thе absorрtiоn ьand is obsеrvеd resрonsiЬlе for thе
strеtсhing vibгatioлs оf сarbonyl grouр, Iegardless the
Iinсtionаl gтoup it Ьеlоngs to (сarbonуl group сoN and
CoN0 [з' a]'

нydтogеn intеrmolесular ьоnds arе foгmеd with
timе (i = 1). Wide intensivе rnаximum аbsоФtion аt
з200 з400 сmt test i f ies to thо paтt iс ipat ion of
рolyеthylеnеg]iсol hydloхyl iс gгouр in intеr- and
intramolесulаr hydrogen bonds. нydrogеn bond саn ьe
formеd betwоеn thе сalbоnyl grouP CoN апd сoNf аnd
hydroxyliс grоuр оf PЕG, thus thе drсrеasе of аbsorption
ьапd iпtrпsity pIoves it with tirnе (Fig, l),



Results of lR-spесtrosсopу of сatalt.tiс and сomраrstivе solutions
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Toblе 1

Chemism of this proсеss сan Ьe forеseen in this
wаy: thе oхygеn gfoup oi РЕG is сoФdinaiсd with thе
еlесtrorr-seсking atom of со' ьut the growth in timе of
oн-bonds сapablе tо form hydrogеn ьond is duе to thе
ail oxygеn oxidation of рolуethуlenеglyсol rnеthеnе gloup'
The insignifiсant shift of С н absorption ьапds testifiоs
to it (Tаblе l, Fig. 2), Intensifiсаtion of aьsогption band
of саrьoxуlаird gIouрs саn be relаtеd with сhаnging the
сoordinаhon numЬer of Сo'' ion and thе nuпйer of ligan.ь
in the сomplox.

Foгmatiоп of aьsoФtion ьаnd in the alea of
з200 сm] tоstifiеs to the formаtion оf intraсomplrх
сompоun& ьonds (тaЬle 1' Fig' 2).

Fig. l. lR-sPеltrа of сatal}tiс solutions

[сoNf'PЕG200нoN]: т= 0 is аddk
f i l l in8;т: l  isa l ightf i l l ing

Thе results of lR-sресtfоsсopy of the pтеparеd
solutions trstifу to thо formatiоп of oн.''tl.ьonds,
qusntitаtivе сhangе оf с=o and Cнз, -сн,_ bonds that
is in its turn testifies to the formatiоn of соmрleх
сompоUnd or iопiс assoсiatе in a сatаl}'tiс sоltttion.

Thе реak shift ofсatаlytiс so|utions aьsorрtion band
on ljv-sресtrum (,i = 5l0 560 nm) testiгles to thr
сonrрlеxation аmong the сomponrnts of thе сatalуtiс
systern (Fig. з),

Thеse сomplexes aro rathег stable' thе givrn
piсfures ofthe testеd and сorпрa.аtivе solutions mаdе uпdеr
..Zeiss Jenaval'' miсrosсopе with tЬe inсreasе in 1000
2000 timеs testiry to it.
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Еig. 2. Т}1)еs of сhепriсаl bond!
аnd stгuсlLtrс оf с.t.t}riс
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|.ig.3. L]\'.spесl'a о1 рrеpаrеd саlаL!(iс юlullons:
с]oNi. ( o\ (5 mаss j;) (l). с.оNl PЕG2000 сo\

(5 mа$ %) (])

Thс gflrеrа| соnсеlrtтаtion of a]l tсs1сd sо]ulions
\l'аs 5 rтass %. nmss таtiо Ьсt\!ссn ils соnrpоnсnls \'its
|:| ]  d с\.Lо[е\, | lп j i  \\ ,  '  u '(d:r ' :r  ч l  \еn|,

As dlе соmparаtjvе sоlutiоns thеrс $,сrе thс solutjon
ofnrd]vid а] соNfandthе so|utiоn оi соnrponеnts rтiх turс
оf СоNf and сrоъ'n-еthеr оf di .  Ье1rzо' l  8.Стown .)
(Dtsс]t), sоhrtion of[CоNf Dtsсl.СoNl\тas tеstеd foг
сompaIing struсtuгаl foгmаtions whi lе aррIуing
сompouлds of difiьreпt nапlге in сatal},tiс solutlons,

l.hе oЬtаinеd piсtuгеs tеstiry to diftёrеIlt struсtuгal
lьгmаtions in саtаlуtiс solutions (Fig. 4),

Fig. :l. Piсluгcs оI sо]ulions oI саlalyliс s}stсms
( ']000):сoNf с()N* (а)j  сoNf+ PЕ(j20(Ю+с()N (b).
с о\i. I PLс6(](](] + (]()\ (с). сo\f+ DtsсR с()\ (d)

* !rсгса!пg !20()0

.1?:..

'!!,
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Thеrе wсгс аlso tаkеn piсturеs of рrссipitаtсd
solut ions using thс mеthod of sсаrrning сlссtronrс
miсrosсopу on thс ..Tеsla.. dеviсe with lhс lnстсаsе rn
600 and 4000 timеs (Еigs, 5 8),

T(l  сonrpаrе thе ргeсipitаtсd lrorn solunons
сompouпds !hс subslanсеs pгесipitatсd |iom сata]ytiс
solution d.[сoNf РEG2000 CoN] аnd lhс соnrpouods
prесiрitalсd lrom individual solul ions оf СоNf and
PГC2000 in сON. uеrе photogrарhсd.

Аs соmlraгеd 
",ith 

indi\,iduаl сorтроunds of СoN"l
аnd PЕG2000 ргесipitаtеd 1i0m so]utiолs in сyсlohir'

thс photos оf suЬstаnссs
prесiрiiated 1ioпprеliminarу рrсparсd сatаlуtiс soluliolls
thе Iьrm and struсturе сЪrtngсs ol.partiсlеs сoоrdinаtiоn,
ln t]is сasе thеIе аге pаrtiсlсs ol.PЕG2000 сo-са1аlysr
oпthс сoЬаlt naphthеDа!с сrуstа]s suтfaсе whiсhtсs1ifiеs
to thс pгеsenсе ()f сoordirlаling bonds in thе саtalуtiс
sуstсп (Гigs, 7'  i l ) ,

гig.5. Piсtuгеs оIprесipilаtеd (5 mаss.],0) soLuliоn ofсoNtin с]oN: !600 (а)i ''10()() (b)

г ig 'о.P|.п|-e.n|г|(. 'р,d|еоl5| '?, 'o, ' .n,||| l r|UГP|i i l |ПП|,1l ' ' \ ,  U00' , ' .  |000(b]

Fig. 7, P iсtuгсs o1.thе prесipitatсd ( 5 mаss 9/o) so]utjotr of [сoN f PЕG2000 с oN], СoNiРЕG2000 .= l : l : ! 600 (а)' x.10()() (b)
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l.ig' 8. Piсturеs oft}е preсipitаtеd (5 пtss %) solu1ion ol.[сoNl РЕG2000{.()N].
СoNflP!G2000: s: l: х600 (а)' xafiю (b)

тhе diffсr.эnсr in рreсipitatеd substanсоs struоtulе
is nolоd While сhangi]lg 1hс сolтponеnts ratio in tЬе
сalalyliс solutiоll whiсh tcstifiсs to diffеrеnt nаfurе aсtlon
оf саtalytiс сolnp!еx whi|е its сощоnсnts ratiо is vаrying
(Figs. 7. 8).

сonsсqurntlи thе соnduсtеd sрссtra| analysеs of
саtalуtiс so]utjons сonfirmed thе fonnаlion of соnrрlехеs
or ioniо assoсiаtеs wilh рдтtiсipatiоn of дll the soluliоn
сompounds in thе саtalyiс systеm'

тhus. йе асtion с(fссt of саtаl},tiс so|utioпs сan
bс ехplаinеd ьy йfluспсing the surfасе aсlivо сoпlрound
in ioniс аssoсiatеs,

Тhе qualitаtjvc influеnсе of thс tсstсd соmрlеx
сatalysts oп thе ьisis ofсor. sаlts is idеntiсsl to tЬс асtion
оfсatalуtiс solulions of сoNf and PЕс in сyсlоhеxanonе
(']ъblе 2)'

Using both сomplex forma(ions of сoьаlt аnd
саta|},tiс solutions of сoNf and PЕG in сyс|ohexаnoпе
thе sеlесlivily to асids' сGIIP and сthеrs солsidеrаьly

Тo сonгirm thо fасt that the reсeivеd сlтссts are
соnnссtсd with сomplеxаt ion. the invеst igаl ions of
prеl iminаry рrepаred Cо2' соmрlеxеs whi lе lhс
cyсlоhехanе oxidization ргос€ss havе bссn сarriеd out.

Еor thеsе invest igаt ions сomplexеs in сobаlt
сhlofidе сощюsition апd didzо.l 8.сгown.6 ( [сосl:+сг] )
as wсl l  as сobаlt aссtatе аnd diazo. l8-Crown.6
(|Сo(oAС),+сЕ]) hаvе bееn usсd'

Crowfl-сllrсr (CЕ) was usеd аs additiоn sinсе
Cгown-еthеr is an iDdividuаl сomрouлd' unl ikс
polyglyсoles, lhс molссu|аr mаss of whiсh сhanges'
сooгdinаtin8 and surfасe асtivс prоpетtiеs оf сrown.
ethеrs and polуglyсolеs аrе similаr [5],

hhlе !
Еffесt of сomplet сrtllysts laturc on сyсlohехаnе сgtr|ytiс oхidation

lCoNfl = 5.1уl ..'o. .ovl' т = 4l8 к' P: l мPа

Notс: сyс]ohехуl hуdгopсгoхidr, :aсids. rеthеrs. rd€siгсd produсts

dссrеаsеs whi|е the sеlесtivity to dosirсd рrоduсts (сoL
аnd СОN) inсrеases, Ratio [CoL]/[сoN] shifts to thс
CoN, Thе рrеsеnсe ofinorgаniо Со(]|' sаIt in thе сomplоx
with CЕ does Dot allow 1o dооrcas6 thе sеlесtivity tо
CGнP'

oп tьe ьasis o[ сonduсted invеstigаtions it is
possible to соnсludс aьout lhе idеnliсаl nюсhanism of

сatalyst к '%
sсlссtivitу, %

[сoL]i[сОN]сснP, Aс. Ет' СoL сoN sPР'
CoNl' 2.7 l  1. l 22.6 з6. l r8.7 1t.4 1.94

сoNf+ PЕG20о0 + с(]N з.7 9.5 5.з 47.2 з4,з 870 l.з8

[Co(oAСъ ' 
сЕl 2.8 6_2 E,E 7.1 4l. l 34.8 86.5 t.24

[сoсlr ' 
сЕ] t .6 lз ,0 t3. l 41.5 26.1 84.9 1.59
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сatalytiс action ofсobаlt salts{oьаlt сhloridе and diazo.
l 8-сгоwn-6 ( [сoсl,+CЕ]) and сoЬalt aсetate and diazo-
l8-C.owп-6 ([сo(oAс)2+сЕ]) сoпlPleхes аs wеll as
solutions oп the ьasis of сoNf аnd surfaсe асtive
аddition in сyсlohrxanonе sinсе the influenсо of aьovе.
mеntionеd сatаlytiс systеms on the sеlесtivity of
oxidation produсts is similal and doсs not deprnd on
prеparаtion сonditions of the catаl}.tiс systеm, whiсh
is the аdditionаl сonfirmation of сompleхes formаtion
in саtаlуtiс solutions on the bаsis ofсoNfaпd PЕG in
сoN'

4. сonсlusions

Thus' on thе basis of speсtml invеstigаtions and
modеl rxрeтiments it was cоnсludеd that thе effeсtivе
сatalytiс асtiоn of сomрlех саtаlytiс solutions is
сonnе€ted with intermediate сomрleхаtion bеtween ihe
сomрonеnts of tЬе сatal,tiс systсm. Tho oьtаinеd rеsu|ts
allow to foгесast thе offeсt of or8aпiс аdditions оп
homogеneous сatalуsts dеPепding on modifieт natrrre
whiсh si'nplifies planning and сonduсting ofrхprгimrntal
invеstigatiоns for сrеatiоn of еffе€tive сatalytiс systеrпs
fоr iпdustrial oxi.lаtion proсesses.
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