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8t¡¡tagt

Ìte elcetroß Èrsnrfcr re¿cÉlon bctrecn the cobalt (rr) and

córlÊ (ur) eorylcree of acetyl¿cetolc ha¡ beeu ¡t'dred in both
acet¡rfaeetonG rDd tolue¡re ¡r colveet and ft ua¡ formd th¡Ê the
reacÈfon proceeded nrch f¡¡Èer fn thc forrer. The reacttou r¡¡
found to obey eecond-order klnatfce for Èb€ lstÈ6r ¡olvent a¡d a
Dre eellcatod L,l¡cttc¡ ln Bhe forrer ea¡e. tbe acÈivaGlor cnerg,
ra¡ celculstcd ¡nd for¡nd Go bc 14.0 ¡ad 14.3 k, eql¡/mrc tn accÊyl¡cGeæe

¡ad Èoluenc rerpectlvely. the enÈropt of acÊ1vrt10¡ for the ryetcr
uofag tolurn¿ ac ¡ eolv€nÈ ræ fo{¡Dd to bc -40 e.u. rihtle thc value
for tbc rcacÈtoo in eecÈykßG3oûe c¡n be glven âD uplrer f{rrt 9f
- 31.5 e.u. tre re¡ults fr[ Èhe atrrdy of tbe electroo træ¡fer
re¡cÈfon fa rfxcd aolvenÊ, vlz., acetylacetæe ufßh toluac, erc rn-
tcr¡retcd a¡ l¡dlcettng Èhat the elcctrm tran¡fcrrtn tha prcrence ef
acet¡rlccetme 1a che colvenÈroccura bt ¡n ñoutcr-spheron roectlm
fnvolvfrg a proËo brldge.

tha rÈudy of Êhe elcctroû traa¡fer re¿ctlon between Ëhe f-phcnyl-
raltcylfdene-frf¡e Ëype cqlc¡c¡ of eobalt (rr) aü cobalß (ru)
vr¡ cartled out fn toluene ae selvcnt. the tcEctlc¡ ¡tr¡¡llcd rcre
fotrnd to obcy ffr¡t-order klneÈica, Ëhe r¡Èe of r€acËfor belEg
depcndcnt a thc cf,centrrtion of Èhe cobalt (III) eqlercr cod
lndepeodent of Êhe cob¡lt (rr) apecleo. tbe cctfvatÍon cnergy of
Èbe¡e rlr!¡n va¡ for¡od to be approxfiaÈery 13.0 L, ce./u'e, and
Ëhl¡ fe fnßerprcÈed a¡ belng Èhe energy of acÈr,vatlm u.ccrrr¡ï to



fl.

â11æ Chc corv.nlo¡ ef ùbc dLeragnct!.e cobafù (III) eele tc
I pâúrÀg¡ctle cob¿lt (ru) cqrlcr. tr¡rtteaor¿ tbe ecÈfvctto

G[Êso?!¡ yâ1ú.3 rere fould Èo ba stprortr¡tcly -30 o.ú. fËe ¡Ltch

6c GÐ dcdr¡s: Êh¡È I raJcf cdÈrlLotlæ Èo Ëhc saßrept frcùor rtlt
bc thc dlffcrence 1r rplfÈÈt¡g cf ßb .ocrÊy v¿luc¡ of Èbo d Gbtt¿I.

of thc rercßoaG¡.

Dyrfdfre ru u¡cd a¡ a ¡olvcnÈ fn thc rÈudy of Èh¿ etocarm

Èr¿r¡ f er ro.ßt16i bctrcce r rrl otþ lcnspbl¡ (¡atl,cyl,ldclc*l¡ú.¡c) Gt?e

ccPlcrce of cobetÈ (II) e¡¿ cobrlt (lII). tGrG rtrÈr. gevr feet

oloctrol Ët¡¡rf,sr rc¡ctloa nütch rcre GqleÈc durhg the tls frc
rkl¡g Èo rqaraÊlm of Èhc ccçlqrcl, ÈhN¡¡ ¡o blnctfc d¡ta could bc

eeleul¡C¡d for Bbcre rorctÍoa.

the eyaBo ¡tre¡l1d brve allø¡d ccrßcfn dedr¡etlos to bc rdc
a. to tbc cffæÈ¡ cf a cbengc of lfgend ¡nd e cbangc of eelvoÊ fr
the r¡cc of rc¡ctfqr Ed ühc rcrßÈâBt ræhenf¡c. rG hê¡ DcGn f@rd

t'h¡t e cbnge ef ühc llgrnd b¡¡ r¡ affcet m Èhe r¡Èc of ro¡sÈfæ rùtch

l.¡ rc¡t probabl.y dur to ßba chrngo fe Èhc ll8¡ûd fl,cld rurro¡dlat ßbe

ccplacd r¡Èrl lcr. ?rntber, a shragê tn tlc ¡olv:oÈ for ttc rcGÈil-

Êcct@¡te cqlaer bm produccd ¡ rcÊotlo follcrtag r cqlleatod
hlnctfcrr hrovcr thlr erl bc upl,rtrrd ll Ëc¡u of, rolvrtfn cf the

ccalcu:r trh1ng parÉ la the elæGaûr Grar.rfer rc¿calo, or by the

dl'¡¡oclet!.a of 'et t-.olecule¡ for:rcd by trhc aê6ßÈr¡Èr rhcl dl¡rolvcd

L¡ Èba ¡olvcnt. It h¡¡ alae Þc¡n ford ËhrG th6 ovcr¡ll ebnrgc cf
cbc cqlcr ¡læule¡ dce¡ roG appear to b¿ve eoy rlgrlffc.úÊ cffcct
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I rfuL tc sct¡rlcdgr ry aujcrvtrtr, lÈ. l.O. ft¡È, tG
Lf¡ f¡gerc.Ê ¡¡d cncre¡tæt 1¡ tL. proJoat d stao Gc.ryrct

ry qrDrçGl.tlß ßc É?ofotc D.O. Jcdo fc hl'r lctrEful dtr-
crfltrur rd dvfce 1l ßle prcren3rÈlo rl Ëhr thcrh. t ¡kc
rlrh tc ürs&, Ëc.rrr. L. rorlty od a. lccm úæ lcGb Gh¡

wL öore ãd ùbG rdrlc¡ gtvn trr tlo cmrtúflB3ln of rpçurËnr

Eld úc BL. el.c3tG È8¡rtfcc cçertËta. r Eld 11þ tttc
to qür¡. ry ÐtEæl¡c(n Èo ¡ll tbrc rb hrn cùrúd 1l3o

dlrc¡¡rl¡r æ tlc l¡sGûTrcs¡Ète ef rlrslGç ¡[frrH fr tLo

proJccË.
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Ary qtdrSlc.ndwùtn rlrstla r¡r Dr rpota of u r¡
dectrc ¡rr¡¡lq É¡.ßß16r elìtoe¡h Èbl¡ Êðr 1r r¡rtctty r¡glrrd rþ
30 t..Gtlor¡ fc rùlcb g¡ æt¡¡lpy etn¡r tl rcl, l.r.¡ r rrmtlr b
úttcl tütrctl[Èr ud prcdncßr rro 3ür ¡c. A È¡pfcrl rl¡cßrn trcrlrr
[.ß3lr rt h rçrorctrd Þ 3h. qËrßfr

F!+ + 
"(rnÞ T- p(e-ù+ + 

"r+
Afth.qat rærsrl, ttldr brv. ¡.ü ¡td fc fcllrfn¡

rh¡3r¡ crorflr n¡ltlnrr tbr e. rtG cnlt ¡t l. d Gh. 3¡.

clold tc rùr wt rrpcßd l¡ rhll Êhrrlrf l¡ rùrg trvolvlrt th
ur¡ of rdl¡rcùlv¡ tflßGtr¡ ltr nßù¡d oolrßr ef l¡Drttb¡ r¡
elæ r. 1r ¡ vrluc .trù¡ (r) rr ¡ Gr?üar Þ utr¡ r rrdtc-
¡ctlT. troC¡E cf t, F. lü¡ lr thæ rr*t a 1¡ r r¡f:rùlc ¡clvoÈ
rttl ¡ crtrüd t¡ nhtct ttt !rlæ. rGtß. rl ü t¡ (r * r) rhcr r t¡
3Lr Úe¡ ct rl¡ctrtl Êt¡r¡ferrd. tL¡ dltlorst vrlær tG¡Ët

cf th¡ .l-rFÈ .Ft .4tarGrá ¡3 vrrto¡ ctr laßærL d the rçp¡r-
cr cf rrútorottvfSt 1r thr lrlæc rt¡Gr (¡ - l) 1r frdtc¡ttrr of ùtr
cl'r3ær of r¡ dcc3n SsrUfrr rGraËÍnr Tl¡ ntr cf rppcrnæc rf
¡rdtrottvlÈy fi tbl¡ vrlcr t3rË. ca Lr nrt ¡r r slrrr. cf tlr
rrt¡ rf thc drctra trr¡rfer træa..Ò tÞlr ntb¡t 1r r¡tllfæÈcrlr
ptcvldrd tù¡t tl¡rr tr r frrrnntDlc Grür!.G of rdlcrcrlrttt È,

Ètm.}rtc¡l rrdr*tlo G or|d¡ßlü¡r l.N.

f---* 
"(r-r)+ 

+ '.
e uÉrr ei ¡¡rotf,lr trrelvtl3 h¡ lctc rpæter brvr tu
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otudl€d usfng aqueous ¡sdla. 8ra of the rcaetloas are suprrÍzcd |a

lab1c I. Only a fcr reacÈ16r, ê.g.¡ (feæ)-(feCp)+ an¿

(coæ)-(coúF)+ hsve been sÈudled La ¡ron-aqr¡eou¡ redla ln rhfch ene of

the reaetsnÈe ls e qrutral ælceule. It yas thereforc constdered Èb¡t

a tËrdl¡ of reactLoo¡ fn rbtch both reacGerts rere nêutral rolcculea

cqrld Prüte to be enllgbGentÊg eDd advanüêgeoús ln ÊttGlptlng Go elucf-

date tbe effectg of chargc, oelvent type aad oaÊurc of the llgand oa

the raÈe and rechanLer of electron trsnsfer reacÈLoa"s.

fte sorlr reporÈed la tbl¡ ßbc¡le rao orfginally detlgncd

tbcref,ore a¡ a ¡Èr¡dy of elecCron trâilfer teacÈloo¡ involvfng nGr¡tral

æleculo¡. f,ororrer, Èhe u¡¡ber of gueh óyrËef,r aveilable for rtrdy

f6 f{rr!6d and so lt haa also bçen rece¡aary to atudy reactlons 1¡

rhlch æly one of Ëhe speclee tal,lng perc fa a neutral rol.ecule.

Ibc the¡te la preséûtGd fn e¡¡enËlatly Ëhree partr, Èhe

flr¡È bet¡e a revles of, tbe rork already carrled ant ln the fteld of,

electr@ tran¡f,er reacttoas aod prerentlng the vrrfor¡c nocbaoi¡r¡

üh¡t have becn augge¡Èed. Ihe ¡eeocd parÈ dedlg vtth reacÈLon¡

lmrolvlng reecÈsnts both of ¡ñteh are rcutral eqler ¡oleeules, rhlle
Èhe thlrd deal¡ vlth reactanÈe l"n shf.cb oaly ona of Èhe parÈielpaÊfng

nol¿culee f¡ ueutral.
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5.

cfAgrtß r.

-
A. Introductfos.

ÊlecCroo ßrensfer re¡cùfæ¡ bctrocú ßhc rsrr gaaet a¡.| tbelr

loa¡ c¡n bc crplatncd rl4ly t¡ tan¡ of the ovartap of acclc

orblt¡l¡ (l). In ¡olr¡tlo, hflcvcr, elccÈro tra¡¡fer ra¡eÈtcû¡ trê

r¡ch rorc c4llceted, rlæe Ëhc erùG¡tlm l¡ ¡pecc ef the elecÈronl,c

orblÊal¡ Í¡ ¡cctrh¡t ltrtÈd by ËbG prs¡crrcG of the oolvcnt æl¡culcü.

Ihu¡ tha ¡olvenÈ nloculra rl11 pley an tryorts¡È perE ln biadcrfag

thc elceÈ46 Èråû¡fcr rcacÈfm" À¡ vcll E¡ ¡olvenC tleculoln Èbc

pre3Çúß. of tlgadr 1111 ¡ct 1¡ ¡ ohilar rsy ry tnrulatllg thc cratrat

letel loor agafarg aleetræ ocebauger.

8cryerel r¿cb¡nlflc b¡ve tecn euggerÈed by rùl.ch elccËrm

Ct¡¡¡fcr clo occr¡r t¡ roluÈlon¡r ffig rrblch sret

(l) A¡ Elcctron Jq Éært proporcd by Llbþ.

(2) Ân Blcctron &mclltag typotha¡l¡ tnËroduccd þ latrr

eld by üareul, ZrolLuþ ¡nd Eyrlug.

(l) A Dtfdgcd AcÈlv¡Èeá blorrotts,tc Hechaallr ruggc¡tcd by

feubc aod hte carotLcr¡.

(ô) An BlecÈroo Solvctloa licch¡¡l¡¡.

Althægb c*parhsaÈal ¿vfdcnca b¡r becn obtrtaed nhtch appcert to

rüpport ell of thc.e reebsnf¡rs, rctt of the cvfdeæc ¡upports tbe

thltd *cb¡lt¡¡,
Llbby (2) hs! ¡bæa Ëh¡È r¡ucqual cncrglc¡ of raactauÈ¡ etd



ó.

Produetc vould rê¡ulÈ Lf e cfnglc electrs tr¡nofer Êoob place bctraen

ùro ntal loac, dfffcrlng by oly mc r¡nfc of cherge, duê to the dlffcr-
eaÊ fnËcr¿etLon of e¡sh of Èha u¡t¡l loac rlÈh thc euvlrorü.È!ß.

lurthetrcre Èhc Ere¡h,-Condo hi.Eclpfc (3) f,orbldg thc rosrrrq$ut ot

coordlustcd grorrpr durtng Èhe ¡ctu¡l slccCræ Èrsntfcf procG.a, slnco

Èhe rvroß of en clectrm ullt bÊ rrysrur¡Þly fart by eqarÍrm
vfth thc DYFerÈ of a nuolaus, thc edfnaË,lm of Èhe¡c Èro factort

thr predlet¡ thc rca¡ïånggrent of tha norral cnvtron¡nß¡ of Ëh¡ ßno

letal lon¡ lnvolvcd t¡ Ëbc elactaæ Èreo¡fer rctctlon to rn laÈerdÍstc
forr (r&. 1.2). ltl¡ te alarfftd bt co¡¡lderf[g aû sctr¡¿l er¡¡Ffçg

co(n o)a2+ + co(uro)aL- coû(L¿o)os + c*(rz0)02+

co(Ero),3'Þ 2++ o)
6

* 
^8.

the coùclÈ lon¡ rfll hold rateE roLeclrfo¡ ¡t dl,¡tanc,cl euch that e

¡fatrp pocênÈlål GrêrE rtchlB lhtt¡ of vlbraÈlo¡¡l chaqger lr
recched for tbe ryrto (Flg. 1.1), ltc rc¡ultlsg fon¡ af,Ècr clectro
traufer rlll h¿ve e,û lncreercd poteottel cncrggr dr¡a to th. ueGcr

rcloculcr næ bclag too clo¡e or too far aHay Èo glve Èhe ¡Èatc of

¡[rrtq¡n Go€rgü7.

fre lqDE æ rcvertlag Èo thelr nor¡al c¡€rry sÈatc ylll

Èbercf,ore llbcreÈe esergt to Èhc fon of, heeÈ, thu¡ vfol¿tlng Èhe l.cr

for eoa¡crrraÈlc'r of cncrry. ttl¡ vtolaÈton rrttl be avol.dd, ff ra

tu3cr¡df¡3c ¡Èn¡cßr¡rc 1l førud, oLocc thtr v1,11 requlre cncrg¡r fr6¡
ühc ¡urrsulding¡r 3he ¡æ turrl of energ¡r bciug rolce¡cd ¿fecr tbc

€lecÈrou Ëranlf,er, rhea thc fæs revcrß Èo Ëhafr rËaÈa of d.nls¡
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Fig.l.l Chonge of potential energy vit,h

diatance of ligand from metal ion.
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lon Redius '+
Fis.l.2 Chonge of potentiu.l energy in the form-

atlon of an activated t,rtrnsition state.
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eû€r6¡.

In ell of thc uechanL¡¡re Èo be d{scuseed here lt fr [eees-

Eer)¡ to heve su 1aÈer'rcdlate stgr¡cture, ac predicÈd aÞsr¡e, othcmÍae

tbe lav of, consctratfon of eûergy rlll not be obeyed, thc ercesr

energy betng lfberated f.n Êhe for¡ of heaÈ"

In recent yesrd tbe cryctal fleLd Ëheory ha¡ been epptled

tn ¡n cffort to explain the electron tranrfer procelr. Even fn thlo

eaae the æcheal.¡c fnvolvfng Èhe u¡e of lnÈeüredfates, to afd fn the

clectro tranrfern f.s rupporGed.

l. The Electræ Jr¡o tteorn

Llbby (2) ba¡ poflÈcd out that a barrler to electroo Èrans-

fer ¡fll re¡ult frc Èbe Dran&,-Condon ptltrGl.ple sl.nce the hydraÈloo

aborpherca of the ilo loas undergolng exchrnge caanoÊ shangc durlng

Ëbc aeCual electron tran¡fer. lhe energy of rearreagcßt of the

þdrst,Loa ¡hellc being tbe barrler to the electron trgDefcr (Efg.L.zr.

Lfbby ruggeete that Èhe electro trsD¡fcro by Juqfog fra ose fm Èo

the othor, Èhe elecÈron having flr¡t acqulred Èhc encrgl aecdcd to

croco over 3hs eoergy barrfer. le suggc¡tl Ëhat Chc ereeE¡ eDergili

thue acqulred by Èhe reduced loa then lcak¡ back sltrly to tbe

o:ldfzed lo,n. fte rearrangøeat of the Èvo h¡rdraß1on shellr would

Èake plaee durfng the energz leekfng procer¡. lilhen thc tno lon¡
betneen vhLch elecÈror traoefer l.¡ occurrl4g are uoÈ the rðG, aa

exothernie resctl.on fa generally faverred and rearrangænt of

strueture¡ could thon take place afÈer ßhc electroo trEn¡fer, al fr
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prÐosd by Lf.bby. frc heet of rcactlon Ls Èhe crcess eaersr acqulrrd

durlng elcctroÉ trancfct. Boravet, tn reactfons rhere both nuclel are

of Bbe cqÊ elc¡eút fu dlffereut velenßc sÈâCeg, lÈ l¡, at potuted or¡t

m psg€ 6, aececoary Èo rcarra.ûge Èhe ctructuree to ên LnterredfatG

for¡ bcfore the alactron Èrsaafer.

Lfbby, by ual.ag Èhe hydrogeu ælecule-lon ae a rodel, i.e.,
for reacÈ1oa¡ fn thc gaeeoua ctate, ha¡ calculaÊcd thc frequeacfee of

elcctron Crantfer for 3 d vrve functlonc. the freguency of trensltLon

f¡ formd to be large for dl¡tancec of abqrt 30 Ao. Âa tbe nucleEr

eharge 1¡ Lncre¡¡cd the dfrcance aÈ nülch a parÈlculer frequcnc¡z utll
occut Íc decreated apptuhaüely ea the fnvorgc of thc ¡ucleer charge.

rn applylng Ëhe theorT to the ea¡e of lon¡ h aquaour ooluGfon, Libby

hal ouggegted Èhet elace tbere l¡ no Ètne for rolvaËioa of the

elecÈroa, tbe lachgnfea cbould bc gl¡llar Èo Ëhat ln Èbc gaceous Etet€.

Ibe polartzablllty of the ncdltu producce abqrÈ a Èrofold redr¡ction of

the foal¡aBLon potcntiel and at Èhe *arc È1ne tncreå¡es Ëhe helgþß of

Èbe energr bsrrler to tvo or tbrce ÈLæs Èbo predfeÈcd value, the

overell effoct belng abor¡t thc cÐe a¡ for the rdel eaEe.

Lfbby has put the Frenk-Go'ndon prlnclplc fa a dfffcreaß rey

vËe¡ ba staËes strhe elecÈrm cransfer fa caÈalyaed by cqlerfag Èbe

ercbangfng loo¡ ln such a way thaË Ëhe cqleres are eynetrfeal
provtdtag thc geoeÈrlee ere Ëhe c¡¡€ yt thfn Ëhe vlbratls¡el arylt-
tude¡ lnvolved rn zcro pornt rcÈr.on. m For a¡ elecÊro[ tranaf,Gr

bcÈsecn t¡ro eatlon¡, the pr@ronae of anfon¡ 1¡ solutto,n fornlag a
l'lnear cqler rtll eaticf¡r ßhtr prtncfple of cynct*l and_ aÈ ths srß



10.

tlrc vf lt r€duce Ëhe dlsta¡ce betreen 3he erchenglng fonr. fbc

hydraÈloa ¡hell¡ vtll therefore be ah¡red, Èhe dlee{rl.lar1Ë{e¡ betseen

tbe reacÈlng apoclec thua reduced end thé .rcbange thcteforc factll-

Èated.

It rbor¡Id elEo be poiated out thgt tbe electron u8vê fr¡ûc-

Èloos v1ll allw Éor tbe electroa exehange o'r Redo¡ raaçtlonc oceurrtng

through several laycre of solv€út Dl.eculeo.

G. lhe Electrsn Tr¡unellfns Evpoche¡1s

Ibe qrnnÈr¡r nccb¡nfcal phenmenø of pctcntlal GBGrg¡

barrfcr peaeGraÈlen by as elecCrm 1¡ sell h¡orn Eod 1¡ rarpo'oelble fot

Ëbe tr¿¡¡fcr of elcctrotr¡ over dl¡Èa.trGG¡ tornally grëa3cr than tbos€

correspoodlng Èo colllaloa dd¡taoccr. ltl.r phcnmonm fslcn¡ the

baels of caleulatfo¡s by fleLse (4) 6!d Harcus, trollneþ snd Etrfng (5)

rbo have developed an electroo tr¡uocIllug ßheory. tlhfr Èheory explalnr

Chs occurreaßc of elecßron Sranrfcr re¡ctlæg at df¡3eoce¡, betneen Êhe

reactlqg tou, too grcaÈ to allos the prevf,q¡¡ lcchaû1re to åpply.

Durfng the approach of the Ëro rGacClng apeelee , tonLc

repulclon f.¡ overeae and eoordl¡atlon and þdtaßlen chellr ete re-

arranged. thfe produccr sJnnGtrical elccÈrofc rtatec for cach of Èhe

rGacÈantt, nhlch ufll allow the rapld Èr¡¡¡fer of an elecÈroa fro one

lon Èo thc oÈher. the Ëra¡slÈtú ståtc so foæd ¡hould al,lor for a

frequout erahange of elecEronr wlËhot¡È hfiring too htsh au encrry of

acÈlv8Êl.on, Èhuc the Èraû¡.laetsn eoeff,lcleet of thc clectrm crchrage

nret be les¡ thau uafti. rbc ragnfùude of 3be coefff.clcnt fa
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aPproxlrstely detenlued by tb€ hslt¡t cnd vldÈh of Cho poteùC1¡l

Gocræ/ b¡rrfcr.

A coe dl¡corLo¡l elcctrorÈaÈte del c¡n Þc r¡¡cd to

acprGåaûÈ thc alecttco um¡ltrtrlg procar (ltg. 1.3). ü¡reu¡ çÈ ¿1.

Etectron Coord.-
FÍe. f.l

ß bofgbÈ of cacrgr b¡rrl¿r

sldÈb of basrtcrD I

EX süd Ee rcprorcnÈ cncngf¿r ef gfcud eËeBca of

E3

elecßtor fl ca:l.mr 1 arú I
potcnÈlel cEsST of Èuurlllng clccùrot

E

E

E

ù

hæe ¡r¡¡rrd ËEfan$ller pcÈcüLtl cpprtgl bcr¡fer¡ la crder Èc

¡f+llft tha algclralc celcr¡l¡ßlm¡, bqr¡rra Ëþ rtetcd ttrt Ghc ùmc

¡ltuetto r¡¡ laßcdlrte bctræ tbc È¡c r*Ercr f¡rr¡ of, Srtalgulrr



1?.

¿ad rccÈs¡gultr barrfert. ltc cta¡c,rfraloo coefflelenÈ v¡¡ calculetod

AE

r" - GilpI-# (zn(E-rr))ìl

nberc d r vtdth of barrler ¡ - elcetrm nårr

E 3 belght of barrf.er h ¡ planhrg coûotcnt

E3 - potenttal energy of thc tunncllfng elecÈrø.

lte rclatlørshfp beÈTecî Èhe Èrlengular and recÈengular boundariea

fr gfvcn Þy

I o.*r tørla ]
h
3h

rtus rrben E - -z E, tha ¡¡¡lqr¡ potenÈlal eûGrFZ of tha ryater ir
zero and Èhe dl¡tancee throtrgh Èbo tro kf¡dr of banlcrs are cqusl.

fhe poÈentlal encrglco glvea bere are Èho¡e for Èhe saçhangl,Eg clectrgp

mly aod in no ray lnclude tbo mGrgy of rearra¡geecat of coordfn¡tlæ

or hydratl.on shell¡. such rearrangcnent¡ eao be as¡rilÊd to havs

Èaben pleee prlor to the cmlÈrt¡Êtfon of the poteaÈl¡l eûerggr barrler

¡høa fn Ì1g. 1.3, Èhfa bctng a ¡ocagclty lqoacd by Èhe traah-Cædoû

prlaciple. fre potenÈfal sûergt/ E le rolaBed Bo thc fonlrettæ
poteltlal of the e;changfag clecBron 1n ltc l¡ttlet staße, hdever,

the svalr¡¿Èfø of E La q¡cb mrc dlfftcult. tbe ahcpe of the cutrnG

ia e functfon of ths nature of Èbe ß¡ro lons concerncd ln Gbe cxchrnge,

Èhe dlcÊasca bctseen the lon¡ aad also of Ëhe dlelecGrfc cm¡Gant of

Èbc redla.

tte rete c6sÈ8nË for the GlecÈroÊ trsnsfer een bc
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€rplsfirGd 1¡ terr¡ of thc ËransrÍ¡¡fon coef,flclcnt and tbe frec cnarg¡r

of ec3lveùlou for thê reåctlon a¡d fu glven þ:

k¡ r EE 
"..-ar*/nr-he

4ff ta the free GEeEE of acGlvattm and la due to tbe resrrang€rcnÈ of

the coordln¡tlou or hydratlø sbclIa, nhcre lseasrary, rnd lnch¡de¡ alto

a ten dealLng rtth the elecÈro¡taÈlc rapulaLon encrgf. It ¡hqrld alao

8Ë tblt atagc be cqhaafaed tbat tha tra¡nÍ¡afo¡ coefflele¡t le not

tqGrsturo dcped€llt and bcnce thc berrlor Êulnelltng pbenmenon 1e

dtfferent fra tbc thcrrsl barrier erocslqg.

lte tbeotT devalop:d þ Harcur et if. h¡¡ the ll¡ftrÈtoû

thst lt ue¡ dcvelopcd f,or afd.lrrly ehrrgcd l,ø¡ f¡ åqucq¡¡ ¡oluÊfûa.

lberc rq¡ld of cq¡rse be i¡o potcmtlal GEGrgt þcrrfcr, urfag Èhe era

argrre¡tr, lf, me or boÈh of, thc apecfeo lnvolved fn the elcctron

Èr¿u¡fcr re¡ctios rerc aautrrl æloculc¡; ¡l¡o the Èbaory sqlld not

spply fn Èbe el¡c rhere tbc Íil¡ serc of qpoclte ehsrge. f,fiGver,

thc re¡ultr obÈalucd by eonaldcrhg ¿etual e*perLrentr th¿t had beeo

earrlcd out, e.g.

c"3* - c.&; Co(ca), 2+ Co(eo), s 
"od 

D.2t - Pus

rere sufflcÍe¡t Co lndlcrÈe that Èbcre ral oß Jurtl,flcaclæ for Bhc

tteor¡r"

Laldler (35) bar co¡ldered thrt arch of Èhc thcorctf.eal

trêÁßrcnÊ of thr quåntr¡¡ ¡æh¿rls¿l gumelllng procerr bas leeked

really good agrcæt Y[ùh erpertncnÈel rc¡ultr. Be ha¡ eonacquently

ertcndd prcvfotre thcorfe¡ by Èrcatlng thc tcecË1cn se a dlffurlo¡ -
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soaÈrollGd procedo aad Ëhereby treating 1¡ a nore detatled ucy thc

eûßo{r¡üGr¡ betyeen reac3rag lmE. flelag Ëhle approsch Laidler hE¡

obtef.acd good agre€retË between the theoretfcol aud ercperflsatel valuce

of the free energ¡l of aetlvaÊløi for tUc fe2t F.Þ rr""tfon. L¡idler

hg¡ c@rldered that Bbe raÈe of reacÈloo Í¡ eo fe¡t that there 1s

ln¡ufflclmt tlne for the reotgaalretlos of ühe eolve¡t cpherer bef,ore

che actuâl electron tra¡¡fer. He further cm¡Ídcre tbåt bll Great-

no¡È leavGa no place for tha rearrenger€trt free GncrgÐ/ and clefr¡ that

Èh(¡ h¿e been alloned for fa Ëhe trGeËlenÈ of the repulelve cnerry and

the potentfal energ¡r barrfcr. tflr€rer {f befora Glcctroû tr¡n¡fcr
Chcrc l.¡ no resrraûgænt of rtrucGures to a¡ lûterredlagc value lt l¡
dlfflcult to ree bæ therc vl.tl aot be aa i¡crease in the sverall

enerry of tha Eyster ( cf p6).

Zvlchel and Tauba (36) hsve ínrcstlgeted the eleetræ trats-

fer rcactlom¡ betr.en cr*1bttl]* a¡d varlous cobalt (III) cqlarer and

explatæd ùhctr re¡ulÈc fn ter¡¡ of the qrraatur lcchanlc¡l trrmetlfng

proccss. They fouud th¡È the rate of reactlo'a ras sløcr for the

electro¡ tran¡f,er rlth trfr(eÈbyleaedladna) coËelt (UI) Los tban sfth
!þ¿ fur¡nn¡lne cobalt (ur) fø and thcy erpla{n tbls re belag due Ëo

Êhe loager tu¡aelllng dleÈancG leicesrar)¡ for tbc ethylcncdl¡r{¡¿

llgaad. Furthernore tbe replacænt of anrne groupe ln the co(m3)!+

lon vlth other llgands ras fourd to lucre¡¡e the rate of reaetLon and

thl¡ hao been interprcÈed as s æa8ure of the perraability of Èhc

eubaÊftuÈd llgand Èo the tunnelliag eLectroû. zulckel end Tsube

further LnÈorpret thelr re¡uLts ac Lndicattug ËhaÈ Èhe tun¡eulag

* btp lodicarea blpyrtdfne.
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elcctrsa goêr through d¡ âøÍ8e gro¡p oû1,!r YhÊB lcft eftb ¡o other chotce.

Plat¡ran and Fraact (6) have coo¡tdcrsd Èhat clecÈroa Èraûa-

fer rcae8loan cao¡rot teke place ovêr the dt¡Èancee allred by the

üunaelllng hyperberlc. Aloo Èhcy ttata that Èhe Goêary rcqulred to

allø the tro reactlûg loûr Èo approach close enorgh to lc!,crfere vlËh

the flr¡t þdrattø ohells 1s Èoo greaC. lbe net re¡ult afÈcr cm-

aldcrlng tboLr argrnenßa 13 to be lefÈ rfÈhout aay rattefactoty leûbe¡-

l¡n for elccÈrm tran¡fer.

Zeuer (7), ln a¡ âttcryt to erplefn Èhc conducÈlvl.ty of

clccÈrona frc onc sltc ßo auother ln crTcÈaIll¡c cqotradr, predlctcd

Èbat 1È occuar by rcenr of brldgf¡g rtor or grorrps. Usl.ng åe aû

exarylc the alecËron transf,cr betreen e asdlu¡ aß6 e¡d s oodfun ton

la cryatelllne ¡odtr¡r chlorldc hc ¡taËcd ÈhaÈ the elcctro tranrfer

takec plaea by reane of a cblerlde loo brfdge. Alsc tD an ccrplaaatton

of the erchangc betvcc¡ n2+ 
"o¿ 

XnÞ Ue ¡t¿td thaË Èhe brldge bctneen

thc tro Lm¡ f¡ rcaÈ probably ude by an u¡lgea loa. lasbe et al.

(8-1f) dcvclqed thf¡ ldeg by applylng lt to electron Êraa¡fcr reseËfenc

fa eoluÈlm. tLey ataCcd Cb¿t the ¿lectron tr€û3fer betsccn Ëro loai

fn ¡olutf.on proceedr by neeus of a brldgcd aeÈfvated cqler ar a!,

ln3et¡adlatc.

lluch of faubet¡ rorl, has been devoÈed to e etudy of tbe

elecÈroa trenrfêr reEcÈlonr bct¡reen cr& and varlou¡ other caùlm¡.

rn the o¡chaÊge reactlon bctvecn cr2* for¡ and coe)rcl 2+ tn
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perchlortc acld eolutl.on, Coft arrd Crcl 2+ lon¡ rcre obtala¿d. Slnce

Èhe eobaltfc pentanlae fon and 8le cbrrlc fon are relaclve!.y l¡ert

tc rubctlßuÈtoa of Lfgaad, a radloaetfvc fcoÈopc et ehlorfu¡c was u¡ed

to follø Chc reaetloo. lcube (9) hs¡ abom by thl¡ neÈbod ÈhaÊ ÈbG

cblorfna fro the cobaltlc penta-'.rne lc quentlßatlvely trancfarrcd to

Èbc chrnlc lm fsr¡ed by thc êlocßroû tr¡u¡fer reeeGlon. Be h¡r alco

sbøn Èh¿t che radloecÈfve Sracer usd doe¡ DoÈ G¡eb¡age rlth chlorldo

losß {û rcluÈtæ. Ee cooclu¡lC ChaS Êhc æbanl¡n of tho clectros

tre¡¡fcr var thGrefore one 1a vhlch a brtdgad acÈfveÈêd cqlex vae

forr¿d, the re¡ulÈ of lr¡ch a bridglng ncchent¡n ls tbaÈ aB aßil tr¿¡a-

fer È¡ke¡ place a3 Èhe ¡erÊ ËfEG, but tn Che oppoelÈe dlrec3lon, as

electrm excbroge. Ihc bin¡¡clccr Ëraa¡fËlon eqlcr predletcd fu

glven a¡r

^z
cl [zo

'ro/ \"Elw3

Eudtr and llodom (12) have l¡da a sGurly of tbe electrm

traûsf,€r recctúoo betr¡ee¡ froa (II) and lrm (III) ult¡g au lsotopc

labelllng rethod. ltey bavc fol¡ld th¿È the u¡e of heavy yaüer slca

3he rc¡cttæ by a f¿cßor of Èno, and they h¡ve Èherefore rugge¡ÈGd

th¡C thc porelble patb f.c throrgb ßhe tr¡n¡lt1o e4lcx:
E

11
I
o

llf ì
rl--trrolrls*(EZo)S-f,G + -a ---- o-

Reynolds and Lumry (13) have suggesEed an alternaÈive
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æchan:L¡t for Ehta reactloa atatÍng tbat 1Ê la porefble for a fcrrq¡¡

bydroperc¡r eoryonrnd Èo be flr¡t forred ¡od Ëbat Chtt rey undcrgo

erabange rtÈh thê ferrfc Ío'n, vlz.

TTE-
B
1f-
E

o) E

nI III
ö-!ã--
I
È

5

Ia any cr¡c the laÈtcr euËhors have clafi€d that thcre ere srç îatÊ

rlscules lytug beÈreen the tro þdraÈlon ¡hells, eûd alro ÈhaË mly

lucr rbell s¿t€E roloculec êrG rÈtong enorgb to undcrgo alccÈro¡

ercbange eÈ the brldge e[dE.

For rlcroeco'plc rener¡lblllty a ¡!¡üGtrl€al ltrucGr¡re ts

uecdcd for the trau¡131m cqlcx as Lr glveo ls the l¿tter exerple.

ltc caee rhere exchelge oeeurt beÈgeen tyo equo lmc f¡ a trG dlffl-
cult ooe slnee the Ec3lv¿ücd cqlex rculd be of, tho forn:

þ,

rrr
Io)r?e-o-B ----

vhlch 1r nst EynÊtrl.cel. after e=ebange of the e1æÈron thc abovc

raactl,on sould ytcld ec producta

reQo)r(5o)3+ and re(nro)r(G)2+

slnce thc prfnefple of nÍcroecqrl,c revergtbiltty appllcc hcre, thc

revcrrê reectlon Èo the oae gtven r¡st al¡o occur. Caleuletlms (I)
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b¿¡ed o¡ thê ebotrc re¡cÊlm sould l¡dlcetc Èh¡B nnarly cverT eollfrlon

bctrccn the product¡ uqrld result 1¡ ¡¡ cLcctro¡¡ trenefct, rlËb the

c6rpcquGûÈ rcforrstlon of Èhe {r¡lÈlal rcact¡ots, thua lt rotrld tPPCárr

th¿t tbe forserd reacGfø te not fcvd¡rGd.

îbe rpecLfte l:oßope effcet fqrd slÈh deuterfu fr lndl,c'

atfve of rn åtor Èr¡rnsfer ptoccac follorlng 3hc elecÈroq tr¡n¡fcr

re¡cÈlon, Othcr posotblllCtcr ray, høevor, oecur ¡1nce ßbe effæÈ ¡ây

be due Èo ¡ ¡olv¡Èfon phenaeool raÈhsr th¿¡ an aÈd tra¡¡fer. Anothcr

poÐtfblltty tc ßhat c proton Èren¡f,Gf fn oqe dfrectlon and an aÈc Èrtû3-

f,cr la the other ray o€eur at the ðf,ra tls. tbl.¡ IaÊter crplaentlo

probebly 1¡ g ltttle r¡¡resræablc m Èbe grænde th¡È the proÈoûf åd

þdrogen atæ vould be r*¡cb alæcr tr¡n¡farrlng tban Èhe clcctrû8' bctt8

of nrch greaÈGr -tr. lbur by asernlng thls ræbsnf.n rc eould ooÈ

accmË for thc fe¡Ê r€act16 obtcrYed.

Evtdcnce to ¡upport Èhe porulbl.ltty of bydrogcn rÈc ßrân f,er

t¡ fqrnd tn Dalaßont¡ (14) rork o thÊ tlltilloaÈfm by U.V. lfgbÈ of

aqueous ¡olutlos of bivalot ceÈtms of Êhe ffr¡È Èraurltlm lortet.

te fqrnd thaÈ phoÈochrfcal reducÈ!.oo of the ¡olveot tooh plaee vfth Êha

evoluÈion of hydrogea.

lurther evldcnce for an atÉ traûrfer æch¡ni¡l ves found ln

the sÈudy of, oxygen atql tranafsr rado þ Tauùe ¡sr A¡ber (1511ó). Iû

a eÈud¡l of Èhe reacÈfæ betreen CIO- aod nOr' tmr, Ghey fqrad thst ¡n
oryg€ß aÈd Èraû.ferred fro Èhe GIO' fo¡ ßo ßhe tor- fet.
ltc nrgge¡ßcd rcchå,nt¡n rse gfven aa:
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Þ

%o-

[>
18

x --- o-cl
I

B

(r%)5 GOIII

-o + Ec1

18

o
I

B

18

fre reactlæ ra¡ follæcd by trse of or¡lgen l8 el¡ce nßfÈhe¡ los u¡der-

gocs odrtgen erchange nlth ¡olveat.

I¡ubc eÈ al (37) (1O) lpve gËudled clecÈron Êr¡ßrf,Êr

rescÊloae beþcen crË and [A*rl, corrr t]t*, yhere .r reprcrcnra

firerfc, p-phÈhellc or telelc acld¡. Ibcy have lnterprcÈcd Ëhe

resctfsn er procecdlng throrgh a brl"dgcd traoafÈloa ctatc of the for¡

/

l)-*:* *ç'rrseo)
4+

lto electrm Èransfer ln thll ca¡e {r accqanlcd by Èhc tr¡n¡fcr of

Èbe acld brtdgiug groüp frn Che s¡tdenÈ ßo Êbe reductoat. Further-

ore þdrolyeta of the ætbyl c¡ter of tha fi¡¿ratc brldge (30) durlag

tbc clccttcE Èr¿rnrfct rcaeÈlm ad tbe aubcequcnt Lucorporatlo'n of

boGh Èbe reÊhy1 alcobol and Èbe frnarfc actd groupa lu the ffrrÈ

eootdlo¡tlon ephcre of tbe chr¡lr¡ (III) eqlcr t¿ u¡cd e¡ cvldçnce

thâÈ the electron 1g Èron¡ferred by a procea¡ of condr¡cÈlon thrergh tbe

cmJugaÊed /"- clectrm ¡y.tct. IurGher cvldencc Èhat lf- olocÈron

sysËGf,r can faclllÈate the eleeÊroû ßretrrfcr teectlo¡ 1¡ glven þ a
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cq.rf¡on of the raÈec of reseßloa of ttre S.nftrg.I.lQ phenantbrollnc

cqler (39) of Fe2* 
"nd of the l*lo phenanÈhrolf.ne ecpler of re2*

wlth ce4*. In the fonp¡t casc 3he rcacGfor 1¡ l¡ch slaar and thl¡ can

be lutcrpreÊcd e¡ due to Èhe aÍtro gfaup reacÊing rlGh the -lf -elcctrm¡
of Èhe lll0 pheuanÈhrolfne asd Êhr¡¡ rcndcrtag tbc orblÈal¡ lc¡e ¡veft-
able for Èhe eceeptanec of electron¡ fra the d orblÈalc of Èhe æËal

ton.

Generally lG ha¡ bean aecqtcd thaÈ the tcrr ñbrtdgedn ßr6n-

¡fCloa 8tôÈc ¡hould fryly thaC the rêacÈånts undergo a rGarraûgænt ia

r3nrcËt¡re ao ae te lnelr¡de, Ln Ghc tran¡lÈlm lËaùe, a brldglng groüp

cüø. to cacb ef tbc flrst epherer of coordln¿tfsn. Exerpler of thf¡
tyPe of æeha¡t¡r are to be found ln the rcacÊtoe ¡o far dl¡er¡¡¡cd fn

thLs eccÈlon. Further 1t vlll gcnerally be fo¡nd Gb¡t clectror Èranr-

fsra proccedfng througb ghe df¡ner tphere,r (brfdged) tranrltlæ ¡Êaßc

rf.ll be follond Þy the transfcr of Èhc brldgfng group fro Èbe reduc-

tstrt to tbe orfdaqÈ. Îtus Êhe reactfonr ray oftcn bc referrcd to a¡

êto or group Èrangfer reactfon¡. [r¡revGr ar Teube (9) hag pofntod

ouÈ 1È le not trecGssarJ¡ Ln e1[ caso¡ for aßø or group tran¡fcr ßo

follov Èhe electroE trrDrfer asÉ ovldence tupportfng tbl¡ 1¡ to bc

fsr¡Dd fr the recetforo bcÈrcen crÞ and þ.toorJ3- f.*". $fucc

[rrccrlu]4- do." noG rGsdtly uodergo cub¡t1ßurlon of lfgand, oot of,

Ëhfu producÊ foracd durlcg reEcËlon beÈrcen tbe abovc to¡ vlll not

releace a (ffi)' group to the ældl¿et. tte rcecÈfoa yfelda an

la¡oluble product la whfch Èhc brfdgc perllsùa.
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Althergb Che raectlm¡ so far df¡cue¡cd lu thlc ¡êetfon havc

fwolvcd "l¡¡cr epheren (brldged) trErstCfon rtaBee tt ¡he¡¡ld be

potnted out ÈhaÈ Che rate of anny o¡Èer ephere rcacÈiül (1.e. rcåeBfoût

ln vhich the ftrat coordfnatlm rpherc¡ of the reecÈrût¡ r€aålül

rrachanged) gbov a depdenße orn Èhê eooccntratlon of caÈfon¡ (17) (18)

or enløn¡ (41) (36) preeenÈ 1n solutlon. ltlc dcpendcnce ry bc

1nÈetarcted a¡ lndleattng Èb¿ß even the router apboren reactfom¡ cæ

proceed throtrgh a nbrtdgodr Èrsnsttfoa staÈe ln nhlcb Èhe brldge 1s

¡orc looEely boodd 3o thc rcactåDtl tha¡ f¡ Ëhe cace of nl.nocr ephcrctr

reactl@s. lhus the tcr¡ rbrldgedd should not be rcsctrvad spccLflcally

for dcftnlng Èhe dLnner aphereÉ tJ¡pG rêecGlæs ee bå¡ baen the gcoerally

eccePtcd practl.cc.

Ex4hr of Eouter cpbcrcñ rcacËfoûe arG Èhê fast r€acÊloa¡

[t"t*1.13-- [r.tc,'r).]*-; þorr)r]'*- [onturnlrl3+ *¿ [*ool-- t*"-f .

Zsolfn¡kf et al, (5) have atüeaptd to cxplal.n Èhe¡e raecËfoo¡ fn terro

of Ëbc theory of eaergy barrieË Ëumelllug by tbe ¿lceÈron. f,orever

ft lay be poaclble for lo'¡e ln roluËl,oû or ôveû ¡olvcnt mlecule¡ nea¡

thc oxehangtng cqounda, Ëo fo¡n a brldgc, by vblch rßaa¡ the elcctro¡

erahangc ca¡ Èakc placç, e.g.

[n*ouJ=rr+ + tr*-]- g- 
[*.uo]=---#--1

I
B

þ-*l-f,ø-Qæ[---

t-*r-]-
+

-o---E---
---a- (Þ--E

I
H

I
H

In Èhe above exqle hydrogæ atil trarafcr oceun acrosr en m¡tcr
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solvaÈlora brldge.

Stranhc (4O) ha¡ str¡dled thc elecCrm tEansfcr reacÊlm¡

beÊnecn colll{rorl| * cqlexca of the general for¡rrl¡

[corrtnr].(o)r-o](n'4]+ and har feuad rhaË theac reacttong src

catalyacd by hydrorlde lms. [e cooclr¡des that thc¡e ¡rq¡CeÌ opberet

reactfm¡ procced vta bridged tran¡ttlm stete¡ of, Èhe fcrr

[ *rr, corxlm, -- corr(H3)s (c)5-a 
I

(n-r)+-----r--
B

[ 
*rr, corrlm, Co @3)o_t (G)o_lII (n-2þ---or+---lß3

Ë
or

fbc forær fntenodiate la tbe ærc favsr¡rcd clnca lt rould allor e

clo¡ar approach of ùhe reacßaEts aod bence I grèaCêr e¡Ëc¡ß of æerhp

of Èhe elecÈronlc orblCals. Ite forrcr tntedlaÈe L¡ alao arlpporÈed

by the ob¡enaËfon ChaÈ ln aË les¡t 5G sf ühe electrø Èaansfer¡ Èhc

nerly for¡cd cobalt (III) eqlerr hsd undergæe þdrø¡{de-lon eub¡Cltu-

ßlon. Durther¡orc SÈauhs asarre¡ ßhnÈ the chlorldo catalyacd rçsct{ont

eko proceed thrsugh aa an"atagerr lnÈerrdlaËe of the fotr,

[ 
*rr, corrlnr-----cl-----6err(rn3)B(c)5-" 

] 
t"-tl*

boscver Èhf,s camoC bc denm¡ÈraGcd afæe the cobelË (III) sþfe¡aûm''n€

undergoce rapiC hydrolyrla, ecpesf.ally in ba¡1c roluÈfoa, Èbu¡ ro¡ultlng

Ln oo ûêÈ Èrar$fer of eblorlde Íoas. Straak¡ aloo co¡clude¡ thst

elcetrm t¡'ganfer¡ Lo caee¡ such ae Èhe reectf.on betneen Èhe
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tria(eËhyle¡edfsfne) cqlerc¡ of eobalt (II) â!d cobalt (III) a¿y

occr¡r through s¡ "ou8er rph€rett brldged Ërång{Eloa eËeBe.

Lfbby et s¡,. (17134) have atrdled Ehe nauganate-penrngan¡te

exehalge u¡ing boÈh aolveÊt eatractlon snd preelpftatl.on rethodl, and

fq¡rd Èhgt Èhe half ilfe of the reactioo sar Èoo ehorÈ to br rc¿surcd.

tbcy atßeryÈcd Ëo erplaln Bhe reåcÈfm tochaaÍsn lo tens of the

clectron Jtry Bheory, sÈeÈlÊg (33) Èh¿c 1B 1o uecesearT for 8 s¡zl-

rcÈrfcal cqlcr Èo be fonad fn order Èbat the el,æÊroa jr4 caa

occur. Libby (33) aleo u¡ed Èhe ¡o-r Èbeory to e*plaln Èbe electron

Èren¡fer reaetloü betsec¡ c.3+ - Ge& ln Ëhe prescnce of fluorlilc lene.

tïe augger3ed fo¡¡aËie,n of a slmËtafeel cæplex la Èhe¡c reactfon¡

cupporüe Èhc for¡¡tls¡ of e bridgo betveen *r"he Èso ccchangtqg groupr.

thcppard €nd ¡lahl (16) lu theft sÈudy of Èbe reagffrâÈc-

PerlÊnga!åÈe elecËr@ traD¡f€r reacC,lor h¡ve ¡hora a dc¡rdeoee of the

rate of reåctlon on 3ha coûcoûÈraü,foo oË caÊLoEl, rblle Èherc le ao

depædooce cn Chc coûGGnËretton of other ealm¡ fn solutlon.

A poertble lnËerpretattm of, thetr resulÈ¡ f¡ that o cåÈ1m

fotrs a brldge boFrecn Bbe trro enfms couceracd ln Èhc electron Ëreat-

fer cr¡ch thaË an rrouBcr-cphere¡f brldged cqlex of, the Èype

o o1
lor. I*-r-'l

2-

YI
0- -K---

fs foraêd.
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E. SelvsEfa of ElectroEs

Ànother tê¿a,a by rhtch an electron could tr¡n¡fer frc onc

cqotrnd to snothcr Lc for the dæor Êo rclea¡c a¡ el.ectaoû Co thc

selvcût phaee cod for ßhe rolvc¡t pbaae aÉ, rcÊ tlle latcr to bsrd the

electro oa to Êhe acccpËor. frl¡ cet bc tcprecented by

Ha+ + g+ H(e+l)+ + 8-

g- + ;Þ- s- ---- xb+
I
I

s +T r(b-t)+

Evldeace rupportlng thlr bypothe¡l¡ 1¡ to be for¡¡d ln sorh

on rrtalf rctaL ¡olugfonc tn lfqufd anonÍa. ßaplan aod ffttel (rg)

lntcrpretcd thelr elecßron r¡rla rerorncc deta ra cvlde¡cc thgÈ clec-

troos uere r€roved fra the ¡1k¡11 ægol¡ end hcld la cEvitLe¡ [a Ëhe

lofvent, Èhe cavitler bcfng betycrn 2 ¡nd 4 tfre¡ thc ¡tze of tbc

aæn1a rlecular. Ibcy suggGrÈ thrt 3hc elcctro¡ can crl¡Ë ¡¡ froe

or pelred électrorc. rhe¡G clecgrol¡ 1¡ Èhe cavítlee c¿n be ce¡-

¡ldcred at Lt occupylng ¿ rolecular orbltel es the proÈoar of adJacent

armla rolceulo¡.

Ltbby (2) cocrlder¡ Ëhat eleeËror cên¡ot e¡l¡È Ln the frce
¡t8Cc ln aquenra ¡olutton elnce tbere vould bc ¡ tendc[ct to reduec

ßhc r¡tcr to ylcld hydregen, vlz.

; + Lo-Sz + (x-

Eraryl.es of reductlon of veÈer ara to be found fo the evoLuÈion of

hydrogen by tbe acÈfon of þ.tcrla]1- and c"3* f"- equeous solurf.o¡s
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of the¡e fone.

?let¿¡¡n a¡d Frrnck have produced spectro¡copfc cvldoace,

by rtudyfng the U.V. epectrr of halogcn lm¡ 1¡ tqucd¡r eoluttooc,

¡ùlch rere lnterpreÈed as l¡dfcattng thc ræval of an Glccttm fril

the balogen too Èo e bouûd steÈc partly m thc halogen aad partly oo

the aurrouodiag eolveat ¡oleeule¡. thc reroval of a¡ electron fr¡

a reduclng agenÈ to the aolveaÈ tn rosÈ eares 1¡ concldGrcd es dlffl-

cult anÄ requlrLng too great 8û sctlvatlor êúergU/, fra these

eoa¡lderaClm¡ thta hypotbe¡tc sqrld appcer Èo bc uoacecptable tq

equeout redla, but 1a ûøaqucqrr redf¡ lt ray prorrtdc ¡¡ c¿¡ter lf soÈ

the olly paGh by vhteh electron tra¡afGr could procccd.

Gro¡n¡e asd Gar¡cr (2O) beve etudlcd Èbe electrm eran¡fGr

rca€rfm beËrees [cotrur)alt* .* [co{lur)rl* * ltqutd conf.¡ eotu-

time. Although they say Ëhcl.r re¡ults are ¡et repreducfblc due

probably to catalyÈlc qu¡Btltf.e¡ of or¡lgen bel.ag preseaü, they conaldcr

thet tbe rcaetlon proeeeds fa¡Ècr in lfquld ¡romfa tbs¡ Ln ¡que¡nrl

am¡fa. fte¡e yorkerc cl¡fr 3håt lf tbe aûhapced rate l¡ re¡l it
ray be due to the uur¡¡ual beù¿vfq¡r of the çlecßron 1¡ thc partleular

solvent u¡ed. Îüe dlfference fn dlelectrtc cor¡tant ha¡ probabl¡l

Ltttle lnfluence oÊ tbe rEte 1¡ Èbe llgbt of evfdenee produced by

cohea, 8ullfven, Ads and Etodc¡¡¡ (21). rf 1¡ th{¡ ca¡e a'¡ clecrrm
Lg ¡olvated 1È vould rcet cerÈeflly prwtde an easÍer path for electræ
Êraa¡fer thao Íf ft ts Eeeeseart to f,or¡ a brfdged activated cqler,
honevcr 1t ts alro gufße probabla thst to sæ degree both æcharl¡rc
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rould spply 1¡ thls particul.ar eeao.

I¡ conslderlng eLectro trersfer reåcËfonr yc are l¡tero¡td
t¡ the effeets brougbt sbout b/ the clactron palre oa thc llgand

rathcr Èb,on by the eleetrost¡È!.e bædc 1n tha eælcr cqouldr belag

lavcottgetcd; conrequently ft rould bc rorc advaatagcotr¡ ts apply

the Llgaad Fleld lbeory as proposed by sthor! (zz), rathGr th¡n the

Cryrtal Fleld lAcorlr fn ordcr Èo erptafu the elcctroo tr¿n¡f,er rcactlæt.

rn the casc of no apprtcc ftetd aB clcctroa ln s 'd" orbfÈel

ea¡ c¡f¡t fn any æe of 5 degenorrte d eacr6/ lcrvels, yl.r., drt, dyc,

dra, drz, dr2-t2, Ghe forrer three belng dfrccted along tbe dfagonab

b€ÊuGGÉ Èhe x, y and a aros, rblle Èhe lattcr tno ar¡ dlrertd al.ong

the r, t sod z (orthogonal ercr). rÉ a cubrc flotd a¡ la obËaf,ned

ulth ocÈ¡b.cdral err¡nggæüË of Ltg'nds thÈ crbitalc arc rplft into Evo

diecrcto elertÐ¡ levelc cmrfuÈilg of e doubly degeneretG uppGr GnGrt¡i

level and a løer trf.ply dcgæcraÈe level. gqnere planrr rrraûge-

¡cs3 of ltgaD¿ rolaculce hporcr ac clccËræ €qmc8t m the cubfe

fteld sd thc energLer are rpl,Lt hÈo tro lcrer dq¡blctg aod e¡ upper

slnglet.

Ar cleetrons 8rc added to thc orbtÈal¡ utder the lafluence
of a cubic fteld vl.th ocÈehedr¡l rtnÊÈry thcy rfrl ffr¡t occupy thc
lacr d erblüalr, yts-, dry, ûyzr 6zz, or d¿ orbttalr vbcn the for¡rth
elcctrsa 1¡ fntrodrrced rt rrll go lato Èhe uppcr Gaergcr level¡, vrr.,
thc dy orbrtele or rrlr nve f¡to thc roer d¿ orbrtalr gfvra¡ apln
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palrhg. As to yhtch of the þo care¡ vLll reault depetde oa the

enèrry reparatloû of the dobly aEd trlpty degencra3e 8t8têr.

If tbe elcetrot æ\rêE l¡to 3he uppêE d¡ orbital¡ ln prcfer-

eaeG to rpla palrfug rtth tho¡e ln tbe d¿ orblÈal¡ thc strÈê ecrrGr-

pcodlug to Faullagr¡ tfmfcn bod¡ vlll bc f,o,rred, vhfle lf rph paÍr-

lng of Êhe electrGs rcaultr by Dyc.etrÈ hCo tbe lcer d¿ orbltal¡ tbe

¡o called 'rcovalcûtÉ cqouadc of P¡ultng vlll be forrcd.

Orgcl (23) sugge¡t¡ th¿t a vcr? fryorÈaot freÈor Ln ffeld

cpllttlag of etcrgy Levelr 1. 30 be fq¡nd ln Èhc polarl.zablltÈy of the

Itgaod nhlch rtll of courre depcod on a htgh posit{ve cberge oo thc

leËel Lom, I 1æ electronêgeÈl.vlty of thc llgaad at6 and Èhe ertenß

of boodlng bctse¿¡ ætsl and l,lgaod. ÍhG grcster the polarlzabtlfty

the grcaEer w111 be the l,lgand fleld aud hence Èbe aæller the fonfc

radtus of the leÈal ton.

tte energr ragu{red for dl.rect eleetrm traeofer betrcen

dl,- and trt-valenÈ f.ms 1¡ aleo gÍven by Orgel (23) ar

th, * \rr] ['r, - 
"rr]t

vhere th reprcte¡tt the ferce coastenÈo ef tbe ætal ltgaod bsnd¡ and

tro repre¡eat¡ Èhe redluc of the actal lm. rn applyfng thc Frank-

cmdsa Prtnciplc, rhl.ch dc¡¡¡¡ts the electrm tråB¡fcr vle an inter-
¡edfate eran¡ltlm atata, tbc oncrgl fer the elecÈro-Èrenofcr r.ae3{æ

beeæc ¡bqrt e¡s-quaater cf Èhc anunt ¡ccdcd for dlrecß clactrou

trausfer clnce thc dfsËa¡ccs rII "d .uI arê tror åveratG dl¡t¿rcec.
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Se ratc of tbe *lectron transfer procetr r1l1 dcpead oo

thc dtffarGtrcê fa læie r6dli, belng grGaÈGr er Che terr (rr, - tt¡¡)
becrer lsller. ftc vslue of Èhl¡ Èer¡ rlll dcpcnd oa thc orbttal

fra rùicb Èhê GlccGrm 1¡ Èrea¡fcËrhg. lbe (rra - tI,,) Scrr rtll

bc groatcr 1f, thc.læÈron 1¡ fl ar âûtlbmdflg orblÊal, G.9,., Ía thc

dü,erblÈalü.

l"et ue ¡or cm¡fdsr thc fcrrou¡-f¿rrl,c exchrngc, In thl¡
c¡¡o thc cleeÈrm trao¡fcr v111 Dc repld rùctber tbe fon¡ atc rpfn

palred or rpln frGe. lo'r cr¡-fle, ln Èhc rpfa frcc ¡Èato

rl2+(¿¿ )Ô(ay) 
2 + roæ(o¿,)3 (¿r)2- rãsta¿)3 (d ¡)2 + r.2+{o¿ )a(ar)e

or ts Èbc rpl.n pafrcd cÈrtê

f"z*tg ¡6 + r.s(d6)t-- f.e(¿¿)J + r.z+ta¿)ó

olacc Èha tra¡¡ferrfog ¿lcctron 1¡ frn ooe ef the leycr cûGrry lcvcl

(Uoafqg¡ orbfÈal¡.

In thc ea¡e of thc cbrou¡-chr¡tc elccÈron Èr¡¡¡fcr

rcscÈio thG tate uitl be rrcb ¡lorer rf,ncc th¡ tra¡rferrtq GlecGro

fr frc oac of Èhe upper êBnrry lcvel (antlbædlng) oúb1Èala, G.g.¡

är2*ta¿)3(¿y)l * r"s(+)3- êt3*ta6)3 * ct2*(.¿)3(¿r)1

lta cobalCou¡-cobaltlc crchalgo ¡hotrld prooccd relaÈfvcly

rlcly sincc tblr l¡ al¡o a ßra¡¡fcr of, aa elocÈroa frn oac ef thr

(dy) orbfË¡k. Ewevcr herc Chero fu alrs Cho probl¡l of rpln for-

btdden trtn¡l3íonE, afuce not oly f¡ ¿n clcetroa ü¡¡n¡fcrred, but a

rG¿rrart.trEt of thc oÈhcr electrmt preacnt le elro accc¡rarl¡.
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ler¡be ct al. (24) ln rorklng uitb eoÞalÈl.c føe fn aa

aqu drr perchlorate ncdt¡ fouúd e rapld crchragc of reÈer lfgeod rolc-

culcr, rhteh Lr unrxpected tn vlery of Èho abrvc di.¡cn¡rloa of thc

cobelSoo¡-cebeltlc$trrehaage and ¡fæc ¡1¡o Êür chr¡lc læ t¡odertoa¡ e

vetT r1æ crGhångc Lt ""ao ltgeod rlcculc¡ ulSh ¡elvent. lbcy hrvc

rutgetËGd ßbat thl¡ rapld cxeLangc tr probeÞly duc 3o thc trcÈ Chet

rragGr ü¡r e rolatlvely tev lfgand ffcld ¡ËrcogËh. ülr ræld rclulc

f¡ cbe coùalclc lm brvtlg aB GnGrty valuc for ths cplu frec ¡C¡tc Chat

n¡r rclatlvely clo¡c Èo tba ground staËG or eptn paltcd fon. It 1.

ruggarGed tbet a ôlffcruec of, 4 tsel¡ vq¡Ld re¡ult Ln epprorlrectly

99.!II sf tha cobalcle lm botng Ls the d1¡t¡tscclc or grad tttte.

fhe l¡ferancc 1r that thc rapld crehangc r¡!¡ prceG.d lf Ëbe dt¡¡¡gncßic

cobaltlc im u¡dcrgoec a roarreryercat of clectrær Co ¡ivc 3hc rpln

frcc rÈctr nhlch cq¡ld thea rdcrgc fl ærc rapld erehenge rfÈh eebsltær

lon¡ ¡lnce no vlolattæ of cpln aclecGfm rule¡ rosld rcnrlt fra Cbc

GleGËEoq cralfcr. ltf¡ e¡n mly be so provlded thc flcld rtrengÈh

of Ëbc ltgaad f¡ not Ëoo ttaoûg.

Se Llgand flcld ltsory doe¡ ¡oË Lo eny vay rule out laubcrr

euggertcd recb¿nf¡r of a brldgd actfveted c4lor being forrcd. I¡ù

r¡¡ e¡arfne Ëhe ehranr¡-cLrcie crchragr ln Ëhc preaæce of ehlorLde

tær. Str¡ce ths clectüoa tr¡atfcr Èctca place frr ¿ 1al2¡ erUftel cn

thc cbrmtrr 1o¡ Èo ooc m tbc chratc foa, ue caa ncglect all oùher

d clcctrenl. Tbê chlorÍdc fæ Ír, bcforc Êbe clccßroq treo¡fcr

paocarE beglnrn feuûd t¡ a¡ egulllbrtrn poalttm vLth Èhe chrcl.c lou.
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Ae a ryntrlcal cqlcr fg fcræd tre (ar2) orbltrl¡ bee¡o lntcr-

r¿dlatc ¡¡d tbe clccÈrm ca¡ bc con¡!.dcred ar belag l¡ ¡ ¡Ë¡Èc of

rGl$åúcc betrreeo thc Èrro. lte ehlortdc tm c¡n thca prceccd fo,nrrd

eud ¡o cqlctc thc clecttol Sttnrf,cr proccc¡ or lC crrû .ovc bach¡rtd¡

Èo ltr orlgfnel potltlon. &e ævc¡cnÈ of tbc clacÈrø rlll aþayt

be opportte Èo ChEt of Cho chtorlde Loo. Iüfa erplelnr uþ 1l reny

cctc¡, rrbere brfdgcd acËlyaÈcd eqlsrcr are forrcd, tbc rppErrúc

re¡ulÈ 1¡ ooc of, aËa tra¡lfcr.
rÈ f¡ fnßerr¡tlng Èo GrÇrnc Èhc pomtbrllry ef ¡ dtffGrGæc

ln clcctrol trar¡fcr r8ße rG.ulth¡ fra Èh¡ r¡¡c of sfr cr trr¡
llcGrl. lta cff¡ct orr rhfcb of 3he t¡ro lro¡lrr ufll c*ctrngc eC ühc

fs¡Ècr ratc vtll of courae dapend on Èbc parÊtcular tt,grdr o¡ l¡
eonscru¡d tftÈh. tcË r¡¡ cø¡tder Èbs c¡¡c of þrfur)CZo)¿dJ2* to
l¡ rhfch thc llgend cmta b¿r a traster ftctd rtrGnsth ßh¡n tht
ltgad rater and hc¡ar dc¡Èebl.l!,¡c¡ Èbr (¿"2) erbltel rhe¡ f¡ Èbc Ëreus

porltim buü h¡r ltttlc cftesc m lt rrùc¡ ia thc el¡ porftÍon. tb¡rc-
fore lf clectros ÈraarfGr fr as¡u to go vl,¿ a brldglng nchanln,
the re¡ctloo rlll Þc rcprcrraÈcd al follov¡r

þr(nr)crßro)¿lt* * þ'qolrl 2+ (nr)(rrolrlt*

+ [crtEo)rcr]2+

¿¡d tbc ta¡trr 1¡qar rq¡ld bc crpccÈcd to ercbeage rorc rloyly Èhrl

Èbc cls fon.

laubet¡ recb¡¡t¡r f,or crplafdqg Èbr fart, crehenge bctreco
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cobslÈlc ¡d cobalÈot¡s fool baa elready beca dl.reu¡rd ¡rd yc ¡b¡ll
aø eoa¡Ldcr ethcr rcohenln¡ þ uhlcL tbc reductlon of ceb¡l¡lc Lm

ean Èehc plaec, YÍ2.,

ó(1) co(de) * e --*Co(d¿) 5 2(¿r)

snd (2, co(a6)6 i e-- co(d6)ó(.¿1

Iäc flr¡t of tberc rcrcÈl.m¡ ¡ba¡ld be a raÈbcr r1æ rc¡ctlm

due 3o Gbc cbrago ta rpl.l nrltl.pllelty ald tc Êhr ehengc tn bæd lcngth

du3 Co ÈhG tr.r¡fcr of, thc Èno elccËrm¡ to Chc (d6) orÞft¡l¡. lrc
¡ con¡fdetetlcû of rpln ¡cLccßl.oo n¡le¡ thc ¡¡a¡od rcch¡¡t¡¡ Le Èhe

roro f¿vourcd, hæavor r gaGAÈ rn¡oc of cncrg¡ 1¡ ncodrd te prætc
Èhr rpln frcc sobaltcr¡¡ statG Eo tbc e¡ctGrd optn peLred ¡Èatc. tf
tbc cobeltl.c Loq 1¡ f¡ a rpln peLrrd tÊaÈG ¡nd thc ecbel3ou¡ lon fe

lu a rel¡Èlvely rptn frcc ttatc :be ftrrt uchsetm uould bc ¡rrcfcrrcd,

borcvcr lf both leor arc ls the epia palrcd rt¡tc¡ übc¡ tha ¡ccmd

ræhsnf¡r ¡hould predcf.naÈr. ttcrc ulll of ßq¡E.G br rsly rcacttn¡
rbtcb sre fltenûdf.¡tc to 3h¡ aÞwc tyo.

Ibl elccß46 Èra¡¡fcr ¡c¡otlcl bctseea cobeltcur and ccbaltfc

Èctrlphcryl-porpblne¡ l¡ bc¡¡Güe r. colvent b¡¡ bccs fqmd Èo occur

rapfdly by Doreugh a¡d Dod¡m (e5). I¡ order te rrplel¡ thc rrÊe of

thc re¡eÈ1on Shcy hsve ruggc¡ted Èha3 pelrlng of elætræs ln ßhc d

orbft¡l¡ of Èbe eob¡lÈetr¡ cqler c¡ke¡ plaec, thlr fr rupportcd by

lrtDsGle d¿Ë¡ ltdLcaßlEg 3hrË ona uupalrod clestron 1r pretcnÈ f¡ Ëh¡

cqlrr' ftu¡ st le¡rt æc of Ëhö 3d orblÈatr cq¡ld be umd fcr
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2cobalt-nltrogc! bondlng, e.9., dep hybrldtlatfo glviqg rquare planrr

qrætry Èo tho llged abeut Cha cGntr¡l rctal Lon. ltey ruggcet

thaG thc odd elocÈrm ln thf.¡ carc l¡ sl,¡o probably pretcd Ëe aa

outGr orbltal Èhu¡ altcfog ¿2"p3 hybrtdlraGforo, Èbtr bctng the fsvotrrcd

¡tñEcture for eacrg¡r ra¡r¡ora. frey eon¡lder Ëbc cob¡ltlc ceqlGE ar

octcùcdral ¡l.ncc tberc are tro rryaircd elccCrotl prcrent. toth sÈn¡c-

tures arc Êhr¡a ¡ù¡ller üd this faclllÈatc. Bhc clcctrcn Èralrfer pro-

ecec and a fart reeetfæ rcrult¡.

drz-rz

f ree ion both

var¡abtedx ]
v

dyz

xz

FLl. 1.4

- IaÈ u¡ Bü t¡a¡{ac tbt¡ rcactl.o¡ f¡ te¡u of Èbe Ligcnd'

Ftcld lñcory, ¡lnsc eoü¡lÊqu-cobaltlc crcþngcr .úG rorrål!,y crpccted

Èo bc ¡lc 1n tc¡¡ls of thf¡ tbeory. 8l¡cc thcre lr eqly me
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rryetrcd clectrm ln tbe eobaltsr¡ erplcr fg roúld lndlc¡tc Èbrt Èhosc

Ír a rpla palrfag rbfch l¡ Èbe rc¡ult of r rquato ¡rlansr arrogclrnt

of tbc llgcd rlcculc, rrttcb h¡r e rtrolg ttgd flcld, If 3h1¡ t¡

.c, Èh.r tho splfttlúg of ßhê €acr$/ Lcvck aod arralgerlst of

elcctre¡ ræld bc a¡ 1¡ Dig. 1.4. Solvart rolcculct arralgod alory

thr d¡2 grlt rwld È.od tc dcrB¡blltrc tht¡ crblË,¡t vlßb Ëhc rr¡ulÈ

tbrt f3¡ €tr r6t voluc sq¡ld t¡crcslc r¡d nra aepcratlol bctrccu tbe
2

dry ald d¡- orbfÈrlr rarld rerult. In any eatc thG bond¡ rctulttlg

here vould bc qultc erÈcndrd la cpacG.

lbc coÞalùtc cqler ce¡ probrbly bc cco¡tdcEcd er havlng

octsbsdr¡l rynctry ¡rlËh ¡olvcnÈ rloculc¡ bædod alog Èhe dtrcctlc,n

of Èhe dsz orbft¡l,. f,xtcßr16 fa epaec of Èhcrc bød¡ rqrtd tctrd ßo

¡3¡b111¡e the d¡2 orbftak thu¡ læcrlng fÈr atrßr¡ valuc elcrct Go

th¡l for tbc ¿r2 of chc cobalÈær eqler. 8t¡ea tbr dc2 o,rbftak

thc¡ hava Gnerg!¡ valuea cloge Èo Cho ¡uc value e tar3 Gl.cCrat Èra¡¡-

f,cr rlght be erpcctd, elro tl tbf¡ caac rpl,r ¡electfæ n¡lcr s111 noÈ

be vlolaÈcd.

ff boÈh eoqlclca b¡d octehcdral rtr.3r lC rq¡td ¡.cct.-

ftate prætfm of tbc odd clæßrcn 1¡ Èhc eobrltoru cogler to tbc

4¡ orbltal ln ordcr 3heß Èha elcctroa tr¡E frr eould procecd repldly.

If Chfs elccÊror rerG eot prorotcd, aud'ocÈaù¡drat ryretry uat obùel¡¡d

by þbrf.dlregtm of a 4p and e 4d orbfGat perprndfcular Èe Ghr fOôc6p2

úqr¡¡re pfeae, th. êl6Gßrûr tr¡ü.fcr ¡hould De ¡1.ø s¡ 1È rould be e d¡

elceÈroa Gtrßhrngc, nhlsh f¡ c ¡loy proGcrr (22).
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G . .SFpertrcpt-r 1, Fet\od ¡
to fEr mly the sb¡nln¡ by rhleh Ëhe elcctroq Èranrfer

can t¡tr place h¿vc bee¡ dlrcu¡ccd; lG chot¡ld thcref,orc provc of
lntcre¡t Ëo coD¡lder thc lethod¡ by ublcb ü¡s csn aÈudy ruch reactÍen¡.

fraeer Ècehnlgue¡ h¡vc been Èho m¡t cmly uted Ethod
of ctudy a¡d thlg rêthod b¡o besn q¡Ètlaed ln Èhc faÈroductfon ef thlr
the¡fr. Ihe rerultc obtalned arc gctrcrally analyrcd by applylng Èhe

Ucf,ay (3O) eqr¡sÈioa, t.G.¡

ln(l-?)--B È
ab

rherc l' retfo of asÈfvltt aË trrc trtr of tbc erfgrnally
lnceßlve forr üc fÈr ecÊlvlÈy 8È l¡frnfte ttr¿

rgr and *bñ reprc¡¡nù Èhe aurlytrcal ooreanÈrrtf*¡ of thr
ßro orfdatlon ¡È¡Èe¡ of übr elrl¡nB belng coarldrrcd.

frc absve :quatlou 1¡ ßrue lf tbcre l¡ ¡cltbcr lrrcverrlblc
o¡ldccfou cr rcducÈlm oceurrflg durlng th¡ cloctren e:cbalg6 prcGgrEr

rf Êhfr l¡ aot ßhe c¡se Shes cerËela sorrecSfæ¡ h¿vc to be r¡dc.
rhe corrccÈ{olr DÉcærary arc dealÈ rttb ta larÈ rr.

lrro otb¡r leÈbod¡ b¡rc þaca ap¡ltod Èo 3he rËudt ef clecÈron

3r¡n¡fcr rccctlor¡. &G flrrt of Ghrre utc¡ urc of optlerl ir¡cr-
lil. lhc rÈhod 1¡ a¡rç¡gfal,Iy Èo 1¡ol.¡tc sD cpttcal l¡aer of a

non-l¡Dflc cqler of æe of Ghe vrlcacc ¡Èatcr of sa ahcnB, ltr
tbl¡ v1ßh a trbflo cqrrcr of thc cknc¡È rn a diffcrcnt qtdat{o¡
sËatc aad rc¡¡ure Èbc change tn opüfcal acttvl,Gy r,lGb ttrß. Durtng
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ßbr elæüron tr¡alfer ptoccr¡ Chcre l¡ a lorsrlrg of o,pÈleal 8ßÊ1vfßy

duc to eonver¡io¡ ße ¡ receÍc lú*urc" ttc r¡ße of lcrrl,lg of

opCleal ceÈlvlty tr pro'pertlæd Èr 3bc r¡Ëc cf 3ho olocÈrm Èrsil¡fGr

procG.t. IÈ 1¡ r ætbod úleh hsr a t¡thcr lllttcd r¡pltcaÈ16, bd-

evcr lt l¡ a reùbod ttül,eb, ptovfdd opßlcal 1¡ær¡ do ¡rlet ard eae

bc l¡ot¡ted, lr qulGe u¡eÅ¡l. lte rsÈbod rcqu{rcr n¡eh lc¡r ln Gbc

vay of hildl'lng raryler than doe¡ tha prcvl.nr: Ècchnlqrn.

tt¡ r¡¡c of opÈleal f¡ccra cr ¡ æ¡rlr of cÈtrdyfng eloctron

tre¡¡fer Eorctl63 b¡¡ bcen applld þ Drycr (31) eÈ al. fl Èhe rGudy

of 3hc clccÈroa ucheagc beGrecß trlr-(2,2'-dtpyrtdyt)-onfts{t! e¡d
t

3t1¡- (2, ?-dtPyrldyl ) -o¡fr¡{I$.

Iho thfrd rctbod ¡thcr u¡c of nrclc¿r regretlc rG¡ørEßG

rGasusc¡GDt3. Ëe eloctrot 3r¡urrfcr preccrs h¡! beco fer¡nd to hsvs

a Llnc breadcnfng effcct oo thc tr.lf.l. rpcÉÈtrar lhfs æthod h¡¡ Þccr

appltcd ßo tbc tËudy of Cu*-Co* (¡t) crcheage tr¡ Èhc prcrcuce of

hydrocblorle actd ¡oluùfoq. It fr a rËhoC rhlch L¡ ¡ulÈablc for tbc

rtudy of vcry fart rraeÈfoo¡ nhfcb arG let oonablc Èo aGrdy by otbcr

Èechnlquar.

H. Goueluslær

Althougb rreh evfdeocc har baca cbtrl¡d 1¡ the ffold of

alactren Èraorfcr receClo¡t, ruch ue 1¡ .Cllf, æGdcd bcfcrc eny

gcoct*l rcchstl¡r ce¡ ba ruggcrtcd. Svld:æc Ah¡ü hs¡ bcrn producod

la f¡vqrr of a pertlculsr rcch¡nl¡r her oftcn ll ¡o my tutd or¡C Èhc

pomfbiltty of otbcr æch¿¡iru cpplylng. trd¡ed tG 1r preDably true

Èo sû!¡ Èbst tb. rch¡nLo rôl,ch appllce to ¡Ey partleular creqlc vf,1l



3ó.

ptoùsblt dcpoed o¡ tbê psrtloúlÊr rc¡sttm bGllg fuvËrtlgetcd, lld Èhia

reeh¡l.r¡ Bt bc dtfferot frl Chbt f¡r e¡oËhca rceeÈfsa, er fr thc

eæ prlr of fm¡ udø dlff*eat ecndltloa¡,
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CEAIÎEB 2.

-

A. Introductlo¡

3Èranb¡ (3ó) ba¡ prcpared tablcs rùfch provfde a¡ o¡celleat
surat7 of n¡ch of the l¡forraÈ1on avallable on clectrou Ër¿n¡f,cr

reacÈio¡¡. It ca¡ be aoe¡ frc there tablcs ßhaÈ ærß of thc elecÈron

tr¿¡¡fer reactLona str¡dled have been beÈseen tonr, hæever fa r f¿n

cat6t (3t) (38) reactim¡ bct¡¡Bcû anfon and a aGuGr¡l rolcculc hsvc bcan

studld. FurËher tbe ¡olvent rost crÈe¡lfvely u¡ed ln Èhc etudy ef,

¡uch reacÈfoßs bag beca rater or Dro and only l.¡ rclaÈlvel¡ fcv ersGg

(37) (3S) beve uou-equêcr¡3 ¡elvcnÈa bcca erylorod.

Sf¡ea Èbc aceÈylaceßcnsto conpleres of cobslt (II) a¡¡ eobalt
(III) vere e¡rlly prepared and ¡tnce botb verc ûeuÈral ccplcrer ft res

declded Èhst' ft vould be of con¡l.derablc luÈererÈ to ttudt thc elccÈrm

tral¡fer rcacÈlon betueç! tbrco tUo eqorrÉde. tt ve¡ et the Èiæ felt
thst tf Ëhe energy barrter to the elccÈrm Èran¡fer ya¡ ¡E Harcu¡ ct al
(5) predletd, due to the charga oo Ëhe rcaetlag rpoelec, thcn nø s¡cb

bsrrler rhould erlsÊ fl thlc case and thc resetloo ¡bould proceed rorc

rapldly thar rGseÈfons lnvoLvlag cbarged cobalt spcelca.

sfnce Èhe cebetË (rr) aod cobalr (rrr) coplercc vfÈh acetyl-

aeetoc lere üeutrel cqormdo thefr soh¡btl1Èy ln aqueou¡ rrdfs ra¡
reËhcr lfrtÈed end 1È vag tharcfore neceisaeT to eerry out Èhe electrm
tran¡f,er resctlou¡ {a organfc aolvent¡ tn nblch the eqrlexec rerc
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roluble' Prelfdaary erpcrfneo3r uclEg telueae a¡ ¡olvent ¡hced th¿t

elecaroa 3ra¡cfcr ras lDcaeurably ¡læ at roo¡ Getrpefature but proceeded

st a leesureble rêÈe at loOoC. The aeed for ¡uch a blgb reaetfoa Èe¡-

pêraturG ltrltêd Che chofce of altcrns,tlve ¡olvenGa 3o tbore havlag

approprlately hlgh boutag polntr. Toluene, acet¡llaeetolê and pyrldtnc

rere tharefore used as reaetfæ rcdia. Ite ule of throe differenr
solv€ût¡ for Èhe rcretloû al¡o alloyed a ra3ber lhltod cqarlaoa of
the cffect of Èhe solveDt on the clceÊron Èrenofer re¡rct{on.

IÈ ehould be polnßed out that the eccusul¿tlon of a large

volr¡re of dace for Ëhe rtrdy of the electroE Êran¡fer rcacÈfon betnee¡

the acet¡rlaceÈooato corylexac of cobarÈ (u) and cobels (rrr) yås eqle-

whEt hlndered uhen Lt rar fo{md that the cobalt (rr) cænlc¡ va¡ noG

gÈEble ls Èhe prcacgce of or¡rgea. rhc tn¡cabflfty requtred Êho

developrent and use of Dorê specl¿lfEed erperheoÈal teehnfquee and

ap¡raratua Èha¡ tho¡c et first u¡ed. tte flnal erperlnental techtrtques

uled are deecrlbed Ln chapter ó and uero de¡[gned to crelr¡de oryg€û

cqletely fra Èhe reaeËlo¡ afrture. turÈberssrê, due Èo Ëhc

t¡¡tabtllty of Èhe cobalt (rr) cql,ex, rhere uar a need Èo analyee arl
carylee Èabeo for cobalt co¡ÈeoÈ ln both Èhe cebelt (II) asd cob¡lÈ (III )

fractloa¡. ltug the erperi¡ental vorl, requfred to fully corylcte a

h,lnetlc run occt¡Pted a nr.úer of daye cnd lade Bbe gatherteg of deÈ¿ a

rdcrrhat clæ preceoe.

D.

lcfore procccdlng ßo a dtccu¡aiø of Ghc partrcurar errctrm
Èra¡afer rêactloa¡ cÈr¡dlcd one ¡bor¡ld con¡lder Èhe general crehrnge
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rcâctl.æ Ucfay(z) Ln 1938 derivcd for Bbc goeral rcåctlø
tCX + tE+ cx +Tf,

an cqueÈfm of, the fon

*

rrherc B 1¡ the raüc of tcacÊ16¡ rtett end hbF arc the ¡olrr coüccntr¡-

Êfoo¡ of tbe opcclec Gf, aud !f, tctpccülvcly¡ r rcfcra to a redLoretlvGly

t¡bolld ato r and I l¡ Èbe frecÈto¡ of tbc exchaagc s3 Gfre äÈn

Ibe v¡luc of f l¡ glvca þ

fr

lu

-t.b .
a*t

ln (1
ù

-P)

2.L

2.2

2.t

r.
A

o

l^.

uberc A f¡ tbc rlar quaaËlüy of X* tr¡n¡fcrrcd to G[ a¡rd ü lt thG rclar
t

es¡GÊaC.retlm¡ of CE + qß . the suÞ¡crlpG ntF ehorn tn Èhe 6rnttcn
fndlcatc¡ thc tt¡a 8ß rbfcb Gbc ob¡ervaGfoil lå nrd6.

lbc rlcÍay cquarlon (2.2, grven nÞovc ra¡ d¡rfvcd for s ryrßGr

tn shtch Èbcrc rere DD irrcvsrefble cb¿dc¿1 shrng€i aceo+s.uzt¡g thc

reveraable r¿dfo¡cÈlve traeer alchalgc, f,cevcr rÄ¡hr eÈ al (l) have

derlvcd aû equaÈloa for the ce¡c vhcn es Lrrrverclblc ehaage accqranfcr

Èhe arc'b¿qge of radio¡ctlvê tracer. lbcy havc ¡hau Êhtt Lû oen-¡tabl.e

ryrÈclr tt I'r lryorÈalt aa to rhlch apecleo fa u¡ed for the c¡lculaÈlco

of thc orcbange tracê¡ Beuce tf cbc lncreeelag f,ractfon, ea¡r clf, fa
u¡ed for Èhe calcula3lon of ßhe EaÊc of reacSto¡r then an allsretcc h¡¡
3e be ude for Èhe guantlËy of !x eonvertcd te €r. ct Bho tfrr Èhe
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ob¡crvatlø fc ¡radc " fre rsGe €qsáËlm thea bocæú

2.4

rtere f t ts thc Botal cooßenßr¡3foa of !I coarrerÈed lnÊe GiÍ at tfæ nGÉ.

tcovar thclr calculatlos¡ ¡l¡o ehw th¿t proildlEg tbc dccra¡rhg frac-

tl6o l! tbe oro u¡:d Êor ßhc ratc detct¡f¡aÈlon Ghcn Gqustf,oa 1.4 cgr bc

etryllfld, lfnsc theEc l¡ lo n:cd ßc allæ f,cr tbc dçcrcaec f,t cmccilBre.

t16 of tbc spceic¡ lL Îtc reÈe erprcrrtce theo bcca¡ Èhe !r3 aú

f,or thc llcfay cquntlcu (2.2,

C. Íolucoe ar Splvcnt

Toluæe na¡ ehcrco ar a cclvcnt for gha rIGGÈaoa tr¡n¡fsr
eÈudy ltnco, apart fra satl¡fyl¡s Èbe roqutrer¡Gmt! glvcn la rcctlæ a,,

LÈ r¿¡ aoÈ €8P€ctd Èo parÈlctpEtc la tbc tlectao¡ Èratrfer recb¡nltil Èo

sqt ePprÊciEble c*Èstt. tào rc¡cglon betrccn cobelt (I¡) ¡¡d cebett

(ItrI) eccÈylacctoa¡¡Èo eqlercr 1¡ toluooc reuld EGcc¡rltatc Èhp c¡cbalga

of llgald follætng the clcctreû Èretrrfcr rcectlm c.g.

cår¡r1".""¡, + Go(ecac)r- c3rr1"a"n¡, + corrtrl"c.c¡,

AlÈboügb the crehang: of lfgad rould oegut dgrlng Ghe gvcrall rooh¡el¡n

of Èhc rcacßlon 1t ir .ttlt prcfarabl,e Èo cla¡tfy tho raacËion q a¡

el.G3ron tre¡¡fcr ¡d ¡ot aa a llgand cæbengG rcaeÈlor. ElccÈro¡

Ère¡¡fer ËcaeÊlonr ca¡ be pl,accd f.nto t¡ro broad cl¡r¡ee (1g) c.g. Gho¡c

fn lblch cherç f¡ ¡c cbenge ta thc ceordlss3lm ¡hcll¡ of thc nÊËst lont
follølng the ¡lccGañ 3raû¡for ¡nd tho¡c f¡ rbfeh Èbcrc ¡ a eban¡e h
tb¡ coordhatlæ ¡h:11. tbe fcrnr are Èhe ¡o c¡ll¡d üd¡tlr - rpberco

-14 (l-F) ! rß(s+à)
aF

1¡l
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rêactl.oûe etrd the latter are thc 'l¡[er - epberer reeeÈioo¡. Itus tn
the case belng cm¡fderd, where the acetylacetouc ltgaud tr cxchanged

follortng thc elecËrou traorfer, ve rey cl.aoaffy Che cxcbange ar aE

nlnnor - spharen elecßroa gran¡fer rcactloß.

ExocrLrcntal UeChod

the technlques eryloycd for the aÈudy of Èhe elecÈron Greûs-

fer reecÈfol¡ are glven tn detall ln Chapter 6 hot eves ge¡¡crally ßhc

rethod ve¡ 3o rll¡aolve the eobalt ccplercs [a the eolvent and place

rerylea of the ¡olutLsr ln ae¿led gl.ast tubes. lbc Èubec rare lrerred

lu e ÈherrosÈat f,or vartouc tl¡c l¡Berval¡, afÈer shlch Èbcy rerc

rwvcd ard tbe conBe¡tr separatGd chroc¡Èograpblcally oB eB 6lm{¡¿

colr¡u. frc ceparated cobalÈ (II) aad eob¿lt (III) fractfma sere then

analyscd for cobal3 cor¡ccntaaËÍso aad for radlo-acÈfvtÈy and Êhe vclual

obtaloed vere uoed for the deÈenlaetlon of Èhe reecttcr kfaet{c¡.

A cheeh on the pof,ElbtltÈy of tbe elecÈroÊ Èransfcr bcing

catalyÈ1calty lnduced by the separetton proceedurc uaã [ade. It vac

fotrod, for caryler ÈâL.[ at the stårt gl¡e of, Èhe reaetlm, Ëhat Èhe

quanttty of crchcnge rås gero aud bcnce thc reacGlm va¡ not fdueed by

EePefatioß.

lber¡al Stabllttv
Sl¡ce the reaeÈlon¡ uere carrled or¡t aC Ec4eraGuEe¡ of

apprGl.rately lotloc Èhe Èhernal tÈabLllty of the oyetcnr inverÈfgeted

cbould be considered. Ghsrle¡ and Parltk*oki (3) have preduced

evl,deæe of the ther¡¡l decqroeltlø of retal aeeÈylaceÈonåGes aË

ÈeqcraÈurer of t9loc. ftcy fqrnd Ëhsr botb Èhe coüalr (Lr) aûd

cebalÈ (fff¡ acetylacet@eÈo cqlexes undetrenÈ dccqorl3lm, the

* iudlcatcc a le,belled ato and (acac) repreeelÈ¡ the aeetylaeatonc llgand



*

latter bef¡g thc rore rapid. Stnce lt ¡ras aaÊlclpatGd thaÈ tbe rate

deÊcrrlnaËfoaa should be baeGd oD æasuræaüa ef the cobalÈ (II) cg¡:

plex aad la vlæ of cquatlæ 2.4 lt wa¡ only lccersary Èo dGtcl;llne lf
any of Èhc cob¿lÈ (III) cagler va¡ lrrcveralbly reducd Èo Èhe eobalt

(II) ecple=.

rte ctudy of ßhe Êberr¡l rcductton of thc eoËalù (IIr¡
acet¡rlacaÈo!å3o ccpler vss carrfed ouÈ under reduced presrure ad rtÈh

cqlete ræval of, oxygen fn otder Ëhat Èhs reductim re¡,etloû rould

be lee¡uted fn the ablcnce of aoy c:ldatlon agênc)r, lte actu¿L quau-

t{ty of cqlex ured fsr the dcternfnsÈ1o¡l yaa ûot velghed aecurately,

hqrerrer an ¡rpPrc¡haÈely O.Ol ælar ¡oluÈlm of the eqlcr fn Ëoluone

wa¡ for¡cd. The raËlo of Èhe cor¡rÈ. ln thc cobalt (ff) aoa cobalt, (fff¡
fracÊloar aftar seperaÈfoa ra¡ u¡ed Ëo obÊala tbe value of Èhe pcrcêategê

rcductlo¡ (nlt) ¡hæa tn graphical for¡ ln (Dfg. Z.g),

&e correcÈfon factor of equat{on 2.b can bo ¡hora to bc

gfven by

lB" z.s

uhare r - s/b end t l¡ Èbe percaaÈage rcductior of Br eß t,lnc nt'. ltc
correeÊl,on faetor apprørhates to ucro provfded y 1¡ crall. In aay

c¿se thc clñ rcdr¡ctloo Èhat wa¡ foud to take place va¡ ¡ucb Ëbat ilry¡

correcÈloû Dec€stary va¡ r1Èhla the erperlremG,al crror of ! 5it for tbe

electrs¡ trancfer ¡€aaurencn3e aDd hence could be leglecÈed.

Oxfdatloo of Gobal I (II)
Durlng the aÈudy of the electroa Crsnsfcr rcactfon tt va¡

for¡d ÈhÂt tbcrG ras ln noot caror a^û rrravcrsfblo uidatfoa of Ëhe
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cob¿lÈ (L[) acctyleeetmsGo eqrlcr. (¡c¡ appcldtr A, Tablcr l7 to
25r. Ite o¡tdattoo f¡ tolucoô sa¡ ln D¡Ê cr.cl æty ull, hrevcr
lt va¡ üGGG¡.ctT Èo taæ :hs qu¡ß1cy fcr Ghe câlcuta¡lo¡ of Ghe v¡lu¡
of I fn cqnat'ic.o ?.4 a¡d Èbu¡ rcqulrcå tbe deterrfE¡Èlon of Èhc cô¡13
preront f¡ ßbc aoparaÈod eobalt (f:,¡ 

"r¿ aob¡lt (ItI) frrctteq¡. ttæ.c
¡þ¡ ranrur€r.lrcr rer¡ bacd a Èhc decraertag apcclel, ê.g, ùbc ccb¿tù

(rr) eqler ßhe rrryliflcd fotr of c{uatrm 2.A eourd br umd 1¡ thc
calculatfæ of Ëb¡ reÊe of rc¡etLm.

It 1¡ dtfftculc to ec. nüeË tbc æfdatlea product rarld bo

¡lncc ao d{rßGðG accÈ¡llaecßmo lt prcrcnG to Dc Geko tç laÈc tho rtruo-
ture of thc eobalt cqlcr co cldaÈtea. ¡È 1l el¡o ¡ot rcrdlly
epp*rcat tt to hs r,bc o[ldstfo¡ t¡ rffactcd ¡trae rÈrhgeaß prcerutlor
üeac t8l.n to atloy6 trace¡ of orygen fro ßbs r¡acÊfæ ¡f¡ture. Eor-

evcr ctÈh¿r cho prccauÈlogt È¡h.û vcrr ¡o! ¡of,flellcß or Èhr orldattæ
ra¡ cau¡cd þ rrall qusntftlc¡ of vator nhtcb rry havo boen l¡Èrcduced

rltb Èhe ¡olvcnt d*pl3c ¡rrten drying urth eodfr¡¡.

fre l^atc l"ar

-

tibe raÈc of ßhc clcctrm tr¡¡¡fcr rt Þû erprcrred by thr
equåËloÉ

ß - h[*t] I [rrru] r 2.6

nbere r enÁ t arc thc cd¡r¡ of the roacßlm rlth ropcct Go cach of
tha rpeelc¡ P¡rtlcfpaÈflg. If Ëhc rr¡ctlo¡ rrrc t'c obcy recond ordcr

Lt¡otte¡ ¡uoh th¿t !ß - t - I Èbon tlc r¡tc of roactlm rculd bc gtvcn þ
Ê - k [.ott] lrottn] z.l
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lblr cquatlm 1¡ r¡ot rlthouÈ srÐport ¡l¡ce rany elceÈroa tr¡tr¡fcf

aceGtfms b¿vc been farnd Co obcy sccood order kfi¡¡È1c¡ (1E).

Slace thc raËe of Èhc rc¡ctl,æ ylll el¡o be glvcn þ Ëhe

IlcIay cquaÈ[æ (2.2) ar

fr h.t.] [.ur*] ln2

t¡Ftl * [.o"tl

rrbco Èhc hrlf llfe t¡ ¡r¡brÈl3uÈcd for Èhc v¿luo of rÈþ, rG eaD cquatc

Èhc Èro v¡lue¡ of equ¿tlæs 2,7 sEd 2.8 end obCal¡ thc cqnatlon

I t,t¡

2.t

2.9[..tt] * [rottt] 182

trctcc ploÈÈllg thc recfproc¿l of 3he Èoüsl cooßßEtraÈlon of

cobelt rpecfo agalaet, Êhe half ltfc of, thc rcacÈton ¡hosld glvc a

tlle¡r rel¡Ëfon¡hlp, the rlcpc of, thc ll.nc bavlEg ¡¡. 
".1rr" 

å. Ihe

reletlcn¡bfp crprerecd by sq¡ÞÈfoo 2.9 rtll oly bc ro provfded

(1) Ih¡t the rolvenÈ docr noÈ prrÈfclprÊ¿ f¡ thc

reeettd recbe¡ln

¡nd (2) ltat tbr Ea¿cËfm obc¡zr recød æder hfosttc¡

bct¡g ffrrt æde¡r r1Èh rc¡pccÊ Èo oecb cn-
ponGaË.

slnec fÈ 1! mly rdcr thc¡e cmdfÈtmr sh¡t ßhc GquÊÈloo 2,7 can spply

Èo Èha rsactÍoû.

thc hlætlc¡ of thê .lceÈroq tråûtfor rcacÈlm bctnccn

coöalt (¡r) an¡ cobalt (ur) aeeÇkecÈmt,o cqlcrea f¡ Êoluæe e¡

rolveoÈ hsve bcc¡ ¡Ër¡dled at s ÈesrrÈurê of gB.P + o.loc. rta
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rerr¡lÈ! obt¡t¡¡d aro gl,rcn tn Àppcadk a (rabl.e¡t L7 . zzl ¡nd arc

aaPrêaGßcd graphleel,ly fn Dlga. 2.1 - 2.6. tha percentrgc cf crche¡gc

(E) shouD oÊ thc grepbt uea fsr¡nd Dy arpreealng the vsl.ue of I (equetim

2"3) ¿¡ a pereenÈaga.

lta error¡ f¡ the oarcurated pcrcenÊage of c¡cha¡Ec (tt) are

! Í1 of the veluer obtalacd for El. lùa¡c Gtraorl rc¡ult frc thrcc

a@rcêt,

(U Aa errer fn cornÈtag rata of ! ll (eec p.171 ).
(2) rtn error of ! 1l tn Gh¡ emce¡Èrattm ncarurc¡rttE,

due Êo the lldÊatto,!. of Èbe in¡Ènncnt u¡ed.

¡nd (3) A¡ ertlratcd error, obtdncd fro E ¡erlcr of

reparaÈ1æe, of t 1ß due to the sG¡lerrßioa pro-

ccdr¡trG.

ltc graph obt¿l¡cd þ plottrDg tb¿ rcctprooal of thc total
cæentretlG!¡ of coùalß agellcE thc h¿lf-llfe of the rc¡c3lonr, dc3e¡-

rfacd fra llgr. 2.1 - ?.6¡ Ls ¡b,ØD fr i{g. 2.9, the lfa¡er rclatim-
rhtp forod t¡ fn agrGamt vtÈ,b cquatloa 2.g Ghur fûd{caGlng Èhåt thc

scceÈlo¡ ln colgæG f¡ f{r¡È ædsr nltb rerpcet to cach of Èhe rGoß-

tarrÈr, c.g. GobalÈ (rr) ¡¡d coD¿lt (ru) oeGÈylaecGdrÈo coqrlcrc¡.

lhc valuc of t, obt¡lucd frc the clqc of Ghc traph r¿r f,or¡nd Èo bc

2.3ó ! (n) rrtr.,r1."-1hn.'1

fnerFr ¿Ed ßRtroov cf AcFtvaÈfø
Ite elcstroa trårafcr rcecÊfoa ra¡ ¡tudfod st t€rycrtGur.¡

oÈher Ghan 9E.7oc (trtgr. i.lo-2.1?) r¡ ordar tc datenrfae ßhe acÊlv¡tio¡
caßs$t for the raocËlon. thc rerulÈ¡ fcl¡qd are glvcn t¡ tablc 2.1 ed
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tbe rcÉ.fv¡È1o cøcrgy raü c¡ler¡l,atcd frc the ggspb rhæ¡ le Fig. 2.14.

rt¿ v¡lss of tbc ectLv¿tfo cüGEgt for thc rt¡tc¡ ur¡ fq¡nd to bê

14.2!8.tßhe¡lr/rolc.

IAI¡F 2.

ElGGtr@ tTa¡¡fcr Be¡ctfoa Þe3reec b1¡-(Acac) Gob¿lt (rr¡ *o¿

trlt$câG) Êo¡ert (ru) fr¡ toturnc. ves1¡Èia of Balf-llfr rfßb

€æøÊr¡tlm æd Îrycaaturc,

9,?,reg;¡$!¡qr G), t¡tf-lffr h(l,rcre--t;i-- llcl'lhg-l) tq.oc

I

2

3

ô

5

0.glt3 0.00t!t

0.ü00 0.tl00

0,@ó 0.0098

0.0att 0.02{t

0.(n9l 0.0103,

(e"* i|,g.2.9)

l$a (xtoro)

98,? Ê 0.1

t8.t t o.l

98.7 t o.l

98.t t 0.1

98.7 + 0.',1

g¡.'? t 0.1

55*t t 0.1

tl.0 I o.1

t1.0 t 0.1

80.0

14.5

31.1

7.1

2E,.1

6 0.0fto 0.01t5 1ó.!

, 0¡03t? 0.0¡tt l;ttû

I , 0,qt0t 0.o+tt !t.0
t 0.ült7 0.0tE7 28.2

?.!9 r l0'3

t.!E r to-l
6.60 * 10'1

' Drñ an aaalyrtr of Lf.ortle det¡ ef ¿ rc¿ctta cÞeytlg ræod
crdrr Lfætfs¡ thG G+r¡üin
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hae bccn dertvcd. IÊ te¡ al¡o besn shæu (20) Èb¡ÊAEt'Ee - 2xT for

rGåcttoü¡ obeylng ¡Gco¡d ordcr Ll,nctfcr, Èbul rub¡ÈltuÈlo¡ for¡f fn

tbe abovc cqu¿Èl,oû gl"Gt

ar+ln; -h/nt 2- Gê e 2.10

Eenoc eub¡Èltutloa for Ee ln cqr¡¡ßloo ?.10 gfver E v¡luè foraS* of

- 40 (g 5I¡) e,u. fsr Èbs elcctron tr¿n¡fer reactfcn ln Èotucan.

t¿b1c 2.2 eoryerc¡ thr Ll,¡cùfc deÈ¿ for e ¡arle¡ of elcctron

Èra,nrfcr rGåc31ñ¡ beÈnces csbalÈ (fI) üüd cobelt (¡¡f) eqlorer. I¡

ell ca¡er eeept Crro Cbc ¡olvcnt urcd sa¡ TsÈer. SLecc æ¡t of the

EÉoßB1otrr rbora erc st¡r,l¡r aod rLghÈ thereforc bc enrpec3cd Co h¿vc

alrfl¡r v¡luc¡ ofÁg* ard Er Èhc cqar¡ble ra¡ulß¡ oÞrarved for rary

of tbe rs.otlsnr do ¡oÊ ¡llq sry rorthhflc dcdt¡c3loßt ßo bc ude.

Eøcvcr lt 1r of Lußcrc¡È to ætc tbc ehflarlÈy Ln Èho valuc¡ for the

aceÇleceton¡Êo eoqle*ar ülth Èho¡G for thc snf¡o typo eqle¡o¡ ¿Ed

erpeetally ufßh the valr¡a¡ for tbo ctþleocdf-äartno cqrlorcs,

E¡fer8r¡¡¿crly Èhers {¡ ta¡ufflel,olG hLn¡tlc daÈa rvefleble to allw a

rlder cqertrm 3bÂn 3hrË ¡hæn 1n fable 2.2 to be -odc.

* h - Ep:clffe raC,G cñnÊa¡3 for ßhG raåetlø
k É lolÈrl.Ê eoo¡t6oÊ, h . ?lancl,ra cmltEnË

¿3* - cltret of actlvatfm, Af,*- be¡t of, ôGtlvaGlol
l. 1¡ Èhe ger ematêEË úd I il Èhc ab¡oluÈe CceGraßurs
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llech¡nfun¡

-

Se sheotsn chat ce¡ be euggeated for Ëhe elecËron traasfor

proccS¡ Ln tolucne tEcl

l,) Àn aceËyl-eeeCme radlcal lay be digtoclatcd fro the

cobalt (III) ¿orç¡ler leevfng b€hfud ¡ Êetra-coordl¡sÊed cobalt (Uf) 
'

vhfch Gould thea undcrgo ¡¡û elacÈros Ëransf,ct vl,Èh tbe tetra-coordLneted

cobalt (II) eqler þ reesa of an elccttm jucp (4) ø tutncUirg (5)

¡ectr¡nien. Itl,¡ nechsnlsa vo¡ld bc favoured ln ten¡ of thc Freæk-

Coodon Prlnclple slncc Èbs apecfcs lETolvcd ta Èhc e¡chenge rould bave

arnetrlcel sCr¡¡ÊÈErGs. [æever, Ëhe cobalt (III) acct:7kc6Èoú8to eno-

pler, does not undergo eppreßf¿blc erchange rrlth cobalt lon¡ tn eolutloo

(11) (43), nhlch sorrld ted Èo ludlcate that thc ltgsrd roleculo¡ are

bøded rather ctrongly Èo the ccnÊral [€tal aÈc eud sq¡ld Chereforc bc

unllhely ßo bc dl¡¡ocLstcd ag an aeetylacèÈmc radlcal iû Èolue¡c.

2) the ¡ecord ¡cch¡nl.¡¡ Èo be euggeaÈed ral,er use of, Ëbe

electrm jtrp (4) or tbc ßunnclllag (5) htrpothcsf"¡, In thf¡ care en

electroa could jrry fræ Èhe cobelt (II) eoçle= to the cobalt (III)

cqlex havlng flrst acqufred tbe enetg¡l ûeccsõårT to p¡se sver Êhe

poterÌfal èBerF/ barríer. Ae gbsrn la tbe êqusßlot¡ gfvcn bclov thls

nould produce a porlÈlvely eharged Þ1a-(aeetylaeeÈæaÈo) cob¿lt (III)

lon and a ncgatlvely cbatgcd Èr1¡-(aceßylacetonaÈo) cobalC (U) to¡.

A negaËlve eceCylacetæa lon would thee dl¡eoclate frn Che laÈter and

svc sldty acrocr Co Ëbe poalÈlvely cbarged cob¿tt (III) loû. 1.e.
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Go
III (acec),

clccÊrø
Cc (acac),

II IItr +
Go (aeac)l Go (aecc)

2

corr1"ca.)
2

* ¿csc c.rrrq..*¡f

corr(*cac) com(aees)
32

ltl,¡ ¡ecb¡nfn ls, borevcr, r¡ofavour¡blc ¡lsce the rpeefca iavolved t¡
thc cleetroß Srastfcr ha.ve üûsy'ntËrfcal ¡ßn¡ettet q¡d Èhe Fra¡ch-

Gdor Pr{ulpl.r tt loÈ úeyed. Streb an ¡rcn¡¡go recb¡¡tn r¡a¡l.d

¡eocleerily lavolv. very Large acÈlveCfm cncrgfø uhfch tr ecrttÍnly

ûoß ûo tE ßhG c¿oc r¡nder cñ¡tldcrttlm rtçrc 8a - 14.2 h c¡l¡/slc.
3) lta æcb¡nlsû nat lrr¡olve Èbe fornaÈlo of, e brldgd

acGlvatcd latct¡dlt3€ rerctc¡tcd by llg, ?.32¡. Euch rn lntcrredf¡ßo

sottld a¡çc¡¡tCeÊo the breahfag of, an üygcoectsl bood æ thc cob¿lt (III)

apccler and tbe rcfonrtLoo of 6ô oß tbc cúalt (fI) cqlæ. ltc
.ÈFua3uså of thr l¡teildlaGa forud dn Èbl,e rey aoufd ba rynotrlcal
¡¡d rq¡ld tbr allcr for ra esllcr trrß.f316 of tbe crchruglng clectrm,

rl¡ee there rculd bc no vLolatto of thr lr¡nch - Coodm Èluclplc.
Fr¡rther Èho conJugaÈton 1l thc brldgtug llg¡n¿ rould rllc tbc Èr¡¡rfer
of Ë'hc eloccroû Ëo È¡hs plece þ ronaent Êhrough th€ llr- atcctrø
ty¡cø (19) (23) Ghu¡ faclttCsßtng Èh¡ rlcctroa 3r¡¡nrfer ty lorerfog

Ëhc r¡rkÈÊlce 3o 13. ttere factor¡ vanld bc rcfleßtcd 1¡ e rctr3tvcly
lr acÈl'vatlø caergr tor ùhc clectrm tra¡sfcr. lb¡r¡ Êhc rel"atfvcly

+

+

I
+

+

u
trga¡f,cr
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lc vrl¡¡a ef Ea - 14.2 k c¡le/aole fornd fo,r Èb elecÈra arr¡rfer
nrld .uppcÈ tbf¡ nch¡of¡l.

thc ratc of ferratlæ of an l¡tqradfaÈo of Èb, crp. snggerÊrd

mld bc crgæted to f,ollc sccild ardar kr.¡cÊler, af¡ea tt çrltd dGD.û¿

oa Èhr collr¡ra of Gro prærrle¡ ef Èhc reectrqg opocr,er.

thst thr rete of fælstfon of such an l¡rÈen¡dtrËe 8¡ 1r qlggert¡d bcrc
Í¡ ttc taÈc deterrl'nfq atcp of thc elcetre Grassfer r¡¡sGfc th¡¡
cu¡ryor3 for ÈhLr rechmLn la gfvo by thê obacrr¡ed cecd c¡ücr
hfncùfc¡- Ar¡o frr a eosfderaGlæ of rho cûÊropy of scÈ.tveùre fc
Êb reecttæ fr¡rther ervrde¡ce to ouppæt thc eristencc of a brtdgcd \
actlvetcd laÈerredlata cqlex Í¿ !þs Eçhañrll of the clæÈrn trar¡fc'
ra¡r be oùtal"ncd.

ro tÌhe ææ1 iBGcryretrtroa of the enËrry5r of actrvat¡,o (5g)
the ægattvu valuc fqmd rculd {ndfcaÈe thaÈ tbe foutlæ of ¡ha

tr¡æ¡t'tfæ ctat. corErf6¡ ha¡ a læ probabltrty ad ÈheÈ ùh¿ r¡te of
rc¡etlæ l¡ ¡lq. Eqrcvcr thpn a rcactfc oseura b€Be-. fr cqkx
rlcc'ulGl reaultlng in tbe fon¡atlo¡r of an actfvaÊed ¿EÈerrd{åtG GCr
ple ad sGGCP¡r¡fcd by â rearrñgænt of encrglea æg thc dcgrcr
¡f f¡ofln, such thaG the actlvated istedlate hro 6. ur rigtd
ttüußtoae' tbcn Èbra elll b€ a desreåae fn thc absolute €ûtroDy valuc.
GcrËatdy t¡ the thfd anggcrEcd æbaol¡r oe s¡ld .rpcct chåÊ thg
tran ltfæ ¡tate wqrld be ære rtgid çbnn efÈber of Èho idtvldr¡ar
rc¿cc14g oqrleree. rhur thc ægaÈl,ve eoÈrop¡r of actlv¿tle f,qËd,
al'thægL lndtcatlng a lc probabillË¡r for thc foæËta of eû ðGÈlv¿È.¿

l¡ËctæðteÊe, does ptovLde svtf¡mr3 to rupPct rhre nbsnln. tu¡,Èhcr
tbe rotroryy of actlvEtlm for Êhe reacÈlon bet¡leen cebslt (¡¡r) d
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c€balt (If¡) eceß¡llaceÊoraÊo crylexea cúparec ytGh the vatucs for the

other rGectl,ort kûtrü to proeeed vta rtucr apberex brtdge fon¡tlo.
(rabh 2.3.)

laua 2.3

-Bc¡cÈant¡

-
crGro)rD2* * c.2* - 20 e.u.

) ü2* + cr2t - 18 e.u.5

¿
Á9. Bêf.

Go(8,

30

31

co(mr)rEaos + cræ

cr(Hr)rrat * c"Zt

- 52 e.u. 31e32

- 30 G.u.

lurtherrore a poelÈlve entrqy of ecÈlvatfæ vould, althcrgh tdleatllg
a ¡ore probeble traEsÍtloû eÈate, ¡¡oÊ h¡ve produeed aneh rÈrcng cvldeocc

of a bridgcd activstod lnterredl¡ße ¡l,aae ôthcr ncch¡¡lnr rcÈ Lnvotving

cucb trgrn¡1ülm cÈate¡ uould al¡o be eryeeÈcd ßo bave porttlve valuc¡
+

îot Al' .

Iterc hav¿ beea eæ aÊtrrytr Êo relaÈe kl.¡etlc par¡¡erÈerl¡'*
parÈfcularlyáS', Èo Èhe rêGbaûlrn of, electræ ßrsarfer aeectlodt. Ihf¡
h¿o hmçver teG vlth llttle ¡¡¡cee¡r duc Go the laeh of ¡ufffcfe¡t
eç¡.ertrcatel deGa. Elggincoa (zl) la an atËeqrt to rel¡tcAg* to thê

r¿chanl¡n of tho êlccÈroa traasfcr ba¡ drgn aÈtenÈlor to Èhe fact Êhat

cerÊafn roactl.oos a.g.

33
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c.fbrf - cnÞ.¡ c.Orrlf - eta¡¡-rryr¡f

L!. r¡¡rStn t¡çtr d rrtlrrrln rftfql tb dfl *
lrflvr r brtd¡ró alllr¡td qrlr*. lnr: ll¡¡frll fl htr ü.L
t.l Ü|ûa rt l"*üTúdatt- f; hf.td roell¡trl rçtæ rld,lfi r.
ChrS urd bt t ú. .t ¡l (t¡). ltr l¡r¡s rf.m ftlfn e hff¡f
.ßtlTtÊea cçlc .r *r ll ühfñ ¡Þ. c.ñútrÌ¡r r¡br trr trrrlvd
fr û. tmttc e! thr ¡s¡f¡r rr¡. tnü*r¡lrmi rlrr:tl. t3

úñU ¡ffiü ¡r fot*¡ú d fùñ æn l¡ m úü. ¿tr drtrr
:ür.lc lr r¡ lq¡tr-Smrr ¡rr¡tfn I trll¡¡r rf tr tm¿ lr 3t¡

irlrl3¡ú rt¡lr (¡$. tlr t¡ rL ü.Frlr lÊ¡n OÉ rr¡ tl0ql:*
tC lr l¡fñry pÖùtr :t¡3 ¡ d,n f,ü tñolü- l¡ hfap lãl:tfrr
rrçæfrfþ r1ær tL. rrttc ûrn ¡ d c b r:BFr .t tb
.ilfr trrl* ttl rol¡¡1ü (11t. A :mrrütr .t tr cçll n¡ tr¡rlr-
It I ttl¡ffq llú,c tr crrrfrþ ttttlarþ ¡. fr¡fn l¡ lllll tlttr
lanu, Ér*hs tr ts ¡üfáfûü úrrr ncw t¡ ¡tr ttütfßtö .trilr
rry üttrü ¡m l¡ r¡r.nt tûrù r ræfvr ll;fr¡¡, rú r¡tn:l¡
dr fdltrt¡l tt !.rrËrc rl r crËrtÈla at :. cçlc.

l*}a d llDl¡s (tl, h ¡¡il r ¡¡rrl¡tt¡ l¡mil 3br

rtft t oú 3b| ..3l|rs.l 3snt3tü t3¡3r ¡çl¡ d ¡b ctrr¡r I tb
3úÐltl'C .ttËr rçlu. l¡rrs tr¡¡rrr G .1 (rg] frü rtaatd
ta lrlrtr rùr nlr .¡aa+ 3a h ot r¡. .ú t¡. ¡rrü.l3t,rn rrrtr orpfc.
ïh cç1il :fry tñ. r..ó tr tp¡¿ r$h th ernçOft ttt
tlr vrlu¡ ¡û ¿lf fr ft¡ t tù. t trl orü¡J r & llr.tlr¡ grclrl.
lúl Strlr rrtl¡r n rnll ¡trdrct a value of approxlmarely 12 e.u.
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for the rcaÊtfoa brÊroca ûËußEel roleeule:. Eoflcver Èhc EÊacttoû

beÈrrccn ccb¿lÈ (II) anl cobelË (nI) aectylacctooågo eqloxcr fn tolurnc

b¡¡ ca vo have rceß, e vslue of -rtO eru.¡ rblcb doe¡ ¡ot sgree rfÈh Èhc

c¡¡uTtloo¡ ef trlgglaro Gt el. A etgnlfica¡t dffÊGrencG b¡Rræn tba

rGåeËloor con¡tderd by Eigglnrea ¿ad Èho roaetlæ bcÈreon the coÞalt (ü)

a¡d oobalt (IIt) aeeþl.aceto!¡3o cqlorcr 1r th¿t la thc forur catêt

therc tr llütle, Íf aoy, dlffercnce 1o thc rÈr¡ÊßurGt of thc EêtßtåùÈ.

rrhfle ln ßhc laÈ3cE c.r¡G thcrc fc a vctT rtgniftecnÊ dtffcra¡ec dt¡e to

Èhâ cotelÈ (II) eqlcr havlng a rcsk ltganú fÂeld nbllc thc cobalÈ (III)

h¿r a ¡tt6g ltgcüd fLclrd, turÊber ¡llcc thc value¡ of AE+ fot *oy

te¡cÈi,ø¡ de aot flt thc rel¿ù1o¡¡htp prcdtcÈGd by XLggluæ lt luggctG.

ßhEÈ ßba .ûÈtopt of eeßlvatto¡ docr ¡oË hevc o elrylc r¡l'rtlo¡¡htp to

aof cD. faßCor. Emvcr by a eolrldcraClon of Gho tre Êyper cf rGaG-

tlo¡ a.g. Èhote of Efggla¡on and Êhotc ttudtcd h Èblr rorb. oûc cå[

ruggcrt that tbe valuc of,aS+ 1r d¡¡c to aÈ learc tno f¡ctorr, lh¡re

baf,¡g,

(f) lte toÈel ebatge æ Èhe reåcÈi¡Èt.

a¡d (2) ltc dfffcrcoco lu rlccßroolc otrìEcÈurcr rcrulttag

fro ¡ dlffcrcüß¡ l¡ ùbc llgand ffeld¡ Ln e¿eh

tcåeËåEt.

Itro futthrr f,seÈtr¡ ¡hlch uy heve ¡¡ cffcct or¡ 3hc ctÈtopt of

aostvatloB 8fê,

(1) lte solvcnt - duc alther tc Ëhê dlfferctË dcgrcer

of rolvaÈlø of Cbo roccCant. or to Cbc dttcct

parÊlcfpaË|.æ of tbe solve¡t 1¡ tha clætreû trrnt-
fer r¿ohaûfu¡.
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(2) Ihe ¡¡ture of ßhc Þrldgfag gssup (¡ Èhe rc¿eÈion

proccedÍag vla brldgcd acÈLveÈed tntcr'ædtaÈe¡.

lhe er¡al¡r¡tlon of, the effecta of cach of theee facËor¡ oa the vah¡e of
J-

A¡' r11l oaly be poealbla m Èho acet¡rlati,e¡ of u¡ch rorc ¡T'crhcntal

daÈa.

Ibc prcdfctcd [nflucnßc of ecrvcral facGor¡ oE ßhc valw of, ¡S*

laed¡ mc ßo predlet thaÊ tbe actl,veÈf.oÊ GnGESû/ of the Gl€ctroa tra¡¡fer

rcactloû l¡ ¡r-Llarly dcpendenü oa ¡ávc'r¡l facÈer¡ ¿¡d ¡ot oûly æ tbê

ehrrga of, Èhe aeactaûtr a¡ tr prcdfetcd þ Xlrrcw oÈ al (5). ttc raËura

of ary brtdglug groupr sd tb€ rffecÈ of rolvatlàn vqlld probably be

teflccÊcd tn changer of vldËh of ßhc potcßtfêl crcsgü/ berrlcr. Bwevrr

the ¡lt factorr tnfluonehg thG belgbt of tbe cnGrSZ ba¡rlor ro¡ld.bc

È!c ÇoGal. charge o! Bhe rGacSsnßf e¡d thc dlfforcmoa ln Èhc alcetrofc

tËrn¡cßuaer of, ret¡l etc¡ fn thç reactfag ccplcrcr. A¡¡r¡l.ag thaÈ for

the reecGlæ bcßrsGn leutrel plcculc¡ Èhere f.¡ ro cffeet of chargo m

the brlght of Èbc GBGrtil¡ barrl,er Chsn Èbc actLvotfm slorg¡r ea¡ bo

crplrtnd tn torr¡ of tbe dtffarc¡ccr la cleeÈronfc !ßrr¡cÈr¡rer of thc

conttal rÊßal aÈür l¡ Che reacÈaßtr. For Che eobslc (II) ad cobalË

(III) aectylaeeto¡sto cqlcxa¡ Cha dlffercæo tn clsctronlc ttructurg

of tho cerÈral latal aßa l¡ due to Èhe apllÈËlq of Ghc 5-dc6GßÊreÊe

enciggr rtatG of thc 3 d orblÈal¡ LnÈo yarloua t¡ppGr aad løcr c¡crgt

rtatcr by thc llgaud ffeld of, thc cqlcrcr. I¡ Ehs care of thc

cobalt (II) cælax Èhe dcgroa of rpttttlng 1r 1o¡¡ dua Èo a lcer lfgaud

fteld thta 1¡ tha cob¿lÈ (III) cqrlcr. llbu¡ Cbc rcÊlveËLsr Gnortt caa

be orptal¡ad a¡ chc elcrg¡r neßGmary Èo ra¿rrsagc Ghe Gßergy ¡ta3e¡ ef

thc 3 d orbltalc of thc cobalt c4lcrer Èo lÉÈGrrcdteÈc valuct. Durlng
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Ghc rc¿rr'ügcnsint of the eûcrgt ¡tatec of 3hc 3 d orbfß¿la e raarreFg€-

.cnË of alccÈraLc ¡trr¡cturo¡ rq¡ld al¡o talc placc. ttc rearraqge-

rest of thc elec3ronlc ¡ß¡ucËurer wq¡ld al¡c facfllt¡ße 3hc forrattoa

of a eyrotrle¡I fnÈerlêd16tc at regulred by tho Fr¿æk ' Gondon Prln-

ctple f* Èhe farË tot¡sncmÈ of Èhc cloctroa durlng tbc acßual erehauga.

Ihe crphnaClæ of tho actlvaÈfoû erêrÐ/ glvcn above b¡¡ becn

@ thè asrtrytloû ËhcÈ there Lr ao ef,fecÈ of charge for thc reactlou

b¡Èylen ¡ßuÈral ælecul¿¡. thir ararryCfm rby horcvar be LacorrccB

rlnee, due Ëo Èh¿ dlffereoß€ 1a clcegr6cgôË1v1ty of the ccûßr¡l rcÈel

e3a a¡d tbc l,lgand rlæulecr r rcperetloß of cbargcr vl3bla thc cqle:

¡okcul.e¡ vlll al¡o¡t eerËal,nly Cebe plaee. ltu¡ the apprcreb of Èro

chargad coordLustlæ apherct ray havc as Lnflue¡ce m Èhe aeÈl.vetlm

Gl.rgt valuc. Ih¡ aaæ ray be true for Che velue of Èhc entropy of

actfvs3loû.

D. AcetvlaceGoac E¡ Solvcnt

Àcctylacetonc rrr uscå a¡ a ¡olvæt for ßha cl¡eCre¡ traüfcr

rcåcBl.or bctvern cobalt (II) aad cobal3 (¡f¡) ¡rccGyleeGËdrGo corylerer

¡lnec tC ¡¿3lrflcd thc rcqufrrcote glvcs fa cectten A of ßhfr Ghaptcr

e¡d furthcr rÍ¡cc tt var de¡lred to galn l¡fotuCtm lnSo thc effcct

of tbc rolvcnü sn Cho clecÈf,m trsa¡fcr rG¡eClo¡. DsfCherlosc Èhe

cbsfec of, Èh1¡ ¡olvc¡t prorfdcd a rschct .'nlquc tt.tcr for tttrdy ¡f,ncc

Chr acctylaceÈmc va¡ aot mly acÊtlg cr rolvenS but va¡ alro prcrcat

r. 3hå lfgrad rolccule¡ of thc eobalt coryleroe. It€ elecËron traú-
fcr rc¿etton va¡ csrrtcd qsß st 9t.7o t O.IoC for tbc ratc rcalotr that

Ëbla tcqeraGurG va¡ choaen sten toluGûc r¡rr u¡ed a¡ Ëhc ¡olvcnt.
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Alro tbc eryartrcntal tech¡tquc eryloycd for Èhe rtudy of Êhc Glcctrom

tranefer rcgcÈl.oo, uas et.nllar to Èhat ou¡l,f¡cd ln Scctlm G.

lllenal Stabllltv

IÈ va¡ EGcG¡ðary 3o aüuily thc roducttoa of cobalt (fff¡ acetyl-

aeeÊo[ato crylcr ln aeetylaceterc rtncc Lf reductlon oecurrd Èo ary

appreclablc crÈcot the calct¡latÍoa of Che rate of rcsctfoo sould uccd

rodlftce¡fon ¡o a! Éo lnehde a corrccttæ factor (1). tte ratê of

rGåctlæ 1n the ee¡e of er¡b¡ßanÈl¡l reducClon occurrfng ronld be gtvea

þ equatfæ, 2.4. lhe procedure fot tbe rÈuily of the redrrctfo¡ of tbe

eobqlt (III) eqler ue¡ rt# lar to Èb¡È u¡ed nhe¡ Èoluenc rar ¡olveaÈ

f,cr ßhe .yrtcr. tte re¡ulÈ¡ arc ¡bæe fn lf.g. 2.7.

It vlll be ¡ocn frm a corparlrm ülth Èhâ telucnc ea¡e tb¡C

thc e¡Ècnt of rcducÈlo¡ va¡ agafa ncgltglbtc. the alryltflcd forr of

quatlm 2.4 cnrld Cherefore be u¡ed for Èhc celculatlen of Èhe raÈc of,

rGseÈlæ provldcd ¡ucb c¡lculattoar wcre ba¡cd or CbG æarurersnÈr of

Èha cobalÈ (II) eqlcr.

h early expGrfronG¿ 1È ra¡ fomd lhat a ploÈ of foe [fOO-f
Arcbaqe] agatnrt tlne gsvs, túttcad of tho egcctcd rtralgbü llne, a

graph vtth I tendency to eurve uprerds at Ghs lolgcr tf¡c lnten¡alc

Flg. 2.15. In early caleulatlmr lt vsl ¿¡¡rd Chat tbc rolarltte¡

of th¡ rêaeÊsaÈ¡ takfng pa.rS La thc cl.cctrol tË¡rn¡fcr raacÈfon dld aoÊ

cbaage vLth tl¡c. ttfc borevsr uar trot Èbc cate, ar eubcequent erperf.

úênËs ehoved, ¡læe the bte-(acetylaceton¡to) eobslt (tr1) ra¡ lrrevcnlbly
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.15 corr (r"r")g-corrr tr"ltcJl-"ïf".""o rronsfer reacrion in
acetylacet,one at, se.zlolroc¡ corr0.0ll2¡t t corrlo.ollzM
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orldt¡ed durfng tbe ccrr¡e of the erparlncaË.

An e¡adEaÊfon of the æÈbod of c¿tculeË1ûq of the pcrecnÈage

of clec8ro¡ Cran f€r occurrlng rll.l ¡hæ bæ an upuard cury¿Êurê of the

graph ra¡ causcd. Itß percentegc of ¡lecGron Èrsü¡fer (EiÉ) ra¡ f,q¡d

bt rrlÈtplylas thc vals. of r fra thc cquattoa 2.3 by loo. rf ÈhG

eobalÈ (II) erplc* sa¡ tllßfally loacalve, as uaa cbo¡co lu Èbe cqeri-
B¡Et csrtlcd crt, thl.r vq¡ld alryllfy thc vaLue of E! ¡r¡ch th¡È

flfi, r ¡ß 100
2. tt

ubcrc Aoo/ooo 1r Èhc ælar cpccifle acÈlvlty of Ëhe coù¡lÊ (tI) cqlc*
aË Laflnl3c ttn. Aæ/H_ Y111 bc cquål Èo Êhe ratlo of Èotal ceÈlvfty

Èo Èbc toÈal rolarlty, rùtch l,s a eoo¡Èant for any pertteuler c4crireat.
rhul, tf, er s¡r a¡rrncd, no cldaÈto took plaea Èhcn tÈ vu¡ld slro be

co'oaSåût. Ceorcquentl'y the valuc calculat.d fo'r El r¡cr¡ld bc lc¡¡ gha¡

Èhe tnrc velue at¡cc Êbc guantLty rla fsrnd ¡-Fcrlrotally uorrtd be lcac

th¡n ch¡È for the ea¡c rhco 80 oddatLon oceutrd. lhu¡ Èbcrc ra¡ aB

upuerd curvetur@ of thc gtaph et longct the htcn¡lr, vtcre Èbe aro¡¡nt

of o¡tdatlm u¿¡ g,rc€ter ¡nd tha valuc¡ of Aa sld B eoorqucntly lover.

rt rfll bc ree¡ frc ùhi¡ explanrÈlol Èh¡t ft besrle rccc¡¡aq, 30

.n¡ly¡e for Lùc qußDßlty of cobalt (II) oqlc*, !.a auy cqlG ùaL¡D,

tn ordcr to csrcul¿tc tb. Gnre valuc sf ÉL. r¡ ¡lt eryerf,rrnÈ¡ eoq-

dt¡cted iÈ ra¡ fq¡nd BhåÈ sa lrtcryartlblc ortdatloo dld Èshe plaec durlag

Èhe rccetlo (¡cc Tablcr 2-13 Appcndfr A.).

as¡rnfng no lrrcner¡lble qldaÈlon Gha error¡ ta Èhr pofntr

--

llæ
A

oo

at

Ht
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thütr I'n Dtg. 2.15 rot¡l.d be ! 3E of Eil, arfrl,ng fre a counting earor

of ! lz (coc p"lzt) a¡d frc es e¡GtraÈod crræ of ! rl la reperrtlon

proedurc. lhu¡ the Êvc pofate l¡dlcatcd bto acd crplalrtng rl¡eo

u¡l1ts Èhr otb¡r pol¡tr on Èbe graph Èhcy lfe n¡G¡!.da Èhc crror of ! 32.

tte erplenaÈton ChsC rat h puÈ forvatd for the ócvfatlon f. Ëh3t ËbG

rcparetlø ef thc rrylor t¡ùo csbarù (u) ad coùelt (ur) fracGton¡

rar BrÓrblt uot cqlctc duc Èo farufffcloß ra¡hing durllg Ëhc oc¡l-

888tLm proccdure. ftut Êhc error of æparaß1ø rould be r¡odcretËiretd

et t lI for at l,ca¡t Ëhêæ Ëlro ¡rol.nÈr. toflavsr lÈ ys¡ fclt th¡t thc

cul¡yatorG of Che 8;taPb ret lndccd e rcel f¡dlcsttæ Ëhat orl.d¡tlot ra¡

ts facÈ ßektrg place and Êhi¡ 1r eertaldy bornc urÈ by Êhc oxldaÈlo

¡horn ln lablc¡ 2 - 13 (rtppcndtr A).

Ih¿ l¿Èa Lry

If acetylacetcûô l.¡ addd 30 thß rolvent túerc 1¡ tba poerfblltÈy

of sa effcct ga Ëhc raÈc of thc clccÈtoE CrôD¡fcr rcactfm due Èo Ëbê

dlrcct parttcipeÈteü of thl¡ ln tbr rcscÈÍon resh¡nln. ltur tbc raGe

of re¡etloo r¡y be erprerecd by

ß - k [.rtt].[."ttt1t[r.ro.] ' z.L2

nhcre [n.".""] t¡ the comGñtrêÈl.on of accÊyleeeteoe Ll Èhc rolv¡nË.

rt h¿¡ Þeen fq¡rd Èhaß chc ratG of ccrteÍn clæÊro Èrs¡¡fer

r.actlmr l¡ aquæur d!,e ha¡ e dcpedcrce oa ÈhG pt of rcluttoû (44)

(45). rüc t¡flue¡se of thc pt oq ßhc clectrs Èr¡r¡fcr ray oceur in
ùro Ya¡n (44).
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or

(1) Duc to aa effect ù Ëbs cqulllbrln acectlcn

for Èbc forr¡ßlm of e ccplo¡ ¡ccc¡mr¡; fer

ehc olceeÍo8 Crs8fcr resh¡rltn o.g.

¡ ¡-(a-x)+ + ¡ g+==_ t't t ¡ I AI

(2) Duc to tba partlefpaÈlon ef, ¡ re¡k acfå or

a¡1oo of a reah aefd la tb¿ clectrou tre¡ils-

fer rccbanls. Ibfu utll ¡c capælel.þ cruc

lf Chc þdregcn lm f¡ ¡êce.¡att for the

fotutlca ef a brtdgcd ectl,vatcd Èr¿¡¡lÈle,¡

rtaËG. Thur rhon aeaÈylrccCcûG l.a s¿dcd Èo

thc selver3 Èhr 
"cectto¡ neh¿nln ¡üJ¡ dcprnd

oa tbe cqullfÞrtui

(aeec), g:corr l"eae)i +u+ 2.13

Eeasc ¡lacc gho c¡cl fo¡r of Èhc acet¡rlacctæc c¡¡ unôcrge loleeGl,rn

produclng þdrogee 1oü¡ t.G.

1.14

E 3

II
Co

+fü

H
Qg

thc rrGa cf thr çlectroo Ëral¡fcr r.t be erprercd þ

r - \ [..tt] t horrr] t ["*] , 2.15

If b fr tbc dl¡resl'atton eæstsnt of acctylrcctms thco ßhc rel,atlæ-
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rbtp betr..t [fl "u [n.".".] la gl'ven þ

[*] r I b.þ..""]
8ub¡tltuËfon of If] fr- cqurSlæ 2.1ô ls 2.13 glvc;

B-h [.ott] '[.ottr] r["*".1¡|/z z.Ll

rüere \-41,. \
rÊ ïtlt bc ¡ce¡ Ëhaß cquacfodt 2.17 üd 2,12 erc ¡hflat.

fu¡ther by hceplag tbc acet¡lleceÈsac eotßGqtratfm¡ co¡.ßaut bctb

eqwtlmr redr¡ce Èo thc forr

r - h3 [.ott] 
r [*rul r 2.18

e.16

2.19

IÈ ha¡ alrcady bacn eugge¡td aÈsvc thrÈ the eoæêtrtratlæ of

acctylaerÊoû. ln the ¡olvesÈ tt hlve a¡ effæt m tba rat¡ of 3bc

ele8trñ tr¡¡tfer. Aay cffccÈ cortd be duc Èo

(f) frc cbilgc f¡ tbc dl,elrcßrte eq¡Eaat fcr the ¡olvGst.

Eor¡scr 1¡ vls of thc crldeæc prcduced by Goùra

(10) ¡d ls&cr (26) Ít 1¡ opt Èo bc e¡pcctcd thst

tbl¡ offcct, lf pnrcat aB ell, rfll b. vetT gr*ct.

(2) tüe dLrplrecr.út cf ¡bc cqrtllbrln fer Èhc fc¡rrÈlo¡

cf ghc ar1¡-(aortylaceÈneùo) ccbatÈetc-(Il) cqlc
e.$r

corrl"cac), + E aßac=,-Lcorrl.eec +n+);
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or (3) llte chrege fs tbc þdrogcn tm eæcentratim, produced

þ Èbc læL¿eÈfo of, th¿ caol f,or¡ of Èha ac,etyLrcetce

(equatlæ 2.L4,

r¡ all ef tbe¡e e¡rer thc recr of roactlßD rt bc rryrcr¡cd b, clÈhor

eq¡tatlæ 2-u2 øt 2.L7. tf clg eoac€nÊ,ErGlfr. cf c¿üelt (II) od côelÈ
(I¡r) cqlcrcr erc tcpÊ cf,¡G8¡t Èb thc r¡ßc ef rcrctlo 1y bc er-
preaad bt eq cquatto of the gcncral fær.

[" ""."1
ztaL 2"ZO

Ìurtäer r edl¡¡tfm of tbrc ritô c{Ee3f6 2.t gfvco tha rel¡Èlmrhlp

2.2L

Eæe lf thc cob¡lt (II) €d cóelc (t¡¡) coecotr¡Êio¡ ¡rc hcDË cæ¡Ë¡ût
chcn ¡ plet of log tl agaÍErt rog z cæGrÊrrtlæ of, rsetytacc'tmc ¡bæld
glve a rtrclghÊ llsc grep;b of alqc - z¡ ntc¡rc z La thc order of Èbc

elacÈrs tgrmfer rc¡cÈlm ln ecetylscctõG, æ b¡lf ùbc orrdcr of thc rc-
¡etlo¡ ln þilrogcn fn eæe!ûtrrtlo (c{u¡ttqr 2.lz ¡ûd z.Llr.

of chc Èhaæ pccrl.bl,c c.E¡G. glvcn obore for thc cffæt, o thc
raËa ef reectlm, of tho add,lÈfæ of .GcÈtl.cêt6c Èo Èbc eyrtcr nly
chc ¡eeod r¡d tbfrd ¡ecd be eæ¡ldcred. nqt.ú and ger¡cra (åó) dctcr-
r1¡G¿ th¡t Èbc dl¡¡ecl¡t1o of Grlc-(aecÇlsce36¡Go)córltrte-(rr)to

tn tG dfco nar ¡¡rsh tbtrÈ rúÊó cd ttcy ¡1¡o erÊbtcd tt c tr pure

raccr t4ê¿o./5' Galcul¡tloac l¿¡cd c Gbo l,aÈÈGú v¡1uc d ra E€cttlæç-
Ceoe cæeûÈr¡tl@ ef *2 X glve ¡ velue of. ,tÐtL fæ tha dqrcc of for¡Èln
of tte trl.¡(ccc¡¡¡1¡ertcrÈo) eçlcr cf eoËrlÈ (II). In rfrtuÊæ st

t r [n "o.] 
z
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aect¡llrc,eßeo md Colueoc tt cn bc crpccGcd Bh¡t Èta v¡luc of pß rrtl1

bc gfcater tb& o.4. Eeæc lù co ba c*pcctod thâÈ Cho dcgrec of fo¡u-

tÍ.æ of the coqrlor coll(¡arc)g-1o, for e rfnfrn coæcnßratlæ of

rcoÊylecetøs of zOf [Y{ 1¡ tolr¡cno, útll be grcatcr Èhrr t81, rbur

ff Êhc dlcplacuÊ of thc cqclllÞrlr¡ f,or tle tG.ctt6 ECDrG¡GßËcd bt

, G{ultfo 3.19 ¡r¡ a fæ.tor dcGærf¡fst Èhc raSo of tbc elccÈro trao¡fcr

ac¡rct16 as algnlflc¡rt dlf,fcrcnec lr cffæË wld br crpæ,tcd fst co-

ccstrattær ef aceù¡llscctoc gtc¡tcr tba¡ 2(t! ["' 
t

¡- 
/vJ e

Itc È¡fr-(saettrl¡ectanto)ecbrltcte-(Il) 1æ 1¡ ÈËc ¡nlø of, a

ro¡L ¡cld üd rflt tborefæe bc qcctd Co tehr part ln an cqutltbrtrt

rc¿cÈlm (e4ueÈto 2.13) rl,Sb þÉrogcn for. $læc ac.at¡rleceGoÊ r¡t

tndcrgo foÍz¿tl,æ 3e prodræe þdrogoo tml (equaÊlc 2.14) Lt ea¡ bc cr-

pecËed tb¡t ¡n lærca¡c la eæcnÊraCLm ef æetyleeotæ 1¡ tbe aofvcnÈ

rr111 ceu¡c tbc grcatcr fontlæ of 'Ëbe regh acld fcrr of thc Crlr-(ecettl-

rcctoÉto)coD¡1C¡te-(Il) by ßhe crrm to cffect. lhrr tf thc æeå¡,si.¡r

of Êb clecËræ Èr'ærfer l¡volvce tbe nert, acld Ccll(eeac¡rf lu Gba

ptê¡@BG of aceùyl,ecetc¿ Ëhen sE færce¡e ls Èhe sæceûtratfo of eßGùJl-

aeeÈæG fr tbc rolvcaÈ, provl.dd Èhe cmcengtcCiE lr kapt tfeåÈer ÈbE

t* 
["1"] , rorld be eqcctcd Èo easre a¡ lnercæe fn Êhe retc of, rcrctlo¡.

lha elccGror tren¡fer u¿¡ ¡Ëudld aË ¡ t.-FGa¿turG of 9E.7o t O.lt

d aÊ eoûßGúßËaÈlm¡ of eoÈalt(Il) ed cobalÈ(flI) eqlcrcr of 0.01@

ml¡r l¡ rlÉure¡ cf ¡ßetylrcetoc a¡d tol¡rcle a¡ ¡olvret. lùa re¡ult¡

Ê Fc uZúL l"r"] rl¡tr¡re cf ecctybectce ¡d Èoluena rba cæenÈrertæ

of aecÇlacetme Le spprorr*tclt 2.Ë
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ctùltrd aac iÞm grrpùlcrlly fnFtgr. 2.16 ñ¡ 2.11. a ¡loÈ of Los Ë¡,

c¡lq¡lat¡d frr Flgr. 2.16 €d 2.17, cgafæG lq t [*] lr rbm fi
8lg. 2.1t @d tÈs rLopc of chc grepb f¡ - o.sl (l LG). Eæc Ghr ædcr

cf ttc ræetln lc o.57 (! lG) tn ecctylnc4eûr or l.tå (t lø) rn þdre-
ga tn e'E€n3raclm. ttre Èhs d.¡lrl cæ,ettr¡Cl,a of accÈ¡¡[¡cstfiÊ

urod ll Gùc rolvcnr na¡ 2ü 
[trr] the ras¡læ ôcafr.d ray bc llËcrpeæd

t¡ f,r lrdleåtl,n tbrÊ ch rah cctd [*tt('o.")¡ "] 
t¡ t¡volvcd 1r Ghs

æb¡ofr tca acetyl¡cetcc lc procccf.

Àl ecaryÈtæ tht tr rdo ln ottataflg cqsatfã 2.2O l¿ tþû Chê

order cf etc rÉctf¡ f¡ e¡A of ck GÕrlt coçtcræ l¡ co¡cot et all,
c*.lßreCLeo of æctylaaGCilG. Slæc Èhfr ny rot tc ttrÊ GhG oadcr oG

tÈc rcrctfa ôt¡hd frr the gr¡Eb fa Flg. 2.lt u¡r æt t¡vc ar¡r reel

rGrnflg. Eæcver lt t¡ fGlt Ëb¡Ë, the v¡rl¿Glo of hs{f ltfG of Ëhc

electrcÐ t¡ancfer çlth a ctangc Lu acetylrcctdê G*eûËE¡Êlæ ln tbo ro[-
væt dot¡ l¡dlcrte rhe parciclprtto of I C"IIt""."l¡] fa Èhc re¡crtæ
rcLr¡l¡r.

ñc clæÈrc tr¡¡¡ter reactræ st 9E.lo t 0.1% fr æet¡rlecaùos

ng fqnÁ to Ptcccd lre rapldly urlng Èbr e¡re rGactet c¡cccntraÊten

ühsû lC ra¡ l¡ toluæc s¡ solreDt¡ G.g. at iaftl,al rc¡cta¡t eæscgÈr¡Èts
of 0.01@ lt tbc hrlf-ltfc uat È t lmrr iu acct¡zlaeetoae a¡ opp.ìÐ.d Èo

= 
30 ba¡r¡ f¡ telscsa. l'tc clcct¡n Îr¿nsfer r¡a ch¡dl.ed aÈ gE.7ct o.lcc

¡¡d rG vÚlær r€Gt8!3 G¡mß!ûÈratta¡ t¡ æder to óÊrta Èbc tf¡ctlc¡
of thc saactlc. tÈe rcculË¡ of tbe rtrdy arc glta la tablc¡ 2-g cf,
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Appcúdtr A åûd ue shJE gr¡Dhteslly fl Ffge. 2.lg to 2.26. 3quåtftg

Èh€ r¿CG. of rc¡stl,o glva tt cqusGlæ 2.7 6d 2.18 for crsb of the

rÊåßÊfoo¡ êGudfGd yfcldr cl.gbt crlu¿Èlos clrf Þt ß4l1ry lsg¡rtths of, thæo

Êhc follaf¡g €$¡attct s€Éc obû¡fnêd

tqght -2'0177¡ - 2.AL77f t -3.1164 2.Xz

tegh -1'7167x - l'.1167y - -2.768O 2.23

logh -1.71âår - 2.ú55y r -3.0181 2.24

fogh, - 1.7670r - 1.?78Ey ! -2.9167 2.25

leS\ -1'?645r ' l.t788y I'2.92'tE 2-26

toeht '2.OL772 - l,lüh1 7 3 -2.96!iO 2.t7

log\ -1'Ð50Er - l.l508y r¡ -3.t139 2.29

togkt -l..ll88r - 1.31óiy E -2.Ó10ó 2.29

þ CaLfng cdl¡¡tla¡ of the¡c Ctrec eC ¡ Êtrê, rof,uGlol for ßbc valuee

of ¡ and y rcae oöt¡fnêd lld thc¡e rre úa¡ l¡ lablc 2.4, Lt ohq¡ld bc

potnßd out th¡c ¡c of tbe pelrlblc cdln¡ßts rlll æt ylcl.d recultr

dse to the cocfftclot¡ of the r ¡¡d t Gcrrrn belry tte ræ. lùc rooG

nffr r|tEarc veluc¡ 
[n... Æ ]rt 

- d y rre 0.57 üd o.?o re¡D€G-

Èlvcly. &s ¡È¡¡d¡rd dwt¡Ëtfrr h Èhc valu.l ef ¡ r¡d t rre I O.I4 d

t 0.30 r:spccGLvely. Itr ¡t¡drrd d€yfåtlo¡ ¡re EoÊrbrÈ lergcr Èbc

rculd bc erpectcd cs¡1derfry Ëhc ersorr ln thc c¡lccl¿Ëcd v¡lua of Et(t 51)

and ¡1¡o cæ¡lderilg tha vcry geed llæEr qgreGr.aG. of tbc plota ef 1og

(lqÞf) ageÍneÈ Cfrc (lfgt. 2.L9-2.26>. lb¿ po¡nfþlg aru¡af of thc¡e

EaÊhêr largc Grñor. ate s! yet uohun h¡t ¡rc bclleved Èo bc a reflectÍæ
of ùùc cqlex ngËure of the o.-chåeg€ tn acctylacetæ e¡ cstrdencd bt t¡¿
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Il.l*.lj¡
1l.ló.L
ll.l!t.lÕ
Íl.lå.1,!t
l.il.l¡.1,¡
l:l.L!t.lf
It.L.lt
f:¡,I!t.ló
14.¡:¡.1¡
l:¡.L.15

.Í!¡t

.ttl

.t¡A

..|tt

.il)Z

.sl

.¡ll3

.tßr

.ólo

.lllD

-Lt
.+ti
.tt:l
.ul¡

"Illt
.tao
.5lo
Jtt
.tól
.XDâ

.'lu

.tll

.tl¡¡

.lüt

.trÐ

.taa

.llt

.2ll
l.ltl
l,ôÍ¡
.ltt
,'.l
.t¡tó
.{oû
.ln
.ailt
.¡lü¡

-Ðl
.ail
.l¡æ

ü¡ cdlrrtf* fl.l:l.L d ll.I¡.1Á ¡ldå lt tl¡ù tuf¡¡
fc t¡. nlu ¡û r ¡d y rd .t. Gæ*fy rflltrd. üb
cdfntln * tl¡trt lm r -fncf- fr ¡ o: ¡l dlr t b
.rtllrf-3 d 3h ¡ d ¡ lo f.fl qr¡I.
lh n tprrr ürrìr¡.. úr r d t E O.trt d O.1f leç*tfnl¡1.
*r t r{G û¡ ctilc II; É1r cac ir cùlt lII.



85.

ftactlmrl æderc fq¡úd for cob¡lt(n) üd cóalt(III) e¡recfet.

It c¡a ba ceco frm lablc 2.Ô Èh¡C thcre 1r a cæ¡fderable 8e8t-

ßcú1ry of chc vclue¡ of, : aod y. torwer deea thrtng euch a rcrÊtertag,

slGhetgh not dcalr¡ble for óÈstll'ng a good ts,crpretetlæ sf ùhe LftcËLca,

æy rtllL bG u¡Gd. ftc r¡¡c of rccultr rborlag co¡ldereblc æåGtar 1É

mt nafque eod other rcrl,*c (26) hrve fltÈcd ¡ueb d¿g¡ to eertsf! r.ta
equatLor. Bes¿u¡c of thø Lcge ¡tandard dcl¡latfæg f,cr the v¡lua¡ of

¡ End t @c ra¡z cærlder tro e8Crc[c cá¡€t fer tbc ratc qurttæ 1.é.

-h [*tt1+ [.ottt]

- hr [c"rr ] t [.ottt ]

DUG Co Èhc large ¡t-dard derl¡ßfc¡, ro couLdcr¡Ëlæ hss bGGn gfvcn to

the erpreæÍm for ßhc r¿te of re¿cßi.æ belng glvcn by

n * kr [*'] '57 [c"ttl1 '?o

,2
B 2.30

2.3LGB

tñc tnterpreCaGlø of tho æchenf¡r of the rcectfE la Seru of

t'be dcpendc¡ce of tbÊ retê o tba ordcr of e¡ch eap@túÈ m¡td re:. ec¡t

rÉlag Èbe approach of laft,er eÈ al (?6). rbcre sorter¡ tu lcudytEg thc

elcctro Èr¿s¡fer rcåßÈiotl bcûrceo cobalt (rr) æd coËolÈ (rrl¡ l:10-
pbcoaEthrollao sqlc*ec fq¡od thrù ÈhG r¡ta of Écaßtl,u var dqg¡6en3 ø,
tbc flrat æde¡ cf thc eóalt (nf¡ cæcúartl.o ¡d rhê h¡lf ordcr of
the cotalt (rr) cæGûtrâclo ln Ghe presaee of cblælde lc¡. rhc,
lntcrPrcced tbcir rceulËs as fndfcsÈlng tha foraatlæ of fq pelrr betueen
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Èho ÈËb(þl0 phcnenSbollu)-cÓ¡13-(Itl) l.n 8d tha chlorldc Im¡ aod

Èha tractl.æ ¡t tol.lctq tbe path.

co (Ph¡n)i- cl-- co (Phe',3+ + cl'

c" (ph*)3+ + co (pbcn);+-* eleeËræ tr¡s¡f,cr

An safnatlæ of the euggeltd path hsrcver ¡hør -hsÈ thLr rqrld produac

s ratc dcpert*,c of, a h¡"lf ord¿fi 6 Èhr cæcúÊa¿tfo ef the cobsLt (III)

cqlc* rsÊb€r thao ßhe coùûlt (II). lbc¡l ray cheG 1s vf,er ef, ths aature

of Cho cqlcc tær tC sc¡ld be dtf,fLc¡¡lt to crplrh thc fr¡eeløl otder

lu eql ethcr vry, bcæe ore la lGfC r.tÊhouË o cry1.ot16 of, thslr tçEulÈc.

ñe cea glvr ao llÊerTtotrclor of C,he æcü¡utrl of Ëhc rGBcClo

bctnln the c€bElc (II) @d Gúslt (frl) scettlâßGtersto cqlcrcr fn

acet¡llrcctæ urfng a rLd.lsr epprecb Ce thoË of !*er et al (26) c.g.

(f) If ÈhG rate of ræctlc fu e*prcrred by equåClñ 2.31.

lts tl¡ollc rerul3¡ ru¡l.d bc ql¡lad tf sh. rrehrollr

n¡¡ vLe thc requæe of rcecaiao.

2[,.ecac + a corrlacac¡, fæL 
[c"1rt".""1¡] 2

[corrt..".), r], 
- 

2 cost.cac¡, u

corr(acac¡rn I'I¡+Go (acae), + clcstro Cra¡cfcr.

ltL¡ eah¡¡ln assur.t ßh¡È the cobalt (X.I) acetyl¡cctoato eqlcr ra.

acta raptdly utÊh Èhc ¡olv.nr to fæ'¡ the ¡f¡ cs-ordl,a¡te octrlß (II)

eqrlør e¡ a dlnct:le l¡reIcfel. th¡t g r¡æÈLc Lot¡e¡o tba bla(áættl¡ce-

ÈøsËo) eobalt (II) æd Ëhe eolvenG doe¡ toÞa plece 1¡ ¡Ln¡t eertala f¡
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v1æ of, Èhc cyld.úce ssDrp€ßtlsg cbc fcutl,o ef e ¡1r co-e¡tl¡s:c códt
(II) æctyl¡ccÈntc eqrlc. ltlr lntdæG !E bo ¡nrl¡cd a¡

(¡) Frcçeratlc¡ of tb bt¡(¿cctyhccÊoato) eobclt (fI) ln

rlürø .cdLE y'eldr e dlSldnÈe eqlcr (Chrptcr 6).

(b) S¡1ß¡ of rhc trtr(accçfeeero¡ûo)cebatùrc,c-(¡¡) fæ erc

ccrlly prcparcd (E) partfcukrly Þy url¡g thc cltrlt ¡slÈ¡

of, acot¡rlroctoc (ôr),

(c) Aúydrur bte(eee3yLrcotøeto)celr(Il) È¡tcr qr rolverß

lsto lC¡ .tn¡Gt¡¡rê ¡ho dle¡olvod ln ouch rolvcotr ¡¡
sceÈo€ c eloùl.

(d) the dtc¡oclat!,æ €ættâût of thc trlr(acet¡llacctoaÈo)

cobelcaÈG.(rr) [ø n¡ deÈe¿d.ned by Dryer and gargÊræ (ôó)

tt ú tE e¡ tOz dicr¡<eccr d,¡ûsre ¡d s¿ 0.ô in ptrc raße8,

turthctlæe a cqsrtrc rf3b Èha trh(ecct¡rlecctoatoþtclel (fI) (52)

rfght a¡8tesË ÊbEË ctê cóalÈ (II) eeetyl¿ortæ¡3o cqle* could crf¡Ë 1¡

a pol¡rcrfzed forr 1E thG ¡ob3fæ. E¡rcrr¡ coüt6 (4s) hf,¡ ehæ¡ Shat

Èhe eóslt eçlcr l¡ ¡+aor¡ælc h reùhtl€ecdfahlsfdo. AtGeqrG¡ nrc
æde þ blltl8 pofc3 elcrattn orpcrhonßr G 8a€ttl¡cctcnc rolnttø sf
thc cqltr' 3o deÈed.ac utê3bcr 6 Et c dlærle rpcsfil ef ebc ca¡l¡!È

(¡¡) cqlc¡ sr fær.d ta æaùylasotoc tt ¿llprælrtoly 10OcG, thc¡c

aËSerPCs ¡crc brcncr r(tho¡t ræ{ssa¡ due to ühe vcr¡z 1ø ntceulc bofltng

pelnÈ elearrgln v¡I'uer ¡¡d al¡o duc to the nther tfd.ted rolnblllty of
Èh cebstt (lI) oqtc* fn acct¡lleeeÈæG.

(2) r,f tåc r¡ts of rGaGGr,m fe eryrrec¡d tt cquaÈron 2.30

rn thL¡ cs¡c Èhe tf¡ctle¡ r¡t bo explerd by tbrec

poestble rcchanfas for the rcrGtl¡n,
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B acac +

(") ftc reectlo uy præeed vl-s the aeqs¡æe,

corr{aeac¡, fe8å co[(acec)rn :corr1".".¡r- {t+

Ce corrlacac¡, + (acae)-

IIT co(acec)f + (acac)-Co (acec)U

corrlacec¡, corll1""""); -* el,estroo Grae¡fer

rr1"c""¡
3

+

ftf¡ rccbsnl.Bn atsÐet thÊÈ Èhe blg(€cctylasetor¡to) cqte* rcåcta

rapLdly slth the ¡olvest to fet Èhc Crls(ecÉylacetilåto) cqler loa

rùlch as bac already bccn dlaer¡s¡ed 1¡ a valld aðsqtlm. Fr¡rtber the

productln of coIlloeac), eotrtd cbcn be a ratc deÈer¡l¡lng .Èep for Èhe

elecÈræ Craarfer.

In ter¡¡ of the Ëôæh - CGdm lrlnctple thc -eh¡ofn cuggested

above ræld be favo¡rred due Èo the s¡raetrtcal sÈn¡cÈr¡re¡ ef tbe epeelec

tmdcrgofng tbe actual elesËro Èrancfer re¡ctloa. Eorerer Èhla explena-

tlæ of tha fractimal ordet of the reactt@ rq¡ld ¡eca iocorr€et oû Èbe

gruradr thst the cobalt (IU) cqlel doee aot roadlly uudcrgo c¿tlm

erctaagc (1f) (43) and bãrcc 1c ver¡r etabte ed uqrld not thcrefore ùe

eÐ€eÈGd Êo dlssæf¡te Èo the colrl(acac{ fæ. Furtherrure the pre¡eûce

of acetylaêeÈæ ¡r8 cb solveût could b€ G*cctcd Co læer en¡r Ècudcncy

for efÈher tbc cobalÊ (II) sr eobalÈ (IIÐ cqrl.r¿g Èc df¡cocl¡te ls the

vay lhæn.

(b) rhe kiaotf.ce of Èhe recctio¡ rculd be crptelaÊd if th¿

nehanln ef Che ¡eacÈfon rar
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þtt{"".}g"J z 
- 

zcorrlaeae¡ar

[c"ur<""""1, 1 z =- ecoru1..."¡rr

coul1".r.¡, + coII("*.}3 I -* c1€GÊa6 Ëren¡fcr

frfs æhtc atûDr th¡Ë th€ cóe13 cçkcee før dt*rtc rpccfee

úcû dte¡olved ln acetyl,ccetæ. thl. poortbtlfct h.¡ elrccd¡r beca df¡-
cüss.d fæ Cbe cob¡lt (II) cqle* hrq¡cr th ¡omtblo fqratft o.f e

coü¿lt (fII) ¿t-r .Èa¡lá bo cærlócrcd. 8l¡so thc dtsfzrtfa of the

trlr(eeettl¡ecte¡to) cóatt (Iil) a¡ld nco¡tC¿?c Gbc Þre-htrg æd

rcfoutrg ef æErl-Ug$d tad¡ lt wuld roG be ryecÈed Èo æcsa t tql
gFGEt artclÈ f¡ ¡olsCle aluG to tbc rcr¡æ:bly rrgù¡ rtrbfltty of tbc

o¡belt (Ix,l) cqla. (11), (49). Df.Ert¡¡cfæ cf, th ceb.¡,Ê (IU) cqlcr
oç¡ld bccvcr leha plece drqt¡g Ëhê tEltlrl F8€traatlø cf tbc cq td.
1É hcrwer -tllç rar Èho cr¡e 3h¡, r¡qlc¡¡ ¡s.ûylacctme uer playtrg a

vG{t utctrpætcd p¡rt t¡ Êhc tG¡ßÈi@, ena wLd alro cTæt Èo f1¡d tËs

clætrc trar¡f,cr ¡rltb a talf G¿Gr rstG dcDdêæG a thG c€telt (III)

e'Ë.ûcrrÈ1c lu telu ûê. As l¡ Ëþ c¡rc of tb cÕalÈ (If) cqlter the

ellCæa c mcrl.tæc ef ¡ dl¡crlc Fl(.ÊGttl¡ccÈæ¡to) ccbrlt(ru)
ca¡ld lot bc provcó bt boflÍry Eolot clervatf,n æßbrdr, alChougb lt --¡

bcro rLc¡ Èc be m¡rfc (4t) f¡ beolcor þ freeal¡g pct!ß deprctrlm

Gbd¡.
(c) ttÊ fr¡cclod cCer obææcd fc the rercÈlo xy alte

bs .""lslod t¡ üan¡ of rcætæÈ relæ¡¡les bctag prereotcd fn collf¡tæ

and h¡oce rcretlo duo to colvc*, rhlcldflg. ltc rofvent nlccslas es¡ld
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be bmd to Èhc re¡stant rlcculec by þdrogen bodrng (27) âd y¡¡ der

lla^e1o È¡rye forcer, elthægb oos ræld eryect thåt ßhê effect of ths€
f,ccec at l@oc sqrld æÈ be vclry great due to Èbe tære¡¡ed thcrr¡l
ærgleo of the r¡¡Gt¡oß nlcculea.

Ëolæule¡ of the cóa1È (rr) a¡d csbalÈ (rrr¡ cqrracr, rlÈh

safftelcot eDerry of acÊlvetfæ to allø tb elætræ tren fcr tc procecd

lf colllel.oû betrecn tro unchlelded nlesules Ë6hcs plecc, ny be placed

tnto el.Èhcr me of m cle¡afflcatl.æ¡.

(1) thse rel.ecr¡le¡ rüfch are psoveoßed fre réctlng
due ßo colvenÊ ehdcldlng ¡d rùteh uy be tctrcd
rtm¡.scßÍveæ ¡lceslea

¡nd (2) Thoae æleeuler rùf'ch ¡rc ulttanÈ solveoÊ rhietding

d rry be Ècrred nactiyen lolecsle¡.

The rcl¡tfvc erùcnß t tù1ch rhteldtng ern æcür nffl be a funrctLo of

thc cæentrstLol of, Èhc cabalt cqleee. IE Ghe qerlnott eerrLd

æt Èhe e¡È@t of ¡olvent ¡hleldfog ru¡ld be ¡lr{lc ¡L¡cc tbe cæeuÈra-

3l'c¡ ef, tb ccËelt cqlclcs eto rot, vartcd to q¡ tg.at .rÈGrt. Eøcver

Èhc ¡rall vrrlatlo¡ ÈhrÈ are ndc to Èbc cooccnÈrtGl@r of the eqlc¡ec
cæld e*platu the lerge ccåÈtet ef Èhc values of r and y ehan 1o feble 2.ô.

rf thl¡ explæ¡tlo sf solveot ableldfag l.¡ sorræ,t then Ghe

¡ech¡¡f¡l try bc represcsted a¡

[cor¡1""..)rr ] a s corrlacac¡,

[..
fII (acac) crrrr¡o*¡,3l.s

,-

-.-_

E *¡S

+ t$
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Go (acac)¡ E,+ corlr(t"t )¡* elcotræ Èr¡¡¡fet.

frcre S reprcrent¡ SolvcoÈ rlecr¡lc¿. IÊ ChLr ce¡e ar la prerlær

æphd.n 1C 1¡ ¡cnd th,et Èb€ Þk(acctyl¡ceto¡to)cob8lt (II) reectc

rlth rcet¡rleceÈmc rbßû dl¡solvcd 1¡ 1t Èo for tbÊ trlo(ac€C¡/l¡sêÈæeto)

cùalCsßc-(t[) lm.

In coo¡ldcúlag the fcegofng dlæur¡Læs tt B6ld appcar ÈhrC

the sB lftely æer¡lI rerßÈfo æhslgr 1r re¡;rcrented þ etthcr the

fl.r¡t reh¡¡flr alf¡cr¡¡¡ed (Í.e. rta¡a the tete ef rcoctln lg cc[¡¡6¡¡s¿

by equatlm 2.31) or Þ thc l¡sc (1.c. ¡ràere the ratc of r+acÈ1m fr c*-

premed by cquatlm 2.30).

úe cleetrm Cr¡tr3fsr rerßtin re¡ cGudf.od ln cecÈyleeeÈæe rt
varlou¡ tcq)€r¡tr¡re3 (Ffgs. 2.27 - 2.30) fn cðer Èo deCcrrlnc tbe ¡cÈlvr-

tlæ encrggl. A üE¡¡y of Ëhe ræulÈ¡ of Êhe eteßÈroû Èr¡s¡fcr rG¡Gttm

fr glven ls lablc 2.5. ltc actlvrËlæ eaægy g¡¡ eslcuhtGd fi¡ the

tlope ef Èbe gFsph ¡hm fn ltg. 2-31 ¡d se¿ fmd te Þe 14.0 lt lG) f,

cal¡/¡le.

lËe rapstic m¿nt of thc trk(acet¡lt¡ceÈsa¡to)csbaltsÈc (lI)
Loq ua¡ dctcnfæd by Dnyer aod Sargerc (ô7) d sa¡ fmd to bc ¡frll¡r
to the veluc fq¡od þ GoûÈm (4E) for the blr(accÈylacetorto)eóa1t(u).

Ër¡cc the ccntral rctel ata rlll be tn sû slêctrú rpln frec ¡tatc lu
Gtthü So1ucne, rùcre tc rl¡,1 oc.csr ar the brs(acetyl¿cetmrto) crplex,

c !.n acetylrcetmê rùsre 1Ë 1111 occuË as the trls(scctylaceto¡to)cotelt

(ff) cqle* læ. Durthcrn slæe the cobalÈ (LII) eqlel yLll be Ía ¡n

electroa lpfa palred ¡taËe fD Glthcr of Èbe eolvents ur€d, mc co¡1d aqrecÈ

u
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1r¡[# 2.5

BtcßERa lrsrf,cr ¡.seËÍæ bÊB!.û bf¡-(åcac) GÔsfÈ (¡Ð sd
61¡-(âcacl C*rlË (fff¡ la Ac.Ètft¡G.trñ!. Yerl¡Ètc cf l¡roGl'l

l¡Cc GæCüt rl!ù tcqnreture.

Io. Cærnsrrtir¡ (XÌ
GÕ.IÈ IT C*81È ¡TI

-lb lra t

tcl
lrt
lrl
lFl
lrl
lrr
tel
lrl
lrl
Lr2
lFu
111

n¡rlf-l:Lfe(lrr.l
tE.? t o.l
t8"7 t o.1
s.7 t o.1
t!,7 t o.r
tû.7 t o.1
tE.z t o.1
tt.7 t o.l
,8.7 t o"1

ót.ó t o-r
t:1.ó t o-l
tt.t t or
t6.O t O-r

1

2

3

1

5

6

7

E

I
10

11
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.û!t6
-0191

.olt3

.eltl

.ollil

.aL?2

.o¡80
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.olA5

.oL:lt

.OT¡I

.olü¿

.0É6

.e¡,9!

.oüó

.016

.olül

.016

.olt8

.o1t3

.ú9t
"ollts
.oltl
"ollil

{.¡
3.9
+.3
3.9

ô.f
3.8
ô.t
¡b.l

uo
26.5

lt.3
8.7

3.tl r
3.17 :
2.19 r,
3.fO ¡
3.lO ¡
3Ji x
8.24 ¡
2.9t r
7.46 r
{,9t ¡
7.S =
l.fl ¡

rbt3r of b a¡l öGetnd fra E - b (coll - (eoü)t
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tbe elecÈto tre¡¡f¡r rc¡ctlæ Èo hsne ¡ld.l¡r veh¡c¡ for Èhe ¡cÊiv¿Êloo

6æEfr the próablc rlgnlflcere,e of rùfch i¡ dfrcu¡rcd 1l .€GÈlæ c,
fc both Éoluemo æd acet¡2læeücnr ¡olvot ryrÈ.¡r. tAf¡ b f¡¡¡d to be

che ea¡e ¡læe the aetfva¡l,o ¿cr¿r&r f,gl thc telucsa e¡ ¡olv¡nG uec

fmd Èo be lå.z(t 2,5l)L oalr/rle.
substltgtioo of Èbc actlv¡Ëfæ caerggl fc thc acGt¡rl.ßctøG

¡olwr¡ rJncd¡ 1û aquaÈlæ 2.10 gavc ctlculæcd v¡lue of - fi6 (1 Uf) c.o.

fæ ttc Gßtro¡y of ¡ctlvcÊlæ. €qrrlra cf thl,¡ valuc Î'fßh tb¡t for
Ehc Coluene strÊêr - 4O(3 5l)e.u. nuld iodteeÈe Ghat tbo re¡ctlo
preeccded r6e slaly fn Èhe fotur rolvøt. Bæovcr thl¡ ls noÊ Èhe

c¡te ¡¡4 thc dccrea¡a I'n Bhe e¡lcul¡tcd eotrçy of ecÊlvrÈtoa, cqrrea
rfth the vah¡c fo¡ che ÉGecÈlm f¡ tolucn¿, eEE be accqntod for ac belry
dr¡c to thc src øf che everag€ nah¡c of \ (ralh 2.S") nbtch Lnclr¡de¡ a

tcn fcr cbc perÈicfpatfo of ttc eolvcot lo Èhe aÊÈe of raætfæ
(cquetror 2.17,2.f8) .

a pretauta rrytlcr lLd,t Go Ghc €atrryy ef ¡¿tlv¡tlm for Èhr

reectl'æ ln aceÈylâectæ e¡n be {btainGd Þy ¿rc.nlqE Ghc rectÍa to
obay a sGccDd ordêr h'tættca. tbe s¡fnr ¡scd orler raÈG c,m¡t¡Dß,

rÈ 9t.7 g o.loc, that e¡n be celculaùed fro dat¡ f¡ tablc 2.5 f¡ 16.4

(+ au,) æle¡*Lrr"-l ltoutfgg io.l). thsn thf¡ ra ¡ub¡Gftutd fn
s{r¡¿tla 2.10 tbe ealcslrÈcd €útropt of ¡etfvaßf.m 1¡ -3? (t 15z) ê.u.
Eæc tbe p.ebable rrypcr lfdt to rha €ptropt of, ¡eGfvaGiq fs Èhc

r3tcËfæ fn aceÈ¡zlscEto8lt 1Ë -31.5 s.u. rhfa value 1a ¡tlll a af.gulfl-
untly ltge nGg¡tÍye value a¡d u¡c slll bu r¡de of, thi¡ f¡ct ln tbc
f'tcr?rctsÊrm of pocsrbre elæ.troa tr¡¡rfer ro.h"'f-'.
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lt€ Elcctræ lrrn¡fen

Ic rLll bc sêêa fra Èhr Ero E¡È probeble wersll re¡cttsn

regbælr¡ fc thc aæctlæ bGÈrô€û C:hc cóalt (II) ¡ad sob¡lt (ru)

d€êtyLaGcËq¡a3s cqlcxrc Ëb3 er.¿ rctDrl olccÊro trecrfcr eßc9 lc ëhe

t6G vlg.

con(acæ)rn + coIIIl.*.¡, 
--+ 

elcoGrm trs¡fer

lte æhætrn by útct¡ rho ¡ctr¡¿l elæÊro¡¡ transf€E c¿h€s place

stl1 h¡ve ¡errcnsl, posalblllttcc

(l) h¿ rccùEûfsû of electrclrp (ó)

I¡ thfe æchæls Ghe rcleculea mrtd ¡¡ed to appro*sh

clo¡e @sSþ for th¡ elecGrm to Jtn'p fro oe mlesule 3o Che otbúr æd

this ny bc actr¡al cætret of, 3be ncr¡tral ccPlerer. IÁbby (å) ruggestr

SbÊË EÈê elæCrm Jt4 beCreeû Crþ catlm¡ rryr taLe plrce Chrgr¡SË ¡cncral

layere of oolveot. Eørovcr ftr tbl¡ c¡sc the ehoce of ¡r¡cb a beppenleg

mrlð be ¡ælbsÈ leosoed dr¡¿ to Ëhe ¿hleLdlng effæt of the llg.d
nlceulc¡ bæûd to ChG cegtral rtel sBc¡.

(2) (5)

Drre Èo 3hc ehrrge e pleculcr betrreø rùlch a¡ electro

tr¡¡tf€r r€actloa lo tah,tag pl"ace e rcpulrl.o a¡d hencc r potGnßl,al cnerggl

berrlcr rrlll re¡ult. I[ Gbr carc bclag cældcrd hcro rt lc¡¡È oa of

tbc nleculc¡ l¡ ¿ Ert¡raal rlcei¡le end e¡ aleh ny bo emrldcnod ¡¡ b¡ellg

acro c.bargc. lts¡ Bypc poÈcnËlrl æcr¡gl b¡¡rfcr (5) ¡bq¡ld bc

fqrd. Borevcr polrrfzetlæ r¡lthin thc rlcsulc¡ tr Ëo bc qectcd and

thlr nctrld re¡nlß ln ¡n ctrGGGao.Sattc repol¡tæ a¡d hmcr r Doccûtl.I

GDcsæ/ barrlcr to tbG elcctræ tre¡¡fcr rcæt1m.
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tLe æbcftr cf Þ4cúÈ1rl cl*r¡fl¡ blrrta pætrrttn Lr aû!co-

tfally Èbe ¡¡æ s¡ tb€ el,æßro Jtæ æbrntr, hrcv* ttc encn¡gr

rqulr*ctr .fG le¡.. Àr.o tb dt¡Èæae sÊ rbLch clcctræ E6rfe[
Gûúd tÁLc PlÊGG uld bo ¡d¡t tastÈcr Êh¡¡ allod bt thr el¡etro
Jqr rcchmfr. ttr cæequæG tr thßt rclv¿où rhleldtng er ru¡¡eÈcd

fs or of the æcr¡Ll rcaeclca ncüú18 wXd próabty h nrnc¡f¡trnß.

hrt¡bgtsr, ff elætfo tr¡¡rfcr r¡rt Èc oeelrÉ Ghrantb revonrl lrycm

ef ¡slyeut, er all*cd tt tbG be¡rfer pcastrrÈLæ nab¡cf¡n, thcn a

e*rtbrÊloo to cba ¡oùcotfel cacr¡¡r Lcrrtcr cæld bc eryectcd frg¡ thc

dlelotrlc cæ¡Èelt of eäa lolycoË. GoùE cÈ el (10) hevc ¡ruduccd

crLdmrcc Çh¡Ë a changt cf 3hc dLelcotrlc c¡E tüÈ of thc rolveaÊ docs

mC cbngc Èhc ratc of rcrcffc. t[(. ts ñ¡üÈäE euppolrtoC by thc ren.

¡GßfG fGFêä¡ tbc L.l0 pheomthol!,ao cqlc¡s of eotel.G (rl) sod

øù.1È (rn) lr nt¡r-lGcÈfr3 rl¡turc¡ (g6) eú lE rbtcb tt w¡ fmd
Èå¡ß ÈhE rc¡ulc dtd û* ftÈ chr t¡rau¡ {5) dcr æcr thc oatfre rqgÊ

of v¡luct of tbc dfcl¡ctrfc c.¡raG¡nü.. tbg cælu¡tæ ìheG cü bo drrrn
ftl thl¡ svldæe fr Shsg ch s1æËre¡r üra¡efcr cc¡eür¡ cbrc¡sh r cqrct
fæl't1æ lcrtG d Et thsæSh Ea crÊded GÊ. ttf¡ f¡ frrthcr rry-
pætcd by a cmeÍdcratl.m of tbr probrblc atpl¡- GnÊropt¡ sf actlv¡Êfo
fæ Èäs clætro tr¡sfer racc.Sfæ, ¡ùlch ll acct¡llract€t ar ¡olv¡at
ns üNd to bc - 31.5 Ç.ú. rf Gbc elcctro tr¡n¡fcn r€a. to pnccd
iüü¡gt åü åEtödcd Èr¿riÊt6 .ÈrËe Ghc cntrqy ef ¡ctfvettæ ræld bc

'"îcctd Èo bc urc poolÊtvc (&t) ad ¡ot to hcvt a veluc ccprabla rllå
oüb clcaÈræ trsD.fcse trñü Ëo proed vl¿ a cqaca brldgcd ürrtr ltl*
¡teÈc (rrDlc r.l) . Fr¡rttmc tåc v¡loe cf Gt¡ ¡rroüebla ürfn
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eaCropy of actlvetlon lay be eqarcd sl.tb Ë,be case ¡lhen tslueoe r¡s

uaed ae aolveat 1.c, AS*- -4O (! Sill)e.u. In the latter s¡8e Èhê

reêctlm elæsG cerEalaly goes by yay of a cqDact brldged Èr€n¡ltlæ.

8Èate.

(3)

fhe elætro¡ rædcrgolûg transfer ray be relcased by the

dwor nlæule and ny the¡ exf¡Ë aa a free or ¡olvatcd electræ for

eae fielte Èlæ befarc rcâßtfûg rttb the --qcepÊor rlecule. Ihs escæ

ËleI dtffcrenÊe betreen thl¡ recb¡nfr¡ a¡d the elætræ Jtry rcchaal,¡l

fs Che tfæ før rhlch Ëbe clecÊEm By cxfat i¡ thc free or solvatcd

rtete 1¡ ¡oluCloo. Althû¡gÞ e1ætr6s ûrJ¡ c*lgt 1o ¡olutl.o (6) rù€û

ruch tolvent¡ aa ltquld *rær{E are noed, it t¡ hfgbly uallkely that

thls vould be the case ln aeet¡rlacetooe. I1le e*lsÈence of elccÈroo 1n

Lf.qufd rñflilå eoluttsns fs atÊrlhsted Èo Cbe lc value of Èhc euËl.61ga-

t16 cæEÈaÊt l'6 - r.gdo-23] (34), baever Bhe valuc for eceÇlace-lxn¡ J - 
*

Êæß rould probably be cqarable 3o thst fc raÈcr. ltus acetylacetme

eould be qccted to act in a elrl.lar ray Èo r-atGr (4), la th preeecce

of elecÈroe, 1n Èbst lt vqrld u¡rlægo rcdtrcËl.m ylth thG crrol,ußlm of

bydrqgeû o-d thc foættm of a¡ acatylacetms3c f.6 1.G.

o
ll
c

rE
c *e

\¿ 6g *{
\nz

Eaneryer 1¡ rcactlm¡ carrl,ed out rder ¡caled cdlËlo¡ uo llberation

of þdsogen cq¡ld be detecËed.

* see footnote p.100
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(+)

fre I'arge æSetfve val,ue of the proùeblr ¡¡*tn cûBropy

of ¡ctlvrÈlm ray be u¡ed ln a q",sfttatlve E'¡ a¡r evldæc thaß ¡
brldgod ectlvatd traosfËtæ stêt€ cqlcr f¡ toned (cf . ecctlm G).

lbare aEe tsveral brldgd tüÈëEedfetee Gh¿t can bc poetulated for thc

ayatel lnveetlgeted, there befl3l reprer¡€nÊed dfagrratlcally fa Flg. 2,32,
tf b1¡(acetyl.acetmatolcùalt (rI) doe¡ ¡ot react r¿Èb aceþl-

acêt'æ Èo fotr thc trlc(acetSllaeetæaÊo)cobalÈ-(Il) f¡¡ tbco thc *troc-
Èr¡re shm 1n [19. 2.32(a) ruúá apply. tbÍ¡ atn¡cËrre ril,l be scec

a¡ che aÐ aa ßhÊB Eggæted for thc bËidgcd Èrocftlo rtatc úeo
Colr¡¿ae red r¡cd ae Èh€ ¡olvd. ttor Êhr eaËropy of aatlv¡tlot for tb.
elce3ræ Èrcúfcr procccdiEg vla tbr ¡ túù€rrÊdiate rqrld be cryccted Èo

be tbê Br- er fa¡'d ¡bes Èolueoc ua8 rolvco¡¡ aL' . -40(t 5irl)c.u., -!rl

the rcactfø ræld be erpected Èo præGd at Èhe anô rate ost to obcy

Èhe rane Ltnetle¡.

rh¿ hterædi¿Ëe ¡tn¡ct¡rêr shora ln Dlgs. z.3z b a¡d c cæld
ba erpætd ff acetylaccÈo. renct¡ sfÊh the eob¡lt (II) eqla Èo fo¡r
Èhe trfc(acGttlaceSæcGo) eqlcr 1æ. tte clcctræ ßr¡m¡far præed-
l¡t vfs the futcrradr¡ce ¡han r.atrg. z.?zb mrrd aea r¡alrkely m the
grondr of Èhc cûêrEg/ requl,r¡eoß for tbc break{B of not only øe æÈal-
ltgånd bcdt a¡ Èhe prevrour sbanfn requr.ree, btrÈ trc.

rhe reÈ rfhery paÈh fæ the cleetræ tra.sfer via a brtdgd
asÊtvgtGd eqlcr {¡ ¡hæn by Flg. 2.32 c. Io thla c¿se LÈ rould be r¡n-

næé¡ssry to bre¡L, ad refen au¡r of tbe cr¡fsËl¡g rÊtål-ugard boda,
thr¡¡ læeitng Èh€ acÊfva3Lo coGrtg¡ ßG€ded fæ tbe elcctræ Èr¡n¡fen

-

t the pß of acct¡rlecetæe in trrter f.r gtvcr (9) s¡ 9.95 aÈ 30oc ¡ndat 1nfl¡lÈe dlluttæ.
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(¡)

(b)
H+

Act,ivot,ed transiùlon state compleree.

(c) l{+.

Fl a.2.32
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Edcttæ. lla proÊæ forrfng Èåe D'rldga *r¡ld a! â[ crlro e¡¡c bc

hydrognn bod¿û (1t) to tnc qzgcs åÈ- s¡ ehm La Dtg. 2.rt. å,

betßrr fde¡ of 3he ¿ttr¡cGr¡ro of Èbô fÉcrdl¡ce ra¡f,d bc grtned ff 1ß

s¿ßG c,c¡ldered ¡re s rGacåsc ÞU/òrld ef ¡cvenrl peclblo r4rcr¡ c,arct

rld,I¡r 8e Èhst lbfl¡ fn tlg. e.3il" lù1l Èlzpa r¡ 1¡¡r¡rredtsGo 1¡ el¡o

rrypctcd by ¡he re¡ottr óCsfDGd lafng ú.:¡trrcc of ecctylrßeù6ê áDd

tolmoc ar thc ¡olvcnt for Èhs rcacElo. f,celver ehG tbræ acÊtvascd

brtdged ùt ,a¡lßLeo ttaÈet 1111 elt bsve çtrfcal ¡treþrct .d tfr¡ld

BharcÍGe, l.l Ëeru of, thc trcück4odo Drtælplc (35), prevlde fayqrcd

pstb fc thc clætræ tro¡fer provfdcd Cht eacqggz ¡È¿È*¡ of tho elætræt

1Ê thÊ tcecÈÍng cóalt rpælo are Grü¡fvalcúß.

A ñ¡rùb pædblc re¡ ln ¡ùfeh tåc elætr¡m trc¡¡fø cæld t¡tc
pl,eee vh a brfd¡1¡g dsd.¡r f¡ ú,ct fn lfg. 2.u. ¡E sìt¡ an¡c a

coJ+8ateð brldgc a¡rtta t¡ facd Ð tbå þÉrogcn bdlsg of ¡æral
¡olvrat nl,ceulel s¡d thc cn eqla æI.ærl"s udergclq clcctrol
crørlfer. ltc ¡c,tf.vaÈd rasrn€df¡tc l¡ thla c¡¡c E¡ld, o tr¡n¡fer
of tbû GIGGÈrür l¡ctalæ a Sdrogo aÊa 6t 4h cqd of ctc ¡olvcnt

Èrld8r áil| tbÊ nyæ of thÊ clætræ rorld ba focfltÈaÈGd bt ÈhG Gü,
jr¡g*€d .trÈã (29). Eøwen lf Bht¡ rpch¡ota ucrc the qc for thc

aatual GlæËrG ttæfæ ¡CGp Cbßo She æsralL rcehaoh tuuelvtEg lolva-

Ë{o of cbc cql¡re¡ warld Dú, ptcs.rt a b¡rrler Ge tb cl,cctrm tro¡fcr
Ed thô ¡olvsl rhlctdf.q p¡opo.cd ¡qld be nmctrBeoÊ" Furtbr¡: rnra

rcù¡nir cm bs cærlderad e¡ ar chctræ pco¡Grrtfa of a pdenËlel
co6r8g b¡rtcr rófch re¡ultr frc Èhc dlclææle GFrt nÈ fæ Èhc ¡olvcnt.
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loå,

A1¡o l.È har atrcady bcæ polutcd c¡t ÈhsË ÈhÊ elcctræ pcletratfæ of,

th pdcûtfal rnrrgl b*rrfcn fsr a¡ €út€dcd ÊE¡artÈLor sÊåÈe 1¡ ¡oC

açpæÈed bt Chc largc acgaClve €ütropt of, actlvaËlú.

IE vler of thc svtdoæe evaflablc thc rrt lflcly crylanetloe

ef, Êhc cleeCræ tr8a¡fcr ¡tc|} ol Ëho Eeåctf,m 1¡ tbat thc ãchrngc eeeur!

Êhrdrgb a coryract Èra¡sitlø 6Èete. tts c.q>acË tr¡n¡ÍtlG ¡t8Êe l,

bcrÈ erylalncd 1l t*u sf a brtdged ecülveÈed eqle* rrüfeh le rupgerted

by tba probablc -ozl-r catrory of, acÈlvatÍ6," Durthcruc tùc n¡Ë

favq¡rable of, thc brl.dgcd traçrltlæ sGtÈe¡ lr thåt rGprcrøÊed by 9lg.

2.32 e rù{cb fr lryporGcd bt Êhs drGd ¡olverß erycrlænßr. f,oelvcr

fr¡rthca FrL, rrblch rlgbÈ atel¡t tn ôe ort¡bll¡ürant of rbeËher G not

e hydrogcn Lon 1¡ twolved ln tblr klåg; fæx"¿tfa 1a Chc preccæc of,

€.cetykrelÈüå, ffi¡ld bc Èo ca,rrJ¡ erË Èbc eryenl.mtr uefng dcuCcmËed

acctylssaCoû. O¡e rq¡ld erpect. that, úca dcuÊersÉGd aeeÈ¡rl,accËffiG rat

r¡¡cd a¡ rofveaÈr prevlócd Ëbc ¡arc codltlø of Cqcraturc a¡d rc¡s8eaC

qúcrmtratf.o¡ rcre appltd, th¡re ro¡ld be a trofold decrca¡c 1n Êbe

ratc of rcacÈfon lf Ëhe h¡drcgca fæ ra¡ Èhe b,rfdgl,ng gfery. Xacvcr f.f,

lD ËbÊ tra¡¡fC,lm ¡taGs cçlex, tåG rrch lasgcr âcctylôecËoa grq rar

u¡ed for fozrflg Èhc bt{dgc betreco tbc rcact¿otr, a rfißfr¡r dccrca¡c fs
Èha raËê ef rcsctLø of æly r51 ¡onld be erpceËcd. rhG r5t dære¡sc

1n thc r¡üe of reacÈf,o ¡hnrld oeeu lf tno fuUt denrtcntGd accÈtlacÊGoc

grq¡pt forËd ¡ dq¡blc brfdgr ar Ln 11¡. 2.32 b. rf æly @ aêat¡zl-

aeeÈma ra¡ u¡cd thc dccrea¡s ls raËe of reaaÈlo ¡hnrld Þo ¡bq¡È Zf.
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F, lvr4ðfne ¡¡ 34vs¡
aa atÈcaÊ r¡r ¡de to rtody the ¡loetrm Èrrsf¡r rc¡cÊfæ

btc.n tùc scettlacctm¡Ëo eqkccr of eob¿lÊ ln p¡rrldfæ a¡ rolvcn¡

aß a Ècqerat¡¡rG of 98.7 t O.fCg. In a pretrnta¡rT¡ .ryc¡{r.ûÈ Elg. Z-L3,

lt ua¡ fad thst tha half Llf,e saa of thc aldcr of l.!i horr¡. Eøcvar,

dqrbÈ ya¡ cr.c o tha rerulte obtaf¡ed ¡rürû ft sas fq¡úd E. rcDcstfug

tå¡ lrycrLst, ßhåt rcdætfsn b¡d oceurred te a grcst G¡taet. I¡
cdcr to Ëe¡t rhe reductloa of Èbe cobatÈ (lII) eoryk* ln p¡rrldiaa a

eqle raa rêa¡Gted io thè preeeûca of ¡{r yltb pyrldlæ ad it ra,
for¡nd thaÈ afÈer flve to sÍr bo¡¡¡e 3t Êhc bofung por4, of p¡rrldtr a

¡ubste¡Êfal qumtlÈy of Èh ori.g!.811y cobalt (ItI) eqrlct ra¡ fq¡od

Èo h¡va chrngGd eolour fra greeo to rd.
IÊ ra¡ fcLt tbst dEc to tbß reCscÈlø t lrtqg plrcr tn p¡rrtdlm

eûd e1¡o dr¡o to gþ3 r¡mt r-¡n and ptóebly v*fed apccro thlt ræl¿ ba

l¡ aolrclc afÊcn øIy a ¡bæt tlD, dr¡c tc thc cqfudng proçcrtler

of Èhe eolvemË, thlÈ fsrËher lady ef tb¡ el,ccGro tqrn¡ts r.rGGfc
wld 4 ¡rrstrc rdvantrg:eæs.

F. Elcstaca bîlrter 8pætra
tc ltfficrs (14, Ui) hsve repæted the er{¡tæe of elcctrm

tro¡f¡r bandg fn rpectral etr¡dtcs of r¡rectee nnrr¡sg¿tç clcctren Êrlú-
fer reactl'æ¡. An attqt îa¡ ¡ade Èo atuáy Èhc crf¡Èæe of sff¡ bd¡
ru chc cr¡o of the elect¡on *chenge rG¿ctiori bcüæ¡n tta có*lt (¡rr-
Gúalt (Il¡) acctSrlaceÊñgtc cqller-rc. tte re¿ultr cÈtdÊ.t era ehæ¡

Ín t1g. 2.35 a¡d lt c¡¡ bc cecc frn tht¡ dfagra Èhst, tb. rl¡æÈnr fc
the nfrßure of che cobalt cqande la tlæ ¡un of Èhc qnctra for
thG Gobalc (l[) and eobatÈ (ur] cqlexco. !!hÊre are, 1¡ fæ,t, æ
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Et¡aæral pcek ehffÈs or bads r¡bieb c¡a bc aÊtrtbsË,ed to an electræ

traarfcr reacßt@. tte reactlsn at 98.7oC bae a hetf-llfe of ap¡rroxf-

ætely 4 hnrs, nhlle the etudy of the cpêcÈËå rac calrled æt aÈ roc

È€e€roture ln cthaml eoltrtlæ. fhe b¡lf-lffe et thfs t€qteraÈrre

wold be of tbe order ef reqy thq¡ead¡ of ho¡rE. Ibe rc{glaaenÈ¡

fc the æasur€o€ot of electræ ßrsEsfer tpGctra b¿qd¡ s111 bc thaÈ E

large u,úer of electrm traús1ßtæs ahould ÈaL€ ptêce 1n a rels3lvel¡r

shott Ètre" Éic DoÈ bef.ag th¡ csoe at roc Èqeratr.rre Lt ra¡ not

enrprtcfag tbat no apætral wldæc for the elecËrou Èra¡¡fcr reeetlo

sas obt¿lncd Ln ÈhLs sork. Íhå deÈenf¡aËlq of the sp€cCra at the

try€raÈure of Èhe lrlneÈfc sßudt¡ ¡qlld requlte cmalderable aodffLeaÈl.o¡

Èo Cbê rpæ,Èroscqfc apparatus aod cá¡fd bG thÊ eubJccG, of Å¡rtbar üGh.

Asetyl,acetmåto Gælcrcs of Iroe (If,f)
aud lrm (IIì

Aa aÈÈ4È r¿8 nade to rËuÅy the elcctrìon tE¡rsafcr rcactlo

betrecn Lroo (II) and ireo (ll1) aeetylsccSæaÈo eqlcrcc. the cæ

potnlc reae pa€psrê¡il ae oa p.176 . lbc træ (II) cipq¡Dd rar aËable,

for rce¡eable pcrlodr of 31æ, lf ln thc dry eGatel horere,r, lf a

colutio of thls tere €ryoaed ßo air a rapld od.dstlm took place.

AÈÈeryÈs Ëo eeparate tbe trc cqlerêo Eêt ¡rfth dlffleult¡r.

AtÈeryte were radc ustng chræatography, prccf¡rtÊatlm of Ëhe allall

¡¿tal calta of Che trleaeetyf,acetoato e4ler of Lrm (Lt) and solvæ

sÌtrêctlæ of, the 2.2f dfp¡rrtdyl cql.c of 1ræ (rr¡. a¡ the¡e ætbodg

of ceparaÈ1æ ell præed rn¡atlsfacÈory the proJect flar DCIt proeeeded

ülÈb.
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Al atC4C rar rnden brrnern Êa ;túit the ræctta Dy EB

of cpætra r¡*rürfrc*¡. &Ê r¡acËloa .ùõld bc faet" ¡læc tbc cl,æræ

a-nlw¡ge rætd t" " t,o co¡cna¡Sc (16). ltc attcryt æt sltb feflura

&€ Ëo tLe rrpld sfdatfc of, tbe fræ (II) cpæter f¡ colstlo. llbc

cetutls f¡ eÈharl rçre prcgarcd rndrf a d.trogcn ahlspù€rGr trrËÍGr

by ËÈê CfD ÈLc æaã¡ræÊ sa8 d.deÈlo of cbG verT dfluûe

relüle of Ëhe l.ræ (II) eqll* r¡s €d to bavo ÈrÊ8 ¡rtece. ftft

rec pr*abft duè Êo ecrlr pll ùraeer of orylgel ÈhaC cesld ¡É ¡. rærcd

fr¡ Èhe ¡¡¡rËc¡. lbåt ctdsGlæ teck placc ra¡ qvrtðe¡t frn tbc rpGGhEa

ötefld ¡t¡ea ft uas chc ¡sæ fot tùo orfgbally l.tæ (IÐ c4ter, as

It na úor thÊ lrm (U¡.) eçcelca- t't: rpccÈrs of thc Lrc {II[}
âG€ÈtlscêCÕato c-fler tc gtven 1l Flg. 2,t6.
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cEAtrr 3

À. lt¡ ElccÈre lrq¡fcr neecstú beüm bfuflîg-tolyl-

*allcylfdcncfrt¡¿to GobslC (II) Eud trfr$l.g-tottl-

såll.cylLdcaGfrtnaÈo) Cobalt (Etr).

It uas fqd ßh¿C Ëhe rate of Èbc el,ecCræ tr¡n¡f€r r¿t farCcr
*f,s Êbo. g-tohal cqrlercs thno. fcr tbs ¡ceÈylåÊcEråte eqlc*ea Ln

toluæ t¡d ÈheÈ lacr Ccrpcratüfe¡ cæld bc u¡ed rt úlcb tbe re¡ctfoæ

procccdad ¿C I rattcablo raË3. &c ÊqcraËr¡¡c chsen for trhc hf¡aÈlc

tcutJ¡ cf thc olætro træ¡f¡r tlreôtlm sa¡ 55oC. lotb cqor¡¡ds ueúe

¡elúle la tolneno' ÈhG colvtat r¡ecd fot tha aec3ylaectms clp.rtsÊt
asd Êhf¡ res cb.rcfca cbo¡co e¡ Èb¿ ¡ofvant fE thls prrCleuler GB8G.

turtùer Íc var rot eæ¡lderd l{tety that Èolrr€rû ccld ßrtÊ psrÈ lB

th- slæGræ Cresof¿r rcactfæ. úELlLc bfa(acetylap,cto¡to) eósfG (¡¡)
cbc cob¡lc (u) cqlex, l¡, ttlr .trÈar üår DE fornd to rndergo cfdatl66
durfng the cq¡nrc oú thc kt¡atfc Gq)GafEß.i, &çd¡¡etlæ d{d, hæever,

osçr¡8 (labla 3.1) b{¡t chL¡ uas lc nrlI a¡ co st¡ ccrccùt@¡ ßo Ghc

pcsecûËsæ of, ç¡oh¡rgc uæG&ear7 od cåc rstc of re¡ecfü sE8 tbw
G8lctrl¿tGd rralqg Che rLryllft"cd fq¡ of cq¡¡atlæ 2.4"

Itr qartrcss wê c¿3rfed o¡t tn a alrltss æçr¡¡ç to thst

tl¡od fc the rüudy of tbc al¡ctro tr¡¡¡fc¡r rc¡ctfo bat¡¡¡s th¡ eobalt

a

-'

* Ê.Èolrsl ldlcetc¡ ÊhG EFg.tolyketlcytldæal¡fnc
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EsetylscctoßÊo cqlc86, v:f..z. ßhß eoùafÈ(III] oqrler n¡ labelleá

rltb Co@ fld tbc r.r8eG8É3c 3Ðcraùcd þ chmetogrerpLtß prædurer rtGh

alrdla, bsnñÊs lt sa¡ rrñ¡t ¡..¡rt)r to ¿eal tùe cryleç uadcr d.trogeo,

tt rrâ8 ¿e¿ t! Èht ec*yl¡cetos rèsctl@, rtEcc æ,f"d¡tla of tbr cobalt

(tI) g.sofral eeçlcr üt{ ¡oü osBur-rordlly ¡odcr tbe erycrt¡rd¡cleoæ

dlÈfoan uted. Ée reculÈ¡ for €sch eap€rf*rt earrlcd'anC ase ahora

ln Elgl. 3.1-3.16. Se erzss ln tba pçrÊ€orega of, anr.,hsogc plotÈed m

tho grcphr are ! fl of lß. tterc arfre frq as êrroa of + l¡ ln Èbe

eulotfng reße (¡as 9.171 ) ad aa eltfætcd ææ of ! 11 1¡ tbc aqisr4-

3f.æ præsdure. Tb€ Grrt ln rcgaratlæ proceðwe E¡8! sbC.alned fra a

¡erte¡ of c¡çglr¡nÊ,¿l ccXpraCfÃ¡.

aâEt¡ 3.1

-

Ecdrstiæ of lrlr-(rtolrel)-cóa1t(¡I¡) t¡ tohma aÈ 55o t O.f%.

Gæecûtr¡ttm Goffi O.OIOO I.

Io. 1!¡. (bßs) Cmt¡ / 1ûO æe¡ 1rGcbsl3 ItI Gobatt, It

I
2

3

4

1.0

2.9

3.0

6.5

1g5E

28€,2

2tt9

30rô

30

39

19

98

1.O

1.3

l.ó

3.0
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le0.

14q,Retc, Equatl,m

lable 3.2 ebra Èhe vatlatfm of tba rete of alectrc¡ tr¡r¡fetr
reacÈl@ rrtth cæatrsÈlm of cobalß cqlleros at 55oG t o.lec.
Provlded che solvGrt tahcs t¡o part la Ëbe r€acËisû, the rate of the elec-

Cræ ßîarsfer ray be ryreaoed by

r o[*tt]* [*ttt1 t
Eencc, kallg the cooccaÈEatfc of onc of the Ee¡¡cÈaBG¡ ccoaÊaût, I
pLot of log B agalorÈ the log of the c@ceûßraG1m of tha otbcr reacteoß

ehcrld gfve a etralEht llne grapb. xha clope of thc gFaph ¡u¡ld Êho
be equal Èo the order of Èbe aeactfoû lo that cqlex for ¡üLch the eæ-

ccntråÈ16 ¡as varled. rleafunÈ of che resulte l¡ Èhl¡ uay (ttg. 3.lt)
gave the value¡ of x * 0 a¡d t - I for the order¡ of Èhe reactiæ la
cobalt (rr) ad cobalt (ur) rer¡nctlvely. rhe r¡te of ¡eactfm lg
Èberafote eryrraaæd by

f,- r[c"rrr] 3.1

at iioc g o.loc.

tbe ki¡atfcs fq the reactfm rere aleo geudtcd at a tGq}GratuG€

of 6o0 + o.[oc" o'rd thc re¡urÈ¡ fonud (Dlgs. s.zl - 3.23) ¡ha thaÊ Ëhe

race of reactto l¡ alco e*preered by equaßlo 3.1 at thl¡ Èeqrerature.

lhe Bffecù of g-Èclgal æ Ghc Bstc of teactlø

Fro¡ a eryarr.aæ of Èhre syst€¡ rrtb Ëbe aceË¡llacetüG srsGcn

øe dght €ÈDêßt Ëh¿t Èh€ êddlËton of ltgaûd m¡rld e¿rr¡sê tbe forættæ
of the tria(g-tolsal) cóalÈ (II) epecfac l.e.



IAILE 3.2

Electroa Trau¡fsr B¡actloo bcÈnccs Gobelt (il)-fÈel¡al aad Cobalt (IlI)-g-Èo1lal
Varletf"on of R¿te of Rr¿oÈfoo wlßh CæccetrsttoÊ

Run Gencr¡tratLæ Of)
Ao. cobålr II CobalÈ rII

R¡Êc of Ro¡cClon
æIee lttrc-ld¡¡-l -r)t

(¡lnr.
Ealf-lffc
(nfn¡. )

lcqrraÈrrr
oc

t
2

3

4

5

ó

I
E

9

10

II
12

13

14

l5
l6

.0100

.0051

.0076

.0151

.0200

.0179

.0050

.0100

.0100

.0100

.0100

.0100

.0100

.0100

.0100

.0100

.009E

.0æ7

.009E

.009t

.009t

.0198

.004,8

.0146

.014E

.0047

.0023

.oqt8

.qt77

.0194

.0024

.0047

61.0

40.0
l+7,O

67.0

72.O

58.0
58.0

54.0
49.5
85.0
t6.0
81.0
69.0

3t.0
Et.0
84.0

2.80 ¡
2.90 r
3.15 r
3.06 ¡
3.17 ¡
J.62 t,
1.46 ¡
3.80 r
4.14 r
1.30 ¡
7.62 z
1.5E r
2.19 x
6.19 ¡
7.68 ¡
1.31 r

lo-5
1o-5

1o'5

10'5

1o-5

1o-5

10-5

1o-5

1o'5
10-5

1o'6

t0'5
1o-5

10'5

10-6

lo'5

2.85 ¡
2.93 ¡
X.22 t
3.14 r
3.25 -
2.t4:c
3,05 ¡
2.60 :
2.80 r
2.80 r
3,26 ¡
2.12 t
2.ú r.

3.19 :r

l.16 r
2.81 r

1o-5

lo'3
1o'3

[0-3
1o-3

ro'3
lo-9
1o'3

10-3

10-3

r0-3

10-3

10'3

lo-3
10-3

lo-5

55.0 ! 0.1

55.0 ! 0.1

55.0 ! 0,I
55.0 t 0.I
55.0 ! 0.1

55.0 ! 0.1

t5.0 ! 0.1
55.0 t 0.1

55.0 Ê 0.1

55.0 t 0.1

55.0 ! 0.I
55.0 t o.i
55.0 ! 0.1
55.0 ! 0.1
55,0 t 0.1

55.0 ! 0.1

tsN
ts
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corr(g-¡olral), + t g-tol¡¿l -* f, Go (g-tolcal),II

Ée .dftæe of thle eqlex spccies cqrld ¡¡he Ëhe fætÍo of a

ey-trlcal lnterrc*lfaÈe casier ea ft rotrld noÈ thcn nece¡cf.ttte thc

breatflg ol. aay retal-llga¡d bodc 6 rhc eobart(ur) co4ler (eec the

elæÊro Èran¡fer lechaal.¡e fü the aceÈ¡rlacetdåto eqrlexcs - Ch¿pter 2)

.nd ttn¡¡ 1È ¡q¡ld be erpected tbst tbe effæÈ of ths eddGd lfgad Day be

Bo taßrcase tbe rste of reacËlG. rhfr effæÈ rould be cxpected to

cGa¡e op€rttlug tùcn strfflclat erßea6 ltgand r.rs prcseßt to cau¡e all
of the cobslÊ (II) to arts3 fr thc fer of Gbe trir(p-Ëoleal) eobaltaÈe

(II) cqlcr; If È.he coha 1t (Il)-trl¡ specÍee sere Èo dl¡¡ælate thss

t corrrg-toloal), : corrlg-toreal)l + Bt

Bhen fi¡rther addttfou of l-g-¡e1ylsaLieyf{¡lsoÊr¡lDe ray lufluenee Èbe

rate of reactl,m by tbe Í@lzatlm.

o

a

cE3

, Ebs dcereaelag rbê prqrytlon of, tbe Collþ-tolcal)j tonr þ e eilm,
fa effect" tbe electrm ¿ra[sfer canld the¡¡ occur by eû nor¡ÈGr rpheret
nethsrtår ln nhlcb a þdrogea ton brldge ue¡ forrcd bstneeo Èhc r'actsnÈg
(Ghapter 2 - necha¡igna fsr Èhe elecÈrm Èr¡rnsfcr fn aceÈylaeetcne).

; ¡+E'



u¿í,

lrp rcactlæ¡ rcrc crrtlcd ot addtry ¡lall quantlÈfer of

r2-tolylcellcylrdoo¿l¡l¡e 019¡. 3.16-3.19). rß esa be reca frq rablc

3.4 Ch¡G tbrc l.¡ as rypar¡rt hcræ¡c ln rhe rete of rdßÈlo bt eåq¡t

1B ø ¡aklqg the aohrCl,æ 0.0!1ffi toler fn UgåDrt. Eoyever a ddltry
of thie eæcstfaClæ dld æt groúucG aqt ñ¡rGh€r l¡ctc¡¡a fa Èbc raÈc

of reactfæ. &¡thior a cqrarllm of Èhc rc¡r¡lt¡ of tablr 3.4 vftb
th'ese fu leblc 3.2 vtll eba Èhet thc apperenÈ f.ærcs¡c f¡ tha r¡tc of

reaetla te JueÈ rtGhla Ëhs onc¡ of Èhe rEtG of reacCfn rlthdrÈ llgend

¿ddcd. Eeæa fc Èhe rall qnarÊlElcr of Lfgsrd eddcd Èo Èhe r¡ntcr no

elgnfflcent c,hsnge l¡ Êhe ra8e of reacClo occÉrrGd. It ra¡ aot pof-

alblc hæe¡ver to atcertafn Èbe affscË of ¡ubat¡¡clally hlgbcr coc¡rûr¡-
tl6 of add€d ltgard duo &o tþ lacrea¡d dlfffeslÈy of scparatl.a of thc

rGaeÊaatr. ÊG cóalÈ (II) cqler fn tbc præcnac of ea Êrßera of ligmd

tâñát to ævG repldly ßhtægb th¡ ahd.¡s colrn r¡rcd fæ the cqraretlæ,

tb¡ æt ¡lvfng cqleÈe ¡cpsrdttos of thc rcacÈ¡ú,¡.

lho elætrm Gra¡¡Ger r¡¡cttc m¡ ¡l¡e atudlcd cB GqrÉaGr¡rc¡

of J0€ + o.loc. aod 6oc ! o.l%. (ltgr. g.zù3.2?) f¡ æüæ to útatn
Êhe ¡¡üfvacfm coarry. thf¡ nr calc¡¡latcd frr ßhg¡logo of thc graph

fû Glg. 3.34) e¡ Ll.O (t t¡) t e¡b/rle.
IÈ bst bc.a thaa (20) tlat fo'r reactfro obcytlg f,frrt ødæ

Ll¡rÊlc,! Che rpeefftc raËc c@Èåat tr gÁvea þ

as?f, -lalt33.G 3.2kr r!g
h

G
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lAl¡.8 3.?,

ËlccÈrcn Îr¿nrfcc Rracüfon b¡Ëtcen Cobelt(Il-p-tollel ¡ud Gobalß(Ill)-p-Colral
Verl,aflon of Ratc of RrscÈlon wlth Go¡e¡ntr¡Ëfon rnd lqcraturo

Run
Ho.

GorcmGraËfæ û[)
CObEIt II GOÞElÈ III

Ratg of tcaetlos lß

nols¡ llËrc'l afn-l (nrn¡-l) oc
HeLf-11fc
(nfur)

fqcrrture

t
2

3

ât

01oo

0100

ot00

o:100

0097

0098

0049

009E

114.0

26.0

35.0

34.5

a

ö

a

a

1.50 x l0-5
6.58 ¡ 10'9

3.23 r l0'5
6.58 ¡ 1.0-5

1.54 r 10'3

6.75 x l0-3
6,65 ¡< 10'3

6 ,74 ¡¡ I0'3

t0.0 t 0.1

ó0.0 ! 0.1

60.0 È o.l
ó0.0 t 0.1

trÀEIE 3.4
Elcclros Trcn f.r l,aaotlon bcÈn¡on CobalÈ(Il)-B-ts1¡rl aud Gobslü(trIX)-g.tolrel

fn Íolueo¡
VerfsÊ{oo of &ato of lr¿oG16 ufÈh Addcd g-ßolyhelleylldcnri¡úna aB 15,0 ! O.loc.

Run CoacrutrsÈfoa ftl)
Ho. cobalt Ix CobelÈ III

SetcofRêagÈlon. h . CoacoaÈraÈloa
nolr¡ 11Ëro-r *ln'Ä (nlar'r¡ 0{) ¿-tol¡¡l

Belf-lltc
(nrn¡)

I
2

3

0100

0100

0100

.00t8

.0098

.0098

ó1.0

55.0

55.0

a

2.80 r 1,0'!

3.11 ¡ 10-5

3.11 r 10'5

2.85 r lO't
3.19 ¡ 10'3

3.19 ¡ l0'3

0.ofi,
0,02(xt

0.0400

F
l9gì
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wtrere lcr- tbc spccfflc raÈe coosGå¡t, k c tolÈr¡ap emetant, h - Plaætrs

e ¡taatr ASt- entrogy of acËfvetlm, Es - ActivaËÍæ Eocrgy, L - gæ

eÐ¡Èart aod I - ab¡oluÈe ÈGryGratr¡re. $rbrtltstlng Êbe calculated

value of the acclvatlæ cncr5/ ad Cbe ap¡roprlaÊe valrrc of Êhe Lr ia
aqua3læ 3.2 gare ao ¡otrglll of actlvaÈl.o ef - Zg.Z (! 6Z) e.u.

l.

cobelt (IIIì.

Ìhe elætrm Èralafer reactfo betsoen br¡fuhcr¡al)r eobarc (u)
¡r*l Èrf¡(phcnral)cobaftGu) ra¡ also sÈÍdfed tn Èolu¿ne at å tceersgure

of 55o ! 0.1t. (?1g¡. 3.2& - 3.i0), &c æder of the re¡ctl@ ïftb
resPæt to cacb of Èhe aelere¡ Ear dGÈ€rrlnôd (Flg. 3.33) ac l¡r thê

prevlæs ca¡e and s¡ bef,ore Lt ras fornd thnÈ Èhe rate of, raEcGf,oq r¿i¡

cryrerecd by thê equatlæ 3.1.

Xb¿ clecttm ÊrriEsfcr sa¡ al¡o ¡tudled at Èryerature¡ of

soo ! o,loc aud 6o0 t o.t@c Glga. 3.31 & 3.lz) 1¡ cder to obr¿f¡ Èhe

aetivatlG æcr¡p of Èhe rcecÈlø, lbe actfvatl.ø eûcrg/ c¡lc¡¡lated

fr¡ thc elcpe of the grapù ia Stg. 3.35) ¡¡ae fqd Èo Þe 13.4 (ù 3,it)h

calg/Dlc. subtÈtÈuËiæ of, thtr valuc fn cquatfc 3.2 gavc at c¡Èrop!¡

oú actl.vatlæ of -2E.6(È ãf) o.u,

C. EcacEel Dlscut¡Íæ.

ñe electEoÉ trnEfcr reactfa¡ betu.en Ëhephcnæl Ë¡pc cqrlerea
of cÉalt(rr) ad cobalt(Er), æ Ln the case for ßh¿ re¡eÈtø bctncen

-

* pheneal f¡dfcaËee Èhe Irphen¡rlsalfcyll.dencl.nfne iæ.
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the acetylacetmaÈo eqleres tn tolueae, E¡at be acccpealed bt Ëbe

erehange of lfgand frn the q¡fdant Èo the redsctasÈ. lence deepf.te

Èhe obsenred firgt otder tLnetfce elth seapeet to the concentratÍm of

Êhe sob¿lt (III) apecies, a ef.rLlar resh¿nl.n as tbaÈ gfven for Èhe

resctÍon beBree¡ the acctylacetøato cqrleres h tolu€ûe Gan be poctu-

laÈd, 1.e. that the electrm traosfer præeeds vl.e a brldged transl-

tl@ state cqlex,

lhe dfffereoce ln the obgerved klaetf.cE for eacb of Èha trro

cåsct L.e. 3he reae3Lm betr¡eeo the ecetylaceto¡ato ccryle*,e¡ and that

for Èhe pbensal þpe cqlo-er, caa be erplal,ned by ühe ¡{auer ln uhieh

the tren ftfoo dtate cqlex le fot¡cd. Flratly for the acetylaceÈo-

ato eqte¡e¡ ft baa beea eetabll-¡bed thet Èhe bla(acetylacetæato)

cobalt (II) epecfes fg coordi¡atêly uûsaÈurat€d (E) (4ó) and Ëherefore

ha¡ a teadency Èo readily coordlnate rlth aay avaflable llgand. Eeose

in order to e*teod ¡be brf.dglug bypoßhesfs already gfvcn and to obtel¡

a mtre detalled pfeture of the forratlø of the trrnrlÈtæ gtaËc lt la

suggcrted Èbat the cobalt (xr) ¡pecler ray rmdergo an electrorphtltc

ettack oD oae of tbe oxygeû ælecules of the eobalt (III) copler.

ltc cobelt (¡I1) Etgen H then breaklng to gfve tro ffvc coordf¡s3e

epecLec, ÞeË¡reeo r.hfch there la an acctylacetme brldge 1..G.

III (acac), III (aeec),
(acac

2

E3c

corr(acac)), corr +

z
---

--
H3c

a
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(lcac), coII (.erc)Z
c

E Gb

Durlng the ff¡sl a¡r¡rroacb of Êhe txo eql'.*Gr and the

elecÈrophl,llc atÈ¡c.h bt Êbs cóalt (rr) ¡pccls¡ m the u¡rgcc aBc Ëh¿

Lrßcrf,creocc ef the llgand flcldc of thø tro re¿cta,lta rculd rc¡ulß 1¡

tþ,s ¿¡g,a¡loe of thc ccùalt (frr)-rtgand bd¡ ad Èhe e6È,racÈto ef,

Êht cobålt (Il)-flgâd bodc üa ûb¿ lrterredlstc vaLur¡, ÍLc forrleg

of e bæd beÈtreen th€ eoba¡.È (Er) a¡d e¡ acet¡rlaeetm¿ nlæule of the

cóalÈ (III) cqlæ ¿ad Èhe Ëreel,lng of Che c¡rgen-eobalr (III) t@d

vq¡ld Charcf,æe bc gradual proocre¡ end æC æcsü la dl¡Èlrot s3etcr.

It rsuld ¡ccr ÈbaÊ the ut loglcal cmflgrrraÈfo¡ of botb thr
cóalt (IIr) aod sobalÈ (lf) e.-flexec La Ëho ßr¿¡¡itlm ¡GaGe rq¡ld be

ÈhaÇ of a trLgoal bipyraûit s¡T'eËg€ûGBt, aûd Ghlt Èb. cbangcr t¡ thc

ugeqd ffeld¡ ef the EeacÊ68ËÊ drrlry tbc €qutl6 of Èhc Ère,n¡itlæ

¡tatc cnBle- ronld allov a rêarråEgæt of Ètre cûËrg¡i veln¿¡ of the

d orbttall of boÊh cqlcrse Èo tla¡a f,or ¡ueh a cocffgrrrEGÍæ. úe
3€$¡cûcc of ær¡y vall¡ee of 3bc d orbltala fæ a Grtgæal bip¡rr.rrd

arrs¡gæt bcfng givæ by laeolo and ?ear¡m .r (Sa )

d.2

free ion _y2

xy

d \,2

z
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Du¡rqg Èhc rearrengrcaß of ttn d ørbit¡l¿, elætro epfn uryalrlug

of ths cebelt (¡¡I) rq¡ld elco Ce¡G placc.

fe¡t $f) ba¡ fqd ÈhsÈ Ëhr pheoral tlrpe eelrxc¡ of cobalt

(II) add æ llgad¡ e¡æb sr p¡rrldluc m1y real,ly å¡d 3håt Èbe prodnctr,

æ ¡Èa¡dfng, rcadlly rercrÈ to the fq¡r coordf¡cta ctclatc. ltgrc fr
Èbe¡efca lfttle teodæy for thr pheøel Ê¡rpe cobalÈ (II) cqlcret
to f¡cteatc Èbelr coordhstim núær bcyd a valuc of fo¡r. It tt
Êhcrofere rqgc:Èd ChåÈ Ëb€ prlrary præe.. f¡ tbe føratlm of Èhc

brLdgcd Èaea¡i,tlæ ¡taße cql,cr tD thc rcacÈi,æ¡ bctreen the phessal

Êypc cqtcxc¡ of cebalt, (ff¡ "-l eobalt (ilI) 1¡ Èhc thrnaL bËcekhg

of, eoc of the rctal-l1gard bd¡ of the eebslt (rII) cqrlex. &is
fc Gàea fellwcd by thc atËacb¡t of thc Ëfrec cndr (e!.Ëhcr-O-or - f:)
to a cobelt (II) mlocule, tbe greatcr avellablc elætrm dcorfty oa

thc rfrcc edñ betlg cø¡ldered Èo ednteaact tha neat. aeccgtor bch¿vlq¡r

of gh esbalt (II) f! Cbc phrnral typc eqk*. tte ob¡awcd firrÈ

æder k1¡etic¡ thea lndtcett¡g Êhat Êhe ratc catrollfng .tcp of Èh.

rosctlæ 1¡ Èho ffr¡3 bæd brcaLlng fËcp.

tc cobalt (III) cqler be¡ becn rhm Èo rrrdcrgo dccqori.È1o

Co Ëbe eobalt (XI) cæle¡ m contlqud ãcatlrg, ttc th¿rral rcdr¡etf.m

occurrhg nre resdtl¡l Chan for tts cørrcrpodhg acctyl¡coÈonaco cc!
pler. Ecrcrver tho raCe of th6 elecÈræ Êra¡¡fcr rcac3læ doce noÈ

folla Èhe ob¡c¡vcd raÉc of tbenal decqorlttü (lable 3rl) ar risbt
be cxpecccd tf 3be thernal Drcah,tng of the üær-r&srd beüd fr Èhc

taÈe detetrf¡Íog etcp. rtLr eea be cxplahcd by tbc eobalt (¡¡) cn-
ptce berqg a ære reedy åcÊGptc of Èhc ifrce cndn of Èhc [tga¡¡ attached

to the coùalt (fff¡ lhaa Èhe redl¡r ln rùleh tbs thsrsl rductfG rar

carrf,d ouÈ. Furtbetrore fæ Èhs coçteC{or of th¿rr¡!, rcductlm tt
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bond
l.s nece¡eat? to break Dot orly oe retal-lLgad^but tuo, ad the breaL-

tag of, the p¿cod bod rLll oect¡r le¡¡ re¡dfly than the fotratl,o of a

brÍdge by Èhc llû¡tfry of Êhe Éfree endt of Êbe lfgaad aad a cóalt (II)

and the subrequcnt elecÈro traasfet.

Durllg thc cobalt (Ill)-lLgand bd hcatfag procet., duc Èe

the cbaqgec occurrlng i¡ bæd dlgt,a¡cer a¡d cæftguratlo eal heoce thc

ltgand f,Leld, the elecÈrmlc cmfl.guraSlæ of Ëhc cobalt sæld odergo

re¡rrra gð.Ft re¡ultttg ln elætro eplo rryalrlrg. lte eaa!¡ forra-

ttm of a Ère[cl&n atate cqler vltb the elecÈræ apfa frce ¡Èeta of

thc coùålÈ (II) epeel,er vould Ëhco be poarÍble ¡L¡ce tbe llgaud æleeule¡

of tbc cobalt (1I) are lablle a¡d h.¡¡e sould cÉcllt roerreryG 1¡to tbc

cnfiguratlæ ¡edcd for Èhe tras¡lË1æ sÈatc. lbl.s lettGr procesr

rqrld be faster than Èbe forær proylded Èhcre saa ¡o elgnfftcanÈ

ebenge occurrlEg fn tbc bfid altltauscs a¡d bcnce electræ cpln palrlng

of ßhc eobalt (II) epecies durrrg rêarå¡gcront,. ld€ìrcr Èhe ¡vrlr-nt
of tbc llgald æleculc¡ rqild af,fec,È the dcgrec of aplfttt¡t of thê

€ûcrgt value¡ of Che d orblÈal¡. It f¡ cæ¡Ldered ËbaC, ee fc thc

reactl,æ beÈscea Èbc aeetylac,eSæaÈo eoqlc¡c¡, thß ret logleal eæ-

ffguratlæ of Èhe eobalÈ ¡pGclË f-û the Crsofltfo ¡tatc fa Èbat of a

trf.goal blpyrarld.

þplleatim of the Era¡ch-Cdm Prtactple to cl€cßËæ traûa-

fer reacGLons places a re¡trÍctLon on the re¿ctlos ¡uch that no

reaErang€rÊût of the Btrusturca of the rcåetaûßs 1.e. co,flguratLoa aud

bod dfetaræea, rat tek€ place durlng thê actual electrm traa¡fer,

Furthe¡ære Êhe elæCroo epLa arltlplf.elÈy, rhfch lc relaÈed to the
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electrosic eæfigurat,isn of the reectante, sbould also undergo a

rlgrqil chaege durtng the acÈual electron excbangc. lte eff,ect of a

spLa nrltlpltcfÊy rc¡ßrlctlm æ the electrü trangfer hae becn pro-

poeerf þ Adarm ad Torre¡ (60) for the reaetfm beGr¡cen Èbc

etþl,cordfarr¡33e¡raacetaÈo ccplexee of cobalt. lt€ rcacÈtm betrern

tbp elæÊro rgin free cobatÈ (II) ccglex ad the electrm apln palrd

cobalt (UI) ccplcx te¡ult¡ ln as elecÈro apis nrltlpttcfty ehaage

(AI) of tro u¡i.È¡¡ 1.€.

¡¡d i¡ Cherefore rertrletGd. shi.larly Èhe reactlæ betvc¿n electroD

rpla patrcd eobalt (tI) êrd elestræ cpln free cobalt (üI) al¡o

resulSs ln a rpl.n nrltlplfcfËy ehangc of t¡ro rnÍË¡. Boræer rhe¡ Èhc

elæÈrølc eofÍguratfo¡ tmdergo rearraagr-ßDß to laterædlate value¡

Èheo Che opll lrltlpllcfty ehange becae¡ nlal,nal l.e.

c.rr(tzr)s(.s) + corrr(tzu)5(rr)1- corrrtrrr)5{"*)r + corr{trr)5{.of

(aI =0 )
a¡d the elcctrm Èran¡fer becoe¡ allod.

fbc cuggertLm of a trlgæal blp¡noldaL cæflguratlæ for th
cobalÈ rpecfer 1n Èhe tratr¡1È16 atate, fn both Èhe aceGylaec!øc ca¡e

a¡d the pheosal Ë¡rpe rcactloo, f¡ rade rf.æe Che elæÈÍo traûrfer ta

expecGed Co oceur thrcrgb the llgaud brldgc ad the orblËal rot avatl-

able for eonJugatfm rf.Èb Ëhe brldglng coleeulee rfll be tbaË dlrccted

Èæarda tha bridgtng ltganda vl,z. the dgz orbltEl. Furthcr, Êhe
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dLcÈrlbutlæ of clestroas ta tbe varlqrc d orbftal¡ of tbe e*alÈ 1l
roac8¡,at¡ slth a Grlgøal b{p¡nntdal eæftguretleû Lr

cobalt (II) Góalr (IIr)
d..2 d12

free ion free íon

x2- yZ d 2x -v
dxy x,y

dxz xz

yz d ttz

ad th*e r11l thercforc þe m aplÉ Bttfplfctcy rê¡GrlctÍæ fc Èhc

exchaqge ef an elecÈra bctrecn chê bl,gb GrgrgÐ¡ dr2 æbltal¡ oG the

reâstå!Ê¡. Sueh a¡ clectræ Ëra¡¡fer le aanlsgcu¡ to thosc Éor

ßcecßifi¡ betrecn oetahedral cqlerec¡ ê.g. ce@:)¡ cl*a¡d
Cr(H2O)|' [t rñLch uppcr Go.rær d orbfßab are tlvol.vcd le Ghe eæhå¡g6

a¡d rrùfch orgcl (16) cæclôer¡ rtll bG cqrcqooßtly rla. E¡ræcr i,f,

the otbcr pocatble ffvs e¡o¡dtnste rpæf.os vf,.l. equare pyrad.dal, r€rê

Êe oac¡r ln Èhe Èrar¡lÊfc r3¿Èe th€n thc eleeÈrc tra¡sfer ¡qrld ¡cd
Ëo ocsr¡r beÈrcco tbc 4¡2_y2 cbttal¡ of the eódÈ at- t.c.

2
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,^ II
UO

drz- rz Col[

tree ion

xy

xz

drz - rz

free ion

d.,2

xy

drt
z

1¡ order Èo n¿l¡È¡la a rl.ainn cbengc ln Èbe spLn nulËtpttuÈt7. &rs

ßbc electror'Êaån¡fer ln Èbls låÈÈer case sanld aot oecur Èbrægh Èhe

brfdglng æleeule.

thc re3e of Ëhe bond breaktag proccss and cmver¡los of the

terulÊlng cobalÈ (III) cpecies Èo the trlgpnal bipyrrfd atructrse

aêcessirry to fo'rn thê tra¡attton aËaÈe, cl.oße electræ spln unpalrlog

oecurE aÈ Èhe 6n¡e 3{¡s, ¡ay bc cæ¡tderd e¡ e Froccsr of cæverÈLng

dlanagnetic cobalt (III) to paranagaeÈlc coÈalt (fff). laubc et aL (17)

¡ade Èhe sûggccË16 that the exchange of lfgatd yåt; of, Èbe eobalt (III)

hcaþdrate rltb aolvenÈ rsÈet tal a faat reactloa becauee Cb¿ ltgatd

tteld of tbê raÈer ss cr¡fflclcnÈly rcah 3o perdÈ Ëbe eôal¡ (Iü) Èo

exisE par3ly ln thc ps.rryÐêtíc cea3e. Furtber Er¡¡ch (53) ec¡ldere

that GÊrtain ligaade utll oc'cr¡r nhLch el1a partlal electro epfn

llopalrfng or electrm epln pairhg of Èhe æÈel aE{. f,æevcr fa tbe

ca¡e uader etudy tbe reactf.o proceediug vLa Ëhe peranagneËÍc f,on 11.11

be rahly due ßo the fasblllby of the csbalÈ (II) to truderteke elætro-

phfllc aË.tacL, on the cobalt (III) cqlcx as suggestd abwe. the

dgpaüdcaee of 3he rate of rcaetlæ on Èha raectaat c6ccûÈrât1æc nay

dr=
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bc ealer¡la3cd fra thæctfcel cs¡Ldor¡tln¡ of tbc ttGfflÍrG ÉGrcÈ16r.

*l* e.I¡I
P

=è h

a"ltt + corr b > "rtlt eorr-'-- "r*3¡Ë trasrfcr

rtcre thc ¡ubrcrtpÈr }l¡r e¡d ñdi te¡rreløC pa¡Ðstprßfe(trlgæal

bt¡ryrad.dal)s¡d dfr-rgncÊfe (octahodtal) rÊrtor of tb¿ côelÈ (IU).

It tÀGdeClool r¿Êc of recatlon ray bc descrd,¡cd frl a

canlderatln cf ¿h¿¡c equatLæ. Strcc Cbc raÊe cf fosretlo ef,

pesara$rßtlc cùelt, (If¡) Ét bc qrecrcd þ

c$i - hþ':']
dÈ

âF¡ tte raGe or Lol; er þÏ1 ¡rr h qroæd þ

-. þ'11 , h t*l'1 .., þi1 [**]
dt

ff a rtesdt tteSç æls3¡ 3¡o.

þ;'1
3.3

Slæc rltb{n Ctbe Crasttle¡ .ßa3G cq¡l¡r tÈc clcctEü CråE fer 1r

crycctod to bG crËræly fasC f,rc æ wclcs¡ to tbc oShor (4) ttrpi

tle irtc of al,oct¡r C8f,.fer r11l bG doprdcoù c tb aaSo of fcu-
3lo cf Cb acÈlv¿ted tran¡ltlæ rtatG. Eæe ths r¡3a rf clccÊrc

Èatsf.c uy bc cryrørcd þ

h,

h%
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* - ", þ"1'1 [*tj
srù.Èttutfg tbe valuc of, þ;tl fra ecuetts 3.3 glver

R-b[.Ji . h t"'Í1

b+h[**]
If Ëhc teÈd, of forraËlon of thc ectivatd tran¡l31on otetc eqlc* fa

vetT uch fa¡tor Ghaa thc reGe of, c@rrer¡im of Chc elætron epLn frce

ro elccÈroa cpta patreð coùglr (II¡), Gh¡a bl [a"tt]) q cud hcoce

Èhe ratc of clecÈron traE¡f,er qlld approrf*Ë* to

r = h [r"ått]

Fr¡rthpr lf ae le cpecÈcd Ëhe e¡ulltbrfu bcürecs th¿ elælræ opln

f,rec a'rd tbc clectrm rpln petfd coùålt (ilI) grcotly feooûrt thg

crN¡tæe of ßhc l,a!Êcr fø tbeo tùo raÈe cf olætrc Èran¡fct wrl.d

åÉtbcE apprc,fnÈ€ Co

E-h t**{ 3.4

&a equatlæ 3.ó 1¡ tbc lræ as thc equ¡tloc 3.1 úfeh ra¡ ócËcrlfisd

c*perlrcntally før beùh Èhe p-Ëolral sd cbc pheneal ¡t¡tcr8.

fbcn dl¡curcfig the elestrm trattfer rcec.Èlm beÈrcco Ëbc

scet¡llaceÈffiaÈo cqlcrar of eóelt, ths larga lcgaÊlvc eßtrq¡¡ of

aeÈfvaBÍæ uan u¡ed a¡ crvidsrce to 3üppæù ßhe fonatûæ of a cql¡ret

tra¡rfÈlon rËaËG cqlcr. lcerer for thc phcoral typc cqle¡cs tha

es3rogy of acÈlvaClæ ls G8pæÈêd Èo be Èh¿ valur for tbe rGerraEgæù

of thc electræ{c struatr¡aa of tbc cóalt (III} spocler oad Êba lerge



t,ú.

EegeËlve valua fq¡Dd ceuot ln Èh1¡ ca¡e be r¡sed a¿ cvldeæe for Èhc

fonatlæ of a eqact lrt€rnodfata. &e fact ÈhaÈ a lerge nsgaË,Íve

eûËropJ¡ of acElvatle heo been fq¡nd ln Chlg care, and vhich csq ba

reletcd Co Che reetreBgne4t of thc elcetrmic stFræÈure of ooe of thc

apcetes, ray alro serrr€ Èo lndtcatc 3h¡È the lntcrprcteÊioû of cstrop¡r

ae Ldlcatlng a cqleet tra¡¡1t16 .tate c4ler behg forlêd ln othcr

ca.Gr fr ao3 cgrræC, büt Ëbst a large coûErlh¿tlo of tht eaÈropy

factor ¡at be duc ßo Èhe rearraßEorsnt of, thc elec,tronic rCn¡et¡¡res Èo

a¡ lntcr¡edlate ctata.

fhe actlveÈtæ energier of the pheoral ù¡rpe reacGlolr are gol,ag

Co be related to tLe bd bneakhg proceæa.l tbe aearra¡gsæEt of thc

rerultÍry cùalt (fff¡ apecf.oa ßo tbc trigosl blpyraddal ¡tcr¡casre

teGesaary to fsr¡ Chc tra¡e1Ë1@ aÈaÈe and hæe Che eoerg¡l diffcreæc

betrceo tbe electron epf.u palred aud Èhe elæEron rptn frca cÈate¡ of

the cobalt (III) rpeclcs. ther€ value¡ arc f,ormd to be th€ .âm üfth-

fa eeperlmtal errar and thL¡ t¡ to bc crpeated ¡læc Èhrre should be

lfttle ff aay dtff,crsû€c l.¡ Ehe Ëmd brcaklng proceæ m Chc ligand

fleld¡ prereot ln the cobalt (III) spccl.eE fsr eithar of tb cqlceslng

agenta ¡¡3€d.

AlÈhougÞ tt fa Chor¡ghs Ëä¿ß a persgnÊGlc forn of Ghe cobalt

(lrl) epæfer fa present dúriDg Chc olecSiro tra¡¡f,cr iÈ lr alro fclt
ËhaÈ Cbc proporCl.æ of cohelt (III) epælcc le thfr for¡ ytll, be

relatlveþ nall. üagneËle sÊas¡rracrÊ¡ æ eolutlm¡ of Èhsrc cæ
glerce aË bigh tqêseture¡ rqrld be of aael¡tancc te ter3 the þpo-
Èhe¡Lo.
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GBAPITB 4

Ihc electroa Èra¡of,cr rasctloe bct?G.o ¡aled-coüalt (II) sotn

¡Jtntnor-¡alc¿-cobalÈ (¡I.I) cblci.de Ba¡ atteÈcd, bcvcr, duc to Êhc

lreh of lrÈr¡al aolubfLlty of Êhe cqlercr le eny of thc rolvtott

cho¡cn for the ÍwertÍgaÈlæ thf¡ uøb ecrld Eec bG e¿Érld qrÈ. ltó

eerptor-l0-rulpbmaC¡ of the cqtc¡ cobalt (III) lcl l¿¡ prcpard and

fü¡Ed so bc cclËble tn p,yrldtæ, a¡d ¡lacc 3bc cobalÈ (II) eqkx rae

al¡o ¡olubl,a thc cxcbaryc ue¡ sËr¡rlfcd 1r Shlc ¡olvsnt at È-tt.atCurès

oÊ,25oQ esd OeC (labler 4.1 aúd Ô.2). tùs¡e tcrycrcturert îGrs cboss

for thc fnrcltlgatlon, afæa Chc reacÈLæ ra¿ cúFcct€d 3o occr¡r repldly

aß roc têq)eråturc.

Solvect €rEtaeeÊLoq rar erylcycd Èo mparaSe Èhc tro cóalt ccr

pl,e¡a¡ fra thc rcaß:lm rl,*rrc. Fs tbo seåcttær¡ aÊ 0oC, Gbc

ú€il¡aEåÈ€d fractlø¡ rcre aealyrd bosb radtctrlcally a¡d eherfcal.ly

(lable 4.2). Aü 25oG, bnæcr, mly radlcetrÍe aaalyd¡ ral

eryloycd ar prsll'rllarT erpertmtc b¿d ¡hca Èhel eÈ Bhtr ÈryGraCr¡rs

l00t ccparatlm ra¡ obtal¡rd.

* Salcn. - f, ,l' -etþlenc-blc- (eall,cyltdcnc-f¡1ssËo) Llgad .

t
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tÀua 4.1

-

Electr¡¡ llen¡fcr EeaeÈLø beÈncen Salca Cqlcres ef Gobalt (II)
ad Gobalt (III)

Gæcatretlm of coba¡,È (tr) 0.013ó ti¡ cdcÐßrartm of, cobalÊ (uI)
O.Ol47 H fn Pyrldtne e¡ Eotvent aü a TcryGraGurc of 25.0 t O.log.

Io. fis(!f!.) Ëq¡aùr / rnt¡s ET
Gobalt (fI) cobatt(üI)

1

2

t

I

1.5i

3.5

ó.0

9.25

3357

3363

3841

3542

33ó0

3340

34,99

3174

3513

fi27

318:t

91.0

90.4

97.5

91.7

TArIx 4.2

-

Elcctrc lrancfer Beectlæ bèÈgoco $alco Cqleres of Cobelt (II)
and GóaLt (tI'I)

Gæ,entratloo of Gobalt (I'I) 0.Ol(þ Ë; GoqcatraËim of Cobalt (III)

O.Olts H ia Pyridíne aa SolvesË aË a Îq*raÊurc of CIt0.

io. 1Læ
(¡ec¡)

47.5

14ó.0

346.0

csrntr / Ld) eecs cæeoGratlæ url0-4 E I
C€bstt(Illcobålt(UI) cobslt(U)CobalÈ(n[]

t
2

3

34{lÉt

3600

4æl

195

510

rp4

99.1

101.8

gE.7

480

w
ãå6
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lial-¡ropco Cotee¡ of GóglÈ (II) aod (IIIì

n¡e elc¡troB ÈraErfer reecÊfoa bc3reee ael-o-phæ-cobelt (II) aDd

f lrnr sg- (ral-o-phcn) -eoÞelt (¡II) cqbc-lf culphmaGo uat etudf cd

aÈ Ooc. la pyrldtsÊ ar solvcaS (lo¡lc 4,3), A rtudy ra¡ al¡o r¡de of,

Êhe ¡fntlar s¡/stÉil fo uhfc,h thc quadrfdcnËate llgnild ea¡ the eaf-prqeot

rsleculc (lable 4.3).

Î+tEE 4,3

tro,
lfD
(ræ¡)

Gq¡¡ß¡ / l(l0 cec¡ CdccoÈratlo lf¡104 I Z
cobtlr(II)CebaLc (r¡¡) Cobalt(Il)cobalt(III)

t
2

3

4

53.5

151.O

42.5

140.0

105r

1280

24.6

1ôt

2,31

273

580

571

Tlo

6to

3l¡

1.8r

1.66

19o

?13

7¡3

95.1

98.5

101,3

9!t.6
tr

8aryle ¡uùers I esd 2 are the re¡ultc for Êhe elætroo Èran¡for

reaaCfm bet¡een tho ael-o-phen cqle¡es, Clre eæcoËrsÈl.m¡ bcfng,

cobelË (fI) 0.(ni0 ff aúd cobalt (III) 0.OOt5 ll, Saryle n¡nber¡ 3 end

å are tha re¡ulÈ¡ for tbe electræ trerfer reaettm betrcen Èhe ¡al-
prop€n cqlcxer, ÈbG conccntratlonc aÈ Èbe sm€æ€rent cf thc c*p€rl-

rent belng cobalt (II) 0.01(lO ll aad cobelt (fff¡ 0.(XÐ4 N.

* $al-o-phea r !rf r-p-pberylenc-bis-(eal,tcylldsna-trtnato)

S al-propeu ú t, f t -¡rrqry lene-bÍ¡ - (8a llcy ltdear- hlneÈo)
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Frl Èhe rcsultü of Chè c!,Gccaß ÈraE¡f,Gr Gspçtrtffiü¡ (Tsbt€s

4.1-4.3), fÈ appcarGd ßhat 3hc reeetlæ¡ rcrc f,erß, tte ¡æ rôúrlC

rcr¡ld bavc bcco obtEfncd lf bo,tb Ëhc coùalC (¡I) and csË41È (lII)

cqlorcc rderrcet a ra¡rLd crcbeagc of, cqlered coùalt ufùb eeDalC

læc l¡ sslutLm. 3lrrce lcst (1) fqÐd a rapld €æbatgc of cobelt

1æ¡ beCrreco coù¡lC âsctaße and l rl r -cËbylcoa-bl¡- (ealLeytldcocfuú.lsCo)-

cobalG (II) la p¡rrldfnc, lÈ rac rccsrâry 8o dcÈerrtæ rñether tbc

cobalt (fff¡ cqlcrca alee gave a ragtd crcù:nge sl3rh coùalt fo¡.

tËr exchangc reecÈto¡ of thc cóalt 1ær Þctsccn eobaltæ¡

Dcrchlørrta and thc percbloraÈca of 3.hc cqlcr cobalt (fff¡ fær rere

cGr¡dld ln an 8ûf acctæo-r¡lteE rf¡turc at Zlioc. ltc cóalt (tr.II)

eqlan sf3cr erebange, rer preclptCaÈcd a¡ Êhs p-Celuenc-rulphoata

¡nd ths rpcctflc acclvfÈy of Èhe G€belt fu shc cqlør 1o sa¡ deter-

d,Êd. ltc rcsults Ícr the qorlmßt are chúû tn lable 4,Ô.

8aryle n$er¡ 1, 2 anå 3 arc tùe rssutt¡ fc thc crcbaegc of coöaftc¡¡

fo¡ nlth ùbê ecbglÈ (III) (rel¡n) cqlcr lan rbfla ô s¡A 5 arc 3bc

rcrultr fc thc ucbange rùth *" ."l-s-phes aud sel-propsü cælcx

Lor rcrpcctlvcly.

lba rær¡ltr of, tho æhaagc cryGrf¡GûÈg fidlcåto theÈ 3hc

rcscÈtm lc alr, büt fartcr ßhÂa rtgbC bsyc bcea crpcetcd fæ cobele

(III) eqrlcxca of Èbe ßlrpG fütrc¡tlgaGcd. fflhl¡Ð cß al, (2) hve¡t-

tgoted the o¡chaqa Þctncen ccbalÈou¡ calt¡ ad l.l0-phcoantbrollac

cqrlc*cr of cóalt (UI) sod fd thst Chere e¡rs e tealureble r¡Èc of
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exehange ftey erplalned thfe ae belqg due to Èhe exlrtencc of a

lf¡cGr¡)

ÎÂDrß 4.4

Gount¡/l@ scce
Gobalt CqlcxXo.

16.5

ô0.0

64.0

10.o

8.0

804

234É

4969

770

308

EZ

10.8

26.O

39.0

4.9

4.6

ft. of

.otoo

.0121

.ol7l

.0211

.0090

s

7,45 x

V.45 z

7.45 t
7.45 =

7.45 n

Cqlex

I

,

3

4

5

1d

105

1d
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I - Sp*lfle acSlvity aÈ IOOZ erchange.

fte orlglaal eolut1æs of eobaltoue perchloraÈc ard cqlcx
u¡cd fcr thc echange aÈtdy rere æde 0.æ(Xl E ard 0.m50 t
recpeetlvely.

arall æt¡aÈ of cobaltor: tryurlty tn Èhe cobalt (III) eqlex. I¡

Èhe prcp*raÈfæ of eobalt (fff¡ eople*ec, lt eeae thåt lÈ f¡ alro¡È

lrçærlble 3o obÈal¡ the¡ sftho*rt eilê cobatt (II) fryurfßy (eae pi,

125r. Eence the e¡letæe of ¡oe cebalt. (II) fryurlty tn the

€rperl¡eût¡ cerrfcd c¡t r.ould exglaia thc ære ra¡rfd exchaage oh¡srved.

[orever, the rate of erchangc l¡ etl1l ¡l,c enougþ to LrdlcaÈe tbpt

tbe re¡u1¡3 sþ¡¿tned la the electro tranrfer exp€rtgßr arG due to

as elccßroa crc.hange and loC to aa erebaage of, thc cobaltrñ.
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Iì. General Dlacus¡fm

Calvla e¡d lartela (3) carried 6¡t rstnctie rea¡urerento m

salen-cobelt (rr) ard fqrnd a velue of 2l7o for 10ó 7c Ë, fra ¡rtteh

Èhey concludcd Èbat the cebalt læ hac ooly oe rmpefred elecGræ.

Eencc ls terrs of tbe Paulfog theory tberc fs, fn Èhe cql.*, d"p2

þbrldfzatloe of the orblÈek of the cobalÈ Lon Go gtve a s,quåre planer

emflguraËloo of the lfgand arq¡ad thÊ cêûtral ætel fm (ltg. 4.1).

ltcy alro fæDd thst the vglues of 1o6 ].x for thc ¡al-o-phen-cobalt-lr

and tbe sal-propen-c"cbalt-Il rerc 3360 aad 2380 rerpectÍvely.

Altholgh these vatue¡ aecl a llttle hlghcr th¡n shet nfght hsve been

e4acÈed, they vere Lnterpreùd a¡ fadf.catlqg that Èheae crylc-ea are

r1¡flar to the ¡elen-cobolÈ (II) coqlex. f,agretfc -Êa3uE€reûÈc oE

the cobelt (III) eoqrler,ea rltb all thEeG ltgandc fndfcaËes the erfst-

encc of Èno uupalred elecÈ.-if'o''*e tço ¡ e¡¡rs roLecule¡ fqmd to
(P.l98)

be prerent b¡r anslyeLe ranld be bo,ndcd by æeos of tro pd bybrld

orblÈale almg che df.rectfoa ef Èbe antfbædlng dr2 orbltal. Gæee-

queaÈly Èheee bonde uorld be erpected Bo be reakcr tha¡ the four

retel-quadrldeatate llgand bædc ad aleo to be lore crteded ln ¡t)ace.

EvÍdcnce tb¿t the tyo !êtal-confa bmds are differeût to the oÈhcr

fq,rr ætal-llgaad boods f¡ fsund ta thc reacÈl.m of the crylcxea rfth
appræfiaÈcly 5 Holar cetrstlc oada soluËfoa, elæe amfe 1c g1ven

off sfÈheut de!ÈrucÈfoa of the rælder of ßhe eqler. rhe

cobalt (Lr) coryle:ea could al¡o be e=pected te forn tetragonal

structure¡ La solvents uhlch are able to coordtaatc Ln Ghc relalalag

tro oec¿hdral poelÈloae , e.g. pyrtdlae. As in the c¿¡e ef tbe
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GobalC (fff¡ cqlersrr t¡.o lLæ¡r pó þbrtd orblt¡le ra¡ld bc ruod

for the lod{úg a¡ bfce bclag crGendcd tl rpece.

ltc ¡clr¡¡fn of tbe clættoa tr¡il¡fes n¡t probably nould ocqur

by aolæ brldgfogr(t,c.oor3er rphcrc"reascto)Daæeca the trc cobalt

eqlercr (ltg. 1.2r. lte rÈudy of the off¡ct of dfffcrcnt brldglqg

grs¡p. æ Èbc r.te of elocGra cæhrnge utl noû poætbtc dut Ëo

colubfl{ty fåctcr. tccvcr, l.¡ vl.ctr of thc wldæc farod þ
Dorergh ¿nd hd¡æ (4) 1¿ 1¡ æt ryectd ÈbßS diffsacnÈ ¡afmr rqrld

prodræe aly dlfferæe 1¡ th¿ rcta of tho cl.cgtræ trea¡fcr ro¡ctlø,.

Is a eqarl¡o of Èhf's t¡pc of, cr4le* ufth tbr tetraphæ¡rl-

porphtæ cqler of cobalt (fff¡, lt f¡ Èo ba ryctcd thot, a¡ ls Èhe

bcCêr cirre, apln patrtng of thê 3d clccÈrsr rfll tate plece" Ée

quadrldentatc lf.gaad rÉt bo eorlderrd er prodrætog tbc rrÍn 1¡flueæc

æ tù¡ llgaud flcld, elaac tü bsr a rtgld .tn¡ctruc ed r¡¡ß hevc a

rqurrre pleacr ¡rrartcrßnt ebqrC 3hc cccËrel æÈrl lm. Sr¡ch a llgaod

rn¡Ld theref,ore Garrec e aplltttng of Gho eßorg¡r .tctGr of, Èhc 3d

orbf,Èal¡ a¡ ¡hru la F{9. 4.3. lle t¡fluaocc ef the tetraphonyl-por-

phlac ¡lccule o Èbo ltgrad ftald wÈl.d be grca3cr Chr¡ tn Èbc ee¡o

of, thc XnHr-cÈþrlsno-bf¡-(raltcplfdca¿-1r1¡atc) type lfgand af¡cc Lt

vlll bav¡ a grcatcr 4 orbllel cetrttutlñ ad al¡o fË le ncb rro
rlgtd th¡n ßbe latÈcr type tlgedr. Iû Èhc rccod tlrpo of ltgcnda

Ëre olÈrtß€r at[û have beæ replaccd by orygeo aÈcr ad thle ru¡ld
alro bc clpccËcd to decrca¡c tbo ltg¡d flcld. &eref,ore tbe effcct
rot¡ld bG tbåt tbo tocrtcr ¡È¿tco of Èh¿ ¿åZ .r¿ dy2 orbf,tal¡ rculd h¡ve

a n¡ch rfder ÐGpcr.Èl.e lo Èhc ca¡c ¡rùcr" g"¡¡'6-gherrl-porphtna fr
eorylcrcd to the cobalt (rrr) th¡¡ ¡¡Len the rrHr-ctþlcne-ble-aallcy-
LLdeoc-hfnato) type lfgandr arc corylcrcd.
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fhc ngætlc re¡ulÈû c¡n be erylafæd r¡ clectræ cptn paLrhg

of tbo 3d clccgra¡ f,n cqlexcr slth thc fcner ugê¡i rd only psrËirl,

clocËrc rpln palrÍag rfth cebalt coçlcrcr of, sLc lrtccr ttpe lftrnd¡.
lËo clccÈroolc ¡Èrr¡ctuae¡ of tbc cobglc (f¡) sd c#l3 (In) ln¡ ta

ßhe ¡¡leß 3¡rpe eqlrc¡ uq¡ld thcrcfcrc be ¡td,l¡r, yl3.

t2
d,z

d2*d2
,¿

t t
d2t

-1 -otr2 dr}' fe s¡d1' fer Cobalt (III)

s¿

ad a r¡pld clcctræ tr¿n¡fcn rqrld ßala placc vfßhc¡È thc E Gd fot a

lerge Gûcrg¡r cf reerrengep.at of elcßÈrmle eoflgr,ratfoe¡ cf tLç

actcÈ¿ûtr. lsrtbcE, chGrc rfll bG ¡o ¡ccd Êo rcrrrerge tbc flrrt
rpbcrc of coordh¡Ètoû fG Eho forlcùfm of e .yüÈrlcel Gra¡¡ftfm

¡caËG rlæe tbe reacÈÍæ rlË prcùebly ir n il@ÈGr rptcrcF ÌGËs!fs6.

Ic ¡læld al¡o Þc pehÈrd oBt Èbsc th¿ clcetræfe rtncGurcr pro¡rored

te tbc Gqrle¡æ mrld ¿llæ a¡ clætrm ¡¡ahafge tç Èatc pleee

Lcffic.r d erbfccl¡ lr c le cacr¡y stÉÈc ihrcb orgct (5) eærfðcre

Fftl bG fe¡t rcactl,m¡.

d24t asd .lr uþ - * fc cebctß (II)
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CEAEEA, 5

Cmclusld
Faetor¡ ¡ù1ch dght bc erpected Èo l,aflueoce Èhe retG at rùl,ch

elætron traasfer reectlaos preeeed are,

1) ll¡e dtet¿¡ce of eeparatlæ of tbe rsac¡ltts et cleetra

Èrmsfcr ¡1æ¿ thi¡ ulll. affæt Èba proüabllfty sf elæ-

trm t¡mGlllng or Jrry proce36. the eeparaÈloß of

the rotctaat¡ stLl ñ¡rtbcr dcpcnd on

(a) Ée ehargc @ ÈhG reactetts

(b) the dleLcctrfc emstant of Èhe ¡olveat

(c) lte pteaence of foo¡ of oppoalÈe cherga to th¡Ê

of the teactaÊtr.

2, ths pcræabtlfty of thc ¡olvmt to Chc clectræ Po¡tagc

3) lte peræablltty of the ll,gand nlcculc¡ to the elætræ

Pagtagê.

tle expcrfæntal rorL rc¡tortd ln ßhl,¡ the¡trr r¡¡ carrled osÈ tr s¡

ett€+t to al¡¡cldate, mre clolcly" thc cffcct of acc of Èhe¿c f¿ctsr¡

vfa. cbarge, llgand and aolveot Cype, æ thc ratc of el€ctrm tra¡¡fcr

rescÈl.oo . lbe effect of ehargc har bcen luveotlgated by tbe rtudy of

rcåctfoas bat¡ræ¡ ¡outral cqlaar ¡ùllc Êhat of Ëhe llgaad ber

Lrrrolved tbc aÈuily of a scrl.c¡ of ehelstc t¡tpc lfgendl. D¡¡c to

aoltrbllfty factors tbe rcectfos havc bcco esrrled q¡t le orgaal.e

rolvcoËr, bñevcr, ooly a fcr of thstc h¡ve becn usd. ltægb æly

a f,æ rGÊeÈiær heve beea ¡tudled lt hae bcen pærlble to rakc cilG
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ôrfu¡Sfc¡ tr 3o tùc cf,tcot ef, tbr vrrLqra fæËorr ü' oo1y a ah

8ttê of r.!sËl@ b|r¡Ë ef¡o 13 Go tù3Íl' effæÈ o tb¡ rcoctlæ Icbttl¡I.

llrrtly, ïh€û cæslðerfug the acetylacetcnaËo cqrle¡es of

3¡b¡lÈr Lt cæld be reen, æ¡n f,rcn the f¡r eof,veaÈs ueed, Ch'it tho

Eslure of tbc colvcnÊ tr a very l4ortaf,t, f¡ctor fu deÈesufafng the

reße of the elcctræ træsfe! f,ê. tbe taÊe nae fq¡ail Èo bc fc¡Ècr fn

sc¡ùtl¡cotæ tbaa La Êo&¡eoe ¡¡ solvemÈ. Iû rrla of tho cvldæc of

æhßf l¡cù¡rx (11) (12) tùß effÊct of the chaage of ¡olvlnt eanoÈ be

crytelncd aa dua Eo a elraoge ln Èhe dtelectrle coûaÈa¡t of, th l¿dfu¡B.

¡.athßr iÈ ea¡ be eçlefned Ln Serns of a changc {n Ëbc raegËfæ

rccù¡nl¡1, 1.C. 1n Èoluene the reactlm fs besË eplalqed ag proøedflg

t6q¡gÈ æ tlmer sphcrer brfdgeil traaslÈio cüate, rtrlle the rerctto

la oceßj¡l,acGtotre cåû be enplatred ar lnrolwlng an rfi¡ter e¡rhercr kldgcd

trnrt8læ .t¡tc- lhe 1rÈ3er rcactLoß rqrld ose¡rr tltb Èhe gFGsCcú

pr¡þabfllÈy dug to Èhere belæ ao need' sa û¡ Èhe fotg¡ c¡Eer for -r+

Eakf¡g æd Èreaklqg of tþaod-rÐetal bæde. An sttsElt Èo al¡o caPrte

fyrldtos a¡ ¡olvenÈ oeÈ rd.thcn¡t B{rscees due to the replillËy vtth ¡l¡tó

thc cöElt (III) eqle was redr¡ccd iß thl¡ soluenÈ.

tS t¡,obeeryed ÈhsË the rate aC rtrfch electro tran¡fer

rerctim¡ proeeed 1r rapfd lf the rcactanÊ¡ boÊb hare ¡{'¡Llar clæÈ¡ml¿

cæf,ig¡¡'a3rdûa e.g. r.&-- re (c)3+ rod coll(tr)-* c.u(Ë)* aÅ 6an

Lf the clectroolc cmrflgUratio,ns are dl,fferenË' e'g. 6tS'- Gr$ ("ec

laDle 1). Bense the c.hange of electrd.c attr¡cãr¡G r¡st be a iqf,Jor

t lhi regretcnÈs the ÈeÈrqihcrytpcaü1na 1f8púÄ.
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fosÈurc ls datetrfnfag the ratG of electræ tra¡¡fe¡ ald emrcqucûsly

boËh Ëho aetfvatfon Gñergy ad activstlc GDtroPy.

frs ecttvatfm coergÍec obtêtlGd fo'r Chc cobalc (II) - coÞelt

(III) reecÈLm¡ studf.ed, crecpü for Che ¡alan Èypc reccÈlos rrùcre the

eleetro tren¡fcr rat Èoo rapld to allæ Èhe detcnltstlso of hl.nctie

data, are sll cqarablc rtÈh Èbo¡e glvcn fc otbc'r ¡uch rcaetlæ¡ 1l

aqr¡cru8 ædie (Îabl.e 2.21 aú for ¡rhich thc aeacta¡t¡ are el.eetrc aplo

frec ad elecÈros rpln palrcd rcrpeetlvely. lihfe 1e a¡ oûe uould cEpect

Lf a large portfæ of Èbe acÈlv¡tloq encrg)r gcre due to thc rearrsDgc-

renÈ ef the csergl value¡ ol Èhe d orblBal¡ of the rcåcÈeat¡. tae

Ecsrtsûgæat of the a€rgy value¡ of tbe d orbftal¡ of thc rescttetr

uqrld takc plaee durtng ßhc forratlm of 3ba tra¡¡lt1æ ttatc or ¿¡ la

propooed for the phencal q/pe rcactfmE during th€ b6d breaklng

procGsr aad thc eubecquenÈ Drc rapld fotraËLæ of the Craû¡ltioo ¡Ègte.

lbe eocrgy of, aeÈfvetloo dcÈerrlecd for the phenral Ë¡/pe tGsctlms balas

a¡coclatcd slËh tbc elcstræic rGat¡artæBt durfag the bæd btoeh,lng

proccsr aod cubcequenÈ rGaÍrssgænt of Cobalt (fff¡ speeler to a

trlgæal blpyrartdal rtrr¡cturè.

Âlthoútb thc eoËropy cf actfvattu res fEltlalty latcrprGÈd s¡

æ LEdtcetlm ÈheÈ a cqrect traasltlm statè le foncd, thfu bclng Èhc

ususl practl.cq (13), dq¡bt ls casË m the lnßcr¡rretatlæ fn vls of th:

largr ragaÈivc value fqnd fæ Êhc pbcnral Èypê rGactLolc. In Èhe

lettcr ca¡c thc bf¡eticr of the rGåctloÉ vc,re fq¡nd to bc flr¡t ordcr fn

Cobslt (III) emcerÈretlon atd a nJor emÊd"b'ut!.m to thc caÈropy of

actlvatfo n¡eÈ bc tnÈ€rpteted sa due to thc rearrengq€nt of Ëhe
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elecÈrælc strr¡eture of Èbe cóelt (III) rpeslel. I¡ vic ef tbG fect

ÈhaË Gha onÈre¡rtca of acÈlvatlm fot ran¡r cÓett (II) - eÓalt (XII)

rGaetlmt are of, the ¡enc ragnttude (table 2.21 ae Èb¡t for 3he phaoral

ÈlrpG reacßLæ¡, üG ta lcd to eæludc that a larga perÈ of thc cntropy

Cerr 1û all theac reacÈlo¡ Lg dr¡a to ÊhG rcelr¡r¡gæût of Èh¿

elecËræle sÈar¡cÈurer of Èho re¿ctaûts Co ¡ce latcrædtetc for¡"

Afthough thcre 1¡ dorùt ce¡t oo thc ura cf large legatfve

cûtrefe¡ of eetl,vatim ar a¡ f¡dicatÍos of the fotutloa of ceTaet

tr€Bsl.tfoû ¡taÈGr, oSher coeLdcraÈlæ¡ sCtll le¡d øe Eo the eoqclu¡1æ

Sbat ¡ucb eqact 3raÉrtÈt@ aÈaÊGr do occur 1¡ Ëha caact rtrrrllcd e.g.

ChÊ rGGd for a Èra¡¿fc¡ of ltgald ln the ea.aea rtudld, Í.e. tlæct

apbcrer rceottær, eld thc cæcÍdcraÈlos of llataaa ald Fr¡æL (tÔ)

Chat Cbe clæÈro tr¡¡¡fcr caset oecur ovcr large dl¡tetß.!,

I! the stltGr¡ uriq tbc X-aryl-aalfcylldcnefrl¡ato cqrlexar

of eebalt lt ra¡ fu¡rd thst tbcre nal a chogc 1a tbc teactlc hl,ncClc¡

cqerd rlCh Èh¡t ef thc accÈ¡rlaeet6¡to cçlcrcr 1o Ëoluctc. It

ha¡ becr cuggeetcd thaË Èb!.s 1¡ due to thc lact, of any tendeæ¡r for tbc

cohal,t (II) rpælc¡ 1¡ 3hc forær eâ!e, te dargo e! cl.ßtrophlll.c

atÊac,L æ Èhs ceçorrblc cobolü (III) eqler. tbe elsctræ ÈraÉafcr

reaGtfo Èetrc¡o Èbc ralcn È5rpc eqlerc¡ c¿arcÊ bc eqarcd rtßh Chc

etbar cs!€s due to the napfdtty rlth rñfch ttc¡r proeecd åúd hcacc thc

laabfllËy Èo Bhc ftudfcd Þy the relhod¡ r¡r€d.

I¡ ¡Ll, of Ëhe carcs csudlod hcre thc ltgerd nlccule¡ hava co-
tahcd f elætræ Ey¡Gæ a¡d w¡ld thesofore hsve faclLltascd thc

slccÈrm treanfern eapecfally lf u¡ed dlrectly ar Èhc brtdglag gro{¡p.



1ó4.

ftc tûflucûse of cbengtûg tbe llgaei fræ ar ccaÇlaccßor to a pùanral

ttnlc caclce typc græp muld effoeC üta r¡Èe of tbe alectrc Êrår¡fGü

Èo læ æ11 degrcc duc to 3he groeter degree of cojugrGla, ad hæe

clcetre perrrabfllty, tl tle ffr¡t q¡-+d ligaEd. Eorcvcrn tåe clnngc

t¡ thc dogrca of, caJagctfc car * bG c¡ed 3o .rFlatl tbc cLarge tn

Èhe oÞ¡ewd r¡Ëe of rc¡etlo. O¡ Êbc cÌh.ú brld Èhê lære¡rcd rstr

of ccEctl.æ for the pbe.nsal S¡DG rascÈl.o¡ cqarcd efth cbG rG¡eÈlc

bctrce Èhe aectylaecCoacto cqlcxcc f¡ Golu¡ c¡a be e*glaleod tn

tcnr of thc dlfferescc fa ttgaad flclds of ghe rêacßEn33. 1..e, shc

changc of, 3bc 116ad rLll preduøe a chelga f¡ thc llgad flold sro¡¡d

ËhË f.8. bet¡ecn uhtch. elcctra traarfer Ír te oe¡gur ed Èht¡ fn gErB

1111 prodscc a ebnga fr ÊhÊ degrcc of rplfttlry of tba cncrg¡r veh¡e

rf Cl-¡e 3 ¿ oótÈel¡ of thÊ cotslt rpccfcr. TL bt¡gcr tba dlffcreeee

bctrea tbc rpllttlng of tbc c*rg¡r valsc¡ of, Èbr 3 ¿ üÒttak of Èhc

Góslt (II) ásd cob¡lt (IfI) Chn Èbe grcaËcr dll bG the crclly rcqutrcd

fæ rcarraogflrÊilt cf, Che¡c orbltal¡ ard hæ,e thc greatcr Èh¿ poûenÊlat

Garæz barrlcr Co tbo elcc:ræ tre¡¡fer. Ecwer tLat, Èhfr tr neù the

ol,y faetor dcËenlnf,ag the ratc of rcrGtlø bar alrcedy bocn poirßcd

st ln Chc cqrrl¡o of 3he tc¡ettæ bct¡ear 3he aectylåêctæôÈo enF

plc*cc fn tolucoc aad aectylaceGmc a¡ ¡elvent,.

thc cffcst ef Cbe cÞaogc of ltgad æ Èbs ratg of r.8GGlæ f¡
fìNtthÊr fllu¡tratod by tbc cqarL¡æ ef Cbo ¡lø re¡cGfco¡ bctrccn tbe

aeot¡rleccÈGEto and tbc phonrel ùypc cqlcß rlth Èbc fart rcacGiür

bctr¡c*s Chc ¡¡lc¡ t¡lpc cobalÈ cqle*cr. I¡ Êhc laßtca earc tbe ll¡rnd
rolæulc la quadrfdeoÈatc ad thcrefcrc yill prcdsce a rtrog plenar

flcld arqrnd cha cobalC fmr, tlr¡¡ c¡r¡rflg eloctræ r¡rln patrlag Ía tha
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drlÊ (Il), Ita rrtrtcæc cf cohtt (II) ¡nd eù¡lß Gff¡ tpæler

rrÍth rlÍ,1¡r clcetræla ecflgratl@ æd tåÊ ¡D¡æc of ql ¡crd Èo

lmlrc tb flrrt c¡ùore cf co-ordt¡aÈlo tn aty brfdgc fæd,ry præcar

tb¡ aller e repld ctcc3re tt¡¡af,er. lba e¡l,eo pfclæt ny ttcn

l¡fluæc thc ilq¡ter r¡ùcrcü rcrGÊtæ bt

(1) prcrddrqg e brtdgc ++r thu¡ e¡ o¡¡l.cr tâth fer thc clcctror

tr¡¡¡fcr"

c (2) preducirg o fod,c f,leld tn rclcfor rLtGL E¡l¿ l¡flu€ær

cËc poteuÊtql dlffcræ,e bctncoe, 6sl h¡mc Êhr rpgroct

of, thc rcrschg qrælct.

SÍ¡GG Chcro ra¡ dtff,lenlty fn ¡ol¡sttrg ¡¡tüt ñ1c,h ellrad th. cobclt

{Ifr) eqlcr to b: colrrblc l¡ tñc ¡clv¡ntr cbnæ, ftrÈbmo ¡l¡ca Èbc

rc¡ctlæ m¡ fq¡ad Co præerd vctT rqfdly, tbc effæt of Ëb. ¡ofæ sld
¡cÈ bc d.3cd.!.d" EdçtE a rtudy oî, u7 rlætrs Crr¡¿fcr .ptcÈr¡

rcrultlry frcr thc r¡æËl.a ny ell,u Chc dcSÉd,¡sCfñ of Éeßk æ

iloû tùû ¡n{6 fr perGicfpetüg ln brtdgc fc¡tLæ-
ltr reættæ ltct.C tE trrbLs 2.2 d chß¿ dc¿orlbcd tr cble

nlt hæ. acrt¡h føCccr l,¡ cm dcrpltc e rLdc vtrLct¡r ef erpcrl.-

mSrl ocÄfÈf,oc. lbt Èh. rttGt cf, rcrctl¡ ¡re rll ¡lr rlð Bhè

orßroplo of, retlveËf"æ tüae -¡.ìßd rrr ral¡tfvely lrqc ad æa*tvc
d Èh. orrglrr of ætfvrtlo arc ¡11 ¡f¡tl¡r. ttÐ Cbn ¡Dræa ot
ch*rge c Bb¡ 3¡r¡citLrg rpcctø dgu mß r?lgrg to rf¡rrflerarly rlt¡r
Êbe r¡tr lDf cohengc bGütGa GlGGcrG tptE fræ cùl3 (¡f, æ¿ elestr3û

rplr pelrrd cobalt (fff¡ eqfccr. Í¡¡., r*Ee cf ¡-b¡¡3c fr rLc
ÐbccLcr Èhr eqLGrGt aac ¡nrltfvely or rcaeßlvcfy ehargrd or er t¡thc
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prc¡€ût calè asutral. lhle ob¡erv¡Èfæ teg€tbeß rlCh Èhe frcÈ tbat

tbe aetl.vatim energies aod mtrqies are of er-{ Lar orders of ragdtude

fe bellevcd to lndfcate tbat Ëbe oyeridtng fe¡ture of all Èheúc el¡ctrc

Èransfer acacÈ1æs 1¡ Ëhe need ßo clrcoge Èhe elccÈroolc cocflglrraËlot

of eóalt (II) arß{ cóa1t (I[), befse elecÈrn Êræ¡fer can ecCually

tekc pleeerto rfrtlar æerry coflgutatfæs tDßGrrsdLete Þctrccs the

norul elætræ cpla palred eÕalt (III) aod alectræ rptl free cobalß (II),

ln sddttlsß Èo Èhe ¡cct, earrfcd out 1¡ thtt Èhatls, lt næld

prwe advrs3rgeeor to rake f, ctud!¡ of the rpæÊre af the v¡rlr¡¡ {ftGerr

at Èhc Èeqrcrature¡ of, tbe hl¡ctlc ruo¡. Ssch a studt rtghB bc eryectd

to gfve electræ Crasfer b¡¡d¡ ln Èhe .pcctrs¡ Èh¡ allr1l6 e bcttcr

tatcrprcÈatlm of thc electro trrn¡fer tæh¡rL¡n Co bc obttincd.

furtber worh, æ Èhe accßyl.¡setæc stat€¡ l.¡ alco requlred fn ordcr Èo

detu'd.nc vhcther æ Eot tbe \¡rdrogeu f,on ts actlrg a¡ a brldglag to la

thc tranrlÊ|.æ sÈaÈe cqler ad thLa Ét h achlevcd fru thc u¡e of

deuËeraCÉd aeetylacet@e a¡ aolvcnt.
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ct^?Its8, 6

l. Solvcnto

(a) ÀsetYlaceÈæc

1.D.f,. Acet¡rlecetñe tÉê trl.ed for ¡everal dayt over anhydranr

¡odftr aulphaÊe a'rd tbe drfd ¡olvest vat theo purtflcd þ dfrttll¡tloo
at [399C. Ihe dllttllattæ re¡ carlcd ouÈ ln cbe prescnßc of a s¡all
quroÈlty ef cobaltou! aceÈaÈe la cder Co rævc aay oxLdanÈc. e¡rl4
ad after d1¡ttllaclø dry "oqrgen trecn aicrogen g¡¡ ïac bubbld thr$gh

Êhe dl¿tillate to pEGttoos the ¡olutlæ of oqzgctl f,ra the aÞlpherc

bcfore u¡e.

Õ) lolucne

Sulphur frce E.D.E. toluæ raa drled for rcvcral dayt over

freehty prepared ¡odlr¡l rfra. AfÈer rcflu-rng f,or an hær over ¡odfu¡l

Ëbc solveot naa purffied by dl¡ÈÍllat1os aÈ 110qC, tn gn abcpherc of,

dr7 ior¡rgen freeÉ nltrogco. Iolueac rcsulrcd ¿s a aolveot rar purlffcd

ad used hcdlately, rtæa rúen kept fc oaly a fen bonre lÊ rqs fqnd
Ëhat Eæll quantttfee of vaÊer rerc ¡bscbod ard Èhe ble(aeetylaceÈmeto)

dlaguo cobalt (II) preclplcated fro a ¡oluÈíæ of tbe cúydrons cqlc=.
(e) Fvridtn¡e

B.D.E. þrldlnc rae kept for several daya qrea poÈaaclrr

þdrø:lde pellats. rhe purlflertfæ sf the eotvesG ra¡ thco cerrld
out by dl¡tfllati.on aÈ tl5oC in Èhc prGræcc of dry 'oqlgcn frcco altrogen

ga8-
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(d) Ethacl od 8ryrï.

Ite ræ ßÈtrd cf purfflcrÈta na recd fq botb tha rc¡¡æl
t¡¡cd ¡r r ¡olvcnÊ and fc tbe E.T.[. obtsl¡ad frc Tollct, gcoùG Ed
lolley e¡d u¡ed for rpcctat ¡túdtêf . tc purlflcatl,c na¡ c¡rrtcd æt
by reflurr4 cbc rcqulrd ¡olv¡nt ov.ß poù¡rrtu þdrcldc for abæË

f,oa ha¡r¡. fre ¡olvea3 w¡ Gbon dl¡tlllod ¡G 7g%, ,Et ,tæd t"¡

a rlqrpcred flerl,. tac purtfl.d g.y.l. slod for r¡rætr¡ ¡&dtcr rar
npc È.GDÈ for ærc th¡n a ÜlcÈ lr cdcr Èo rcd¡cc Gbe pcrrtbfllÇ of
ar¡r cl.drtio of gbc ¡olvg oecrrrLng.

(c) laetae

-
ârrlytlcel grrdc rG.gd frr 8t¡nd;rrd l¡lragorlct !t¡t. IEd.

rar drfed evc¡ *Þ!dro¡ s¡lclrr aulpùatc ad di¡tfll,sd at rót. Rc
rolvc¡Ê r¡¡ frecùly prrprrod Jr* prlc tc ßüe o4crlutr bcin¡ ¡6rrlcd
Ê¡t.

(f) Gìleref¡r¡

D.l. 8ct3d¡¡d chteofc¡ ra¡ str¡¡s3¡d ncyenl tLnr ulth çrter
ßo ræc trtcs-lelublc eryß¡ ed ¿fter rcpæaÈte frt Êbc f,l¡¿l
equcqr¡ fræ3le r¡r rtscd æen uþdræ¡ celctr¡ chlcfdc tor ¡¡ryar¡l
dlyr. rt s¡¡ Gheo dl¡tlllcd e3 6loc Jurt p,rfc t b€l,rg úrcd.

2"

ctltnder¡ of cæretrl al.trcgcl r.ÐplrGl by c.r.G. üêa. srd
a8 a rtrraec of nfSrog.a gE.. rLe gar rer pur!.f,f.d b, boåùung ßbrwgb
tre drc¡eLlcr bettla¡ rhtc¡h cæû.l¡d d¡È¡çø oü ch¡æ¡ chlortdc
¡olutls and h¡drocblorlc eetd æer rtæ ulgel. lt b*tlca rcrc
¡h¡*'cn coûßltrr¡B¡rly rrËrægbn¡ß ccch crycrrræt fa order to ratcncr¡GG
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t, üfrf¡r .-l¡rrrl ¡t tt ¡r¡rl, ¡t ryflr FË* tr Ct

I d,tqc ¡rr, Ër l,:sc¡r ¡n rúts drrynCfr n
frd ¡t ?.sf.t thrrff cdr*d rfpHc t l. I orlr of rrlr-
lb d fl"rlly r eeln d rlll*l ¡cl.

Ë. ¡ùfrü¡ rol¡ùll E trüüt m¡ ¡t afr.¡rf¡¡
cfd,c clfcrdr lr rtc, .o¡r¡3 cn¡3¡¡tea ry*rolùfcr* rcti cl
¡W¡g rl.3t d* ct¡r. ñ¡ ¡tlt rrftr nr pçcd It b.tff
s drtnrß et 3 ¡fc oÍ rl- d lOO ¡r¡r cf n*; fr CL.

.f üftc r¡lOù¡rlc æf,1. h tùr rl.n nr ð,tntnl th dæc
r¡¡ rllæl to ccol, ..tms.a t¡r tb rrp*r. trtc. d fLlt r.d
tbu¡| r nll DDfr b ¡ ftltc D¡tlr.

3, t.|üntrtn r+rnl¡
þ Él¡tr et rrr-3 ro çlf- ¿t $¡p-lcÊfn nlç

3f-, ttüt ¡n lerclld lül;.
(.1 qpilE c*tn

lc tùr d ¡r¿tærælvltt ft rùilr *H, ¡lrrr
t3rtrl ¡dg crùc, SttG llt,r ¡rce* Þ lcr c¡r:rr tlæ,trutcr,
rr üd. !b Gercrct .û lt Crú.. lrû ÇædrGdy 2o dl., LË
rr 1¡ rr¡ fæl tL.È SL rf- cf ¡ rtdr¡l rdf¡.*tln ¡clntl,¡
pllrt fr tb cl¡a 3¡¡. ttd r* rffzct tl¡ túr of mtr tt.fd
ftf¿¡ 3b lryr l¡f¡G &ùr n¡ cçfærþ c.rtmd.

üt cfcrtlq f**f¡l rf æÈ t¡ùr u ¡tur ¡!/ tft
tntrrl, fr¡rs lt, n¡ È¡ e,lrcl tU,r nlæ & G. ûr ¡güf.ffty
¡f r ùCr ææ11{ úr ¡* lú rn 3f¡ ülËlËß rr. th cùræ-
c.fl*lð rc lrt*ürrl, l&c n td,tl¡t hrÛ trr lrfcl, [f.*
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aaGsrtG€¿ ¡olutl.æ¡ of po38!aùr ¡elG¡. lbê cffcet of ortræ¡

ro¿Lrtiø pædusfag r bealcgrrnd eG¡3 nr ¡dr¡ccd þ tltÈleg thc tubet

toËe lGñ.¡ C$cm ftÈÊd st6 rcn¡'bL lGad Govcr¡, Ite tLl,clncr¡ of

th lG.¡ 3orßû ad covcra ral açpralresefy fl f.'rüGt.

õ¡ sctltfll¡tlo Goßlrr

kræmt¡ tvy tttr uttcd rcrc rde Ðtqt a¡ Ef¡e ¡efsGtll¡Èlo

cdcr, t¡tDG 1550 A. lh! cfütcr nra flC3.d rrl3h r. Bhell"fs todld:

¡ctlvrtcd rcdfu lodtdc cryrtel, ttpc lÊi5ll À. ttc çcntfæ €f,dtclm¡

¡f thc aLrt*lttpltrr tubc fû fho ¡ct*l,llrtLn cqntcr Ec gLveu þ
tL¡ r¡¡l¡cGr¡rcrt ¡¡d ræc eccc9tcd rlGbt¡ß Aæ¡fqg.

4. lsdl¡r cf Gæc¡

lhc ræædtry rf 3bß ctrßr glva bt elthßr thr AclgcË tubc c

rc,lsùtll¡Clæ rdbcdl of s¡q¡r? r¡t rl¡ urtag ¡ftLa a ñfllpr

prcáctoLnd ¡cslsrrr ßipc !5Ôfi¡¡5, 6 ¡,! lFÊB ætr¡tle rc¡lst Clpt

Ifi!@. &e oly crrccÊlct qllal Cc tb cñlnt artct út¡fud rrrc

3ù¡¡s fr bacrkgrod cowÈ¡. lte ccrætlna rcrc fæd by eoGllg fc

Ðfs!çt¡¡Ëcly æ hE, ¿ftcr hñf¡g allr¡d ft .Iætsrl.G clrc¡¡lt¡ Èc

ra¡r W for a per{od of h¡lf rn Lf,rr. &Ê ælng ra3er fmd fc tlc

bsctgrqd ucre 3O t S ccrm¡. Ecú d,mtc ritt Ëb. tcltÉ tub.r reã qrprc-

l.ratrly ll0 cowrr p.r hdrGd ¡ccmdr fc Ct ¡cl¡¡,lll¡Èl,c rCÞcd.

8l¡sc eôelÈ ó0 ùú r h¡tf-llfc of tD'lrclretcly 5.1 !¡Ë¡a¡ !o

cer:rratfæ !¡r ncûù¡rary fc 3hc ratc of dcoql. Io rcælvtrg el*

co¡rætla¡ wc ap¡llfed ¡fæc Chc e¡úf¡û túd r¡d nrc nfflctenSly

lc. AL¡e ¡o co,r-rcatLæ¡ úc dc¡¡ftt of th rolvcû rcrc !.ccrleqt

¡fnsc cËh¡¡el ¡olutlc¡ r¡rc r¡¡ed fsr botb cdrlt (II) snd cebelÈ (nI)
frretlæ¡ befEg cqnrcd by Etc ndlæÈr{c elrl¡ll1r.
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ûr acelcr citrcutt¡ ¡sre cLcclcd pcclod{calty by apçlyfg a ¡ct

of rcgularly cpaced ¡lslæ* 3o thc¡. Al¡o tÞe cotÐtlrû el'rcutt¡ ¡¡ra

càec$cd fra tfra to Cf-, úfeh ln thc ca¡e of -e¡rræÈ¡ r¿d.a slth

gÊtt€r ÈrlbGr ra¡ dop by dcÈørl,natlæ cf ÈhÉ tËh ebr¡ctertrCl3 flÈh

eæ€úßrctcd ¡olutLro ef potearlrr ¡a.13¡r [rcrcr, tùc ¡cl,CflleÈlæ

cq8t¡tú r¡r chæLcd oly Lf eqrerlrm of thc b.cl8ræd cteÈ rrCc

ó¡erd frc tlæ &D üfrl D alCcrstle 1l tbl,r r¡tr nl CE¡Ë to

re¡ ß1ùst tbc ch¡racßcrf¡ßfc¡ ef tbc cqËÈt€ clsctr;l,È¡ ,.t 
"-cb¡ç8rd.

lL¡ cællg af rrálc-aßËfvr ¡olsCfc¡ nr eartried æt fc

cr¡GfLclcog Glæ for Èha raSc 3. bG brn to rtthf¡ t fZ. ltl,¡ tfu
(1) ua¡ datcnf¡:d urlry tle cryratlon

t - to4h2
r(hr)t

Fc e ¡t¡nd¡rd errc b - I B - Èb r¡tc in ccot¡/nLt Èl-

aûd þl 1r tùe pcrcertagc Grac of thc teÈo.

5.

SoloGta ed¡ttlrg sa¡ 3be øly nthort cçlrycd ¡r¿ cth¡rol rolst

Ctø¡ of al,ther a cqlor æ ef ¡¿lC¡'of Ëbc rotsl læ trna ¡rcAarcd ald

róc u¡r to a volr¡e of 5O cst. fa ¡teldard fl¡ths. lh¡û geLgcr scnß-

tnt Èechnlqual r.rG rrylqad f6 ChG radlæ3rf,c aralyrla, rçlcr ef,

3hc prcpared radle-act,1vG eolutlc¡ uerc pl.aeet la thG rfrfrüGd ccuÊrrg

tubac, l,¡ ordar to eqleßcly cæcr 3bG 1r€ú tcÍgcr tnbG. f,æætr,

rûes ccl.ltlllatloo t*hlquGË ncrc crplo¡rc¿ t rl raçler rf ths rol*fo
uerc rÊarlrrcd Þ senr of a rcdtcal t¡rpc r¡rrlngo, ed plecod ln æl,l
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polytbeos veg¡€!,¡ sftr¡sËGd over Èh€ thallfun todld¿ acttv¡ted rodltr

todf.de eryrtal.

6

After eech radfe-ccÈl.ve earylc sa8 emü3cd thG gelgcn ce¡aßcrs

ìrcre epBtcd sd decmÈntaatcd bcfor¡ corutleg of tbc nrxt rqle.

tba tûbc. r€Eê rryËtcil by rltHresfqg Èb ¡elu3la Ëbrougb a flae glelr

capl.ltary cmrcÈed to a Docbd fl,arl,, an Eôrsrd¡ y¿rcu¡r prry eo{

ccprc.eoE, t¡rpG l¡ÛO, bct¡g ured Èo plaea Èhe L¡¡chcr f18!t, r¡der a

nageÈtve prG¡¡urc. ften crytlGd Èbe gcigcr Èube¡ rcrc dæontqluated

þ flUirg slth 2 norlnl hyrlræbLorlc ael.d fl e3haool; thc aolutla ra¡

Èhco nttHram a. bcfca ¿nd Èhe proccsr rc¡rcaËd. A ftn¿l rarhlng ras

gdc vtËb cËh¡¡ol asd the getger Ènbs sar thcn drlcd by lnertlsa of a

¡leerc of fllÈer pspcr eut Èo tüc corrcst slz.. lbt¡ reChoal thu¡ allccd

Èhc gal.ger túc¡ go bc clo¡led rrlÈbqrt ræal fr¡ Êhs carûll¡A eÍrcuft.

lhc polythenc eotaloem used for retntlllaßLo eauûlag rere

ræved frs tba en¡aÈer, qßlcd .nil rhred Frfco vi.th trc ¡onral þdro-

cålorfc acld ls eÈbanol. Afecr a flsal rachl,rg rlËb eth¡ml thc vercel¡

sere s€t ¿cfda to dr7 f¡ atr.

All glarc app¿raßur rar dGßonÈ-r¡¡Ècd þ raahlng Èhøræghly rrlth

Èfr ü{rlr¡rl þdrrreblorlc acld ad theû trGaùlng nlch hot ehrdc rcfd.

l. Ghruto¡r¿nhfc Ahd,¡s

I¡ ell clecÈrsn trErsfer reectlor eÈudl¡d æcpÈ 3ho¡e regorÈad

fo Cbaptcr 4 chrcetograpbla etdla, prcperd DEr l.D.E., tat urcd for

tb ceçarac{m of tbc eôelt (II) cüd cebalÈ (fff¡ cqlel'e¡ frc rrylcr
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of, thc reectLm d.xtr¡re. fre alrofrâ ss¡, bcevor, Êrcated bcfore uee.

lte æthod of treat¡ert raÐ Èo rash thoroughly ul.tb an ethanol, h¡dro-

chl.æÍc acld nfrtnre, follæed by raebing stth eCbaæl ad ftnally vlCh

dletllld wat,er. AfßGr drylng at 110oG Ln an orreo the alqfra ra¡

hestcd at 3OOoG ln an elccgrl.c fura¡ce fc sbotrt 3 hn¡r¡. È coclÍng,

1È sE¡ etored Ln an alrttghÊ Jar rmtll r¡¡ed.

AccCvlgcetoato Gæ lcre¡

l" Frcoer¡tl.c of BeactånÊr

(al Bfr(accevlaeetmete)dlacuo cobelt (II)

9.96 græ of côelÈ åcet6Èe rcrc dls¡olvcd tn ho't rater Co

tùteb bad bcen .ddd ¿ msll quåEùltt of ¡odln ecctste 1¡ crdcr Ëo pre-

v€Dß prêetplËacfm of ccùelÊc¡ hydrctdo. 1o Ëbê boÈ flltorcd ¡olutfo
ras addcd ân aquco¡rs lolutlæ of, eodlr¡l acet¡rlaeetoatc, ïtlGh ra8 ptGr

pstd by addlng ¡uffLeteot 0,1tr eodfrn þlrufde solut1æ to JurÈ d1e-

colce 8.0O 3ræ of acot¡llaeet@c. Afger cooltog ÈhG rfzÈürcrthe orsnge

ptrk ctTrtats of the bls(aeet¡llaceÈoato)dfaquo cobalt(U] ucrre ff.ltcred

off, rachd r¡tth a ¡l¡11 or¡nß of acetoc '¡d elr drled,

(b)

ttlr eqand ües prcpåacd bt Èal,lrg e *ll æ¡nß of tbc

dlaryro eqrlcr prepared bt ùhÊ nth¡d dcrerlbed abovc, ård Léßl¡t tentty
dcr fdsecd pr.ssurc 1¡ ao ap¡raaatu. ¡h t¡ 31tÈ. 6.1. lat€r ret

flr¡È glven off þ the dlaqr¡o cqrlcr, e¡d Èhe a¡ìUrdro¡¡ cqlcr Êhen

$rb[lnd. Ibe dcep nrþ rcá ctTrCela. of tle Eabytrorr cqlex, eollcctcd

æ ghe rlde of Èhe veeecl, fn rher¿ tL=7 ucre re.ryed e¡d e:Gd ¡¡¡der



174.

I'ig.t.l Sublimation Apporatue

Ve:urr¡:r

/*

Fi.g"6,2

N



1t5.

rcdt¡cd Preser¡rc oner ¡rhoephorur pentoxf.de. lte anh¡rdrcra tatcriat
nae qrrite sÈab1e fu aÍr for ehort perlodc, bmever cn loog erpeeure ic
abeorbed rater vapoür Èo reforo the dlaquo eqler.
(Analyeie: foond 22.8 ! O./l Co.; theo,reÈl.cal æ.0f,)

(c) lrtg(acetvlaeeronetoleobalt(IIIr ll.abelled.l

4.98 grars of cobalt €,ceÈaÊe n-ere dl-saolvd ln a 60lf aleohol-

Eaßcr nlzture to rùlch was added a æ11 quanttty of codfrn acetate to

act as a buffer. 1o thc rcsultfng *olutiæ sa¡ added I ll. of r¡dte-

acttve eobalt 60. lbe Latter soluÈ1om ra¡ obtalncd frø, Bhe Â.8.G.

I¿boratorl.es at A¡erohea fn the fot¡ of a coüa13 culpbaÈe eolutim cæ-

talelsg 1æ. per r1. 6.0o gracs of aeetylacetoa rere added co ÈÈe

cobalt aceÈate aoluÈim ¡n¡l Èo the rcrsLÊæÈ attÊu¡e uål add€d sufffcleaË

50 vohæ hydrogen perorfde, la e¡all quantltlee, Èo effcct orfdatta
of tbe cobalt II eorylex fo¡ted. îhe nL¡Êure naa raned Lu orüer Ëo

asol.ct the rate of uidatfoa,, cere betag takcs that the heaÈflg rate ra¡

nsLntalned ao ã¡ to prevcßt e¡ees3 frothlng of Èhe Eolutfsn rùfeh ebnnged

frn a red to a darh gro€n colq¡r. On coolLng Ëhe eoluÈlm dark grôGn

etyrBåls of Êria(aceÈylaceÈæaÈo)eobalt(ûx) rrere fsl¡d. füê cryctala

nere fLltered off and recr¡retalllzed frø eÈbaaoI.

(d)

lte cqlerx prepared ae abwe, even afßer ce¡veral rGcrTstalll.¿a-

Êlcs 33l"ll cottsincd e anall e¡u^anttEy of bfs(acetylacetmato)coùa1È(Il)-

R¡rlflcatLm of the eobalt(Ul) cqlclr nae carrled or¡t by dlseoLvtng lt
ln A.R. Þet¡ene aed p¿:lsing the solutfoo Èhrough an al¡dua 66f¡n¡¡ G,hc

leßtct rêt prepared by -akLng a slurry of alrnln¿ fn benzcna and pourçng
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thl,s lnCo a glas8 Gohü aÊ thß botgc of rrüleh ra. scelcd a slütcted

glaec dl¡c. lte eoh¡tfæ of tbe cobalt (III) ceçl.en after pürff,lesÈfæ

uaa €raporated Èo dr¡reaar u¡der redr¡ced prc.suEe aDd Èhe grc'Êr coryo¡a¿

obÈÂfucd c€3 sÈord ln a ceqpccod glars boûtle vlth uo epcclal precsutfos

Èakcn to pr€reût erqroñ¡rc to al.r e ltgbt.
(matysfet f,d¡od 16.ó ! 0.23 eobatt; GÈeoretle¿f 16.fl)

(e) Îrls(acetvtacetæeÊoì1ro(III) Labelted

2.(F gram sf radlo-actfvc lrsc rod¡, obCelned fro thc A.B.€.

LaboraÈorfcs et Aoershar, reae dieeolved la ¡1Èrie ecld aad ßhe eoluÈlc

fdrê¿ crråporatGd to ¡call b'ulL. later ra¡ added follacd by ¡¡onrq

btdrqide ¡olutÍo üotll, a preeiplÈ¿te of ferrlc þdrorlde s¿a fort€d.

Tbe rÅ¡turG s¡ra boiled, ell.øed te cool, and Èhe ¡upernateat llqufd

pcurcd off . Aa ethanol ¡olutLm cætalnllg 10.80 graü¡ of aceÈylaceÈone

rae eddcd 3o Èhe prealpltate ed the rL¡ture heated. A deep red aolu-

tfæ u¿¡ fo¡rcd shlch o eoolfng gave deep red plate-llke crycÈals of,

thc Èr1¡(acctylecctæato)iræ,(Ill). Th€ etTrtalr rere filtercd off,
recryeßallfzcd frc cCb¡rol, ad after fLnst collectlæ of the product

ft nar drlcd Ls a vacr¡u de¡iceatcr nd Etæed ln a etqpered glaar

ve¡rel.

(anaf¡rt3 for¡nd 1ó.3 t O.?3 iro; theoretlcal l6.Zt)

(f) ll¡(A+eÈylacctopâro) tr6(I,J)

lbe ferrqr¡ cqlcr r¿rs preparcd þr addtag 9.34 græ of

ferrc¡r rulpbaÈc ßo e rf¡ture of pyrldlne 'nd s¡ter (iûL vlv). ll¡e

rfrtr¡¡e sac hæÈed u¡dæ redr¡ced preature 1n aa apparatue ¡hæÊ la Ffg. 6.2.
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lt ¡lcoùolle rslutto eætel.atog 6.00 grue of accù¡llacrtnc wr

addd rlaly fr¡ thc fr¡lrcl I, afÈrr h¿vtng boco ßhûrc,ryhly rcru$cå

rl,Èb reqrgoa frac' rlBrogca gar. Itc brc¡ ¡cLld fcËd ru fflCercd

t¡ thc ab¡cme of, alr, ra¡bsd rrlÈh a nell Sáü,13t of cÈh¡æl aad

fleelly rl.ßb a elL tüa¡ÊlËt ôf êtb6¡. Afiler dúyf¡g 1¡ a vscur¡r

dc¡lcceCor, ChG corylar" ras pleard L¡ ea ÉpFælcur ll!,u¡Èratcd ln ?1g.

6.11 8d dch¡rdratcd ¡d anbll"¡d a3 r.drled ¡rre.crre. tt¿ hæe crpÈal-

lüc aroduct ror eollccCd t¡c Èhe rell¡ of Chc vc¡lcl d .CGGd øycr

phmpbmrrr pø,Èu,ida tn e våour dc¡fceaßæ.

2.

(a) Ansly¡l¡ of tÈa Colålt(II) Fractln

Ár eerly sÈBqC ra¡ rede to dcterü.n Êb ccneccËr¡tlc cf

cÖelß (II) cqler by use ef fbc eolnn of Cho cqlc foilêd þ thc tc-

actlil of ccbalt (II) fac Ílth dir.ûÈq,l81ysÈlm (21. lñts nthodn

hrcrvrc. dld * prsle ra3fuñatr¡r b¿s¡a 3hc color of Ëh¿ ael¡¡tl5

ef ¡Êada¡{ r4ler r¡¡ fmd to vart too læh. Ik rcthod firclly
ebæñ fæ thc anrlycfr rac the ecforl-trÍc dcter¡ln¡tfo (2) of ÈLÊ

blr¡e colæ dcnelopcd frc thc aotfæ of anù.u Èhl,æ¡ranatc æ sob¡t-

tøc celÈ¡ ín eËbanol,. The Shoat csecnùlally cæl,rtd of Èatlry

25 ¡k. of the eth¡æl ¡elr*læ of ths eob¡lt (II) cqlcx afÈcr tt hsd

bø rqarated fro tbe elcetac Èrüiaaf,or reactfo d,*ure a¡d €l.vap6at-

ing to dryaecs. lte reeidÐe fúrêd ra¡ dlcrclvqi 1¡ a 0.5 ¡onal
u¡.rr t'hlecya¡¡tG sohÊlæ fu e3barcl. the bluc ¡eh¡Èlm fotud
m¡ tùen rada rry Èo a DtaËds.r¡l yoh-e ad the abcorpElo det€rdûcd rlËh
a ûnl,c¿ 8.t. 350 ¡p€GÈrogôotcGter üetcg l, c¡. rttuåac glale ccll¡.
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the calcr¡latfoa of thc eobglÈ (rI) eqlcr cmcentratLoo sa¡ ¡ade frc
the etandard graph shÐE tn Flg. 6.3.

(b) ¡loalvclc of tþ Cobalt (,IIIì Fractfotr

Ite anal¡r¡f¡ fæ Èhe dcterrlaaÈl.oe of the cm,êt.tråÈlæ of Ghe

cotalt (rII) co4le= ree rade by tuo rsthode. lhe fírst of theec nae

?qlry€d vheo the cæcentratfæ of the trts(aeetylaeeÈnaato) coùalt (¡¡I)
fs the eleaÈro¡ trâasfet reaetlæ rlrtutre Eac gaeater Êhan 0.02 Iolar.
the rethod rEde use of the grces colær of Eol.ptlmo of Èhe coryle*, the

adsotatlæ of nhfeb rere leacured using a rhieo spj50 aad I cr aquaae

glees cell¡. Ître cmcent^ratf.os of tbe cobalG (fff¡ eqlex uaa deteÉ-

ntned fro the statdård grapb Ehæn lu Flg. 6,3

lhe gaeobd æthod uaa eryloyed eb€ß Ê-he emeentratloû of the

cobalÊ (ür¡ cqrler ra¡ lc¡ç Gban 0.02 Ëolar. &e ¡olutÍm of the

csbalt (III) cql* rås €lvaporaÈed to dryneee under an lEfra-rcd lry
ad Èbe re¡l'due ras dfgeeted la a ¡ixture of, cocelrtrated eulphurle actd

end dtrlc acld- on ervaporaÈloo of thfe ¡olnÈloa to dr¡raes¡ the reel-
due for¡ed ra¡ dl"ecolved ln a 0.5 mrlal ¡rrml¡¡¡ thloc¡rauate solutlm
ln eÈha¡ol. lhe qtleal deo¡tty of Èhe blue eolqrr developed ra¡ then

reacured aa for Êb aoalyeia of the cobalt (II) eqler and the eflGeû_

traÈfo! of the cobalc (ru) eryler deterrlaed frc the grapb sbæn la
Ftg. 6.3

3. thß Elcctr@ IFeEsfcr

(a) Å,qewlacFcme and Iolqêpe .is SolveÉßs

rhe gechßlgue 'afloyed in tbe study of, the elec,tro¿ trmafer re.
actlm rag to preParG aolucfog of the coqrlareo Ln Ëhe epproprLate colven!,
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and plpetbc 25 rl. altquotr of tbcge l¡to Èbs rêsctlo ve¡ael À (Ftg. 6.4).

D,r5r 6c7gco freet ElÈ¡lrtg€û ras Chcs bubbled tbrougb Èhe roactf,q rl,xËure

forr aba¡t aa br¡r. þ raafputatlæ of thc cape G, D a¡d E of Èhc

8![)araËue .''rl tlÈh a al.trqcn gat pr€ssr¡rc, a eçle nac blñl fr¡ Èhe

fla¡t, A frao the burEtte D. tbe eqlê rear thcn rr,n 1¡Êo th¿ reaeGloo

tube Rr rhLcb had fl.r¡c beea Èrcatcd to Ìeúlrc aqt Eaaces of c¡zgcu.

Ihc trc¡rot c.æ¡l¡Èd of coecættvely tedætlg tbe pressuae lr¡ide the

tube I snd refl.lllag vtÈh dry É*¡rgen f,recn otÊrogen gae; thtc procedurc

eas cafufed clut ceveral tfæs. frên thc sok¡tlæ fæ tbc elætron

Ëraürfêr atody ras ln the tr¡be R, tt uae coold l¡ a bEtb of alcohol

and dr7-1s.. tte preaer¡re 1¡ thc tube sa¡ redæd rttgbtly aad Êhe

Cub€ ¡ealcd off. ltc ¡ealcd tubc nae ¡ct a¡fde aod allacd ßo ran Eo

roil tcrp€faCure. Ehen a o€rle¡ of tgb€s hed bG€! prepard fn thlr va¡l

a brear retgtrt,to pËGvcnt floattng, ra¡ hrng on oach a¡d GLc ßubec wre
ßhen placed f,¡ e therroetat eeß et Ëhe geìrcratrre at rfuleh the elcctron

taauf,€r rcacÈfm Ìraa cg bc osudtd, aÊ vartq¡c i¡te¡welr of, Èrrø

eryle tube¡ vere renæçå frc Che tbeæctaG ald cæl¿d f¡ an alcd¡ol

dt7-1cc d'*tr¡rc ltr order Èo stq the reeetiæ. ù allovÍag thc rgae¡lol

rf¡ture to rarr to roq teryoraÈure a aaqrlG uå¡ Èsta ad reparaÈed

þ rcanr of an alrrfna cohn.
tfe aLlrf¡¿ eolrn ees prGpercd bt addtag ea ahrt!å rl.rary fn

eleóol Èû I 818Èered glacr cÞJ.lcy frmcl abqrt ffvc iæhs tmg aEd

CÈrc¡ {€arÈGrs of as fæh la df.eneter. tbe eld.a¡r ras famd to tlvc
a vert¡ effostlve 8€Psratlon vlth thc eobalÉøc ls reralnfeg ¡¡e a Earrø

Pt* bad at tha Èop of the colm, tr.üLle she c*alËtc cqþx, mved dcl
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the colrn and s¿s eluGed sfth ethanol. úls lat3er fractfæ eag co1-

lected p.¡d lade r¡p to 5O ale. fB â sÈadard flask. Frrther tr@åmt

of tbe ahnl¡s cok@' houever, Ð3's seceaaary to rmdviÊ Èbe strcg'ly bmd

cob¿[Èans Loû" lro netboits were erylryed for colleetlag the eóaltæ¡

loos, the flrst of úlch çae Èo elute Èhe eohæ vlth 0.3 f þdrochlorle

acld tn etharsl. Ihe soLr¡ÈXæ obtaiued vas then collccted g¡d lådc up

Ëo 50 r¡ls. ln a etandard flas&, ready for eoun3fng. Por analyef'¡ of

the cóalt (II) f,raetlm. col.lceted by thla æthod, furÈber Êreatn€!8G'

a¡ alraedy describod on page 177 " vat DÊGetaerJ¡. [onevctr Bo furßhgr

treåGreßt E¿8 nêÞeesaty f,f. Che recmd iethod of, eluÈfng uac eryloyd.

ftl,c eon¡fcßed of eluting sÍth an 0.5 tr ron{¡¡¡ thtee¡ranate fn etharol

solutÍoa. AlËhargh Ghe laÈter æthod sld€d Èhe aaaly¡f.r fot the chcrical

coccstaeGl¡6 of eobalt (LI') ft rãs a n¡ch sfØer æÈbd lÍme tÊ requlred

s¡cb pr¿ tf.æ ard care la the elutlæ of tbe bl¡¡e tetra-thLæt/âaâto

cob¡.lt erylet frr Èbe al.td-aa eolrm.

(bì Erchansc Studles t¡ H1¡ed Solveat

The elætaæ ÈEaDafer stüdlcg tn ulxed aolv@GÈg rcre cantcd

orG uelng a c@sts8.t cqF€útraÈlø of Èhe tso cobalÈ eqlcxæ, 1n crder

tbat a cqlarleæ of the reeulCE eøld be eaelLy eaóe. IbLs sa¡

echleved þ preparetloo of p.n acetyle€etæ ooluttm of the cqleres 1n

Èhe vc¡cel A of an appêratus ebra ln Flg. 6.5a. Dry rrolygen fre¿a

Ettrogcn ua¡ bubbled thrurgh Chle soluÈlæ fc abor¡t ea hour before

earyleo rere tahen. Atf.qtroGr of 1 d ûÊre æâauaed frm thc bn¡reGte I

lnlo glasa reactfo Èubes. Ihe earyLG¡ uetre thm dllutd to a toÈal

votrrre of 5 eca, by addlng var¡rlng qualßlßlee of accÈylacetûe end tolucne

frc Èrc etber vesselc ¡lrflar to ChsË obæn lnPfg.6.5a. Ihe tuba¡
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cmßal,nlng 3h rerìcËlm rl¡Èt¡te yìsrc thea placcd I an a¡rparaGur ¡hæ¡

lo Dtg. 6.5b, end a-Éter freedng of Èbc r41e tn a dry-Los eÊb¡lol

d*iCq'G ths tube tae scryeral tfæ¡ æacsaccd *rrt flll,ed rfCh dE Fuygca

frær aLtrogrn gar. lta rssÈfo tubc¡ rcre ¡celcd dcr ctl3ltly
roduced ptcaÍrre, allccd Co üatr Ëo rn teryoraSrre, a braer relgbt

hng æ thÐ aú floelly Èhq/ rcrc plaed fa a Ëberutaa rGÈ eG Èhs

Cc*eú¿tuac ai rùlcå ghe reocglæ rae Ce be cÈsdlêd. tlic Ër¡be¡ terc

ræved fra thc Ëhen.reÈet aE verTrqg iaSc¡vEl¡ of ÈfD strd thê cæÈclt¡

ÐcDsraÈeal as dercrfbed æ page180 .

4.

A ¡elnÊlm of trt¡(aseþrl.eceÊæetc)da1g(Ill) rat paGDared t¡
Ëhe reaetfo vc¡¡el A abru ln Dlg. 6.4 Ðd after eo tnlSfal ÈrestrctûÈ

rlßh dry tøygeo fxæ' rttrogeo geer tqplcr rerc f,ored þ nfcrogcn

FrGaü¡rc ¿Ét'c Chc burcÈto I Aql nrn f,re thl¡ 1¡3e gla¡. Èrrhr rcady fw
reallng. Ite Ër¡bet ücre rÐned frc tbo apperaÈur, cænerßd Èo a

vÊcr¡n lfæ, cæled lE llqufd alr a¡il ¡vaø¿Ecd. IhË roltd forrcd *
coolrqg ra¡ allcd 30 Üalfl Ëo ron t¡qleraìrre rlÊh thÊ tsbr c1øcd.

rbe tubc rar agaln ccolcd ln u$d,d al.r, cracrlacd ård flEally reelod.

I' bra¡r rctgbt rae brng o the ¡aalGd Cubcr ard tbst rcrc tteo placcd tt
a thæ¡ta3 at t8.fG, frn ¡ñfch tbÉÐ/ ræG rævGd at vsrlæt Èr¡l

taÊcrval¡. tbê rarylee r€G 3eparsÊGd a¡ 4e¡crlbcd o pegclSQ enð

ths fractl,ou eqnÈcdr Gbe rrs¡ltr bafq pbtteil o a gra¡t ee feg [fæ
- 1 rcar¡cttm] agetnsÈ tf¡ tfgr. 2.14 ard 2.15).

5. Blcctrc Írancfer geGcÈra

Thc r.g¡¡¡r¡ilc'tt of opectra, ln aa aGÈGq)3 3c detcnfæ Êùo d.¡-
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ÈcûÊG of clcctræ tra¡¡f,ea tp€cGra banda, rsc catal.d Grt g ¡olsËfc¡

fa 8.V.1. r¡stng aa Stlca dqrble beo ræordlng r¡lecÈrropboÈætcr. Io

tpæl.al præeuÈfoe uffe ÈatGD for th¡ elpertæ3s trltb Èha cob¿LÈ crr
pl,craa crcept that frcrhly prcparcd rolvcot rar ured. Eøevcr, fc
thG espcrl¡rnG¡ yfÈb the fræ cqlerc¡ e¡ l¡erÈ a&pbcre of, dr¡r toqlgco

frecu nftrogen ra¡ urcd for the pre4nrattm of the ¡olutlo¡ to be u¡ed.

the ¡o&¡tLæ¡ aftar ptcperaßi@ üerc placed tn Ëhe cpæßrepboÈG3ca eollr

¡Èleb rare ecalcd 1¡ an afoaphcre of attrogo. Ibc qn*rùe esll,¡ a¡d
for Cbe rce¡{¡r-.!¡tt rcaå I sl. tqúsEo sEd flttcd r13h græd glaaa eÈqr

PGrl te eeable rcalfry.

6. '
AÈtcrytr rcre ladc Co eeparatc fr¡ soluËlü a d.rir¡re of fætq¡¡

a¡d f,errf.c acct¡llaeetær eqleree, tr ordcr Co aßud¡l the clccÈrø trút-
f,cr rr¡acttæ bctrcen Èbc¡e cqændr. lbc flrrt rÈhod aÈÈ4ted uar

Chat urtag an alrdls eol¡n tôfch rå¡ pr.pared at dæcribed eo pagclS0

Ecrover, thl¡ rthod ta¡ süaetlrfaeter¡z ¡læe boCh ßhe fcrræ¡ and fcrlc
cqlexcr dlrtrlbr¡tcd 3he¡¡elver throgbout chß cohn. Alro tbl¡
¡cthod rfgbß beve besû expected Êo b¿vs allccd a grcat deal of crida3lo

of tbe fcrrær cqrlcr, alrcê rclutf@¡ sf thl¡ eqænd sre rædlly
qldlred 6 eæoûrre to aÍr. SÍ¡ce Cbe flr¿t Etbod rer urtatlrfacC,or¡1,

the second rcthod aÈßqtad uar thåt of precfpftatfo of ¡alte of the

trÍr(acetylaectoeto) lrm (tt) l.æ. Afthr8b solr¡tfæt of variq¡¡ ¡alG¡

ef ecetylaectota, ê.g.¡ poÊaralrlr ¡odfr¡r and rytrr, ner3 addcd Èo GhG

aecc¡llaceGoe ¡oluËlo of thc reacÊloo d.*r¡re, Do prccfpf,tatfo of a

ßrfr(aeaCylaeetæato)lrm(Il) ealÈ rs¡ oËtaf¡ed.
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ttc Èhfrd -thod ¡ade use of a ¡olveot eatractlm proeedurc.

In an qualltatlve aCÈcqrt, 2.2'-düpi¡rÊldyl ln dllute eulpùruric acld ra¡

ad¿êtf Èo a rlxtr¡re of thc farror¡¡ aad ferrtc aceÇlecntooate cqlexer
f.n nceÈ¡rlac,eGæe. lbe re¡ultant ¡t=ture Íaa ehahco wl,th cblor¡ofo¡r

¿aud sater and gave partiElon 1lËo tro layem, Êhe chloroførr layar eæ.

talnfag fetric acetylacecmaso cqlcr, nütle the aqueans laycr raa a

deep blood red ¡ol¡¡È1o sf a ferros¡ drpyrlúyr eqler. Ecæer, r¡hgE

atteQtcd æ e quaûtftatl.ve ba¡le the eeperetim eould oot be taåe

effectiver enrcn tbangb uny dlffercrt eødltfær uere trfd. Sl¡ce no

effecÈlva ætbod of aepareülss ¡as foúrld fsr Èhe teo eorylse¡ the etudy

of the elecÈrom Èrânsfer reaetl,ou rac furËher atCeryÈed by -aa¡ur¡isot

of Ëhe rpecßra of the cqrlerea.

I. Preoaratfm of leacÊanËa

(a) Btaþ-¡61gal.þóa1Ê(u)

2.49 grau of cobalt ae€tate yGrÊ dl¡aolved ln a rall quantiþ

of bt rater ßo ¡ùlch ras addd a ¡nsll quåúfty of rodfun aeeÈaÈe fû

order to prgrrcnt ßhe preelplÈaËlø of eobaltor¡r hydrcldc, thc bot

f,lltered roh¡tloa rag added to a bot alc.úoltc soluÊfü coÉalnllg 4.22

tr-s of g-to1yl-ealleylldeneld.us rùlch, o cooU¡E of tbc dery rcd

solutfo fod, gare deep red crycÈab of Ëhe rcquired cqlc*. IË

ra8 æE fq¡lld ûeces¡atTr to cær¡l out the prE)aratlm ln the abcæc of

alr, aa hd bcca do¡e by ïesÊ (3), sfæe mly a n¡ll énifr¡rt of o*idatfæ
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of ¡olutlouf of thÊ GqLE rer fæd to havc È6&.r placc afÈ¡r ¡cv¡¡.al

dayr of cqlorrrc Èo ¡fr.

Éa product obtafd uar prrtflcd bt dLarolvlug tu bot rleåol
ç¡'r allælqg to cr7ets111:e. AfÈeË fl!Êretlær.:h" rGGrj/rt¡ll.lsed

rsql¿l ne¡ drl.ed ln a v¡srnn d,e¡fcc¡ts æd ¡tæad ln r gl"us J¡r.,
rhÊ drfcd ptodgct sa¡ fmd to bc qutÈc rGrblc rd dtd toG uodrrge

dd¿Clm G cÐo.src to ¡!.r.

(rn¡l¡r¡1¡¡ f,qod l¿.3 È O.2t cóalÊ; lheoretlcsl 12.fl)

(b) Db(phqalrcobalt(IIì

tllr ¡rrodrrcÊ uu prçæail la tbc .c sq/ ¡. ÊhG parfõt
cçlc frü 2.å9 grcr of cobalÈ scetatc ¡Dd 3.94 grõ of phcrylcrllctlf,
deo¡ld¡¡ ''rd m¡ fü¡d to bc ¡f¡tl¡r Ín appreraær d ¡È¡bllfÇ ¡lnrert

crdatfæ by th¡ aÍt.
(Aanlyltr¡ l3.o t O.fl" cóalß; Thcorcrieel 13.[Z)

(c) È19(e-to1æ1.)c4lrr(ÃI,tì Lab.llcd

frl¡ c'Tlc¡ ra¡ prcpasod þ a æthod ¡td.lrr to ttrt u¡d tt
fa¡t (1O). 2.49 gtst of eobalt aeeÈ¡ßo sere dtr¡olvcd l¡ r ¡rll
ql¡e¡ËtËt of hoc u¡ter to rhÍch v¿€ ad¿cd e sl1 qurtÊlþ of rodtn
aßêÈ¿ËG, d to the ree¡¡lßfng roluÈfm ve¡ ¡ddãr I rl. of eob¡lt 6o

rolullæ. ttG boc c¡brlt coluËlm, cftcr ftl:crhg, u¡r ejdcd tc r
het alctollc ¡oluÈlm eæelnf¡g 6.33 grr-- of g-Èclylrelle¡rlf-

fl¡¡strlnc end r r¡11 qutûÈfty of hydrogcn pororLdc (5O volr.) n¡
tédcd crcfolly to chc ¡olutío t¡ ordor Ëo grcnront, frd,hil.lg. ftG

røulÈmt rolu3Ío ¡Ëtcr botltng fæ ¿ f¡¡r rtmtcs E GælGå üd th
thrÞl colmcd eryrtab fdred rcrc ccllccÈsd by ff,lÊ¿ttü.d drtGd
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fn aLr. tte produc3 ótsflGd ues pulf,1èd by Che eæ ntld r¡ tb¿t

ered for che tr1¡(acetylaeetmato)coù¡1t(ff¡) d gtvco c pegc175

t.c. by peæleg e ben¡cne ¡olutlo tbrøtË al ¿ld'n¡ colü,.

lbe nl¡l df.ffcreæ. bctrGêã thtr prepsEa3Lo md Êh oe ce¡rted

æt by ¡þrt (1O) 1¡ Ëhs addltte of tb¿ rodfrr ccetaGe la tbê ?8cpar4È16

õtlt"Ëcd abovc. ieoÈ fqnd ttrt t¡ ecrtals ca¡er he obtaicßd o'f,l¡

rñfeb dfd, d readlly cryrßallfzc; Èhfrn bcevcrt r¡ra EGveü fqnd 3c

bê Èb care ucl¡g che ¿bovc æÈhsd of preparatÍo.

(raatyat¡ fænd 8.4 t 0.11 oùbatÈt thcæetlcal E.5l)

(d) rï!.r(ph¡nssr)-afbêlclfEll LtÞçllgl

Iblr cqler n¡ prcçercdt þ e rfd.la¡ rethd Êo Èh¿t gtrca

abwc fer the trleþ.to1¡¡1)eóalÈ-fll cqrlc, frorn 2.Ô9 ¡rll of

cobslB ccet¡to ead 5.90 grr. of pùecytrrltcylfteocldlc. ltc pro&et

obtet¡Gd ra¡ ¡fr(lar l¡ E p6toæo 3o tt¡ prsttlfrt eqlu ad r¡r

pcfflcd bt tbG r*hod deeorlDed m page 175

(emty¡1,¡: fnl¡d 9.o ! o.ll,ecbrlt¡, tb¡orcslcel 9.11)

2. ttr ElceÈroo 1r¡¡¡f6s rroatts

ttc clecÈro trar¡fcr r€r€Cf6 ra¡ earrlod q¡t ln s vc¡rcl

¡frllar to ßhß os ¡be¡ tll{g.6.4. lhc flc¡hA of ths EGæÈfoB

v:¡¡ol rc¡ l¡¿recd dlræ,tþ lnte a Chsm¡tat æd dt7 iqlgen frccË

alÈrqcn ger pcrced Chrqrgb Èbe vea¡el Ln æder to rnve efr. Solußtc¡

of thc Fo cqlãßci, bcÈrccr rùf,cü Chc elcctræ Ërrû.f€r wac to bc

rtudl,ed, urrs prGpracd úd placd 1¡ Ëbe Shut¡t for eÞollt hslf o

hf,¡r. 25 rl. AlÍqúoÈ¡ of ßbe ¡olutfæ fe tbs reactl,æ Ëo be ¡Èd1¡d

rero tbea plpcted lato ths fla¡L À of, Cbe ÈGâcCLú vct¡Gl. frc tfæ
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Õf .Ë.rthg thG rcáGtle rae 3¿LGs a¡ Ctc ttæ üË@ L¡lf of Èbc r¡cot

¡olutio b¡d bGGÐ rad.d Cc thc flnt rolutlc f¡ tbc fh* A. Drrlag

3Ër oor¡c of ùbo rcac3lã a GrÈlntÐ sÈEeil of dry rqlgcn frccF

rtßrrgca tdr, pr.Faaod ¿¡ É F.168 ¡ üel h¡ùld cbqsÈ thê tcætl¡

-lrtriln.

Àt y¡rtæð ttr irßc¡valr rqlø tËt rcvd frl tlarL A.

by ¡tCrogo ta. lrrÉûEae, l.eËt thÊ hñÈc D, fra ûtcb Ëbe¡l rcro ru

dlrectly ü 3o chG Crp ef o atd¡s colu. Ecçaratln of tLc m

qlcæ frt tha rcæClm riftrc n¡ tbo¡ da urtrg ¡ cüreto-

gr¡[ùlß tc€bfqg¿ (1.180 )' tc rcprmccd fracttø rlrc rdc up 3o

tO 1L. ls ¡taaderd fle¡þ d a rctnttll¡ÈLa CrGüdSe oß eoúlry

ra¡ ¡¡rcd te øÈl¡Cc Èbc mt of rdLe-sct"firlCt fl cæh. lÈcro n¡

u sd gs +rltr¡e fc ttr ob¡rfcel eæotr¿tlæ of córl¡ l¡ cl3her

ef Ghc reçrfaCcd fragtfo¡ rhca m aldetfa n¡ daCectcd ll" ¡rel{rlne¡t
cq¡pcrtst¡, Dr n¡ thr @, cf rdueÈlæ fd co br rþúfl,cst.

â. thc t¡nal ledrnùl,c ct æftþ-tc1¡¡1)cobalt(g¡)

lËc raúæ31o eú Csf¡(E-c.f¡¡1)dr13(IlÐ r¡¡ Grúú1d sG bt

a r,tt¡t rld.l:r tc tb¡t ..¡r'l fG tbc ùæ ãDGNßß¡. Iilñrtr.

tbo ¡aófect{vG Ërtu(g.3.¡,.âf}cofaft(f,U} rú flæc¿ llrccÈly frto tb
fl¡cL A of Êb rc.ßtlÐ vulel d tO GC.. ât Èclwr adåod.

\
CobsfË(IEI) 5¡tc¡ thG CÐl¡nce

1. lreo¡rsllæ ef Ecactoßr

(o)
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Î¡rn¡kl (4) preparGd Èbc saler-eobafß(fl') cqrler úd fqed

thsß lt g¡n€ 8 ready upüaLe of oryrgen, Èhe produet foræd bcfsg darh

brqn ln eolq¡r. Ie¡Ê (5) evolyed e ¡æ æÊhod of prcparatlo fæ thc

eqler and formd thac, ÊbG proðucß he obÊsl¡ed dtd ¡ot rescÈ rfÈh o4rgco.

frf¡ l¡tter aethod re¡ Èhe æo by shtch l¡bellcd aqles of Bbe cob¿lÈ

(I'I) cqler sere prepared ready for u¡e t¡¡ Èbe êleGtrm Crnprfer

crqrcrfmta.

fùe llgand ras prGpared by dieaolvlog L2.2 græ of rallayleldeþde

1a a *11 quåaËfBy of eËhyl alcoùoL ¡¡d ¿ddlng å.2 gsæ of eÊþlcoc-

dlastne ao tha rmcilStdrate. &e d,rtura eat haaCed fc cGycral ¡lmËe¡

aûd theß cooled. Brtght yellø plate-lfke cry¡talr çcre obËetn d, úú.ch

rrere rcÊrll¡tallt¡cd fro etþl ¡lcohol aûd dt{êd f.¡ dr.

ttc cobelt (fI) c4le* yérs pre¡)sre4 by â wtH cl"d.lar to

tbsÈ døreloped by Dallee aEd GalvLn (7). Ihr f,'lr-ethyleno-bLa-

(¡alfcy1lde¡e-f.rine) (2.68 grüe) rrs dl¡golved 1a etþl d'cúsl qd

placed tn a rand bott¡ flaak, F{9. f.2. tf,Èrogen nc thca h¡bblcd

grru of cobalt aeeËate res addcd to a soall quaatlty of alcohol and ths

d.Sr¡re hested r¡stll all ef Èbo cryatallÍoc eoltd ser Gwctred te a

plú corpba pcder. to Èhe ccbclt acct¡Ëc uar ¡ddeå 314r.1. et

cobâlt 60 eolutf.oa, aad tbc ¡i¡tu¡e rìrr Chca *tn rlcly lrËo tbe GtLeDl

¡ok¡tlæ of the ftgæd. Iba eôltrtloo ehloged frc a tnighl yel.la

eolm ßo ¿ dcGI¡ red colo¡r ¡ad e cryetellLae preclpitaCe v¡¡ fonod.

tlhe hot ¡olutlo¡ ra¡ coolcd, ftltæed r¡uder oa aÐspbcre of atËr€Gû¡

va¡had ¡c¡veral. Ëf¡ee etÈb eÈbrl alcobol a¡d fi¡ally wrbcd oec r¡lth
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ctlyl cùhcr. fu protuet ür¡ drl¡d t¡ r vecrnr Ceclcartæ ed placcd

la rn sLs3LtbË JÉ.
ltr producG obÈet¡ed mt tÈrble Co cld¡tta prældcd tt rar

bepl dryr hGycr fn sratel¡ orgadc rolvroCr, e,g. etbroel 6d reËbrml,

tÈ ru¡ fd ührÈ dccp brm ¡ofstlo¡ rrrc rodl,ly úo¡red. E6ev€r,

p5mtdlls Er rnû er¡cù a ¡olvø .qn bubblfs oryærr rborgÞ I FyrtdfDc

oolutl-i of tbe cqlcr fc æe tb¡¡ m hG dtd uC ¡ppGar to eltcr

It¡ colq¡r.

(b)

lc¡¡ 3¡. lfgúd ¡n¿ stÊ eqlc rrrG trtDeaed Þy ch¿ atc rGßH

a¡ tåst utod abcvc. Iht eçkr. fcrcd iac I red oil.q¡red Gr¡rttslll¡.
pndoct üfGÈ tn Èlrc dt7 rtaÈc dfd Eoù rcæ3 rlth oqrgcn rù¡n rycd to

Èhc alr.

(e)

Itc cçlqlt ag€qù Þr pr€p¡rd tt s ¡t¡l,l¡r rcrbod to Èhsj

o¡cd for Èhc prrqeratlæ of f¡lt-ctþ1æ-btr(ral{eylldrocpl¡fnc}, ¡r¡ger,
ft dld D.û cr1lttslllec h¡G lstcd t¡r,rc I yellc or[l.

ltc côb¡l,c(rr) cçle vttb thtu ltg¡¡d sürd !.ß bG grcaæed ae

t¡ thc prcvfq¡¡ c¡rcr, rlæc tt m¡ fq¡¡d Ëc túr! a dast brc¡ colq¡n

G ccp€uar Èo aÍr, ¡ren f¡ tbc alrt ¡cetc. Sc cçl¿r nl¡r thcrefco
fæd l¡ rfcu bcfcc crææ¡FñÈ of cbc alçcÈra trao¡fcr rercËiæ.

lb reÈb¡d u¡d ra¡ to púec€rc 0.0úÈ00 ¡l¡r cohûlo. of thc lllgÀ ard

of, cob¡lÈ ¿cctetc (kbcu€d) l¡ Ertdtnr. af,tæ Èotblrqg dt7 ão4rgcn

ftcet nfarqen Sat thsægb the ¡oluttsas Íæ eprorfntcly half aa bar,
ell'q'otr of theae ¡oluÈto¡ yae plpctÈcd dt.roctly into Ghe r¡acÈto
Yettel. A deep rcd rolrcto e¡ foùDd d thl¡ dÍd þt dcrhGû f.l cotq¡r
on eÊa¡dlng fc ¡c tLrc.
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(d)

GóalË(I,rI) chlorlde

llrrclf (å) hd preryarod e eilpord cha3 be clalrcd Ytll ürlt-

eËhylenæblr (ealteylldæ-ld,t¿to)@ba1Ë (f ¡¡) e.hlcldc, h*wcr atÈcQ¡Ë.

to follø hl¡ rethod of prcperatfm dfd scù glva good. ylcldr. A rtH

fc tha prcNrsraÊlø of the cqmd ra¡ fornd uat¡g a¡ ¡EarCtnci r¡t¡r1al¡

Gblæer?æ¡^il¿m cobalt (IIÐ dlehlerlde ed Èhc t¡r-ecþlenc-bk-

(caflcylfdcoertdnc).

Éo e,bloro-pcnÈdno eobelC (III) dtc;hlcrfdo saß prqarcd þ
e rcthod rfd.l¡r Èc lùaG úscd Þ flltl*¿ a,nd Bâ11 (6), 5.O grc of,

e,bfu cqlcs ra¡ then dt¡eolved ln srtrr et t5oGn td t.Ô gr8 of !rlr-

cÈþlcno-btr-(¡¿11ct11dældne) ra¡ addd. tte drtrno rar krpÈ at

f¡t en¡ rtirred eæÈlncæsly fæ abut Íoú8 bnßr, dclng rülch ttr a

ll'gbt brm cr7rtallloa ooltd ra¡ fercd. Aftcr cælhgr chc ¡eüÊlo

ra¡ f,llÈcred d che prodwt ót¿tsêd ras ¡dded Go a Þcrler cf æhyf

d,cdof ¡¡d heeted Ëo botlfog. lbc hec rolutlæ rae fllËGsGd, and üh¿

e'ro¿rct cùÈetneC agsln t8eagcd Ln the oæ Es!¡ fn rdcr Co to\trË - gi

warctGd llgd. Íhe coegrlé¡ sas Èhen ñrrtüer prfÊicd þ rcctTaCal-

lûqsGfoo ¡erversl ÈfEÉs fro aqueane eoluÈlæ, üo rbfch h¡ð bG.Ð ddcd a

¡nll üñt of æ&rr þrlrdde. lhs ft"oal prodsoG ótalEd raô a

yellc bræ¡ crryrtalllna er¡bstæce uhleh o hectLng lflÈ Cro nlcsr¡les

of uaÈcr, bæaúlg ¡csÊ¡3 uc goldcn brel l¡ colac.

ú3 lnücülo¡atc and thc c$c-fo-eu1ph6¡Cc nttre prqnrcd by

addtEg eæcnlraled ¡oð1rr gcrctlæatc ¡ohÊiæ aod cqùæ-t0-ailptæfc

acfd ¡ol,utfæ roopcctfvely tc eoelnÊrcÈeal aolotLcr of, 3hs eçlc*

cblorlde.
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(c)

lrtstelcotalt (Illlthlæ lde

ttc tatH cf prcpcretla of thfr cqrlcr r¡¡ ¡td,1¡r to üh¡t

fc tùe prevtæe eqrmd, bwvcr Ëhc lrff-(o-pbcnylcac)-bb-

(callc,ylldcna.trtæ) rac Eeß at rcdlly ¡ohÈla ln E¡tcr 8l tbe prevtç¡s

l1gd. Ia cdcr Èo crtêaaæ 3hc ¡olt¡btllÊy prrbla thc llgend fn Èbf¡

c¡rrc u¡r. dfæolvcd ta ethyl ef¡ef ¡ad !þg eoluùlæ fætd r¡r eddcd

drç"rrkc Èo Èhc toÈ quor ¡olutlæ of the cblæqcatcfæ cebatt

(II¡) dlcblældc. lhe rlø åddtÈlæ of Èhe ltgad ælqttæ gs'rc ¡rB

agGot crú¡fcr rbfcb tcaßCed aË ¡ re¡ranble ratc rÍtb Èbc cobalt(Iü)

pcntdno cqlor. AfÊæ tGc?f4 aÊ ?59G f,æ f,oor hl, durfag rbl.eb

ùLD Gücfüúfl¡ tßlrtf¡g rar eqllryed, Èb. rolrtlel, Ê,ogetbcr rlGh thc

¡olld fcrd, ra¡ eæld sd ffltcrrcd. lte red prrdæC oùtalncd rea

pcfflcit a¡ for Èbe prcrlü. ptrgrrüÈLm. I3 r¿¡ fsd th¡È ttft pnduet

ea¡ld el¡o bc ¡rreparcd Þt rddfq frlr-(o-¡ilesgrfotr)-51¡(rellcylldcoa-

Ltnato) cobalt (If) Êo a aoh¡ttn of cæccn3retod 
-oefrr 

hydrcrfdc

ar| mfc chlorfde d tb risrrc allod ßo ¡Cd ln elr fer ¡cvcral

dayl.

(f)

eórl3(III) Ctlæfde

Ar nar pûf!ß6d aC l¡ tlc ¡nrçaratl.æ of th ccb¡lC (II) cqlcx
rrlch thfr llgand, ùha cqlsd.lg agæt c¿ud bG obÈålæd 1¡ cbc c{fftrl-
ll¡e fær. A ¡olutlo ef, 3hc tlgcd ln ctþl ¡lßohof rst prcp¡rcd 8¿

Êhtc rc¡ ddd drq-r!.oe to s¡ strcil¡ ¡e1u3!.o of cblc:o-pentryl¡o

cóslt(III) dfebleldc. Gase t¡d Èo bo f¡r¡¡n tn addtng rbe ttgad
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solütla Lc cde¡r thst a larga saûÈtry of th. ttgsd trr !o! fÉrd
ar Í¡r otL c Êh boßtr of Gbc D*at¿r l¡^rhl¡ü :ùc rcrctlo r¿¡. bellg

e¡rd'cd nrt. tlr ¡c¡ctt¡ sr cerrlcd f,¡C ar 1,8 GÈa ¡aæfnn t¡¡ ælrr{-
--err s¡d Èb uÈs ¡cllc-ùrn col.sd ero¿u¡t oDG¡rrd mr rl¡o
Ptrffrod þ a *hod rlú,1¡r t Gbr úæd !.ß Êk t¡ro prcvlrnly dar-

crlDd cqrlclø.

2.

Sc elcstro Cra¡¡fcr assGÈls rar eurf.ó sÊ, r¡odcr @ ¿Ðr-
phore of dry tcygrn Éreat efteogæ gar, ln the røctlo vcl¡cl aËffi f¡
l1g. 5.6. Soluùfo¡ of Èhc eqrlrræ, btÊm rbtc,h the e1ætra tr€D-
fcr rcactlc rat to bc rarófcd, rcßc DrcÐar¡d 1¡ rßderd tþrb üd
gleccÊ etÊh€r fn a Ëhcr¡rtgl rÈ 25oC, er 1¡ !a lsffiËcr bûÈh et 0oG.

Dr¡r Bc4rgra frce¡ ll.tn6a gs¡ ;a. psrmd ÈEægb Ìr- pecgæd roluG{m¡

for teq rf,n¡tc¡ bcÍrc ¡l¡ er+cæÊ cf ¡åa rlcetræ Èræ¡fer acaetfæ

and altçntr rwa th ptpeSËed llßo the fl¡¡t A of Ëhc rcacGl,o ycltcl.
trrlf en b'õr Þcfcc atertfrg 3h elesßru Ëral¡frr r¡aetfm, alt *næghæ
Èhc reacgfc, Èh flüt, a, s¡ lcpr, l¡ r ÊhærtåË at tsoG a an l¿æ

t8ß¡ß Èath. tqler of Èbc rasctün d,e6 nrc Dtræ ¡Drlr, þ nalr
of ggt prcrürr3r f¡r t¡bc fll*, a tc tlc brEcùt t, ËDù rhkh Ghql vare

m lÉo tbe fusl t. fu fuÊl cdt.t Êt a d¡tr¡ro ef l0 ec¡. ef
ehlcoGqr üd 20 ecr. of bcæ, Gìúiltb ûta¡ hd lco búùrrB dqr
tqrgre fræF ¡lÊtoÛlra ca¡ for f{ti¡¡c dmt.f . tb¡ rc¡ctfc rl¡trr¡,e
¡s¡ ¡t¡l¡l Ylth ÊbG Cre ¡olvaÊ¡ f,æ flvc racdr, thc GûbrlG(I¡) açlc
bGr* erG¡aeced l¡3o ths ehlsrfsr lrtsr r¡htte tb. eùtù (I¡l) eqle
va¡ GfGfsctcd L¡Ëo thr e{uoanr l¡tor.
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fbe sÈarting tlrc fc ÈLe reacËl@ ve¡ takæ ar thc tlæ rù€ß

h¡lf, of the ¡æmd rGseÈüÊ hsd bc€ß addêd to tbe f,lr¡t re¿cÈa¡t !.a

flesL A, rÈf1e ÈhÊ ËtE oË eqrlctlm ra¡ telcû a¡ the tl¡s EüGo all of

the ¡oluClæ frc Che hrsÈÈe E bad bccn n¡e 1Éo thc fr¡nnel l. tte
resrlÈ¡ ôÈsld l¡dicaGe ÊhsÈ alÊhøgh thf.e Ètre LaÈcnal ra¡ shæt th3

rcaÉtfæ rao IOOZ cqrlete. A1¡o ¡face ecpafaClm lnducd elætrø
Bre¡¡f6s reacÈfær arc ¡ot gæcrally órcmcd, 1Ë rar fclt that tt ras

!ôÈ $ccelrarT to chcct for ¡unb a pc'etULltÈy la thl¡ cs¡c.

tte chc¡teal analyrb of thc fractlæ frc Èhe relvcot cütrac-

Glo rcparaÈ1.û sa¡ radc fl Èh follcrl.ng ray. ltc fractlæ¡ sene

c€tæ¿ù€d to dryaca¡ ¡od Èho prcclplteCed cq¡le*er ree de:Èroycd ütÈh

dtl¡¡tc ælphrlc actd fsl,læd þ Êrce$È rrtÈà cooccûÈÉeCsd nÍt¡rlc

actd. lbe eeb¿ltm¡ ¡alCs óÈd.Eêd af,Èen eurpcetfo cf Che acld rolur

Êfæs uerc Eoactcd rtCh sn O.2Ol ¡olutfæ ef mLn ÈhlocyeoaÈe fo

¡lciùol. tbc bluc rolutim¡ fosrsd verc rede up tc a ¡ßa¡dard volæ
ad æa¡urd apeetrcpbúrctrl,celly þ m'o. of e Ulica SP350 .Eec'tro-

pbCætcr. B¡dLætrlc .*lt¡Lr rsr al¡o ca¡tlcd q¡È a E rl alfqcctr

of the¡e preparcd aqrler.

3.

I'sbêllcd cobalScr¡ perchloratG ïa¡ flrtt prqnred þ dlrtolvtng

cobelGær csrbæ¡te 1a dllnte perchlcfc aetd, €ddfig a ¡lall quaotlÈt

of ccùslt 60 ¡olutfæ, ad cmpøaÈlng 3bc roluÈloa rrrãg¡ rrduccd psc¡-

a¡re untll eryrtalll¡¿ttæ r¡¡ eff,ectcd. a O.0lOo nlar ¡olutfæ of

thlú y¿t prcpared fu an Eü acctor*eter rfxßcc, úd an allqnot sddd
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Êo 8 pú€fl¡ûd 0.05(þ ¡lar golsÈfæ of tbe perchlcrtc of the cotÊIß (III)
ccflc* al¡o ln a¡ 6Ûl accËqnletctr rf$ürc. Saçler ef ¿åc rc¡cÈra
¡trtrqe rere oc¡lcd La glare Gr¡De¡ aod plccod 1¡ a th¡mÈåt rt 25t.
AftBer varlcr¡a tln lctervah the tsbc¡ r€rc tsvtd fEil tbs tbemtrt,
opæsd, snd thê cobalß (f¡f) crylcr. preclglCaüod Þy addfag a G¡ilB¡g-

Crrr3cd ¡oluÈion of aodÍrr g.toluene-culpbmate. llhe prcstgf.È¿te fæd
ü4. €€ûtaffuged, ra¡bd vlth e ensll $¡áûtlÈy of dl¡tlllcd raGer, drfcd

la ¡a æGü at IOOoC d rcrgFed e¡ 3bc g.Èoluaoælolphnatc of, dt¡-ræ
trtr-etþlenc-blr(rellc¡rltdælrtn¡to)cobalÈ(Il¡). It úørld bc petrtcd

ouc ßheÈ ln prel{'lnatt ¿ryæt*útr lt sar fo¡¡¡d Èbst æly trc cúalÈ

(IIl) cqlu aûd Dot the cobelta¡s E¿lt rar preclptt¡tcd ø tho eddfß166

cf thc lodft¡¡ g-cofueoc-rutr¡lhate. thG üGfgbGd aqlc of tbe ¡elt of

thc c¡üatt (ril) cqlø re¡ dl¡ælved 1¡ dtlute þdmchlorle ectd

aoluû,la, rade rry to 1o ccr. 1¡ a sÈ8¡dard fraak, ad cmËd bt Ëær
of ¡n E¡Ð rclaßtllaCloa GøEûßcr.

tbe rpeciflc ættvl.ty of üh3 eob8ltør pcrchlæaÈê uag oÈtat¡d

Èy nclghf¡g a rqrle, dt¡¡olvrqg fn l0 rl¡. of u.Èer ud comËLeg. rlrr
thc v¿lt¡c obüsinCId Èbe Ëbffic¡lssl value fu l(B cxcbange bGtr¡GGû

cebsltoor pcrohleaCe ad thÊ eôr1t (III) aqler rr cbtalnd.

1.

Col¡-c¡ cf Gsbalt ¡rrr)

A gravlæÈrfe aaal¡rrl¡ fE cob¡lÈ ard ehrsrtdc Lq¡ w¡ rde
m the thrcc |txt-etþ1soc-blc(eallcylfdcncldna,to! tyea cobalt coqlloxer.

À1¡c e deterÍ.¡¡Èlo rar ¡adc Ëor Êhc ænt of æl,r d reter prcroÈ

ts m oÉ thc cqlctcr. Th. rcrult¡ of, Gbe a*øt¡r¡s (trÞlc6.1) are

ln egreæt r1Ëh rhe thcoretlcal ebcrlc¡t fo¡n¡l¡ or coru(pr)rtcl.zn o,
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TAÞ8.8.1

anrlyeta of tbe coxll selea lype Gqle¡ee

coruaalen colrrssl-o-phe cerrr."l-prqcû

Go found

Co Èbeoret.

Cl fc¡ûd

Gl Èheoret.

Â¡nonl-a for¡¡d

Aapnfa Ëheoret,.

leter fouDd

llsÈ€r Èbeoret.

L3.57" ! O.ZZ

L3.77

g.ztL t o.ogt

9.231

7.7 ! O.e¡

7.giL

g.f ! o,e?

8.42

L2.71t O.U

12.74

7.942 t O.OEU

7.99L

L3.tL t 0.2Í

13.311

7.6t7 3 0.06ß

7.63ß

úere L re-f,erc Ëo the quadrldentate llgand. Furthcrntrs, tafra-rcd

ryec3ra (ffgs. 6"7-6.9), rtrleh sere detesnlned oa m Infracæd Ul?

¡p€Gtrophoto¡et,er, coaffm the preeence of tbe qudrldentate ltged 1n

tho approprtate caplex,es,

the aoaly¡le fot eoùalt ras radc by dlgertl.sg a veighed eqrle
ef Êhe eqle: {l a nl¡tr¡rc of, cor¡ccnËrâted eulphurf.c aod ¡Ltrle acfd¡.

lte ¡otußion f ot¡ed uas eyapcrated to erall bultr a¡d tbe ¡cid ¡¡¡ln-
fng ras seutrall¡ed ritb dl,lute sodfr¡o hydrældc. rbe coluÊln sa¡

Èheo creaÈed rlÈh pyrl.dlne aud moafr:r thfoc¡raa¡Èe (E) ad thc

dlÈhfoeTanato tetra-pyrtdlne cobalt (rr) fûrËcd nas ftltcred off, uarH,
altled and fl¡¿l1y relghcd.
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1o alelyrc for ebloaide 16r" a solt¡Èf,@ of the a¡ryurprlate

cqler r¡¡ actdlfted rtÈh dflutc niÈrle acld aad a allvcr ::ttreGe

¡olutlæ ws added rntl.l, prcctpttaCtm ra¡ eoçlcÈe. lbe ¡flver chlorfdc

forrcd u¿¡ f,lltered off aad ra¡hed ravcral tlæ¡ ultb dflute ¡fGrlc acld

á!d f,i¡ally rrlth dl¡tfllcd recGtr. afËcr drtfog, tb preclpLtaGc nae

relgþd esd tÞs p.recot sf cbtælde csler¡l¿È€d.

tlæ ml of ntcr prG.cßt la the ¡elcn eobalt (III) eqler
r¡¡ detenrlucd by Ëhe lo¡s of uef.ght of Èbc eqorod after hcaËlog for
¡svcral hanrs !.n ao oycn 8t ttr. fhllc the amt 6f ,ronla prG¡€ûG

rere detentnd by bcathg a rcfgbed earple of the cqlc* rfth a jE

sodt¡r þdretde eolußfoa aud dtrtffflng !þ6 +onl¿ forrcd iaüo a

dllut¡ þdræhlorlc acld eoluÈlæ. Ëe e*sc¡¡ aeld na¡ deterrt¡sd ty
ucr0LtraÊlm rltb oeaodard c,au¡Ètc ¡oda aad Èbe arod¡ prcecnÊ. fa

tha eqlcr nlcc¡¡lo ua¡ calculåGd.

5.

Saleq Frae Ccolee¡

lbc ragnrtfc auecrptlbllltl,c¡ of thc cqlcrcr ucre rca¡uÍcd

uttng I cor¡:/ balancc for rùleh tbe ragnctlc ff.eld u¡s obÈel,¡d srtb
a pcsrûGEt lagneS. sqlea of the cqlcrce rcrc granad to ¡ flnc

Pdcß f¡ a¡ agate rotCåt oad pachd rmlferrly LsÈo e calfbrated gl.aer

È¡¡ba. ûe valr¡es of tbe tlgÊeËlc rueecptlbflfttc¡ seac dcË€r¡1acd

frr tbe EarurGrÊûtt ueflg Bbc fortrl,a

r06I - r+E
r

¡rùete I ryrr. 1r the Íocrease tl rctgÈt of Êbs cqlcr Éen ptaccd fn
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the ngncttc fLeld aad E Ef . tt tbe relght of, thc cqlcc placcd tn

Êhø eæ¡r Cr¡bc. 'â"&Ed, E ere c@úCaÍ3¡ havfng Cho val¡¡¡¡ of O.(Xl8 aad

O.tt{¡ rec¡rectlvely ad Ì.ùlch rete caler¡leted u¡ro6 CuS04.5HZ0 ¿¡ a

eC€odåad. fbc valucs obùsfd fcr thc ne¡r¡s¡n:aÈ¡ a.ts ¡Þæ¡ 1a

table 6.2.

GooÊLr¡atf¡a of il¡ç ragrcßLc æc¡urætc þ terycratr¡re a¡d

Élel.d varlaÈlæs rrqrld prrvc Èo be advanÈageans fn decldlqg ¡rhGthcr G

EoÈ thG eóalÈ tn Èhe eqleaee ll asË¡¡al fact bs¡ Sut uçalrd

elætrm¡. XorÊrrr, alËb¡gh the cqlsc¡ havc Et bccû etr¡dlcd f¡

thLa na¡1, the rc¡ulÊ¡ obÊal¡cd hsvc bs€o r¡¡ad 3o cplafa thc f,e¡Ë

elestrø Cran¡fcr rGBGtlær órenrd beGvecn the cùslÈ (fI) âúd eobelù

(ffl) caplarer rlßb the ¡alcn t¡rpe lfgædr. DurÈhcrr¡orc, thcrc t¡ at

lee¡e onc other erryla (9) fû úleh eúalt, L¡ partfelly spln frce,

l.c. CoGþ.(fßtr)r; th¡c eoe srqppotG lr giveo to tho xc¡ulÈr obtal.¡ed.

ËcgoeÈtc Usil$rsæoßs of thc Cefucat €[ lÞG Cq)f¡rel

coIEr"L¡n coul¡g1-o-phen Golüarl-prot¡co

It. of cqlex (g¡.) O.l6t17 0.ut2:il 0.11t1,9

foct'. of gt. ln lag*
fiald (Fæ*.)

10%

l0ó4 Go

q cff

Qlsftad elecGrooc

Tqretaturc

L.6E

8.69

tw
2.95

2

z¿oc

l.é1

LL.2A

5tr5

3.ôg

2

zLac

L.ft
11.90

5(pr

3.ô9

2

l,*oc
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2,
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+.

5.

6.

7,

8.

9.

10.

11.

w.

13.

l¡1.
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lablec cf leælt¡ f,rc El¡ctra freæfcr f,csstf.æ

Elccßra Trao¡for rc,acÈ16 Letæco:

Â. gsbrlt (¡f) æd Gobalt (lII) åeetylasctcato Gqlcrcc

l. GcùÊ1È (If) d GósLt (1lII) g.tolcal C.4)Ls3.

G. cóalË (fI) úd eobslÈ (III) pber*al Cqlcrer

lG¡ All ecGcnÈçrtts¡ ¡bm útr tbG re.ctæG,¡ ere th:

ecErùGrÈlæc of Chc ¡elatLos bcfæo d.lng, Cbrcfse

tbe æeatratlc of re¡ets¡tr tû th3 reæGt¡ d¡Ccc l¡

hslf of Cìc velsa tÈæ. Eæcnlr, 1¡ & c¡re of Èba

GæcdrgCÍeo¡ ef g-tclral, labloc +f rd 4t, Èùe vel¡el

óm arc fc tb cæcUr¿tfe l¡ tùa reac¿l1 úÉrcc.

fóbr

1-16

27-ß

ô9-5t
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1Ä4t I
Bleegra lran¡fcr xe¿etio b,eFw bte-(acaclcßbrxt (rr) âúd

trtc-(Ac¡c)cobalt(Iu) 1l AcaÈylaceÈüê ¿È a Terycratce cf
9t.? t. O.lcC. GocceoÈraÈlo of eobelÊ (fI) O.OlUt I; Crc.æ

trarl,a of Gebal¡ (nr) 0.011,¿ u.

k. lfre
(hs)

€ønÈr / rfnc
G€balc LI Cob¡lß IrI Et 100 - E¡

3

I
5

6

7

E

I
11

u2

¡it
1ó

15

l6
L7

1E

1'
20

1

2

3

4

5

6

7

E

I
10

11

t2
üt
lt
15

1ó

L7

l8
19

1

2

7A

t:fE

159

2L8

2y
25ô

306

3rr
129

339

350

338

3ó9

365

367

341

380

386

390

7r3
¡ut
729

639

6t6
621

5Eó

550

539

548

516

510

510

197

493

127

687

ôsó

4óO

L6.2

32"3

35.t
50"8

55.0

5t.5
68.3

11¿.6

É.8
76.3

to.8
7,!t.,

tå.0
*.7
85J
Eg.g
gl.7

Íl.t
91.7

83.E

67.7

&.2
19.2

ó5.0

ó1.5

31.7

27.1

?4.2

?3.7

L9.2

20.3

16.0

rt.3
Lí.7
11.2

u¿.3

6.1
9.3

AssG ladteeÈes Ëhe accÈylecetoae Llg¡nd.
E 1 næ¡ Èhc Z of clectra Èren¡fer tsvfry ccr¡ttcd at

Èlß t{.
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lr¡I¡ 2

Blætræ Îr¡ncfæ loactfæ bcteeeo ¡1s-{Acec) eob¿lt (¡¡) rA
trl¡-(Acrc) cúa1t (ItI) La AccÈylåc.Èæ. ¡rÈ e t-FGaetErG of 9t.loC
3 0.1oc. Gæeotratlæ ef Gobal.t (ü) 0.0o9ó lt¡ coqcmtrsÊfæ of
Gobelt (III) 0.0096 H.

no. tl'rc
(hs)

o

1

2

3

4

5

6

7

I

o.5

1.0

1.5
2.0
2.5

3.0
4.0

Ca¡nÈ¡ I l:fft ¡GEr.
cobelt rI cobalr ItI

I
2

3

4

5

6

7

I
I

l4
656

10æ

1åæ

1óô9

2J,.15

2123

3615

293r

4t4
1120

l6E4

2203

2595

2890

39ß

tuo
850Ð

63fto

6[38

55ót

ffi9
7118

7899

ó610

1üU¡5

1i1460

1363
l:t66
Ë¿329

11471

L?*99

310

óq)

440

470

ô70

4óo

530

Ir
1

14.3

29.0

3E.5

4E.g

5ó,8

61.6

6ó.9

75.5

ur
10.3

ló,6
23.6

29.7

36.3

4?.3

51.1

å90

484

{og

428

flr8
*6
524

576

1ß

490

484

136

44
&fi
t00
5Eô

652

624

TrlIA 3

Blectrm lraq¡for te¡cËtc batrea þl¡-(Ac¿g)cob¡ft (fI) åd
¡¡{s+(Acrc)cobalt (III) 1n.åceÈ¡rlaceÈsae at, a Tqcnßure ef
98.7 ! O.loC. Cæroßr.tio of CcbslÈ (at) 0.0192 lt; Cocøp
creÊlG oÍ GobslÈ (III) 0.0192 il.

to. It¡.
(hr¡)

CoæÈr / fOO ¡.ec.¡-
cobalt ft cobolt IfI

310

3*
1A
44rt

430

42A

470

I
2

3

I
5

6

7
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IAX.E 4

El.ectro lræ¡fe ßÊsctlor betr€€o bla-(Ae¿c)cobalt (¡¡) as¿

¡¡ls-(Ace3)ccbalt (Iff¡ ig AecÊt1åêct6Ê aß a ttrp€raËurë of
98.? ! o.loc. Gæs€ûGrÊtleo of cobatt (rr) 0.0193 n; Gææ
tratfo of, Gobslt (III) 0.00t6 ll,

to. ffæ
(hns)

1.0
2.0
3.0
4.0
5.5
6.0
'l.o

LO

III Ë¡

14.0

29,9

áo.0

n.2
58.1

62,3

69.E

75.0

B7

19.0

31.6

1l.o
ó1.4

62.2

68.9

76.2

Cormt¡ I L@ ¡æ..
cobalÈ II CobâlË III

I
2

3

4

5

6

7

I

ffi
1446

L628

2ZL9

?3W

293t

2780

30:¿0

5633

5W
428É-

4542

3499

3987

3051

2863

6019

526L

ßx
4352

43É7

4æ7

4303

1o(F

tur6
tåE

1074

944

1100

930

939

448

50:t

å30

50:¿

4*
514

430

156

!ÊEåå
ElccÈræ lrm¡fer ttÆÈiú be,gseeo bls-(Acac)Góalt(il) sßd

trla-(Acae)eobslt(I[) ln Aceßyl.acetm€ at a lcçcratr¡re of
98.7 t O.loc. Cæcentratlæ of Gobalt (Ir) 0.0171 u; Goocenr

Èrattm of Cobalt (fff¡ 0.01ei Ë.

h. fhe
t(bs)

530

43?

*9
å06

3ó0

408

522

520

603

550

w
5*
602

305

l
2

3

5

6

7

I

I
2

3

4

5

6

7

625

1lEl
L7rjl
2362

2ffi2
27'!r2

1684
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TAITE 6

Electrø Îran¡f,cr EeacÈfæ beæeen blc-(Aceclcóalt(fl) sÐil

¡¡¿s-.(Acae)cobalË(Ill) ln AceÈylaccûæe et a TeryenaÈr¡re of
98.7 ! O.loC. CoccnßraÈlæ of cobalc(Il) O.Oll.J2 l; Cæcæ-
Èratla¡ r-f cobalt(ul, 0.0112 ¡t.

üot

fo.

ÎlD
(hrs)

Îlrc
(b¡)

I'II ru

32.3

38.1

50.9

55.E

63.0

6E.7

77.A

Êl

3L.7

ô3,5

51.8

70.o
'tl,2
77.3

2

3

I
5

6

7

I

I
2

3

b

5

6

7

2

3

ô

6

7

I

Gqnt¡ l¡ 1(þ ¡ec¡
cob¡lr II Cobalt. rrl

t15

729

6frt

ó16

624

^596

550

Cornt¡ / lll0 cecs
Gobalt. II Cobslr IIf

540

526

530

530

518

544

5L4

cæeotratlæ¡Ont0--óì
Gobal,t fI Cobetr lll

g0
840

798

69ó

n6
478

540

5vì,

550

546

59!l

5E5

579

¡ilE

u9
2L4

2*
258

295

313

llE¡A 7

ElecÈræ Ë¿nsfer Beactlæ betreeo b1e-(Ac¡c)sobalt(U) ê¡ó

3t1s-(Àcsc)cobalt(Ill) fn AceÈ¡rlacctotre at a Teryeratr¡rc of
98.7 t 0.1oC. Cæc.entratle of cobslt (II) 0,0172 Ai Cucer
Èratlæ of Cobalt (I,II) 0.0105 Ë.

I
2

3

4

5

6
F

1ó39

a2Ã9

251/9.

2969

3396

2273

6óEt

ó184

5593

¿lL5

4321

'25L4

5t2
5:!O

J24

ê6r

480

3ü)
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TAEI¡ E

Blectrm Traasfer leactfo'n beÈwees bf.a-(Aeaelcobalc (II) æd

Èrt¡-(Ac¡e)c¡bafÈ (fff¡ ln AceGylaccÊoc at, å t€rycraturG of
98.7 t O.loC. GoeenËratfm of, CúElt (il) 0.01117 t¡ Geæen¡

Èrat1o of Gobslt (lII) O.OUi5 U.

fe a
tf.æ
(trr)

lfrê
(br¡. )

1

2

3

596

957

1496

1830

LÍyr2

7725

Tl3É.

675t

6356

6306

goûÈô / 10tt cear
Gobalr II Cobalt lII

Gæcggrstteos(¡dfÓr
cobalr II cdalt III

Gacætrattm¡fr¡t(Fór
cobal3 f,I CobalÈ XII

480

475

áôo

170

66s

ê51

46E

E1

L1.Z

27.8

11.2

55.0
66.t

Ël

îarl5 9

EløcÊrg6, Tra¡¡fer lcacÈl6g bGtTê€¡ ¡1¡-(Acae)Gobalt (II) ed
3¡'1s-(Acac).cobaft(ttf) ln Acet¡lløcetmÊ eÈ a lcqreraCr¡rc of
98.t t O.leC. Cmceatretl@ of Gobalt (II) 0,0096 H¡ Cæc¿nr

tratlcn of Gobalt (¡¡f) 0.0193 Ë.

238

2El

2W

285

308

243

2(n

L97

196

1ïl

I
2

3\
5

6+

I
2

3

ô

5

286

6L2

846

1068

1098

LL77

1530

11,

[o. Gor¡sÈ¡ / LOO secs
GobålÈ II Cob¿lt III

5854

5å3ó

5208

51'È8

5ü13

4907

152j

I
z

3

&

5

6

7

965

970

965

975

9{}2

994

977

14

30

42

53

55

62

78

o

E

I
o

9

0

0

5

6

E
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IAII¡ 10

ElecÈroo ñran¡fer BeacÈlæ bctreen bla-(Aeac,)cóa1c (II) and

¡¡t¡-(Aeac)co,balt (III) ln åcecylsceÈæe at a Tc+ereturc of
69.6 t O.loc. cmcentratlo of cobrlt (II) 0.0145 lt; Cocco-
tretl,ú of cebalr (III) 0.0009 u.

to.

Xo.

fhG
(hr¡)

l0
20

40

80

110

1lrÊ
(h¡)

6

L2

18

2+

u26

150

181

343

4¡¡3

6L4

ut73

2118

2585

3010

3836

2534-

2058

20Æ.3

?'túÉ

2æ6

1686

t4:t03

13238

ulozI
u¿573

1L858

57t
ßo
462

415

482

476

371

328

33ó

365

39r

3@

t

B1

7.E

11,"7

ut.9
25.0
31.9

44.0

E¡

19.ê

30.5

35.5

42.7

57"0

GolnÈ¡ / 10O ¡ocr
cobâlr II Gobalt rII

Gæpcntratlø¡ff¡10-ól
Cebalt f,I CobalÈ III

1

2

3

4

5

6

1

2

3

ô

5

l'35t

ü¡IA 11

Electron lrs¡fer ReacÈl.on betle€û bte-(aceclcobslt (It) ad
tr1¡-(Aaac)cobaft (lII) ln Aãetylasaüæe aü a lerycrattçe of,

E3.6 g O.loc. GmceoÈraÈlo of Gobslt (ü) O.0l37 t; Goocæ

Cretl.on of Csbslt (IfI) 0.0155 ll.

-

Cormt¡ / 1(Þ sccr
Cobalt II Cobe1c III II

800

8oo

¡80

8(Xt

83â

æo

660

6E0

é60

62612



21.[.

1Àlr.ß 12

Elætræ Îr¡r¡fer t¿æt.fa befieen bf.-(Acac)eobå1È (II) ad
61¡-(Acrc)coùalt (rrr¡ l¡ accS¡rlceêÈæa e3 a rcT€r¡Gr¡re of
89.9 ! O.loC. CæcÊrs8la of CoË{lt (II) 0.O1li?J2 Ã¡ Gæen-
CrsÈÍæ of, CobalC (III) 0.01737 f.

I
2

3

I
5

6

!o.

Xo.

1lD
(hrg)

ltrc
(hg)

869

t6t
875

t9r
86E

tE5

l6t
760

t*
t3E

761

t435

3

6

I
u¿

üt
22

Gan¡Ë¡ / l(Xl ¡ecs
Gobalc II Cobsl3 fII

557

t55

Ë¿67

1411

u0l
2190

EAqì

t9lt
7595

7244

ó971

ó3Er

Co,r¡nt¡ / 10O eec¡
Cob¿lt il Cobalt III

æ8tt

2*32

1965

21.01

r88ó

tróE

1E51

1Uì3

C*ø¡r"tf*¡ (rrr Oióf
Gob¡lt II coüslr ItrI

rz
1:¡.3

20.9

3G.9

3ó.0
til.0
5ó.0

ßT

6.2

12.E

21.0

26.1

33.2

3E"2

4E.5

52.7

tapla ut

Electr.¡ lra¡¡fcr Bc¡cttø bctrs b1¡-(Âcas)cobclÊ (II) eúd

trls-(Acac)eoù¡lt (III) tE âcetylacGGo!Ê aÈ s lcryeretwr of
,6.0 t O.loG, ConcentraÈf.ot of, CobalÈ (II) O.Olt2 Åi Cmccnr
rraËlæ of cob¿lt (III) 0,01u1 x.

I
2

3

4

5

6

7

I

0.75

1.90

3.O

ô.1
5.0
6.0
8.0

10. I

530

5t¿
480

540

492

525

540

5Ut

530

55E

ô65

500

480

510

5q2

195

76

165

2j26

310

370

152

565

óct



2U¿.

IABI¡ t4

BcducËfou of o1¡-(acsclcóalc (ur) tn acctyleceÈæ eÊ a
leqrcnaGurc of 98.2 t o.rFg. GcceotrgËicq Goüalt (Ifr) o.oloo üol¡r

¡o. Ítr
(bn)

CmÊs / 10 ¡cc¡ BZú 100-r.IccbelÈ II CúElr rII
7L

16:l

å{E

583

962

I
2

3

4

5

2.5

ó.5
20

30.5
â.rt

2@4

27æ

2490

23L6

1958

2E19

23L9

1665

1,:t91

x¿ú

3.3

5.5
l:i.2
20. I
32.9

2.3

8.0
1ó.1

20.ó

29.g

116.7

9ó.5

E¡¡.I

7ft.9

67.L

97.7

92.o

8i:1.9

7!r.1

70.1.

upla 15

lcdnetla of trtr-(asee)cebak (ru) i¡ rolsæ 8È a tqcrìrtc€
of 9E.? t O.loC. C@ecÉraÊia cùlt (III) O.OIOO þl¡r

tro. lfn
(h¡)

Cmt¡ / 100 ecc¡ a¡ looGobelr II Cobs,lÈ Lu r1

æ
20L

3t9

4U¡

94r

I
2

3

4

5

5

10

20

30

40

* E Z lndLcater I tedæfic aG Èfæ tü



TAüA 1Ó

El¡eßron ErcheEgr t¡rcStca fn Solurnr¡ Acetyheotoo¡ Ëfrture. 8t r trryrmÈurr of 9E.t ! O.loG.

GoscontrrËten of €ob¡lt (If) üd Gobrlt (fff¡ et Gcrneen¡nÈ of Erprrlr¡nC Ír 0.0100.

êonoentr¡tloa @lO'Õ)8rrylr
[o.

rfÉ.
(hrr)

ßorucr / 100 r¡o¡
Gobelt II Cob¡lt, Iil €oblÈ II Cob¡lÈ IIX

v/v
I Aerc 81

204

189

132

310

Lí?
tt2
L24

188

191

19r

195

20E

lt3
109

2

4

ó

3l
1

10t

5

t0l
16

7

rrt
8t

rt
231

t
2

3

4

5

6

I
I
9

t0
tL
L2

13

14

î24
rul
1rt4
r068

r.tt8
1t4ó

722

1t50
214t

1249

186t

1041

lt16
rr.7E

4346

4074

3t94

45é6

3990

5445

452L

t512

3080

3929

3163

3976

37r4

1920

1t6

2il,
2ét
230

2æ

zai
276

2t2
209

209

20t

l9z
227

191

100

100

100

t0
l0
80

ó0

60

ó0

40

40

20

20

20

28.0

4ó.4

ó6.1

3ó.1

ó0.0

18.2

å4.4

70.t
¡6.0
t0,5
7612

t9.t
67.0

tl.t

l{
l-tl
t



2L4.

IADT,E 17

Blectræ Trancfer ReactLm betneen blc-(Acaß)cobal.t (II) and

3r1¡-(Acac)cobalt (III) at 98.7 t O.toC ln Îofu¡eae; Cmcen-
traÈlo of Gobelt (rf) 0.0193 x; c@cerÈrat{æ of c€bslr (IIr} 0.0193 Ë.

tro.

f,o

1l¡e
(hrc)

2

3.5

5

7

9"5

t0
L2

20

Itæ
(brg)

ütó

160

376

355

342

&2
339

604

2052

1838

2908

1831

1631

2030

üì84

1521

1000

866

L542

99E

872

103E

670

904

490

494

694

490

4tL
ú,s

503

543

BZ

9,3
L2.6

16.5

24.L

26.6

29.0

34.5

45.4

E¡

4.2

7.9

17.8

27.8

34.0

38.6

52.7

66.0

Gorqt¡ / 1(þ sæg
Gobalr II CobalÈ III

cooceotratlæG¡10-61
Cobalt rI Cobrlt III

I
2

3

4

5

6

7

E

Bleetrm ltansf,er Bcactio b,etreoa bla-(Àcae)eoùa1t (II) âod

trlt-(åcac)cobalt (III) et 9E.7 Ê, 0.1tC fn Tolu¿ne. CmsÉtretioÊ
of Coba1t (II) 0.02(þ ll; Gonee¡trartm of CobalÊ (III) O.(XX)5 E.

1

2

3

I
5

6

7

I

50û

5üt
493

46L

5U¿

tß5

490

iæ

62

116

2*
370

493

540

l#
885

25

I
2

4

6

E

l0
15

20

Cor¡nte I lOO scc¡
cobalr Ir cóals III

2874

2820

26L6

2320

24æ

xù44

2L37

1846

cæcentr¿t1m(N¡l0-Ól
G€bAIT II GóAlT III

5(E

50E

5fi}
470

5X2

480

508

48t



2L5.

rAlIE 19

Blecero lran¡fer Beactlon bettreen ¡1E-(acae)coba1t (II) and

trle-(Acac)cobelt (fff¡ ln loluene. Gonseotr¿tfm of Gobalt (II)
0.(xl9ó ll;- Goncentratlm of Gobart (rII) 0.o0g8 tf; TcecraÈuac
98.7 t o.toc.

[o.

Xo.

1f¡e
(hra.)

4

I
L2

20

22

1fæ
(brs)

. 9,qPts / 1Og çeee Cøcentrattæôßrl0{t
Cobalr II Gobelt, III Cobalr II CoOafs ¡fI EZ

9.4

15.9

22.lt

ôo.r
40.0

EZ

27 -4

12.4

59.2
69.O

87.1

I
2

3

4

5

24?S

2273

?362

2080

25ú

Cqnte I 1ü) e¡gcs
Gobalt II Cobslr III

420

405

432

&20

506

Gæcnt¡attæk1O-óì
CobalÊ II cobelr III

250

245

275

275

265

420

410

&5
435

524

119

195

293

510

óut

ÎAEIE 20

ElecÊrqr lran¡fer Ecactlæ befreen bfa-(Aceelcobatt (f¡) æ¡
trls-(Acac)cobelt (rII) fa loluerre. coæcnËraËLon of Goüalt (rr)
0.02Í18 Ë; cmcentratloo of Gob¡lt (IID 0.02.43 ü; TeryereGnre
98.7 t o.loc.

230

2t5
205

205

21-5

3

6

I
13

23

1

2

3

4

5

456

728

9r0
1016

1363

3027

2769

2685

2432

2L32
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TAEIÃ 21

Eloctron lraa¡fer RcscÈ1.6 htrrecn blc-(Acaclcobale (II) a¡d
¡t1¡-(¡cac)cobalt (III) in loh¡eoe. GoæeaÈra8ton of Cobalt (II)
0.fi192 lt; Co¡cenËratfon of Cobslt (III) 0.0103 Ë; T€ryeaarurG
g8.z t o.loc.

67.0

390

452

ßo
ß2

115

265

358

450

I
20

32

tA

I
2

3

4

ño.

[o.

Îf¡ê
(b¡)

fbÊ
(br¡)

3.0

7.0
11.0

17.5

22.O

2ó.0

584

,22
5t4
5ü¿

1@0

1080

10t2

1060

9æ

1(E0

Êt

20.2

38.7

54.1

EZ

r,1.9

25.L

39.7

52.0

óo.0

65.6

Gqmt¡ / 100 æc¡
cobal.r I'I cobalt II1

r:ì08

1'l06

1049

964

459

920

rSut

1968

2416

2427

7741

?4tL

6883

643ó

5776

579L

ÎABla 22

Electrsn lransfeß BeacËlæ betneen bt¡-(Aeae)cobalt (II) aad

Èrtc-(Aeec)eebalÈ (fff¡ tn Îoluæe. Gæer3ratlæ of CebalÈ (II)
0.0190 ll¡ Gæcentratto of Cóalt (III] 0.0195 X; TGryeraturc
9E.z + o.loc.

corut¡ / l0O eec¡ Conccn¡rettæû¡tO-óì
cobalÈ II CobalÊ III CobalÊ lI Cob8lt II¡

I
2

3

4

5

6

908

848

876

868

964

E6E
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ÏABIE 23

ElætE@ lran¡fer BesßÈlor b€tce.en bl¡-(Acae)cobelt (II) and

trte-(Aeac)cobalt (fff¡ ln lolueoe. GmcentE¿tio of tóatr (fI)
0.0357 U; GoiæenËratlon of Cobalt (rII) 0.0387 ff¡ leryeretr¡re
55"9 t o.lôc.

243

240

236

212

t:¿7

L32

utó

130

37

69

93

L72

1

2

3

Xo.

[o.

Îtæ
(hra)

L92

t84
4E0

1240

1f¡e
(hre)

zo

40

óo

80

Cq¡aÈr / 1O0 ¡ec¡
cob¡lr fI cobslt III

205L

2qt3

L974

1t63

Csstc / l@ aec¡
Cobe,lt II CobalÈ III

Goûscû3rrÊi60h10{l
Coüalt II CobelÊ, IIl

IrI

Éz

5.2
9.2

w.3
29.8

BZ

26.L

38.2

53.7

59.5
69.1

79.5

TABIÆ ?4

Elætrm lraosfcr Bc¿etfæ betneeo b1¡-(Acac)cobs1t (II) -d
a"1¡-(acac)eobalÈ (rII¡ ln loluene. ccæcctrarlor of Goü¡lt (il)
0.050f,1¡ Cæ,a¡Èratlæ of CobãtÈ (IIf) 0,O49St; teryerarure
s1-.0 I o.loc.

100

u20

1

2

3

4

5

6

40Él

677

927

77L

1178

ü16ô

31¡72

27W

2611

2620

2263

2t5l

2L7

257

245

192

252

2&5

285

245

257

310

250

?s7
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ÎÀBI.E 25

-
Elec¡roo lran¡fer Reactlon beËreen ble-(A,c¿c) Cobslt (II) and

tri¡-(Aeac) Cobslt, (III) Lu loluene. CoûßeatraÈLon of Cobalt (II)

0.0357¡ ConcentraÈlon of Cobalt (1II) 0.0387 ü; leryerature

9t.o t o.loc.

Tlre
(hrs)

l(l0 sec¡ GoncenÈratto¡(H¡I0 -ô
)GounBa E1GoÞgtt II GobalÈ IIIt

6

L2

18

24

30

llo

1

2

3

4

5

1

2

3

6

I

1

2

3

4

5

r55

190

143

373

375

19ó3

L872

19óó

L677

165¿i

170

135

70

r5E

r35

202

237

302

2L4

237

1ó.r
25.4

36.0

42.8

51.r

TAII.E 2ó

ElceÈron Îranefer Re¡ctlon beÈveca bla-(Àeac) CobaLt (II) and

blo-(Acac) cobalt (III) and þtldlne. Coocentratlou of Gobalt (II)
0.0G16 l; GorcenÈraÈlon of Cobalt (III) 0.fiX16 tr; Te4eraËure

9E.7 t o.loc.

to. Ërs. Cq,¡¡t¡/rln
ffi Ez l(x¡-Ez

991

223L

385

79L

930

6511

5341

6735

5773

5008

3.0

E.0
10.9

24.L

3r.3

97.O

t2.0
89.2

7J.9

68.7



219.

rñra 17

Blcctron ft¡nafer BeactÍø betucen CobElt (II)-g-tof3¿f and

CobalÈ (Ul)-g-tol¡a1. Cæ,e¡tret16 of Cobalt (II) 0,0f0O Éi
Co¡seaÈraÈfon of Csb¡lt (fff¡ 0.0O98 Dl;

Solveaß loluene.

lo. I!.æ(rtn¡ Counta / 10O seca
UCDI¡I.E l'¿ fr0DË¡C IÅI

29.5

Tcqrerature 55.0 I o.roc;

Ez** 1(Ð-BU

TAD¡Æ 2E

Electroa Transfer [,eacÈÍæ Þegreen Cobslt (II)-p-CoIarl and

Cobalt (III)-g-to1¡a1. Coacentretfon of Cobalt (II) 0.0051 t;

ó0

113

L&
227

1

2

3

4

5

I
2

3

4

5

4985

9L4É,

r3370

14912

L6272

27r25

2E048

?.1L73

20592

19299

29.7

ß.2
70.1

r4.0
t0.3

32.0

J2.3

65.1

80.ó

86.1

70.3

5l.g
29.9

16.0

9.?

óE.0

47.
34.

13.9

GcocsßÈratlon of Cobalt (fff¡ O.0Og? t;
SolvenC lolueoe.

Tcryersture 55.o t o.toc;

E7 1æ - E 1Io. the(rfna)

20,0

40.0
ó0.5

96.0

120.0

Gsnt¡ / l(X) ¡ec¡
cobålc II Cobalr III

3Æ2.

ó514

7325

95ú
l,2263

28246

298Ép

25583

21921

292t9

7

9

419

** p-tolsel refer¡ Èo p-totylealtc¡llldc¡efrl,¡c llgand.
t E 1 rs.Dc the I of elcetrm tra¡¡fer bavLng occr¡rred at

t,lre rtn.
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Electroa lraasfer n€ác,t16 betsees CobalÈ ($)-p-tolsal end

Cob¡lt ([I)2-colgsl,. Gocearrartoa of Gcbsl; (II) O.(xt76 ú,;

GæsatreÈlon of Cobelt (III) O.ülllE ll;
$olveat lolucne.

Io. Hæ(rf¡s) Cq¡stg / l(D cec¡
coL.lr II Cob¡lÈ III

leryercturc 55.0 t o.toc;

Ez t(X)-Ez

1

2

3

4

5

6

20.0

40.0

60,o

91.0

120.0

150.0

30.0

6[.5
90.0

121.0

150.0

215.O

1527

2EÉ,9

3643

4732

4662

57æ

24L7

fiL57

5990

Sqio

6015

8665

1112ó

Itl28
10720

9781

EÉ78

96E

1r508

101ó1

10388

ü23
6ót0

7493

27.6

&6.5

57.9

71.3

EO.9

E8.2

72.4

53.5

12.L

25.7

lg.1
11.E

7r.5
52.4

40.0

27.8

22.1

12.1

ÎÀtIß 30

EleeÈrm lrrs¡fcr l¿¡etlæ Detrecn Gobelt

Cobalt (Ul)-p-to1¡al. Cmeætrettm of
Gæestr¿tloa of cobelt (UI) 0.fit!17 I{¡

Solvent lolucae.

tro. Tfæ(nlos) GounÉ¡ / 1(þ sæa
CoÞ.lÈ II Cob¡lr III

(Il)19-Èole¡1 ood

Cobrlt (II) 0.0152 t;
lcqrerature 55.0 t 0.1oC.

Eu 100-81

I
2

3

4

5

6

2g.l
47"ó

ó0.0

72.2

77.9

E7.9
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IADI.E 31

ElccGron lren¡fcr lesctlæ betsccn Goba

C€L¿tË (III)-p-to1¡a1. Gmcestratl'æ

Gocentrast@ of GoLrlt (I¡I) 0.0ü17 Ë;

Solvcnt lelucoe.

ft (Il)-g-tol¡el aod

of Gebatt (II) o.2oo ¡t¡

rcqnraturc 55.o t o.loc.

Bz l(X¡-Ez

1

2

3

l.

5

6

no. U.rc(rt¡¡)

20.5

40.5

60.0

92.5

121.0

240.0

10,0

20.0

30.0

45.5

óo.5

90.0

GqraÈ¡ / 1@ ¡ec¡ffi
4645

Tgt4

9989

14322

I5EE7

20ó79

3æ27

385ó6

25úú9

22266

r8953

137U'

62Un

47285

54s3?

49191

tl46+E

42ú9

19.5

32.5

42.0

58.3

67 -9

89.ó

10.7

23.0

29.9

42.O

to.1
66.0

t0.5
67.5

5E.0

+L.7

32.1

10.4

IADI.E 32

Elcctren lra¡¡fer ReEctlæ betrcen GoDrlt (u)-p-tol¡rl end

CobelÈ (Ill)-p-tolsel. CæceotraÈlo of Cobrlt (II) 0.0679 Ë;

Go¡ecaÈreÈlo[ o{ Cobalt (III) 0.0ltE x¡ rerycrature 55.0 !: 0.1t.
$olvcnt loluesc.

$o. ltr(¡'rs¡) Gq¡nÈe / 100 coec El 100-EZCoblt II Gob¡lt III

1

2

3

4

5

6

ß11
6250

976L

13325

Ll2l+5

21205

E9.3

7't,a
70.1

59.0
ó9.9

34.0
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![Dra 33

Blcctroa lranafer BeactÍæ betreen Coüalt

CobtlÊ (III)-p-to1¡a1. CoæentraÈIo¡ of
Cæccntrstlæ of Cobalt (III) O.OOô8 tr;

Solvent lolueae.

lo. ttæ(rfns) CqraÈs ./ 1(þ ¡ec¡
Cobalr II Cobelr III

(II)-p-tol¡al ad
Cobett (II) 0.ütií0 t;

Tcqrerature 55.o t o.roc.

EU 100-E1

I
2

3

I

60.0

120.0

180.0

240.0

15.5

30.0

45.0

60.0

90.5

1625

8230

728?

9403

z23l

5994

9205

95ô8

14037

L2454

9932

1132ó

10:¿03

34603

4L57L

39914

33157

3ó535

53.0

76.6

18.6

94.0

14,9

31.0

46.r
55.0

68.4

&7.O

23.1

11.4

6.0

85.1

69.0

53.9

45.0

31.6

ÎAIIÆ 34

Electræ Transfer Reactfo betrcen Cobalc (Il)-p-toleal ard

Gobalt (Ill)-p-tolsel. Conceetratlæ of Gobslt (II) 0.01(þ Ëi
Go¡ceotratlo of Gobslt (III) 0.0146 t;
Solvent loluene.

Io. flre(rfns) Cq¡nÈs / 100 sccs
Cobslr II cobelÈ III

leryerature 55.0 t o.toc;

Ez l(x)-B¡

I
2

3

I
5



?j23,

rAlr¿ 35

ELßcÊrm lteasfer LGacÈlm betrecn Cobelt (Il)-p-tol¡sl ¿¡d

Cobelt (Ill)-p-tolsa1. Cæcstratlon of C€bålÈ (II) 0.010O Ë;
Gooceqtr¡tLoo of CobelÈ (III) 0.01ôt tt;
Solveat lelueae.

feryccaturc 55.o I O.luc.

Ez lqr-El

I
2

3

4

5

6

no. lrre(rt¡¡)

20.5

40.0

61.0

9l.o
120.5

151.0

30.5

60.0

90.o

120,0

1E0.0

2óO.0

Cou¡È¡ / l(X) ¡ccr
Goùalr II GobelÈ III

3986

923t

1250r

15491

r6å04

22932

3103

3667

5r9'
7(xt9

to8ó

9083

38E20

441ô7

39965

36ó3t

33082

37105

L9471

r03ó3

10397

9037

7193

æ'14

23,o

42.7

58.8

73.1

er.8
9ó.4

77.O

5?.3

4L.2

26.6

Lt.2
5.6

79.9

ó1.8

47.8

36,1

22.t
14.g

1A¡I¡, 36

El.æÈron lraa¡fer BascËf.æ betrreen Cobalt

Cobalt (IlI)-p-tsla¡[" Goæcatratio¡ ef
Gæeentratfon of Gobclt (UI) 0.ü147 ü;
SolvenÈ folueoa.

lo. ffæ(rtn¡) Cq¡nÈ¡ / 1(þ ¡cc¡
cobals II cob¡lt III

(Il)-ftol¡d aed

Gobelt (II) 0.01dt t;
lqeraÈure 55-o t o.ltc;

rz lq)-Ez

1

2

3

4

5

6

¿0.1

38"2

52.2

ó3.9

77.3

85.2



?l.1.

rat¡.E 3?

Eleetnoo lra¡sfcr ßeecttd bctreco Gobalt (ü)-p-tel¡al rd
Cobslt (f¡¡)-ftol¡el. GæeacraË16 of Coûslt (Itr) 0"0100 Ë;
Cæcnßretlæ of cebett (III) O-ülÉ13 Ë¡ lqeraÈur: 55,0 t O.toC;

Solvont lotucee.

lo. Îtü(rtD¡) CormS¡ / l@ ræ¡ Ez 1oo-81cobelr II coüElr III
I
2

3

I
5

30.0

60.0

90.5

120.0

160"0

30.0

60.0

t0.o
130.0

170.o

220,0

t274
26L2

3420

422L

5230

ó181

591ó

4603

3929

31É.3

21.O

37.7

52.4

63.7

71.2

79,'
62.3

17.6

3ó.3

25.E

Electrm ltan¡fer RÊect{@ betueen Cohelt ([)-ftsl.e¡l. -ud
gobalt (Ul)-p-tel¡¡l. Gceeatratfm of CoD¡lÈ (II) O.01O0 lt¡
GonecnrrEtf.æ of cobatr (III) O.@iE t¡ Îcryerrrure 55.0 t O.foC¡

Solveat Toluene.

Io. ÎLæ(d.n¡) Go¡n¡t¡ / l(Xl ¡ecg B1 100-E¡Cebalr II Ccbelr III
I
2

3

4

5

6

r9ó9

ú36
621E

7549

9615

10813

119E4

14432

11950

9974

98ó2

9726

22.3

38.å

54,1

68.1

7E.O

t3.2

77.7

61.6

ó5.9

3r.9
22.A

16.8
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ElesGron Tran¡fer Lesetiæ beÈree¡ Goba

Cobalt (Ill)-9-Èo1gs1. GæeotraÈlon
GæenÈratlø of Gobele (fff¡ 0.fl177 X¡

SolvenG loluene.

lt (U)-p-tolsal errd

of Cobalt (fI) 0.01ül H;

teryerature 55.0 1 o.toc;

El 100-Euf,o. Îr-c(rtn¡)

2r.0
40.0

60.0

90.o

120.0

153.0

Got¡nt¡ 1 1(10 ¡ec¡
Gobalt II Cotalù III

I
2

3

4

5

6

1

2

3

4

5

r887

4518

E2E8

E55ó

u982
rul7

16669

18140

24243

16995

18113

L425?

18.0

35.2

45.1

59.3

70.4

E0.2

82.O

64.8

54.9
1.A.7

29.6

19.8

raltE 40

Electræ lreaefer B.eactlom betrceq Gobalt

CobelÈ (Ill)-p-tolaal. Cøccotrattoa of
Couce¡tratlon of Cobalc (UI) 0.0194 U;

Solvent loluene.

(ll)-g-¡olsål end

Gobrlt (II) 0.01ü) lt;
loqrereture 55.O t O,foC;

lo. Tlse(rfo¡)

20.5

40.0

62.O

90.0
r20.0

Gq¡¡te / l(Xl secr
cobslß II Gobalr LII 81 100-EZ

7893

136E8

174L3

16569

2L432

ór565

614E3

37670

5126E

åE887

33,3

)J.J

ó7.9

77.9

89.3

't

7

1

1

7

66

46

32

22

10
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Blætrm lran¡fer Ecactlon bet¡ræt Cob¿lÈ

gú.tt (fff¡-*golcal. CæccntreÈlo of
Gscentratla of cobalt (fff¡ 0.üf,14 Ë¡

Eolvcnt loluenc.

(Il)-p-tolgel ad
Gcbelt (rI) 0,01(þ U;

lqcratorc 55.0 t o.toc;

ßz l@-EI

I
2

I
4

,

üo, ffæ(efa¡)

31.O

ó0.0

90.0

120.0

150.0

30.0

ó0.5

90,5

120.0

16+.0

Gs¡üs / 100 eec,¡
CobûtÈ ft CobelÈ lil,

436

&3t

ru5
1423

1521

2011

42:t3

6012

6Íl&
7397

2072

1rt8
rórr
1415

1228

11932

11523

lqi82
t¡¡Eo

6&90

2L.6

37.7

5l.E
62.1

68-6

2L.2

39.5

53.2

63.ô

?8.3

78.4

62.3

48.2

37.9

31.4

7E"E

60.5

4ó.8

36.6

2L.7

tl

TA¡I8 42.

ElecÈrm fran¡fer BeacÊlm betrecn Cab¡lt (Il)-p-Êolgsl ald

Cobrlt (Ifl)-ftsl¡¡l, CæeaËratlq of Côålt (II) O.01fl1 lf;
Gæ,atratia of cobalÈ (III) 0.fi)Õ7 ü; Îeçcraturc 55.0 t O.loC¡

Sof,veot lolucæ.

to. ÎL*(rf¡¡) Gmts / l0O ¡ccr Ez 100-88cobalß Ltr coüalc III
I
2

3

4

5
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T4ÛIËIr

ELætrm treasfer Be¡ctlæ bebreeu Goba

Gobalt (III)-p-toIsaL. Cæeotratio
GcrcenÈraÈfon of Cobalt (III) 0.O@7 lt¡
SolvenÈ Toluene.

lt (n)-p-toLgal and

of Goüal.È (II) 0.0f@ Ë¡

Teryerature 50.0 t O,toc;

Uo, fl-e(dns)

41.0

80,0

120.0

l¡¡0.0
240.0

300.0

Uo, Ît-e(¡tur)

10.0

20.o

30.0

45.0

60.0

90.0

CoünËc / l(Xt eeca
Cobalr II Cobalr III E1 100-Ez

t
2

3

4

5

It

1

2

3

4

5

6

L572

30?s

3181

49J6

45t3

5930

L326

2@7

3016

4431

&29

5560

11534

ItE73

E790

9763

7297

8270

8836

745r

779L

8295

6360

67É

23.6

40.0

52.4

ó6.4

?ó.1

82.3

25.6

41.8

55.0

68.6

81.0

89 "2

76"4

60.0

47.6

33.6

23.9

L7.7

11.4

t8.2
45.0

31.4

19,0

10.8

Elcctroû Trancfer B,e¿ctlm bet¡reen Cobalt (I'I)-p-Ëol.¡¡l and

CobalÈ (Iil)-g-to1sa1. Concærtratlo¡ of Col¡alt (II) 0.01OO tt;
Cæseatraul.s¡ of cabatÈ (III) 0.OO98 x; leryeraturc 60,0 t ù.log;
Solveat loluene.

Gor¡n8s / IOO ¡ecc
CobalÊ II Coüalr III E1 100-EU
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Electræ lrrrrsfcr BeacÈi.ø betveca CobslÈ (ü)-p-tol¡al end

Gobålt (Ill)-p-to1se1. Coüceatretlon of Cob¿lt (II) 0.0100 t;
Coæentratfoo of Cobalt (III) O.(re49 H; leryeracure ó0.0 t O.loC;

Solvent lolucae.

Xo. ft.ra(rfnr) Cq¡ot¡ / 100 cacs 87. 1ü) - 82Cobatt II Gobett III

1

2

3

4

5

6

15.O

30.0

46.0

60.5

93.0
L22.O

16.0

30.0

45.0

60,0

90.0
120.0

910

1678

265L

2886

30r5

3623

4194

3870

3766

323É

2463

2382

7977

6554

5826

5939

453E

4166

26.5

45.0

61.5

70.2

82.0

89.t

73.5

55.0
38.5

29,8

18.0

10.2

t2.9
52.0
39.9

zE.9

17.3

7.7

XAEI.E Ô6

Elcctrm lr¡n¡fer B.eactlæ betncen CobslÈ (Il)-p-tol¡al snd

CobalÊ (Ill)-p-tol¡¿l. CmcgtraÈlæ of CoüslÈ (LI,) 0-0200 l{;
Goncêûtratlo¡ of cobslt (III) 0,0098 X;

Solvcst Tolueoe.

Xo. Tfæ(¡tns) Gcræ8e l l(Xl acc¡
coùalr II Gobalr III

teçereture 60.0 t o.ltc.

EU l(Xr-81

1

2

3

4

3

6

LTIL

3029

3936

5416

56t7

6783

27.L

47.1

60.1

7l.l
82.7

92.3



229-

ÎADLE 47

Electrm Transfer ReacClæ betreen Gobelt ([)-p-Colgal aod

CobalÈ (Ill)-p-tolsal. Cnc€ntrarl.oa of Cobolt (II) O.OI(þ Ë;
concerrtraÈion of cobalt (rrr) 0.0098 !t; Gouceatretfoa sal-p-tol
0.G1fi) t; leryerature 55.0 t O.toC; Solveot Tolue¡e.

!o. 1r-e(¡1¡s) lerrgßs / l0O ¡ecs Eu r00-81Cobe.lr II cobalË III
I
2

3

4

5

6

20.5

40.5

60"5

90.5

120.0

181.0

14,0

30.0

46.0

62.0

94.0

121.0

1525

2690

3713

4556

5089

6276

1051

2L45

2858

3405

ú.É..33

5$t2

10573

105ó5

9639

8630

8074

7565

r1007

10626

LV236

8654

8198

797L

2&.8

40.0

54.8

68.2

76.2

89.2

L7.2

33.1

43.0

55.6

69. r
76.8

75.2

60.0

45.2

3r.8
23.8

10.8

82.8

66.9

57.O

t+1.4

30.9

23-2

TAEI"E 48

Sleetrm lranefer Reactlo'n behreen Cobalt (Il)-p-toleel aÊd

Cobalr (LII)-p-tt¡1s¿1.. Coæ,earreelm of Cobelr (II) 0.0100 tr;
Concentratloa sf Cobalt (III) 0.O098 l{; CoucentratLon of
eal-pr-¡o1 0.04fi! U; teqrerature 55.0 t O.foC; SelveuÈ tolue¡e.

llo. Tl¡e(rln¡) Gqr¡ts / 100 ¡ccs Ba 100-81cobalr II Cobelt III
1

?

3

4

5

6



230.

Electro¡ fraaefer ReacÈtæ beÈneaa Gobalt (Il)-phensal* ¡nd

Gobalt (Ill)-phen¡al. Cæ,eîtretlo of Cobalr (II) O.O199 ff;
Goc-¡ÈraËfou of CobsLÈ (¡¡f) 0.01(Þ ll¡ f¡ Tolucne e¡r Eol,vcnË aE

a Tcnperature of 55.0: O.loc.

no. ffre(¡ln¡) Cqratr / 100 aec¡ 81 100-EZcobslù II GobrlÈ III
I
2

3

4

5

6

30.0

60.0

90.5

120.0

150.o

210.0

15.0

30.0

45.0

60.o

90.5

123.0

r453

2535

372t+

4531

4523

6¿t45

786

1408

L749

229L

2913

2858

724É-

6986

6299

5620

49ür

5037

8536

EE28

7806

El35

8140

6893

25.1

39.9

55.8

66.9

72.O

w.2

25.3

4L.4

54.9

66.0

79.2

81.9

74.9

60.1

14,2

33.1

28.0

15.E

74.7

5E.6

45.1

34.0

20.8

12.1

ÎAEI.B 50

Electrm lrsosfcr Seectfæ betrreGû GobalÈ (il)-phen¡al and

Cobelt (IE)-phens¡l. Cæcearrarlm of CobaLs (II) 0.00õ0 Ë¡

CoußenÊratf.o,¡ of Cobalt (III) 0.0100 X¡ fo lolueoe a¿ Solve¡t at a

lqerature ef 55.0 t o.loc.

no. lrre(rlug) Gq¡¡Èe / Uþ ¡ccs Et l(x)-BzCob8lÈ II CobalË III

I
2

3

4

5

6

rl pheucal Lodteatcs tbe phea¡rlealLcyltdenef.d¡e llgand.
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TAIT.B 5I

Blcctrm lrgo¡fer lcsctto betcceú Cobslt (ü)-phen¡¿l and

cobalË (rrr)-phensal. cmcenÈrsrlø of cob4lÈ (lr) o.o3gg t;
GæseoüretÍæ of ccbelt (ur) 0.0100 H; ln 101ueoê a¡ solvc¡t
at a TcryctaÊure of 55.0 t O.loC.

Xo" !r-c(-fns) / loo ¡ce¡
CobrLr II Cobslr rll Ez r00-81

I
Ì.

3

4

5

6

30.0

62.0

90.0

L26.5

$r.0
210,0

Bo. fhe(nfne )

21.0

41.0

62.O

93.O

L23.O

187.0

Cormtg / l(X) ¡ecs
cobslr II cob8lÈ Iu tsz 100-81

L54É-

2693

3198

5ú3
52L6

5791

7816

6233

5130

5ül
43å8

3372

20.6

37.8

ô8.0
6e.8

68.1

79.0

24.A

4L.2

s4.2

68.4

77.0

90.0

79.h

62.2

52.O

37.2

31.9

21.0

7ó.0

58.E

45.9

31.ó

23.O

10.0

TAF¡.E 52

ßlceÊroo rr"o"ì"r f,eacGlm beÈreen cobalt ([)-pheqsal asd
Gobalt (Ill)-phenra1. GoúßcûÈrarto of Cobalr (II) O.Ol(Xl Ë¡
Goosentratlm of cobalt (IIr) 0.01ül t; rn Toruese ae golvcat
at a Teryerature of 55.0 t O.toC.

1

2

3

4

5

6

145

228

284

3&
423

507

loó1

879

76L

700

677

620
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Electroo transfer Reactl.æ betreen cobart (rr)-pbenaal a¡d
cobalt (rrr)-pheoaaL. c6c6Èrarfæ of cobalË (rr) 0.0100 Ë;
Goneentratfon of cobalt (rrr¡ 0.020o x; f,o toh¡eue aE solveot
at a Teryerature of 55.0 t O.foc.

ßo. lfne(¡f¡¡) Gq¡ots / l0O gece
CobalÈ II Cobalr III E1 100-Et

1

2

3

4

5

6

15.5

30.0

45.5

60.0

90.0

121.0

30.0
61 .0

91.0

120.0

166.0

210.0

1só

273

355

416

515

743

L795

L717

1589

L597

1461

1816

24.0

40.5

51.6

62.1

78.3

87.0

76"0

59.5

45.4

37.9

2L.7

13.0

1A8rÆ ¡g
$lecÈroa Trenefer Resctloa beÊreerr cobalt ([)-phensal eod
cobalt (rü)-phen¡al, cooceorraÈtoo of Gobalt (II) o.0r@ Ë¡
GocertratLon of cobalt (ru) 0.o050 H; ln Tolueoe as solvent
at a lerycrarurG ef 55.0 t O,foC.

to. tl-nc(rfn¡) Cousßs / 1(X) secs
Cobalr II CobalÈ III Ez 100-Bz

1

2

3

4

5

6

796

1683

2085

2577

2893

299!)

4L64

4231

3473

3É'25

2735

2286

24.0

42.9

56.3

ffi.4
77.L

84.0

76.0

57.2

13.7

35.6

22.9

16.0
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Electrse Transfer Leacttm betneen Góa1t (Il)-pbencal snd

Cobslt (Ill)-phe¡¡al. Cæcentrarf.on of Cobalr (II) 0.0100 ä;
coneentratio¡ of cobalt (Irr) 0.0025 H; r,n Toluene sc $olvent
at a Teeerature of 55.0 t O.IoC.

1

2

3

4

5

6

Ëo. lrae(¡{es)

30.0

60.0
gg.5

120.o

150.0

210.0

flo. ffre(rfn¡)

r0.0
20.0

30.0

45.0

60.0

90.0

Gor¡nt¡ / 1@ eeca
Cobalr II Cobalr III 87, 10O-81

411

165

1oéó

r6E0

L47L

1738

L947

1920

1693

r9@

r28t
IO31

2L.8

35.6

4E,3

5E.5

66.9

78.5

24.O

39.8

56.0

68.6

77.O

89.ô

78.2

&.4
5t.7
41.5

33.1

2L.5

76.0

60.2

44.0

31.ó

23.0

10.6

IABIÆ 56

Electroo Transfer Reactlæ betyeea Cobatt (Il)-pheo¡al aad

Cobalt (IXl)-phensaL. Concentrarto¡ of Cobalr (II) 0,010{t H;
conceaßratLoo of Gobalt (IIr) 0.01fi) Ë; io lolueae ao solvent
at a leryeraÈure of 60.0 t O.toC.

eq¡stg / 100 cecs
cobalt II Gobalr IfI 8,7. 100-81

I
n

3

4

5

6

140

22L

307

4U
4t+5

357

LOZ4

894

789

790

710

&2
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ElccÈron ltan¡fet B€acÈl.o{t bemc€t Cobalt (U}-pbe¡sal end

C€bstt (Ill)-phc¡¡ral. C6ÉeatraÈ1m of CobelÈ (II) 0.0100 ü;
Gæcrnßrettæ ef Gobalc (III) O.O1O0 f,; la lolutnc s¡ SolvcnC

at e leþGreture of f0.O t o.loc.

[o. 11æ(.f$) Cqnß¡ / 1@ æßg
CoDalË II Có8lt III E1 100-81

1 41.O ru 922 21.t 78.2

2 8O.O 179 ?lE 37.1 Q,6
3 120.0 268 820 49.2 50.8

ô 1E0"0 323 703 63.0 37.O

5 240.0 334 587 72.1 2r.6

é 3oo.o å{Þ 6?L 79.0 21.0

'lt I I I
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