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(r) Substitutioa RcactÍons.

the tern flrbstitution, nay be use¿ to cleecribe a

reection involving the replaccment of one netal by anothert

or one ligantl by another, in a transitlon ncte-l couplel.a

fhe ternaa, erchange and dispJ.ecementr mst be uscd, to

deserlbe sueh subetitutlon reaetlone in rhlch no net transfer

of chargê oecurs. the reectlons n8ü involve eithert

(a) constitucnte of a chenlcq-tlY slniJ-er nature

(isotopie exchange) r ê8.

A + Art= Ax + A*

where A nay be either a metal Íon g¡ ligend, in eolutioat

g
(b) constltuents of a chemicq,'lly (llseim1lar nature

(non-isotopie exchange), €g.

B+Ax=Bx+A

where B snd A may be eiSher chemicel'ly disel'nilar neta.l- ions

or ligands, h¡rtherr naqJr authors have further d'lfferent-

lated such reactions by use of the folloring general ternst

(") Exchange reaction ¡rhen applied to an ieotopie

substÍtu-tiont

e charged. or unchargecl ePecies.
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. (b) Displacement reaetlon when applled to a. troo-

lsotopic substitutioa.

In this thesie, the terms exchange and gplacement vlLL be

uged. to deeeribe such isotopic and, non-isotopic substitutionst

respectively. The teru gplacenent wiJ'J- be usecln to

distinguish a non-isotopic substltution, from s reaction

invoJ-vlng a displacement nechanlsm of substituti.on. (see P5)t

Reactions involving a net transfer of charge (aton or group

transfer) ri-thin the systern, have beeome knoyn as oxid.ation-

reduction or el-eetron-transfer reaetlons. I{here necessalTr

these terms v111 be used to describe sueh reactionE.

fn reeent years, the study of substÍtution reaeti.ons

ln solution, has been eonslderably influenced by the detailed

application of kinetic and. thernod,ynanic measurements. Prior

to 1950, ]-itt].e kinetic data uas sought to support the

mechanisms of substitutions, lrl lnorganic complexes, a¡rd the

qualitative data derlved fron the study of such syetems uas

taken to extreme lirnits. the rates of substitution reactlons

may yary greatly, d.epencling on a number of factors, @S. PH¡

sotvent properties, add.ed basic and acidie arxionsr variations

in the bond. type of complexeË ùue to changes in the centra-L

metal atons.or ligands, or steric factors. the magnitud'es

of these effects will be cliscussed i.n some d'etail later in

this thesis.

or
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In man¡r substitution reaetione, where etable intermediates

cannot be ieolated and. examined, the kinetie orcler and, thc

enerry of activation of the syetem are of prlme importnnco ln
any attennpt to dcfÍne a poseible mechanLsm for the reactÍon.

(ti)@.
(a) Dlsplaceneat.

Col.l-isÍonal meeha¡¡iss of substituti"onr requira that

the enerry of collialon, dcrived. fron thc tnergf.ngr of the

freea a¡rö conp1exeù opeeiee to fo¡:¡t the trersitlon "ttto(l),
muet bc great enough trs elßrtltaneoualv break the requlred

number of bonde, for eubstitution to oeeur. guch a nechanism

rould requlre a bimoLe;er¡-Lar rate deter'mining etep, and vor¡J-d

lnvolve a high energr of acttvation for nany compl-exear in

r¡ù1eh a nunber of bonds need. be broken to effect substltt¡tlon.

À älaplaqeue$t nechantsn of substltutionr a's

elaeeified by Baeolo anô PeerËon,(z) lnvolvee e blmolesular

rate deterninlng step in rrhlch the coordinatlon nunber of the

eonplered ¡netal is incrcased. by one, in the tra.nsltlon

state. these authors clesetfied, such reactione ae Sr2 (netal

substitution) and \2 ( figand eubetttution), using the

terminolory of Hugbes and Ingofd.(5) In adültlon, it sr¡et bc

remenbered thet overall eceond.-ordcr kinetics ln a reactiont

do not necesËêril-y requlro a binolecr¡lar col-lfaioual nechaalent

nor in fact an inereased. coordination nunber of the netal ion

e solvetcd netal ion or 1'igancl.
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in the transÍtion state. Horever, they require thet the

rate öeternlnlng step of the reactiou;. doea g! depend. soJ.ely

upon the coneentration of only'one treectaat¡

ILe nechanisns of collieion and d.isplacement, can for
nost purposeÊ be consid.ered id'entÍcaJ,. In each case, uhen

consiclering either r¡etal or J-igand substitutionr equal

importanee is placed upon bond. breaking in the initial
eonplexeril species, and bonct naking ln the fiüal- eomplexr ê8.

in the netaJ- exchange reactÍon

Hx + L u 5 u3-r',--u -- ut1 + FI

the rate d.etermining step \r involves both bond. breaking in
L-ÞI (the initial conpler) end. bond. naking !n ti1r-t, (tfre fin¿I
complex). Uilputte-Steinert, Irierens and. Hsnnaertr (4)

d,iecuseed the eoncepts of bond brealing and bond naklug in

describing Bany or6anic substitution reactione.

The term collision, as used by authors, to describe the

neehanisns of substitutlon reections in nanJr inorganic couplexcs

(see later), inpJ.ied J-lttl-e more than that second-order kiuetica

rrere for¡nd. for the eystens under examinati.on. lhie led to the

use of the tern, collision_al neelanisn, for many subetitution

reactions in which first order kinetics rere not for.¡ncl.

In thie thesLs, the terns displacenent ancl eollision, vlIL be

used to deeerlbe the probable nechanlens of those reaetions in

which binolecr¡ler rate ðeterrnining steps rûaJr be postul*ted on

the basis of avallable experlnenteL e¡rd theoretleal Uuf*.(5Zl

The nechani.sm may involve the simuJ-taneous (coilision) or stepuisr
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(ùisplecenent) nrpturing of the bondl,e, to effect strbstltutlotl.

(b) Dlseoclatlcn s^nat Reconblnetloa (g't cr fol').
For eì¡Gh c nech¡nÍam cf subetltutlon, the ra'tes cf

cxchange or ppÌecenent of r netal lotr rr 1Àgend. ia c crmplar,

¡aust Beeetaa.rfþ ðepcncl upoa the retea cf, loni.ætloa rf thc

llganil.s tn thet cmp)-e.r. If cversll,flrct-orcler klaetlce

are found. fcr a substttuti,eu rcactlon, the rate Öetenaialng

eteB nqy be one cf dlacocl,etlon of the eonple=, If the rgtee

of loniøatio¿ of the lf.ganÖs ¡re slov, then the rstes rf

substltutioa cf elther tbe ccntraJ. nctel or llgantl¡ in thet

clnplex, rill bc ecrresponiltngþ alsrr. $uoh s eübatltutlæ

reectlcn, prtvl.dlng the dlss.clatlon ef the ligunds fa rate

determlniag, nsy bc Grpected tc proeeed by a d-lssoeLaticn

neehrntsm. .

Conpl-exes oentalnrng polfctenteto llganile nry shou di.saocietira

of oae or B.r'c netal-tl-l-fgnnd bond.s nlth¡ut the cenp}etc

d.lesoeietlcn of tJre cruple:r latr frce Ligantle srel ¡etsl- lons.

Basolo e¡rd Pear"ro(t*) heve suggeetd. e øte¡rrlee a11n86c1et!.rn

neebanlsm to er¡llain the lev cetlvation Gnergles found for

the LsotepÍe netal iou exehangeo vlth

trf r -ethyleneble( ee3-tcy1ltlencf.¡uf.natr) orpper( ff ¡ 
( 5) anal

[, F | -1, ]phcu¡rlcacbi s ( s a-1. i cylld'on e lnl'n¿tr ) erbal-t ( II ] 
I ( 6 )

systema, (e5 ¡na 1? K.ceJ-e. reepective\r).

¡ crbeLt(Il) ( eal'gphen) .
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thc obecrrcô ¡çooad-ordcr klnctlor l'.t¡ theee eyetæa, do aot

nGces6¡r1þ requlrc a colllatonal neeheales of er¡bstltutiont

Ëerçln q.11 four bo¡d,s of tbo quadrldentate J'tgend nuat b¡

broken aler¡tta¡rcoual¡f to effoct octel ercha.l6c. Horevcrt

tbe obecnod kfaçúlcs tio raquiro tbet thc rates of ûlesoef'rtlon

of the 1i6andr, fron thc conplcl, aro not rate ðetcrslnlr¡g.

Feeolo snd Pearson postuletø an inltlal, rapidr partlal

dfeeocLetlm of the e,bel-ato, folloreÖ by e ratc-deternlntng

blnolccular reaction betr¡cen froc ueta,l lon und tbø partlüI].y

dloeocLatcd chGJ-Èto, rlrleh uay be coneid.ereo ee a srittsr-fon.
Aceordl¡gþ, thls typc of nccbatlsar riqy bc terued, ðlaplacæent.

Stmllarty, thc rste of substltutlor of fenlc Lone la þc(fmn)]'
ras founal to Þe byilrog;cn ioa oepcnrient,r(?) probchl¡r lnvo1vin6

thc ateprtsc dlceoclatlon or uucoiJ,la6 of oarr trc e¡rd then

three carbo¡¡rletc ¿;roupings froa tirc sc¡adcntatc ligand. À
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etmllar pH clependence on the ratc of ¡gpleeement was found.

in the cu+z- þut*to)]-' *yut*.(8)

(ffi) lbe interpretation of data fron Substitutton treactlone.

Prlor to I952n narxJr of the rates of substltutl,ou

reactlons d.erLved fron stucilea of the replaeements or

cxchanges of central iuetal ions and J-igand.s in conplexeet

bad been ueeal to eËseas rdrat flas comnonJ.y calL,ed. the ilstebilltyñ

of th.e coupler.

The tern netetiLityt, uoed sonewlrst loosel¡r by nan¡r authors,

lnpJ.ieô J.lttì.e more then that the conplex vae or was not

resietant to substttution, cnd lu fact in nen¡r cases the

thernodynamlc etebiLltles (etabiflty conetante'E) of, tho

complexes, clerlved. fron stuclies ia so).utlon, Yere not knoru.

0n the basls of, Bone qua-lttatfve ratee of exchanger further

atternpta to correlete with the t¡rpe of bond ia a eonpLer

yere nad.e, ueing as a erlteria for bonù truer tbe general

lnertness to ehe¡nfeal sttack, and" the Bãgnetic erfteria of

tarl-ring. (9)

In nost cases, lt rae found thaÈ a readiþ di.esoefable

compler; shovlng lonie bonds on the Paullng vier, shoïed' e

raptd rate of s¡bstitutj,on fs¡ al:t its constituents.

Conversely, e conplex ehorlng covalent bonds eubetitut6d

ve{Y slowlY or uot ¿f, aìì.

the erperinental conditlone of etreh substitution

reactione varÍed greatly in nany cesea, anil the críteriou

of raplô substltution, and hence ionlc bondlngt vas that
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c.tspI€te eubstttutirn sher¡J-cl oecÌrr y.lthin the tlac cf ul=fng

and sepe.rattng of the reecta-nte.

Sonç 1-inl,tettcns r€re plnecð ûy Tsr¡bc(1$) up,rn thc cxpcrås-

enta.l eondltlone tbat cor¡ld Ùc used ln estebllehing øl¡eh

e. erlterloa cf subetttt¡tLon, Ylg. conplete replecement !n

the tlne of uixfng (1. ninute, c '- 0.1t end I - 25t81.

Aay reactlons elorcr th¡n these rere taken es lnd'l'ceting

crvalent\r blnded conplelea.

Bts(se11ey1¡J.dehydetr)sebalt( fI), rae for¡n'd. ty ucat, (1I

to r¡nd.ergr eeuplete elehcr-rge rlth erbelt(Il) iene 1n pyrldlne,

fa the tlme of oeperetlon (4o eece-)' l{qgnetic mee.gnrenenta

en thie con¡nrnd, nnd.e by lyson e¡rd Ad¡nur(re) i¡diceted

that tho netdt--.trygen boncLs verc loaLo fn character (4* 4.58nü,).

'lfhe rr¡rgen ln¡ctive form of [r[r-eth¡r1ancb1e( aa1ic,yLltlouetulnsËd

erbart(Il)& vas found. by CalvÍn ¡nd Berkel-erEZl tr be

parena€netlc to the ertent of rne unpulred electront

f.nelleatlng ervalent net¡l-l1gend boncls ln the Pau-ltng

terminrloff. thtre conpler und,ersent cornBLete exchangc wltÌt

e¡baft(E) !.ous, uncler slnfler cond.itloaa, i¡r the tlne cf

oeparation (6 ntnø.).(6) trlnetla ûeasur€mcnts at louer

temperaturesr(6) shoued that eobaLt(Il)(salen) rros ln fact

lcss sueeeptlble to meta-l exchangc than the salicylaLôehytle

clmplax.

e acbalt(fr¡ (salen)
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Hosever, these exanpJ-ee eerve to lnd.ieate the necessity for
some coürmon perameter, othe¡ than a tine of substitution,
for the aseessment of bond type in a eompJ-ex. ObvÍ,ouely,

v¡hen messurable e comparative rate constant is needed.

A diseusslon of the eomparative nerits of netaJ- lon

and ligand eubetitution ls relevant.

stranks and, wi]-klns(r4) and rater 3asolo and pearson(2b) both

agreed, that the probabllity of netaJ. ion exchange in the

system,

ffio + m* Ha+
e+

= 
ü*!, +

vas J-ess than the correspond.ing ligand exchange reeetion,

i, +I,ffi' + Ï.l tr"
Iheir d.iscussion basect essentially on energetic consid.er-

atlone, certainly bol.ds for complexee contalning unid,entete

ligend.s.

Metal. ion exchange, in such systems, rouJ-d. require the

rupture of four or six netal-ligand linkages, depend.ing

upon the eoord.ination number of the metaÌ ion, and iadepend.-

ent of the neeha¡isn.

Ligand exchange ¡iou1d involve the hreaking of one and onl-y

one metal-ligand. bond., irreàpective of the coordination

number of the cornplexed, metal and, the mechanism of

substitution,

ligand exchange may be conplicated in conplexes containÍng

netaLs of J.ow coordination number. The ability of such
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conpl.exce to forn high.er coordinateri epeciee 1r eoJ-ution,

by aesoeiation rith one or more ligander ú&¡r J-ead to

Grroneoue concl.ueions belng draçn from ffircb ligalacl substit-
ution stud,les.

In fact, the exchange of mereury(Il) vtth (ReCÌ{)+l is slour(I5)

indicatlng a (HgC'lS)*l speclee in soLution reelstant to
exchan€er .

Hovever, the €orrespondlng J.igand. exchange reaction

(nscil)*1+u3}'r"y t" expccted to be complicsted. by the

formatioa of the higher coord.ineted IfS(C!t), specles ln
solution, the ne(cN)r-fn-]kchange la hrorna to be rapla.(16)

Ihe uee of radloactive tracers has shotn that no exchange of
ptatinua(rv) ions occurs betreen þt*cru]-2 anô either

cle- flrttnnrl acr4l 
(r?) o" þt{nu 7l ,æf,*t -,(tt) , rhite exctranse

does occur in _the syeters þcr6]-'+"-] 
(19) 

and

þtr"ol-t+""] 
(zo). rhe breaklns of elx pt-cr J.rnka6es,

and the mpturing of four Pt-ligancl boucts ln [ft(nnr) ZCLZf*2,

tben reco¡ublaetioa of the groupings around ple"tinun after
erehange, tas erpeeted to requlre too great an energy of

activation for netal s¡bstitutÍon to oeeur.

It le more probable that unidentate 1igands can be substit'-

uteù than the eentral netal ion, irreepectfve of the mechanisa

involved.

tfhen coneldertng the eal$e of substitution in eonapleEes

eontaining other thail unidentste l-igarrd.sr a dlfferent sit-

uation nay arlse depending upoa the nature of the ]igand.a
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and tùre coordinetlon rumber of the eonplexecl netaJ-r ln

solutlon.
A collisional mecha¡risn of gubstitution requlres that a.tL

the bonds from e polydentate llgand to the central netel

ion ¡nust be broken sinultaneously for ligand substltutlon to

occur, while for netaf- substltution, al-l the bonds from

a-11 the llgandg to the ceat¡al rnetaL must be broken to

effect subetitutloa, iust as in the case of a complex

conta.ining unidentate ligands.

As before, the probability of rnetal ion substit-

ution appearõ unfavourable energetically a¡rd stetlsf,iss'l-Lf, I

conpared. with trigand substitution, perticulerly when

consid.ering netals whose eoord'lna.tion number is greater

than two, 1n eomplexes containing bid.entate ligande.

However, lt does Êeem likely that the substitutions of

quadrident¿-te ligande in eonplexes containing neta-ls urith

a coordinatlon number of four, vould- be as dlfficult a

process energetically as Êubstitutlons of the centra}

ûetats. In both¡:cases, four bond's neeù be broken,

sinulta¡reously in colllsionr of stepvise in dlssociation

or displacement.

In fact, there is no e prlori reeson to suggeet that both

neeha¡risns may not be operating sinultaneouslyr oF that a

mechanisn internediate between displacenent (SUz or SN2)

and, d,issociation (SuJ- or S¡1) nay not be operating'

Gord(21) hee discussed. the existence of nechanisns
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intermedlate betveen S*1 and 8*2 for many reaetions.

FinaLLy, it nust be remembered that for roany substitution

reactione rhere the isolation of a stab]-e fnteruedlete ls
not possible, the necbanieæe of substitutlon are d.iseuesed

on the besie of kinetlc ueagurements.

lhe final chosen mechaniEn nust egreÊ rith aJ-J- the exfeting

d.ata, but ln narr¡r ceoeõ lt 1e not poeslble to aJ-Loca.tc one

particuJ-ar mechanien to a reaetlon, An aesignnent of a

meehanl.sm nade on the basie of pure displacenent or Brrre

dieeoelation may tre lneorreet.

teube(10) ao r95?, wÈ"s the firet to seriously queetion

the validÍty of using a rate of substitution &8 & nneaeure of

the thernod.¡rnamic stability of a complcx. He lntrodueeð

the concepts of labflity (rapið excha,rrge) an,i inertnese

(fittte or no exchange) when refeming to substitution.

hrrther, e el-ower rate of subetf.tutlon ctid not neceeearily

inpl.y greater stability of one comFlex compound conpered.

rith another.

Perhaps one of the most striking dincrepanclee betreen

exchange ratee errd therrootl¡rna"mic stabllitiee, where both of

these are known, exiets in the case of the netaJ- eya¡ro

conplex ion syøtêûrsr fiflamsea, llelker ano VoJ-p*(f0) fo..oA

that eyanid.e ion e¡changed very rapídJ-y with fnilcNl+l-z to¿

Luut*lo]-t, uhile lrary ørov exchangee of cyanide YerG

found wlth the F*tcu)r]* 
(zz) and þe(cu) ,l-', 

(Ì6)

complex foas. Eowever, the d,iseociatlon conste^ots for 8.11,
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ìou** f.oas rere found" to be ver:f l-o'w, lndicatlng hi.gh

etabflity, eg. K disør ¡-,:10-42 ar¡d

Lnet sul 4l-"
K ûlsa* . 7a 10-44.

IrF*(sN) d-)
laube flret pointed out the need for a elcar dlsttnctíon

betveen the stablJ-tty eonøtant K, of a eomplex, for the

reactiont

[n*cr]*z speciee, iB aciit solution, ua6 in fact greater

than tlrat of the [c"crl*2 ioo.

It follove from laubers dietinction betreen stabÍllty a"nal

Þr
a+

f,:
üarÞ I n

end the qate of attalnsePt of that equi*librlun poeition.

lbat ia, he uad,e the ölstLnction betueen a klaetie a.nÖ

thernocl¡rnemfc f,actor (etabillty constânt), antl poi.n'r'ed out

l,hat there need be no correlatÍon betreen the¡n.

The leck of correlation betreeu the rate of ettainnent of

equilibrir¡u and ttre vs-lue of Kr nty best be l1lustrated' by

the follouing exernp-le. lhe stability eonstilrta E, for

[ctcr]*z ora [r"cr]*z, &t zSoc (¿: 0.5)r yere fo'nd by

B¡errun(25) and Rabinoriteh End gtockn*ys¡(24) tq be O'2

and 5.0 reepectively, indicating greater etability for the

ehl-oro-ferric lon than for the chloro-chronie speeies.

Hovever, it ras founat that the rate of dLesociation of the

+ uJ, 
= 

ffio
¡rü;B
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J-ability, that if the overall rate oî diseoeiation of e

conplex is .gggi$, then netal arrd 1i5enÖ substitutloa wiIL

be fastr a¡rd the sJrstern l.abile to subetltution.

hrther, Taube classifíeå the conplexes ae lnert or labilet

dependlng upon the electronic stmctures of the conplexed'

netal foaÊ. On his classtflcatlon, aIL octatredrsl d2"p5 or

sp5a2 orbital- complexes, contalnl,ng netal-e vlth d0, dI or d2

configurations were labiLe to substitutionr rÌ¡êreas thoae

lnner-orbitaJ- conpleres contaiai.ng netals havlng threc or

more d. e].ectrons were a-11 inert to substitution.

lhe presence of a vacamt lower d orbltal, in those con'plexee

contalnlng netals uith O, a end' 2 d elecirons, great\r

facilitated the fornetion of e tr¡asitio,a state ¡ of increased,

eoord.inatl oa number, by the aeeeptaace of the d'onor eleetrone

fron the free metal ion or J.igand.'

laubers clesei-fleation of 1abl1e eomplexee, meile entirely

on qualitatíve lnterpretetione of subetitution reectlons

uslng the val-ence-bond theory, paralleJ.s thc SUZ snit fo2
mechenlene of dlsplacement developed by 3asolo a¡rd Pear"o"(2).

fhese latter authors tabulated. the differencea in Grystef-

Fiel-d stabirlzation Energies (c.F'S.E. rr(z') for aIL d'B

electronie struetures for both $tJ. or S*I and. St2 or S"2

meche¡isme of substitutloar oÃ the basie of forming eithert

e square pyra.nid (df ssociation) r or pentagona-l blpyrenid

(dispì-acement) transiti.on state, from en initia-t octanedrel

structure. their quantftative calculations indicated. ¡
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prcfercntlal dlsplacenent ncchenim for snrbetltution ln

conplcxes conta,lnl.ng do, dI and clz metalo, anð a prefcrreû

cH.seocfatlon qcehanlæ for conplGxss eontslnlng netal-c rr¡th

threc or tsoro d electrotts¡

Ia faet, for üO, dl a¡rd t12 conflguratloae, both

fl.ve a¡ral Êevcn coordinatecl tranaition et¿tce have C.S.S.E.8

grcater thaa thoee of thc laitlal octahedra.l structure

for d.I structur*"r[af, c -Q.5? Dq (5 coord') aad, ÂE*- -1.28 Dl

(T eoora.ll. AD" repraaênta the &f.fferenee Ín C.F.S.E.

betrer¡n the lnltiaL ancl transltlon atatc.

It te tntereeting to note that compleres contafnlng tl8 netata

are preôlcted. to react elorþ by etther nechaalsn. Soth

traaeltion statee involve a I-oss, of C.F.S.E. ¡ in faet,

[e.oo Dq (5 coord.) and 4-26 Dq (t coord'l.

0¿ the baels of the crlpstal field. theory, alckel(Il) eonplex,ra

are pred.icted to reaet tore slor1y than their corrGsl,ontltng

eopper(Il) c-ompleres, irreepective .of the mechenf.sn of

sulstltution. h¡rther, copper(II) eompound.s shor s gain in

C.F.S.E. in paselng fron an octahedral conflguratlon to a

Bfluare pyranld transition state (AEa : -7.L4 Dq.) r but a loss

of C.F.S.E. ln passing fron octahedraJ- to a pentagOnal-

blpyra,ulcl etate (aE* : 1.OT Dq.)

0n the bae1s of thesç quantltative ealcr¡J-atione, aubstitutioa

reactions of complexee eontainlng copper(II) and, nickel(II)

rculd be cxpected to procecd. by a ùleeoeistlve mcchanisut

rith copper(Il) conpouncle reactlng the fasten .
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*.***tt a6reenent between ratee of eubstitution and the

eleetronLc structures of the centreJ- metal ions is founcl for
a number of reactions Ínvolving nickel(II) and eopper(ff)

compounôe.

Popp1erell and tuilkias(26) found that the exchange of

ethylened,ia.nfne 1n þr{""¡ ,f'" proeeed.ed, by a S*1 dlseoe-

iatlon meehanien, vith ^ tl/f 5 secs. at OoC. lorever the

same authors found. that the [cu(en) z}*z- en* exchsngG

proeeeded lnmeasurably fast und.er slmilar eond.itlons.

Fr¡rther, Ianala zurri Saku-n e(27) found that the reactf on

betveen ni.cke]-(Il) ions and ethylenediaminetetra-aceti.c aeicl,

in acetate buffer (pE 5-8-5.2), eouJ.d. proeeed. by four

independent pathe, however the rate conetent of fornation of

[nf{sufa)]-' sas nr¡eh snaJ-Ier than that of the correspond,ing

copper "orpr*tr(28)
cu+ 2 + ( rDrA ) 

-4 
= l*f EDIA )] -2

It nust be remenbered that al-l quantitive caAeulatÍoas,

based. on the cryste-l field theoryr conpletely ignore any

covaJ-ent contributions.

By definition, the crystal fieltl theory should- ouJ'y apply

to ionicaìly bond.ecl compounds.

Ihe difference betveen the theruod.ynaroic a¡rd kinetic

aspects of substitutioa should be taken a litt1e further.

hlhen consid.ering pure isotopic exehange

Ar'+ Ax å Axx + A
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nhere Á may be either a ligand. or netal ion in soluti.ont

the theory of reaetion "**""(e9) enables calculations of

ay' an¿ aS/ to be nade for the systens coneerned., using the

obeerved forvard. rate eoneta¡rts (kf) anÖ the actlvation

energlea obtalnecl from studies of the varlatiorr of kl stth

temperature. fhe valuee of a# ana a# obtalned, the free

energiee and. entropies of activati"on, give sone measure of

the ease of formatlon of the transltion state, and' therefore

a measure of the ease of substitution.

Che¡nica-lly, the products of such isotopic reactÍong are

indlstinguishable fron the reaetants, and. for thesc systemst

the overaLl beat of reaction AH ¡rill be zero, the standard

free energlf chøl,ge AGo, alraye sma|l anð negative, ùerived'

fron the sma-1-l- positive entropy of mixing.

Iiecause such reacüionsn irrespective of the types of eonplexest

have negligible stand.ard free enerry ehanges, Stranks and

Wilkins(l4) egreed. that the rates of substitution in euch

systems voultl, give & aeasure of the bond" type in the

complexes concerned.

However, the restrietion nust be nade that a sipilar

mechanism is operating for each reaction being compared. A

sinilarity in the energy of aetivation and the order of the

reaction, betveen systens being compared, coulð be t'aken

as a crlterion for a similar ¡uechanism in eaeb case.

In add.itlon, any conparisoll of activation energies a¡d rate

constants, a¡rd therefore ¿É ana àd ' 
for different
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AX æystene (X dtfferent) roulcl have to be nade ln tbe aa$G

solvents yith the G&me Af specleen if lnfornatLon regardlqg

bonô type vas üarrted.

Hhen considerùng non-isotopie ggplaeenente,

3+ +A

where B and A nay be efther netal lons or llgand.er a !ûorc

allffleuLt eituatton a.risac rrhen lnterpretlilg overal]-

phyeieal mesøureneats on eueh øyeteue.

the standard. free enerffr ehanga -ÀGo, for slrch a reaetien

n.lLL be nueh Larger ln passing fron the lese etable AX epecl'ce

to a nore stable 3I speclco (Koq.) 1). l[he valuc of -aco

fs tben sono measure of the eonparetfve st"Ðbtltb:tge of

Aï and BI aa such.

It nust be euphesLøed., that the retes of gr¡betitutloa ln

eueh reactions naecl bear no d.lrect relation to thc die-

soclstive stabilities of the eomplexes thensclveß.

Eorevern a üeasure of the activation enorgies involYeô I'n

eueh eyeteme rrlll glve aome inilieation of the abl}lty of

AX to undergo g¡>J-acenent.

If neasurenents are mede ln the 6cr¡nc ned.le, und'er the sa'ue

conclitl.one of eoneentratiOn eld' tempersture to ensure the

consLstency of speciee B, metal complexes rylth different

lÍgands X, caü be eo¡npared eenl-cluentitative\y, aud slail¿r-

itles of nechanisn nay be ôlsc1o8cd beeauge of siuilarltiee

fn kl.netie and energetfe seasuremente.

gverall ueasrlregents of AH and ASo srbrace qlt the productø

Ax lrx
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and reectante in the gplacenent reactions, a.¡rd interpret-

atlons of these results may have J.ittl-e bearing upon the

relative stabllltiee of the conpJ.exee themselves.

In add.ition, when coneidering netal ion subetitutÍonet the

free rnetal lon in soLution, has previouely been consid.ered

es one readily capable of losing its inner-sphere coord.ln-

ation molecules, ie. atteched solvent moì.eculeet d.erived

from an easÍ1y diesociabJ-e meta-L sal-t in a solvent of relatively

lorr coord.lnating poYer. lhis ln fact is rerely the case

particularly in non-aqueous solvents of lor dielectrlc constant

where complete dissociation of the netaL saJ-t may not occur.

The use of a higher dleJ.ectrie constant solvent uot¡-l-d. lnvolve

stronger metaJ--solvent lnteraction, with the possible res'u}t

of forning a kinetlcally unfavourable species. Thusr the

rate of exchenge betreen a netaf, ion ¿ond a non-charged. i¡r¡er

chelate, wouId. be expected to be greater in a Êolvent of lovt

than in one of high dielectric constant, assuming complete

dissociation and a sinil-ar uecha¡isn of substitutiou.

In vier of the linited infornation existing on stuclies of,

netal ions, partieuJ-arly transition netal ions, ir non-

aqueous solvents eg. (dissociation data), suùetitution

reactions with rater soluble complexe6 are wldely used as e

mearrs of assessing reaetion pathways with a general insight

into the chenistry of the transition metaAs.

$inilarly, ligand substitution reactlons have becorue
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incrc¡elngty l,uportant 1n studl,cs of c'ubetitution reactioaot

because solvation effecte in ql1 solveatE erc expected to

play a much smaller pert, eYen rlth charged- llganda, than they

do rith netal- ioae'

the reeu-l-ts of srrch experlments ere more eaeily lnterpreted.

( iv)

.9ggplexeg.

In the follouing pa€e8, a morc detailed revler of

the experimental tork relsted to tbe subiect nattor in the

earli.er sections of thie theals, ulll be diaeus3ed.

Thcee examplee heve been dlvided into tro cleeece, firstt
(a) fhoee netaL and tigand. substitutiona ln rhleh date

hae been founei to eupport the boncl types, netabilftlesñ etc.

of the traneition metal conplexee, and' eecondlyt

(b) thoee uretal and ligand substltution reactlone in

vhich quantltative clata, derivecl fron¡ extensive kiuetiet

stereochenqical a¡rci related. stuÖiee, hae been used to support

the probable reactlou mechanisms of substitutlon.

(a) lhe elucidation of poaslble resction meehanisms of

netjrl substitutions Ín trensitlon netal complexee, hae

reeei.ved little attention, experimentally. lhere are a fer

quantitative studles of this typermost of uhieh rill be

¡ûentioneð undcr (b) above, horever their nr¡-mbers are sma-l}

compared. rith slnilar ligand substltution reactions. This 1s

not surprising upon consÍd.eration of the nr¡¡nber of diffict¡Ltiee
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which nay ecconpanJr the lnterpretatlons of the results of such

netal subetitution reaetions, aE nentioned ia secti"on (1i1) of

tbis theele.

Nevertheless, nary of the earlier etudiee Yere conflned to

metaJ- exchanges and 4¡llacements, the resu-LtE of rùich r.ere

taken as evÍd.ence of bond. type and trstabilityn, es previouely

ðiscuesed.

l{any complexes contalnlng bidentate ligancls have

been shorn to und.ergo rapld metel ion exchs.ngc. the reeults

of Bome of theee etudies are given ln Tab1e I (9.?2).

Rapid metal- exchangcs rere taken as indicating wea.k bonds in

thePar¡lingvierrrândweresupportedbymagneticevid'encein
some casesr €g. cobalt(ff)(ff) and nickel(Il)('5) complexea.

Hovever, certaln conplexeg eontaining bid.entate ligands uere

found to be inert toward.e netaJ- exchange. lrie(Q-phensnthrolin

iron(II) found. to contain covalent netal-ligÊnd bonðs by

Canbl and Cagnasso ß4) , shoved slov erchange rith ferrous ions

in aqueous solutlonr(75)ß6) that is, a complex containing

cova^l-ent bonds (frz+a+p1) by the vaJ-ence bond. theory,

exehanged slovly, Further, some correlation between the slov

eobalt (II) ion exchange Ín bis-( 4t 4t -ûicarbethory-5: ,ì-5¡ 5'-

tetramethyl-dipyrromethene) eobaJ.t( II) r and the expected

coval-ent character of the Co - N bond"s, has been fouao' by

west(11),

;Hovever, ferriheme, found hy Pa'J-ing and coryell(5?) to

contain rionle" bonds on the basls of its nagnetic moment
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table I

lLqenôc.

Heh. eqnpleF $caveat

Bie( ecetSrlaceteneto) sinc( If ) pyrirl!'nc

Ble(&-quln¡11nato) zlne{ II } pyridlne

81e(sa1-anillnato)cobaJ-t(fI) pyridlne

Et e ( se.Ii ey]-a]-d.oximatr ) erb*Lt ( I I ) pyr id ine
(oxygen i¡active forn)

Bls(acetylacetonatr)coba].t(II) pyridiae

31e(acet¡rlacetoaatr)eepper(II) cLlorcform

Bls( sa1lcyla1d,e\ytlate ) copper( t¡) pyrtdtrne

31s(sa-l-ani]-lnatr)erpper(II) pyrid'tnc

nr e ( s al-l ey:.al.de\yd at ø ) uÍ ckel ( Ir ) äåTHå.rt.

Rafl¡-I't

rspirl exeh.
(50 eees.)
ralld 6xch.
(0.¡ nlns.)
eomplete e¡eh.( < ¡o secs')
cønp]-ete erch.( i18 nine.)

com'olete exch.
i îä=;i";:i"' (u)

exch.
(a niaø)

Gxch.
(15 eecø.)

exch.(r¡ eees)

)

uet[yl exch.
$ mlns.Bt s ( saÌi. cylal-duf nat¡ ) nf ct ef ( II ) cellssr]-vc ( )

exch.
$ mins.

Bst.

( 50)

(5¡.1

(1r)

(11)

(tz)

(5)

(5)

ßzl

(nl
(
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of 5.8 BM, shoved. no excbange uith ferric ions Ln 95fi

ethanor. ß2)(t6) rn fact, ferrihemoglobir,r(72¡(Ze) pheophytiu

iron(IIr)(56) and. tetraphenyl porphyrin iron(rrr)(,6) yere ¡rl
found. to undergo negligible exchanges vith femlc ions.

the J-ack of eorrelation betveen bond. type and exchange rate

ls splendidly Lllustrated ln the ferrihene complex. Ruben

and, coau*nor"(56) suggested that in sueh nfused.-ring" structuree,
nhere the smal]- central ^stra'llie ion uas surround ed. by e

closed porphyrf.n ring, that for netal exchange to occur, the

four netal-nitrogen bond.s uust be broken slnr.¡Ltaneouely.

Eovever, they suggested that the tris-(9-pnenanthroline) iron(If)
netal exchange may occur by a stepwise dissociation or

uncoÍl-ing of the l.igands although these authors had. no

quantitative evidence to support such a theory. Similar
negligible exchange ratee, to those found in the porphyrin

lron(III) systens, were found for the isotopic ¡neta1 exchanges in
pheophyttn copper(rï)(56) and in the cob-al-t(Ir)(1I) and.

zine(Il)('1) phthal-ocyanine systens. fn faet, Atkins and

Ga,raerr(,f¡ upon the exa¡rination of a number of zínc chelates

found onJ.y the coplanar phthaloeya¡¡ine compound inert toward.s

zinc netal exeha"nge in pyrid.ine solutioa.

Metal ¡gplacenents have been found. to oecur in some

porphyrin complex€so rnürin"(59) hes revleved a nunber of

sueh stud.ies. Caughey a¡rd Corrlo(+o¡, exanined the relatlve
rates of metaL ¡gplacenents of a number of aetoporphyrin(Il)
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Ihese suthsrs have suggeeted thet the uetal(Il)
netrporphyrla stebititlee lle tn the crder co+z<tr*2) cu+e>a+¡

thia aêquenea w'e bescd. upcn the r eJ.etl.ve r¡rtcs of net¿I

f_eu].eeenente frrn the conp}e¡cer by suJ-phurlc-Eeetf.o aeld

nixtures. lfhey for¡nd thet aetcperphyriu nlckel-(Il) reected,

Dore slow\r than aeteperphyrln cepper(ft) terards aeLdl

iLeeompesltloa. ALthoWh Ceugbey eftl Corrrin rea;lised the

difftcuLties of cenparlng rates and etabilittee, aa dlssussed

by leuber(lo) the poeltlon of nl,elcel(II) ¡rtth reapeet to

ecpBer(fl), fn the rate cf reaetlon, hed been shom. prcvlousþ
' OèCt¡t'

to a¡¡|p$ {n the leotoplc netal exchenges for s nnmber of

quad.ridentate plnnar cheletae.

Bhc exchenges of netal 1one, itr eomplexes centaintng

gqaårf.dentate ligande, h¡ve been shoìva tc proceed, at rrtes nueh

elower than those af netel exchange reactione in conplexee

eontalning bidentete liganda, with slnilar denor *tonsr Þ8. [t

hae been ehoÌrn thst the excherrge ef eobr]'t(II) in ccbrlt(Il)
(eelea)(6) prreeed.s at a uuch slower rate tha¡¡ the exchange of

eobalt(II) þ blp(eellcyJ.ld.eaesnlltnete)ccbaat(II) . Blnllsa

differenees ln the rates cf exchange øf eonpLexes centalning

quadridentete llgande and bld.entate llgarrds hsve been ehom

to exlet in eene copper(rr) comprexes.(5)

Duffleld enô Galvin(5) found that ccpper(tl) ioas exchengeù

rlth f ,Sr -et\yleneb i s ( eal.l ey11ðeneimlnatr ) copper ( 1I ) 
t at 3

hrHt-ct\ylenebls( æs-lleylltLenelmine) : ( salen) .
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Eea^sr¡raùIe rate ln pyrldLne. Elwever, nnî] and Y1,11"3."¿(41)

for¡nd negllgthle excban€e of niclsel(ff¡ lone and nlekel(Il)
(saJ-en) under ccnparable conditlons.
Slnile¡ negliglbie neta]- lon erchangss Yere feund for the

ü ¡[ t -L 1 ê-phenyl eaebi e ( seJ-t c¡r,llùenefsinato ) ni ek ef ( ff )a end,

U rN' 
| -et hyI eneb i o ( a-n etbyl- Þextbutyll d. enalninsto ) n f ck eI ( If )

eystems.(+r¡ [ovever, Efeiff"t(4e¡ fcund. cornplete ¿gplaceueut

of nlckel(II) by ccpper(ff ) fn niclcel(II)(sa]-en), 1¡1 boi-ltng

pyrldlne. trf oome correlstlon existed bctreen etabi-lity end

labtlltyr for theoe netal e=chsng€ reactlous, the srubstltuti¡a

reactlons of eopper(lf) comBlexes wor¡-l-ct be ex¡rected. te be

sLeuer tha¡ those sf the correËp@ncring ufchef(II) ecmplexea.

lhts fcl-l,ewE f,ron the neLL knour stabtLity eonetaut serles

for neùeü- lon conplexes, viø. cu+2> $t+2> en+Z etc. ,$>45I
ancl alsc frem the gplaeement etud.Les cn tïhe netal(il) cenplex

systeue made by Pfeiff*".(42)
Baraea and Doroogh(+6¡ fer¡nri complete gplacement of

zfnc(f¡) by elpper(Il) fn tetrephenyl pcrphyrin sinc(U) t
vhlLe Caugþey antl a"""ro(40) for¡¡d nc gplacenent ef zine(II)

by cepper(Il) in aetoporp\rri.n øine(Il). The preeenca of ttrc

large phenyJ. grluplngo, !u the fcrner conpound., deee nct

*Llsw the attefnnent ef a coplanar structure becauee ef eterie

tnterference wlth the porphyrin ring. Ihis hrs the reeult ef

further reakenlng the bond.j-ng, through non-plrnarltyr 
..

* 
N rNt-l- ¡ 2-pbenylenebls( sal-tcy3-fd.enel.miae) : ( eal-gphen)
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thereby allouing metaJ- replacement to oceur.

The large standarÖ free enerry changes as;,ociated. rith
gpiaeenent reactions, further d,fstlnguishes between the

total- gg¡llaeenent of øLne by copper Ín tetraphenyl porphyria-

zine(Il) ( O6) t and the non-exchange of zLnc loas in phthal-ocyenl.ne

zlnc(rl)'itr) also the totat gplaeenent of nlckel(Ir) by

eopper(Ir) fn nickel(II)(saJ-en) ,(42¡ and the non-exchange of
nicheL(rr¡ in this conpound (+r)

(40)-
Caughey and Corvf.n emphasised the effects of solvent coord.inatlon

upon bond" type in aetoporpb¡rrin(Il) eompounde. lhey found thet

the naguitud.ee of the shifte ln the y&ve lengthe of the visibJ.e

abeorption band.s for nlcket(fl), copper(II) anô ztnc(U)

compounds, in acetlc acid-pyridine nixtures, lncreaaed. ln that

orôer le. l{1 > Cu > Zn"

they eonclud.ed., that in such stable Ëfused,-ring" structureo,
yhere changes in the bond type due to solvent interaction

rer6 saql]., that nfckel(il) conp].exes uere in fact more etab]-e

than the corres¡rond.ing eopper(II) complcxes"

Fr¡rther, Ml]-]-er and Doroog¡(+Z) etudled the reaetion of

pyrldine wlth ragneeLua(Il), zlnc(II), eopper(ft) and. nieke1(Il)

clerivatlves of t- ,ßrð, E -tetrephenylporphyrÍnr speetrophoto-

metrically. Theee authore found thet the copper monopyrldinate

conpound, had. a¡r associati.on coneta¡rt of 0"05 (æoC), about

the sane as that of the nieke]-(fl) derlvative.

Clark and 0de1r(4s) etutiied the exchangee of liganôo

in a number of nickel(Il) chelatee. lhey for¡nd. rapid liganil
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n
ercharrge 1n the ryetem, bia(aal-icy1-ELd.oxlnatr)nlekeil(Il) -
( aal-icy1a-tdorirne) , but úerø excbange ln the syetens

alekel-(II) ( salen) (aalen) and nlcke3-(il) ( ssrÊphen) - ( eçrgphæ)

thelr reeu].te lndlcated thet aome crrrelatloa exi.eted bct¡rcen

Itgand exchange anô the eleetrcnle stnrcture of the eentral

nfekel,(rl) atrn, at least for ¿ nr¡mber rf s¡¡etene.

"o*.(+9) 
reported the rezulte ef a mrmbcr of gned.rlcl,entete

J.igand gplecenent res,ctl.one cf s.tsè ocpper(f¡) conple:ca.

H1e resuì.te Lndlcated. thet llgand gg¡rlaeenente occurred. fn the

rea.ctlone,

Cn(II) ( eel-gphen) +

cr¡(rf)(øaJ.gphen) +

( øa-l-en) 

= 
Cu( II ) ( ealen) +

(en) 
= 

cu(rr)(ee.r-æ) +
( oalg¡rhc

(9-phen)

thts 1s of lnterest in viev of the uork of Dr¡ffleld anil. galylr(5ì

¡dro feund that the isotopic neteJ- exchange ln the eyatcn

copper(Il)(sa"len) - copper(rI) ves in faet nueh fastar then

the exehenge copper(II)(aalgnhen) - eopper(II).
(b) ¡*n*t(5oJ t*ot*(a|) Boeclo(n¡ ana stranks anû

YllkhË(I4) have revíe¡ed. the posslble reaction neehenLæs

whereby netal lons anci. Iigande, ln transition netal eonpleceø,

nay be exehanged. cr ¡g¡r1aced.

It nr¡s"t Þe ramenbered that klnetic ueasurements aloae, ùo not

gf.ve the rea,ctlsn Bethray unanbiguouÊly, ln faet Beoolo e.nd

pcarsenn(za¡ Hoore(52) end Froet and pecr"urr(55i h¡ne na,lø

elear ihe d.letlnetion bétveen the er¡reri.nenbeJ- (crder) q¡rd

theereticçf- (uoleculari.ty) *specte of a reactic¡n. îhere le nr

c1ee.r cut
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rtistinction bctreen an SBl(SlfI) or S"2(Sf2) rnecha¡rim on thc
baele of klnetic measurenenta a*lone. fhe lafluenee of
stereocheuietry and. other factore upon tlre tYPc "fuäiËiitfif
lnvolyed. hes been fulty discuaeed by seycral antbors.

Horever, it nuet be repeated that the final. ehosen rnechanisn

S*J"(fuJ-) or S*2(Sf2), must agree rith arl the gvall-able evlðenec,

1n partier¡1or, the evid.ence observed. fron any ki^netle

neasureüente med.e on the systæ. Ihe follovlng ps€es revler
BoDe of the experlmental and theoretical resu-l-ts rrhich b¿ve

been used. to elucictate the poseible nechanisme of substltution
reactione in lnorganie transltion meta-l complexes.

(f) Liganit Substitutlon Stud.lee.

Baeolo, Pearson and. coworkere have publlshccl a

series of papers investigatlng nainly the ligend subeti.tution

reactione of, cobaJ-t(III) complexee a¡¡d have ehom hoy the nsture

of the transitlon state ean Lnfluence the nechaniæ of J-iganti

gubst itution,
An fu1CBõ mechanl.sû of dlssoeiation ras supported for the

base hydrolysts of cis and trane - [co(en) ZCLZ] Cf on tUe

observed rapiù ratee for theee reactlons and as e resu.lt of

the ctependence of the rate of hyd.roJ-ysls yith structurel
chenges in the compleles. Moreover, the authors eupported an

t S*J'CB - substftution, nucleophilie, unimoJ.ecr¡J.ar, eonjugate

s)
( 55)

basc.



æ

fu1GT neehanlsm of subetitutio¿ for the base hydrol.ysls of aIL

compler lone of eobaJ-t(III). Eouever¡ the obeerved. hlgh

rates of Ìçrðrolyeie of chaoroa.mido and ehlorohyd.roxo qqmpJ-eres

of cobart(Irr)r red Pearson anö Beso].o(5?) to lntrod,uee the

coneept ofil boad, stabilization, ln the transltion eterte. l[hc

suspecte¿ nKa vat.uøs of the eonjugate baeee, ftoltngr)OnnrCr] 
*1

and fCo{rrrr)jl{HfdGl. reepeettveþ, did not firJ.þ explaln theÍr
eese of fornation end. reactlvf.ty.

Previouely an foz d.isplacenent ncchaniet of substitutton,

had been supported, by Brorn, Ingolcl arù NyhoJ.n(58) for the

acld. hyðrolysls of fco(un=)=Sf' on the svairable kinetlc
evldence. ( 59) (eo) (6i) ( 62)''so;

In fact, Brorn, Ingolcl and, Nyholt(fe¡ yere of the opialon that

subetitutloa reactlons of cobalt(Ill) ions proceeded. by e

dual. necha¡rlen lnvolvlag both tü.ssoeiation snd, displecenent

pathrays.

Leter uo foJ. d,lesoclation mecha¡rfsa for acld, byd.rolyef.a of

eobalt(fIl) lons rae eupported by Basolo, Pearson a¡rd.

eoworkers(65)(64)(65) as a resuLt of the dependenee of the

rate of aquatfon, with strueturaL and. eteric propertiee of

the blctentate ]-lgand (I,f), in the compound. trans- þotfl,lrttJ*t
theee authore euggeeted the fornatlon of a penta-coordinated.

squere pyramið transition state for theee acld h¡rdrolysf.s

reactions.

Prlnarily, Pearson and. Sasolo(57) rere confronted,

by experinental reeults rùich i,ndtcated that the rates of
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base hyd.rolyola of cobaJ-t(III) lone Yere larger in eonpl€xeg

contai.ning saturated ligaaüs capable of donating electronø

to the eobe.lt ta16 electronlc nucleus' Aeeord.inglyr they

d.lecrrssed the stereoehem,ica-l requirenente for fi bond'ing

(ftgand -.r metal)r in the trensitlon etete, fron tro vlerBoÍntst

( a) The influence of such 1t bond'lry upon the

dlssoeiatlon of a ligand end its effect upoa the

stabflity of the reeuJ.ting transttlon etate.

(b) Thc amount of fl bsnding possible for sueh 5d6

systens, usfng the orbital overlap eonnideratlone

developed by Cralg, PIaccoLLr Nyhol-nr 0rgel and

sutton¿ 
(66)

On comparlson of the three possible structures for a centra^l'

cobalt(fII) ion, viz.
(i) trigonal bipYranid.

(rr) square pyranrid d2uP2

(rir) ^ azpS hybrldized etructure,

3asolo ancl Pea¡"oo(5?) for¡nd oÉy (i) agreed fu11y with tbeir

experimental, resulte and the theoretical energetlc and.

ff bonding concepte.

The repuleion, betueen filled non-bondinË d*r dy, *d du=

orbital-e of the central netal ion anô the fllled p orbitale of

the amiclo group in the conjugate base [att*rl nnnrcr]*l, hes

the effect of fecil-ltatlng the release of a chl-oride lont

vith the aceompanylng rearrangenent to a trtgOnat bù'pyranld
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trarrsitioa state, whlch is stabillzed by J.iganö .r pstal

1Í boncling involvÍng the donation of a free electron pair
fro¡ the s¡nid.o nitîogen to the enptt U*, 

_ y2 
orbital of the

eobelt( III) foD..

hrther, the observed. flret order kineties involving

comparatively rapid conjugate base d.issociation as the rate
deternining step, could be expJ-alned on the baels of forming

a five coord.inated speei-es of increased stability clue to
-1T bond.ing.

The effeets of a varlety of nucleophllic reegents

upon the kinetice, stereospecifieity and the rates of

exchanse of chloride ions inþt{lu ) ræf,, [t* en crr] ana

þttunrlrcrlcr, has been exanined in an attempt to elucid.ate

a possible reaction mechanism of substi.tution.(67) lhe

reaetÍons of these platinr¡-n(II) compounds rere eJ-assified by

the authors as substitutions in octaheðraì- complexes. the

abitity of such coplanar struetures, in solution, to coord-inate

solvent, reactant and added anions etc. above and. belor the

plane, is reLr knom.(68)(69)(70)(Zr)

Accord.ingJ-y, Banerjea, Basolo and Pearson proposed a reaction

mechanisn whereby substitution reactions in such p1.atinum

conplexes eould be explained. Prinarilyr they considered"

tro faetors in assessÍng tbe sta,billty of tbe probable

transltion statet
(i) lhe extent of fî bonding uslng an extension of

the trans-effect theories of Chatt 
(lz) and orgel -n5)
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(il) [he differences in C.F.S.E. betveen the

squsre planar reactant and the proposed. transitlon
state,4

tdith eertaln J-initatiorrs, they propoeed a d-lssocietioa

mechanism of the tetragonal compJ-ex, in vhich the tuo grouplngs

above and belou the plane moved. closer, and facilltated, the

removal of the chloricie ion, by repulsion, rith ån eeconpanylng

rearrangement, after d.issociatÍon, to a trigonaJ- bipyranid

transition etate, stabiliøed. byf[ bond,ing. Horever, unlike

cobalt(IIÐ, platinun(fI) has a dB eleetronic structure.

Accordingly, if the concept of 1T bond-ing fn the tra¡sltion
state ças to be naintained., the added stabilizatiou fron
1f. bonding must result from the d.onation of eLectrone fron

the fiJ.J-ed d orbltal of platlnun(¡f) to an unoccupied. d or p

orbitaJ- on the ligand. therefore, onJ-y uneaturated }igands,

€É. SC(NH2)Zr(tr02)-1, would. react rapioJ.y with platinurn

eomplexes of this type. Thls sas in agree¡nent vith the'
experimentaJ- resui-ts found.

A detal]-ed exanination of the kinetics of the

exchange of chloricie lons vith trans- [rt{nft) ZCLz] r" t
varlety of solventsr(?4) euabled. the authors to elassify the

reaetions into three groupsn clepending upon the observed order

a The authors fu1ly realized. the linltations of using the

C.F.S.E. for a square planar reaetant, vhen they ad.¡oitted. a

tetragonal structure in solutlon.



,t
of the reactfoa rtth reepect to R4trCJ.r n the sourco of frce

chloride f.ons.

In benaene, nethyl eyanfde and Ecetone, the observeð kinetice

indicateô flret ord,er ùepcailence oB both fcoonfer] *A

[nOnCr*1. tr\rrther, eJ-or retee of chloride exchangc rGr€

for¡nd tn bigb dieleetrle conetant eolvents. lhe free chlorfde

ion, produccd by the eonplete ûissoelatlon of R4[Cf, in fllch

eolvents, ras etablJ-isod ty solvatl.on thereby fornlng e

kiuetlcal\f unfavoursble speciee for excha"nge. Coavereelyt

in lor d.l.e.Leetrte eoneta¡rt eolveùrts, higþer rates of erchangc

uere obseryed.

lhe authors d.ieeuseed the anonaloue poeition of neth¡rl cyanidet

a etrong lî Uon¿tng oolvent ln r¡hlch elor ratcs of exchangc

rere obeerted, rith reapect to its peeuliar behavfour oa

coord-lnatlon.(?5) Thc C=.il grouprng 1s knov& to coorùfnatc

above and be.toar the plane of the platinuu(II) complæ., in e

para-llel arrangenent, thereby hLnderlng its dteta¡ree of

approacb and fts a.bil-fty to fecl,litate ln the d.lssociation of

Ilgancls.

g¡sg].ísno and $ebubeÉ(54) have shorn hoY verioua

trans-effeet theorÍes ean predict the stereochenical eour"ae

of eubetitutlon reactÍons of planar complexes of pJ-atinum.

tr\¡rther, foz dlsplacement uechenime have been proposeÖ for

these subetitutions, by E¡otse authore, nùfiil(J6) in partler¡lar

Chatt and. hf.s cororker"(Ze¡ vho used a fi' bonding theory to
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aecount for the substitutions of such squå,re planar complexee

by fo2 displaceme.nt mecbanis&s.

Thus, the mechanisn(e) of J-igand substitutlons in platinnn

eomplexee ls stil1 uneertain. Ihe Ë.asoJ-o and Pearson reaction

&echanism reqüires an initial tetra,gonaL structure in solution;

if such a structure malr be eonceived. on the evidence aveilablet

a dissoclation fol nechanism aBpears attractive.
It hae been suggested. that the clissoelatlon

meebanisms of exchange and racemizatlon of fnitrrrO phea),]*"

are the same ,fi?) on tbe basis of the identleal values of the

ra,te constants, for thcffrf{frlo phen) 1]"2 - (f¡10 phenanthroline)

].lgand exchange kexch.(?f), anù the pH indepenöent acid

d,iseoclation a¡rd recenization reaction k"r of

fuitr:ro phen) ,f*" 
(za¡

Moreover, it ras found that the renoval of one phenanthroline

Iigand facilitated both exchange and. racemization. the

d.issoeiatlon rates measured. by means of the li.gend. exchange

experiments were found to be first order ln the nlckel complex

and øero ord,er fn the free 1:10 phen ligand.

Sueh a d.issociation path for excbange ras found to persiet ia

the non-aqueous eolvents, ethyl aleohol ancl nitrobenzene.

It is of intereet to note that Daviee and Dr¡rer(?g) meaeured.

the rates of recemlzatlons of [nt{r-,ro 
pheo,) 51*2 *',a

þrr{aipy'):]*2 1n some non-eeueoue solvents, and. suggested

from the si¡nilaritiee ln activation energles a¡rd pZ-faetors

in ell solvents used., that en intra-nolectrler nechanisn of
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racemlz&tion operated in contrast to that in vater.
( il.¡ Fletal- Subatitution Stud-les.

Ihe exchanges of tetracyano niekelate ion rith
eertai.n amino acid complexee of nickeJ-(Il) heve been exa.mined

kineticaJ-ly.(8o) the rates of exchange of nlckel(Il) betueen

the tr¡o species were founcl to be llttle affeeted by either,
(f ) added neutraJ- salt,
(if) eharge of the eniuo acicl. compJ.ex,

(fif) moleer¡lar velgbt of the acid conpJ-ex.

The results indicatecl that the nature of the eonplexing e$ent,

raÉr more important than charge ete., for the deternination of

the rate of substitution in these eomplexes. Fron the

observed seeond orÖer kineties (dependence of the rate of

exchange on the coneentration of both reaeting species) for
tne fui(ff)J -2 - [rr1st"*inate)rl ex"n"oge, the authore

suggested. a collisiona-l neehanisn of substitution. Houever,

the observed actlvation enerry (17.t K cals) see¡ne ulrusual]-y

saell- to involve the brealing of eigbt or ten relatively strong

bondE, inotantaneously.

The exchange of þrro(pnen)l between [ui{rrrophen)i*?'*r,u
the free ligand. in solution, was lound to have a¡r

aetivation enerby of 25.2 E.c"1e.(?7) This exchange uas founcl

to proceed by "o ful d.issociatioa mecha¡rism, involving the

conplete. flssion of, onJ-y one phenanthrolise moJ-eer¡J.e fron the

complex. ie. the breaking of tvo bond's.

ft seens that the observed. ener€y of aetive'tion in the
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nickeJ.(II) (ef-yclnate)cxchange nay diss.gree rith a coll-isioneJ'

mechaniea on energetic grould.s. Perhaps a uechanism of
substitution eimiJ.ar to the one suggested by BasoJ.o and

Pe*rsoo(2a) for the copper(II)(sal-en) exehangcr ts&X be appl-lcabJ-e

to the syetens examined. by CaJ-kine nnd. n"tt.(&)
Co].]-ieion¡^L nechanfsms of substitution for the netal

exchanges in copper(II)(earen) ( 5) and. cobal.t(II) ( sargphen¡ (6)

rere proposed. by the authors on the ground.e of the second,

order kinetics observed. for these systems. As diseuseed

eerJ.ier the interpretetioas of these kinetic measurenents

have been reviseö by Basolo and. Pear*o. ( 2*)

An expression for the rate of subetltution, vhich inc.Lud.ed

five terus, four of vhich rcre d,epend.ent upon pH, vae fou¡d.

for the exchange of nicker(rr) ions and fnr(unner]-z 
(81)

Five activated. conplexeÊ rrere for¡nd. to be present tn the

reaetion, the mechanis¡n of exeharrge involvlng a preliminary

equltibria betueen Et a¡rd [lur{mra)]-'?, fo:.:.owed by both

uninolecular cllssoclation of a protonateö conplex and,

blmol-ecular collieion a¡rd erchange vith niekel.(II) ions.

It was suggeeted., fro¡a the slnilarity of the rates of

racemization and the rates of iron(Il) exchange in

trÍe-( 2, 2r-oipyrlclyl) iron(II ) and trla-(1:10 phenanthrollne)

iron(rI)(11)n that the rscemiøation processes of these ione

may be brought about by the d.iesociatione of the coaplexes.(35)

Kinetlc meesurenents ha.ve been ueed to elucidate the probable

reaction mechenien(s) for the ryplacenent of fea'¿(ff) by
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copper(rr) tone ra [rutæD[A)]-2 

(2s) A meehanrn(e) siattar
to the oDG proposcd. for thc ¡g¡lJ.ccenent reactl,on,

pb+2 + [z"trurr)] -2 
= 

ttot*no)] 
-2 + ?Ð+2 (82)

uas establiehod by the anrthoret

pathra¡ra.

( 28) !.avolviag four resctlor

thc rcscarcb proseatd Ln thla thcal.s f.s eoncer¡od

rlth sono klnetlo studies of netal replaeement rcactlons

lnvol,v!.ug quaÀrtdentatc cheLetø conpound,s of nlckcl(ff ¡ t

copper(tl) and. cobal-t(U), rith ligando of the type ehoüD. ln
Ffg.II.

R : alÏ:ltl or aryl, group.

l1g.II.

the prfuary obJoet of the uork involved. a¡r exanlnation of the

nechantsn(ø) of gplacenent of niekeJ.(Il) fron such conplcres,

0c c0

M

Nc

X

c

X
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aecordl"Eg to the reaction

ct*2 + rr(II)(e¡eretc) 
= 

N¡'+2 + GI(II)(chcrrto)

fbe effect of, varying the solv@ratr the tSrpo of eopper selt

ueed., anü thc lnflueacc of addcð clectroþtea u¡>on the rates

of tbesc Epl.aeencnte have been exauincd'.

hrrther, the g¡rl-acement of cobalt(Il) fr¡os eobalt(lt)(eelca),

by sevorsl ðLvalent transl.tloa ru.etat Lons ln pyrl"illne, hse

also bcen studtêd"

In addltlon, the r¡l-tra vi.olet and vlsibLe abeorption spectra

of a nunber of copper(Il) ea,lts and nichel(Il) chelates

have been exa¡rined in varloua non eqlreoua solVente, in an

attenpt to d.eternine tbe nature of the reeeting sBecies ln

euch g¡rl.ecenetrt reactloae.
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METAT, SUBSTIÎUTION REACTIONS HITE

)

The relation betveen the metal ioa and. the rartc snd.

eoullibrium poeltion of the reacti.on.

lhe eyetems studied ney be represented. by the

reaction,

vfz + co( Ir) ( sa:.en) 

= 
u( rI) ( seJ-en) + co+2

Cobalt(Il)(saten) J.abeJ-J-ed, uith Co60 ras ueed 1n the experluent.

The course of reaction was folloved. by neasuring the amount

of radioactive cobalt relea,sed. as cobal-t(Il) ions in the

system. Four such subetitutions yere examined and the reeuJ.te

of these given in IcbJ-e II.
Cobaft(ff ) i.ons in cobel-t(Il) ( sal.en) yere found.

to undergo substitution by other metal ions at 25oC, in
pyrldine, Ilnder sirnilar cond.itÍons of concentration the

reJ.ative rates of substitution and finaJ- equilibriun
position€ lrere as fol-J-olrs:

(a) rapid, ¡gpleeernent by eopper(II) Íons,

equiJ.ibriun posltlon, 9616,

(b) sl-or gplacement by niekeJ.(Il) ions,

equllibriun position, 78frt

(e) rapid exchange with cobaLt(Il) ions,

equiJ-ibriun poslti.on, 50frt
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(¿) rapld. ¡gplecenent wlth zinc(fl) ions,

equll'ibrium posltioa, I6fr.

Relative to the cobaft(Il) exchange, the observed. equillbriru
positions for these substÍtutlons, obey the expected. order

of meta-l. complex stabilitiesr& vj'z¿ Cu > Ni ) ?.^.

Horever, the sJ-ow gplacenent found wlth nickeJ.(II) ions,

eompared vith the rapid exchange rith cobeJ-t(If) ' nay be

taken as evid.ence for e complete lack of correlation betueen

the rates of substitution and the expeeted. stabilitleE of

the complexes forned.r &B a result of thege reactions.

Pfeiffer s¡.d. eororkers( 42) carried. out a simi].ar

investigati.on vith e number of (eal.en) eomplexes, hovever

these authors rere eontent rith the determinatlon of a

stability seriee onJ-Ír kinetie meaËurements on the eyeten

ïere not attenpted.

they found a relative series of metal eomplex stabtlitieet

in the order cu+2 ) Ni*2 ) vo*t, r"*2) zÃ*2> Ág'2, ba,sed

upon the extent of the reactiont

H(II) ( sa:.en) + {p+-2

&

A+2 + Ur(II)(eeJ_en)

No ctata is avaf.lable on the stablllty constants of theee

ehelates ln any solvents.
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aeetatc
nonohyôrate

ecGtate
tetrahyilratc
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e B@eg

[corBrrJfuo.oj 
: +2

101 ¿LTL

L36 Ì84?

129 2555

r02 25,a

98 2596

T * ZD.g 3 O.ÌoC $elveat - ¡ryrld,inG Conc¡.*2.6¡ro-ã
-lfÍ] E foonplex]

f
&rb¡t1t-
EÉ€.

ct+2

tt+a ß15

1455

4774

5888

7414

w1,
úa7

1568

1906

L6Tz

6&

L152

2314

öæ

7745

19ß

?419

5/+19

6765

668q

0.CI5

0. a0

1".00

2.ro

5.OO

0.25

o.50

1.OO

r.90

2.W

,.7'
5.25

9.50

L0.50

24.n

95

9'
9'
96

96

1¡$

25

,5
n
52.

62

74

7'T

7e

fl
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gaft

acetate
tctrahydlrstc

ecctetc
dl\ydrntc

,2&
2697

2800

an
2¡[98

%tr
46Tt

,T 42

4767

5890

5691

6680

74LO

28r6

524L

?.Ftfr

257r

r"086

694

799

8æ

It55
1049

tæ7

---(houra)

0.05

0.19

0.50

1.@

5.Ð

o.o5

o.?5

o.?5

1.50

3.@

5.00

9.75

I
SubtrÈtt-.@-

co*2

BÈ*2

5r

51

55

50

51

16

L'
Lî
L5

16

r6

16

(f) lle cetlvftlee of both frections bsve aot been

eorrected for thc lnconpJ-cte cxtrgctton of clther thc eouplcr

or netel(Il) lon, but the rapiillty of mbetltution or othorrlec

ia cvldenced directly from the uncorrectod re$¡f,-ta.

the sctlvity und,er the hea.itlng Couplcr fC"æ{ff)(aarca)] ls tho

aetivtty renainf.ng Ln thc solvent (CHCL') rùlch uoul.il nornell¡r

e¡tract



It
tlå tùo u¡r¡¡etçÊ chrtr.lÊ;, últ.c tù¡t nlt*r(&;í] +â ig tbr
eettrrfþ of, ttc nts rstrratciilêi I *2 r.lt ¡f,3sr rcretl,or+

llfl I eùßrttt¡tfønr rro erlæI*t€ oa thc b¡rl,r
of thc ecrtlvlt¡r appeertng l¡r the rqncono tr¡stf.or¡ LG.

eoutrÆ0O eçoç of
rqn:oBr frrc¡È1oE

f æÞctftqtl.æ - r X$D

accs cf( ç) trastror
(tlfl rrr *6116tiç¡ ffic mtd for r mll?loirut

tlao to gtvr * StrnÕr¡{ Pareætagc þror (H} (s5l sf b,sttcr

türn 5f, ra¿ wrü corrcetrð for ürckgreurð ecùl.vf$r.
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llhe stabitity sequence above paral1e1e the stability conotent

seriee,(4t)(44)(45) exeept for the pooitLons of iron(rr) ¡nd

zfnc(II). Pfeiffer for¡nd conplete ¡gptacenent of øinc(II) by

lron(II) in zinc(II)(sal-en), chemical anal-ysls of the reectlon

products ehowing no unchenged. øinc(II)(sal.en). Hoyever, no

gplaeement of iron(If) by zine(II) in lron(II)(øalen) ùets

obeerved,, harther, equilibrium positions rere found for man¡r

systems ê€. r

" ttt( rr ) ( ealen)

v0(il) ( sa].en)

re(il)(eal-en)

XN

Wr"t(6) found. that the excharrge of cobalt(Il) ione

in coba1-t(II)(snlgphen) proceed.ed by a second-order reaction,

presumably fnvo1vlng a bimoleeular rate deternining step and,

a co1-J-isional- or dlsplacement necha¡rism of subetltution. No

detáileil kinetic measurementg on the exchange of eobaJ.t(II)

ions a¡rd coba1.t(Il)(saLen) are available to,support a poesible

reaction nechanism of subetitution, however it uas found.

exchange ras eoiûplete in J'ese than 6 minutes st SOoC

[o.orzrr.r co(rr)(sa-Len) , 0.005?'Irt co(rr) (acetate¡] (6). stuities

carried, out by the present author shoued. complete exchange

a Conplete ggplacenent ras observed. for the back reacti.on,

Vo(ff)(sa1en) + Nl+2 
-à 

Ni(II)(salen) + YO+2

+

+

+

v0+2

Fe+2

YO+2

Þel
<2Í.

VO(IV)(saten) + N1+2

Fe(II)(se]-en) + TO+2

VO(IV)(sal.en) + Fe+2
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of eobalt(Il) fn cobalt(Il)(eelen) tn less than 5 nÍautee st
zSoe fo.oozeu eaeh reactan{.

Some evideace for a bimoleculer ( S¡2) rstc $etemining atcp

nay ba obteincel fron the narkcd. d.epcad.enee of .the rate of
g¡rlacencnt of eobaft(fl) fron the eoapler, uf*- the electro-
ptrll.tc nature of the incouin€i nctal tno.(2) fhilF le nost

na¡ked. ¡¡hen oomparlng the al'os rcplacenent by nlckel.( II) rith
the rapld exchange of cobntt(U) ions.

Calvin antl Bark"t*r(r,) founô that cobalt(Il)(eatea),
f.n the eo]-ld-state, res peraea€netic to the extent of onc

unpaired electron, lndicattag e square pJ.allar, covalently

bonded complex, lhÍe rou-Ld top-Ly, at lcaet in the soüd state,
that the four cobaLt-llgand bond,s in the conpler uould. be

strong in the Pauliag vler (rd4s4g2¡(9) or l¡d.l.cate a etrong-

fleld planar structure for the eonplex on Crystal Fictd

grouncls.(ec) If, ss suggeeted by stranks end rttttnsr(I4) a

striet dorrelatiou betreen the rate of exchange and, bond.

type can be mad.e, such a rapicl. netsl exchange in eobal-t(ff¡laaJ-er

rcrrlù not be expeeted, unlesa the bond.lng Ín thts conpound fs
nodifÍed. to some extent, iß sol.utlon.

Ia addition, on the bael.s of ca-1ct¡l-a$lone nade by Baeolo and.

Pe"¡*on(24) of the aetivation energiee of subetitutloa reactlone

of strong-fleld Isquare planarr (tetragonal) compJ-exee (by fo).
anct Sf nechaniems), cobalt(fl) compJ-exes of thls type are

preillcted to react nore sl.orly than either their correslronding
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nickeJ.(Il) or copper(II) eompJ-exeere i.n fact the cal.cu1ated

ord.er for the rates of reaction is given ae co+21xL+2< tu+z<ú
Eovever, the lsotopic netal exche.nge of, copper(Il) fn
copper(Il)(saren)(5) hae beea shoru, to proeeed at a ¡oueh

sJ-oser rate than the eorreapond.furg cobalt(Il) cxchangc, trnd.cr

eomparable eonôitione. thie fs La clireet contradietlon to
the ca-lcul-ated rates on the basia of the Crystar Flcld epproaeh,

for isquate pJ.anart (tetragonaf) rcacta¡rt nolest¡.Ies on the

baels of a diesoci.atio¡ mecha¡iffi.

Evidencc for eolvent lnte,racti,oa. rtth the conplcxee

(¿) cobart(rr)(eareB).
- lsunakl(84)U"" leolated a ehlorofom addition

eompor.r.nd. of this chelate rù¡Ích vor¡J-d. inply at leegt a five
coordÍnatecl etructure for the eonplex in that eol-yent. hrrther,
the na€netic eueceptibll-itiee of oxygenated. and pyritltna.terl

forms of eoba]-t(rI)(ea-len) have been reported,.(15) Diehl

aad. cororkere(85) investlgated the orygêr-Gârrylng propcrtles

of thts conptrcx and later Diehl a¡rd, Haeh(86) reported. thc

preparatLon of aquo-dicobaft(ff) (ùi-eafen) i¡ô ùich refercnce

to tre fornation of chll oroform and pyriùine ad,d-itlon compound.s

ras mad,e. fn fact, it rae found, that the nethod of preparetlon

used. by these'*tr*""(86) ylelded a blnue.Leer eoupouacl 1¡

whleh a nolecule of rater acted. &E a brlelging group betueeu.

a îhle aasun¡Gs a strict paralJ-el- betueen the actlvatlon

energiee anó ratee of reaction, a correlation uhich nay be

taken onJ-y qual-itativel-¡i. .
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the tuo coba1-t atomg tn the mol.ecul'e, each of ¡trlch vsa

st¡rroundeÖ by a quatlrl,úentste ¡ooJ-eeuJ.e of thc $ehiffa baso.

thc conpler, aB prepereô by Dlehl entl Eschr ebeorbed. o4ygca

1n the eoJ.ld state, the edd.itloa of orygen ylcliting r conpound

ln nhich thc eoordf.natlon nr¡nber of eaeh sobaJ-t(Il) aton f.¡

the conprex ras thought to be *it. (86)

lhe sa.uple of conplex used in the eubetltutlon experlnenta

reported. in thle theels ras prepared by the nethocl' of luet.(6)

fhe matertal prepared in thXe naroner ô1ô not react rith

oxygen, ln tbg so]'fil atatc. (eee EXPIRfMIÎ{IÆ)

It seens reasonebLe to euggest, froa the evLd'enee

presented eboVe, a six coord.l¿¿ted etnrcturc for the eouplcr

{n the stroug coordinating solvent pyridlner the etnreturc

lnvol-vlng tuo moleeul"ee of solvent, one above end one belor

the plane of the eoupÌex, thereby producl"ag e C.F.S.I.

equival-eat to that of a teak fie'Lal oetahectreJ- or tetragonal

etrueture in eolution.(e)(2e) Assunlng thcn s btuolccular

rate d.eterminlng step for the exchange reactlon, &n

assunption not unreaaonable on the evlilenee preeented on

p.14r45t then such a rapid orchamge uay be explained on

the basle of a dÍeplaeement meehants¡o of substitutlon,

nhereby a pentagonaS- blpyrentd transltion gtate is forned'

(fron a¡r inltlal tetragonal- compler 1n solutÍon) iavolving

a net gain of C.F.S.E. (ÂEa :'Z.fe o*¡(e)

(b) t{lckelfJ.I) ( earep)

lo speetroscoplc or other evid.ence, for solvent
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Lnteractfon wlth thls complex, bas been for¡ndr(+r¡(87)(88)

sfthough BoEc cvld,ence for partial golvation of the eonple=

ras reporteð by Baeolo a¡rd" t"*oo"O(e9) rrho isoJ.eted. a pyrid.iue

additlon conpound. of thfs cherate contalnÍn€ o.T'12 noLes of
pyridlne pcr nole of ntckel(ff¡loal.en). Horever, no isotoplc
netaJ- or liganrl exehange uas for¡nd. for thie ehelate ln
pyrlel"ine eolutionr(+f¡ (4s) un¿er coepÊ,rable coad.itlone âs

thoEe used. for eopper(Il) ancl cobaùt(n) excharrgee"

Eovever, although nfekel(Il) conp).erea are predfetetl to react

aore sJ-ovl.y tban thoec of thelr correspond.ing copper(tt)
comp].exeo, on 0rystat Flerd ealsulationor(e)(ea) by botb

S*l(EÈ) anA Sr2(hal 6ssþerú.Ða¡ thls d.oee not expl¿tn the

observcd J-ack of arehaage of ntekel(fl) anú (ea.Lea) tuù

nictce]-(rr) (saLen) at roots teuperatur€¡( +r¡ (4s)

îhle na.tter ulIL be s¡alalned further uhen disq¡selng the

¡grlaeenent of nfdcel(Il) io¡rs fron the coaplex, ln the

follovlng eeetions of thie theele.
( e) copper( fIl ( ealeg)

Spectroseopfc evldence for solvent interaction
vith copper(II)(ealen) f.n pyridl.ne hae been reBorted.r(90)

hoveyer, Ianaka(91) saß uucueeessful Ln e¡, attenpt to fsol-ate

a pyrÍdlne add.ition conpound. Iu faet, the latter autbor

euggested. froa the elnlJ.arities 1n the vieibJ.e abeorptlon

speetra of copper(Il)(ea1.en) fn pyridine and benuene, that

eo].vent lnteractlon vlth the ehelate d.id not occur in either

of theec aolvents. Eouever, addition conpound.s of copper(fl)
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{ea"ì.eo) vlth acicls and. phenole have been ieo1atoð. ßz)

laters and HÊlr (95) as a resu]-t of otr¡d.f es on

the sol.id abøorptt,on spectre, of s nusber of copper(f¡)

cbel,atee¡ lnclucllng coppcr(ff)(sal-ea), found" that those

eonplexce vj.th grecû eol.oure €rgr eopper(Il)(ea1ea)r by

analogr vith thelr epeetra in sol-utionr(90) coataLnett copper(II)

atons rith coordinatl.on nunbers of greater than four.

I,ater, x-ray 
"ar.ut""(94) 

supported, a ctinerlc etnrcture for

eopper(Il)(salen) in thc eol-id. etate' Ylth tuo Cu - O bontls

bladiag the tvo unfte of the ôlser, each nolçcr¡.Le thereþ

containlng two eoppcr(Il) atomen eaeb ïlth coordlnetlo¡

nu.mbers of gpeater than four.

Siuilarly, eolour and, solutioa and so}fal epectran rerê

conpareil for a nr¡mber of brom and. violet copper(Il)

conpleres.(90) (9il fhe regults indicatsd that snrclr chelatce

contained copBer(Il) atous rith coordlnatf.sn nt¡sbere of

four. A ggeea ælutton of eoppcr(ff)(ealen) la pyrld.lne,

compared rith the resultfng purple eolutfons of the conpler

!n eleohol antl chloroforn, doee not or-ly euggeet diseociatlon

of the solid chelate fnto eiag;le unite containlng copper(tl)

atone ytth coorcllnation numbers of four, ln the latter

solveats, but indicates, eithert

(") solvent interaction rltb copper(fI) ( aalen)

ln pyridlnet
or

(b) an unehanged dineric etructure for the conplcr

ln this solvent.
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Eoreryer, by ana.lory úith ælid eopper ecctatc, ¡ùfch te
lnorn to be ¿lgerfo la the eoltit 

"¡*¿t(95)(s0¡r bnrt feu¡d, to
dfsaoef.ste ln pyridlnc, but not ln ethenol'or ôlo¡s
colutlo¡rr(9?) lt se@e likc\y thet eolvent l¡teractto¡ rÍtù
copper(rr)(cs.rcn) rn ¡r¡rrid.tnc d.oes oesrLr, proiluel.ng a rcú-
fteað oetahed.r&l Etn¡eture iu. eoJ-utfon. [*. cobart(fi) ( aaren!
flercforc, the obscrvcd slor br¡t ncneureaùlc eop¡rur(Il)
erchange Ln thts chelatc, l"nrulvtng sccond. order k13etiæf (5)

a¡rd, a sug¡gected biaoleeul,a¡ rste iteterufnt+g stcpr(Ze) !ry
be explalned on the basfs of fornlng e øÕrca eoord.lneted.

transttfon state, fron an tnttiat ueak-fl.eld octetrcd,rar

etnrcturc, involvf.ag ¿ l.sge of G.F.S,E" of I.OZ &.(2)
the predfcted order of the rates of re¡ctfon, end, tJroeo ob¡crvcd,

f"n the nctar crchangee, tsaür be su¡nü¡riøoð as fo]*lors LE

fab'La IfI, p.5.1.

I

,l

t
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teÞ¿ÊJI¿

fre tates ef netal qFchs¡sc ia nlakeJ.(If), crBper(Il) ¡ad

crbslt(U) (e*fcn) ernplcra¡ Ln p¡rrld.Lac.

Crnp].ex llechenlm Obsand.

-

rstc

-

BÉ.

rlckct(rI)
(square pl-anqr) hl nøgllgfb].a (+r¡ elor

a ÀE*

e]"r¡
eJ.or

sÌ¡r

.42Dq

. ?BDq

4.26Dq
2"@Dq

l..O?Dq

frote
rcok ft e].tt
oeta,bedre]'

coppcr(rI)
veak ftc].d.
octehedrel

cobelt(If)
rca]r flc].il
octahed.ral

ebu
ìut

ncsgurab].e

8=2 neelisíbIe (+f¡
Ë. ncstlgfblc {+r)

sE2 (5)

(5)Sg2 repld -2.fiiÐ

lhe v¡Iues of AS" hevc boea taken frrs thc caJ-cr¡letlons

mad.e by Dnsrrr anct Pe¡roo( 2) ( ee)

Sono correlati-on betreea the cbEcrvecl retee cf
excbange end thcse prd.feteû cn the ba.ele of thcorotlee.l

caJ-cql-etlons, urfng the electrcetetic approaeh, een'bc eoen tr
cxfst for tJ¡eac eeeentl.al'ly covalently boniled (ea1en) cheletes.

The r esults of Tab1e IT ehev thet the es,ee of ggpl*cenent ls
not eol-eIy a firnetion of the netal. loa, but ucy depend

strongly upon the aetual gqtJ.aclr€ speciea.

rapld
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(u)
the rate of æp@!,.

thc refl¡l-ts of g¡lJ-acenent experlments rtth
cobalt(Il)(ea.ì.en), uøf.ng dffferent nickeL salts, ehov thet

the orcler of the retes of pplacement le nlekel acetate

(anlyarous) >
perchl orate ( efny¿rate) .

the ilata for theee experinente t s gf.ven ln [abJ-a IY.

lhe e1.over rate exhiblted. tn the perchlorate eubstltutlon

conpered ylth the anhyd.roue ecetate ggÈacenent, may be

due to the fornation i¡f a different nfckel(fI) speeiea fn
solution.

No dota le avallabl-e relatfng to the d.Lssoelation

conetant(s) of nlckel. acetate ln pyrldtne [*(rfr) - 12.9(9er)]

honever fon-exchånge ancl. potentiometrfc lnvestigatlons of

nickel acetete Ln aqueous eolution iraye indicetcti the erigteaee

of both (trOn")+l ancl Nt(O^c)e speciee ln eoLutfon at

[o*l( o.q(gg) Eowever, E.Ì{.F, neesureüents nade by

other uorkersr(fOO) have lntlleated that the first atage of

dlssociation of niekel acetete, !n v¡rter, fe eonpletc.

the d, lssoeiatlon eonstant of niokeL oxalatc ln uater at ZSoC

f.s givea * Edlu"eo¡ùBt.o 0.05 r 1o-4 (ror)

hrr.ther, the d.lsgocf.etion conetanta of a nu.nber of luorga¡ric

an¿ organic sÀlts ln pyrld.lne have been lfsted. (SAt¡ fhese

have vs.lues ranging frou K.i"""or,st.: 1 r 10-5 - I r 1p-5.
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leb].c fT

ntekcl.(flr lo+a

î: z5.o ! o.l.og Solvcnt : pyridJ.aa

LL82

r451

L7g
Lgn
25'15

545'

4fi'
4955

42L2

4946

(hõuTã)

0.07

o*18

0.50

l.oo
2.n
4.OO

,.fr
?.60

9.OO

10-00

o.25

o.Ð

-

I5
?2

26

5?

1T

50

55

54

5T

58

16

6,

fsr]..t

scetatc(tetre4yilretc) 2.6 ¡ lO-5 n scc tab].c II.

pcreh].oratc z(¿r¡y¿ratc) 2.6 z 1o-'' u

aeetetc
(auhyrLroua) 2.6 r IO-

z

62æ

519?

4965

4090

n$
5444

3587

4L60

524L

55æ

5L97

2559

2742

45L6



51

r' Actlvttv
cottnts/Woseca.

fco'pr"dltcu] ' *a

fsaË Rmlrcc

-

ncnt.

TI

sl
89

p
90

¡3

acctstc
(ann¡raroue)

eeetete
( ennyeroua)

2.6 x ]-O-t

1,5 r 1o-5 t

ü r8'?8

r015

984

85r

'185

26?r

æn
L9æ

LL?5

855

59e

197

6fla
6985

81rt

71t9

6970

984

204?

2ß7

29æ

126L

4468

ßn

1.00

5.OO

1.n
5.50

8.00

0.25

0.50

1.00

2.OO

4.25

6.00

9.OO

n
41

57

72

85

88

8g

(f) f Egpfscemente hrrc been c¡Icr¡lated ln a olnil¡r
n&n¡f,cr to thoes gi,vea la table II"
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It vouJ-d, sppeer that nlekeJ' a.cetate ln pyrÍðine at the
concentratione ueed ln the lgpJ-e'cement cx¡lerluente

(t.5 -2.6 r lO-' ü), wor¡J.d. et leaet exlst to soEG d,egree as the

free aslvated nf ckel-(rl) lon ln eolutlon.

ffi( 0104) 2nvru hae been l eotated , 
(roa) 

and, preruoebly

fl(pyr)4 or 6 cxiete la so1.utlon to Eome extent. Conðuetsnce

experiments on nickel perehlorate d.lh¡,d.rate ln pyrldlne, (for)

incll,cate thet the ilegree of d.ieeociation of nickel percbloratc

i.n this solvent ls of the eane negnitudc as thet ln furfrrral
(reouc - 4l.g(toa)¡, vhich ugs found. to be a¡r erce].].ent

lonlølng eolvent for tra¡rsLtion notal perchlorotee.

Dring substitutlon studies a vhl.te preclpltete of (pyr EcL04)

uae olonJ,y precipitateð, rh'ich tnpl.led the for¡¡ation of a

h.ydrorld.e ion in solution, yhlch nay foru a.o lon euch ee

(ñr, oH prrx)*r
S¡rch *n onion partfefpating ln a subetltution reactlon ror¡ld

require great roorganlzation of lts attached. groupe, particuJ.arly

the hytlroxldc group, than rould. a single ion bearir¡g onl'y

solvent molecuJ.es, and. heace a sJ-ç¡*er rate of gubstitution

may be expected.,

The exact nature of the apeclea preeent in the

hydrated aeetate g¡rlacenent le ln d.oubt, hovever lt i.a not

unreesonable to suggeet a similar hydrory pyrirtlnated nieke.L(II)

lon as above.

Ihe ainilarÍty ln the laitisl rcte¡ of replacement, using the

h¡rdreted acetete and, perchlorate salts tend.e to zupport thls
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assumptior, al-though tbe equiJ-fÞrlun positions abeerved ln
both of theEe erperinentg vere uid.e\y dffferent. [tUÉ perehlorrtt

(afnyarate) end. 78ifr acetate (tetrahyarate)]' A coupletc

examination of the eo3-id, forned during the b¡rdrated. perehlornte

g¡rlacenent uee not attempted. Some adtlÍtlon product

þttCfOO)2ff"a] nay have been precipltateil, thereþ deere*slng

the a.nount of nlckeL(Il) evallabLc for eubetltution.

Horever¡ the reEults do shor the variation ia the

rate of $rbetttution sith the nature of the nickel- eaLt uecd..

Thle nay be ex¡reeted If the rate d.etermlning step of thc

reaetlon dependecl upon the nature of the nickel(If) speciee

in solution, es reLL ae the cobeJ-t(Il) compler. Sr¡ch

evid.ence further supports a binolecr¡Lar rate d.etermining

step for theae gplacenent reaetlons.

A sloll_ar depenðence on the rate of $¡bstttution

¡rith the type of copper eaJ-t used. has been ehom to exist

in the reaction involving the gplacenmt of nicket(If )

by copper(If) ln nickel(Il)(ealen). lhe resu-l-ts of thesc

experÍ.ments are gÍven ln the fol-J.ouing chapter.
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lfhe reacti.on betueen cepper(II) lone sd alekel(II)
( eaten) hes been studlcd ln va¡lous non-agueeua e¡l'Ycr¡te'

the overa].'l reectlcn ney be reprêaented by the gcnerrl

equetloa,

ft+2 + I{r(rr)(e¡ren) J*tI¡)(ønJ-en) + H1+2

the ceurse ef the re¡ctlon rae frJ-loucd by taking ernplcs

of rerctf.on nixtures at v¡¡louc tlne lntenveJ-sr end nassr¡rlug

the concentratlon of u¡rcgcted. coBper(ll) f,ene, f-a ercù.

eanplc.

À c¡furinetrlc ncthoù rf ena-lysis r&e ueed ú.fcb lsvolvcd.

tne reauetion of copper(ff) t¡ crpper(I) fune, thea dcvel-r¡>

nent sf the vlel-et cepper(I) ccapler vith 2r2t-Diquiarl¡rl.(105)

A nere ðetelleð deecrlptLen ¡f the erperlneatal, prreeduree

us6d 1n the cd.c'rlnetrle deteruinstions ls glven ln thc

3rumIUm{îAL sectlon.

The va¡lons fectors rhi'ob havc been shcrne to

Lnfluence the rates of reectlon ulIL be d.laq¡esecl r¡¡der thc

folleving headlnga vlu. t
A. lhe offeet cf the typc of crpper(Il) ôatt

used,, tegether rith the effects cf ad.Oed oal-ts and. rater.

B. fhe ef,fect of var¡rlng the eolYent.

lhe feJ-lorlag aectiene preeent end Oiecusa the experlmentrl

iesu-Lts abtaineil fren the etudies.

Meeerurenents vere nade cf the lnitlel rates of

reactlon, in crd,er to avcid difftcul-tiea rhleh &r@ae aE the
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reaeti@lls prceeøded' due to the lncreased. velocity of the

baek gplecenent reretlon. cf niekeL(II) iene witb acpper(fI)

(eeJ-en), or anJr eide reectloa3.

lhc rrtes were obtalned frrn grephs of coppcr(II) eoneentratl.one

(noLe 1-1) verflia tlae (t ln houre). the el-opee cf the

tengents tc tbeoe curree at t4, betng tsken as the lni'ttcl
ratee of dleappearance ef eopper(Il) lone fre¡ the eyetele.

The upper ¡¡rd lorer l-Ilafta eet fcr the ratee of reeetlont

reproaent the grephieal @rrora invelved ln obtainLng tha slrpes

frou the rete eur¡vcsr Êt trr$' Sfunllar1y, the trpp6r gnd' I¡re¡
I!.¡eits given fcr the rete esnstante end other pþelenl vg]uegt

represent the errcre invelvcd' ln grcphicsJ. preced'urea.

fhe klnetics ef the repleeeneut reectlons betree¡

eopper(II) loue end nlekeJ.(II)(sa1en)r ln nethyl cellts.lve

end ethyt aleohol, have been exa¡nined. îhe refl¡-lta *re

lncluded 1n thls eJraPter.

Rcpreøentstlve tablee rf ggplaeenent experinento

anð rste gf'epbe are g!.ven thrøughcut tbc frllerring scetlone.
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A. The eff af tv¡e ef erf lTl sa'l t etcr- ^ ilYiall

the reactloas tf tnr*t cepper(IÏ) BsJ-ts sith

nickel(il)( selen) yere stuitied vis,rr ccpper(I1) perchloretc

(frerenyarate), copper(II) acetate (nonoþClrate) snit snbytr.¡na

eoppcr(Il) chlcrÍdc.

lbeEe reacti.ong r.ere for¡nü tc proCeed at csnvcnLent retee

for measurement et 60 - ?OoC, ln Ènethory ethene]- (ncthyl

celbsrlve), ¡t ecncentretiens used. in the gplacenent

experlmenta, |!hie solvent yl,G ehosen &ß the reactisn ned.Lt¡¡¡

becamse lt rae ¡n esee].leart Éolvent for al-1 the re¡ctentsr lt

po$ËeÊEed a hf"gh bolltng point (1;z+,f c) (105) and' var

ehe,mlcally stable,(10?) Fr¡rttrerr EãlI end Sl!-Leford useù

the sclvent rÈrea exs¡nlnlng the neta.l erehange reectfon of

nrerrer(II) icne slth niekel( il) ( eaten) . 
(4r¡

Teblø v prenents tbe experlme¿tal reeulte obte,laeð

from the ggplecenent experimenta uslng the ab¡ve three

ccpper(tl) eaLts.

îhe calculated rates have been sunnarlãed, iu Î*ble YI.

Up¡n ex¡¡nination of Table YI, the laltleL rate* ef dlsappenu

aÌrce of c.epper(Il) loue nay be seea to depend strrnglY upla

the ty¡re of ecpper(Il) ssJt useil. l[he lnltlal rates

lncrease 1n the order, acetate (nonohydrate) ( ehlortd'c

( rercnrcrate (bexahYclrate) .
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Srlxo T

lFh¡ Il¡r.l ørn¡rt r f rtcÞ¡l lffÌ l¡rrcr lys a¡n¡¡çlttï I I rr,

Srlve¿t¡ ?-nethory cthaanl- |! - ?0.0 Ê O.l,rC

Fg'].t

úb(61104) 2.6820

0bcx-a

(¿)

0.598

0.542

o.50u

t"ltl
o.166

0. ¿gg

0.050

0.o2D

o.692

A.6tz

0.610

o,5t8

0.515

0.482

0.45r

4.422

o.t6'l

(e)

o.o0:LL8

0.0010?

o.000gg

o.os085

0.t00?5

0.00059

0.000û9

o.oo004

o"00LLg

o.001ß9

û.(nro5

0.00095

0.00089

0.00095

0.oo07g

o.000?5

o.00064

{5)

o"o@L2

o.0@25

û.ooot
o.ooo45

0"otr)5?

0.o00TL

0.0012l'

Ð.00rã6

0.t00r[
o.o002L

0.00025

0.ff011

0"æodl

o.oooffl

0.0005e

o.trn5'l

0.00066

11,¡c t-(rs'I
o.I0
o.ã)

o.l0
o.50

0. ?0

1.OO

¡s.00

ã4.0O

0 "ã)
o,4,0

0.50

0.æ

1,00

1.20

1.50

1.fl)

5.00
8.00I Ì
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lrblo ? {arntô.)

(e)

0.00 255

0.00252

0.00a+g

o.oo244

o.0oe58

o.o0a55

o.oo251

o.oo228

0"0Õ095

(r)

o,Tl,
0.764

o.'152

ø.7TT

0.7æ

0.T[o

0.69?

0,690

0.295

lrl
0.ffi5
0.om8
o.00CIï[

0.00016

0.00029

0.offi25

0.oooag¡

o.ooo52

0"0016?

tlrt t-TEFå'

F'

0.!0

0.20

o.l0
o.Ð
o.m

1.00

1.40

e.00

rr8.00 ì
t æ.ooj

I,csoad. f¡r |l¡b].o Y.

Creeoatratloa (¡) rf re¡cttag apcefca, rfter afrtng,l,¡ nef.c 1-I.

[o.{rr¡nett]- lrr tr*rd- (r]
F¡r¡ 6*(qlo+)e.Gzo nad GuGL 2- L.fr r Ìo-fu¡

6t(cE5æ0)z.Ef - 2.69 ¡ 1o-ã1.

(1) Optf cr1 ilrnelty of cxtraetcd Ch(X) zr2f-DLqnlaol¡rl.

(2) Grppcr(ff) ao¡ecntr¡tfrn rcn¡trntrag rt tlno t tÀ n¡Ic É
- {¡ - r).

(5) Crueentrrtlrn rf Grppcr(Il) lias rcctted *fter ttuc t - (¡!
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(f) [he optical- denslty of the eslutlone centaining

the 6n(I)2rpt-Dlquinr\rl conplex geve a d.ireet measure ef the

eoncentre.tlone ef free ccpper(tI) fens, after tlne t.

Stancta¡d copper(II) øolutisns rere prepøred. for each eubstltutlon

etr¡rerlment and were subJeeted. to the c¡e¡ne ertractLon proced.ures

as the senplee taken from the reactien mlxturee' (see EXPERIMil$A!).

Ilslng graphe of ccpper ccncentratlon (nr1e 1-1) Tersua cptlcrl

clensfty, et a flxeô rrsYe length, the concentratione of free

eopper(II) lens in the reactlon nlxtures could be oÈtained.

(ü) lhe rate currer obtalred" from pLcts of x vereus t

are ehown in Flgs.IIf , arbr enel c¡ for theee experiments'

lab1e $[

)

(.

r - ?0.6 t' o.roc-

salt ) EsuIli,brir¡n Betc--nq"mf.:" 
R.l0?( oec-lnrld

útcLo4.6E2O L,n x fO-fo > g'Tfi 5.g g 0.1

fr@e L5o x lo-tr{ 1.8 ! O.05

ctn{6¡æo)820 2.60 ¡ lo-trrr 64* L't ! o'c5

TEE RE,ASOI TSR TET DITFBENCES IN TEE INIfIAT, RAEES

BXltfEDñ nH3 REACÎIONS II{VOI, NG DIFFERENI CoPPffi gALTg! UAI B3

DIIE 1O rEE YåRYI$G ABILIIIES 0F tm ÂÌ{IO}¡s, rN IIIESE SALIST !0

wñ



the reaction between Copper(II) sal-ts and-

nickeJ-(II) ( salen) , in nethyl cell-osolve, at 70
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coupl,Er wIfH rRlE COPPm(II) I0Ns oR l{IcrEL(II)(SATEW)r

ÎHUS IIRODUCIñC SPECIBg, 01Hffi ÎEAII S0LVAtED æPPm( II) IO$g

ÀrD Imn0eoonDlflAlgD Nltffit{u} cntr'årD I{oLECttLÊsr lfHIffi

CÂT IAKE PARI T[ TEE EEPI,AqEÙINT RBÀCTIONS' AT DIEFUN TT

RATES.

It is relev¡.ut to rcvier the eviclenee for lnter-

nctlon cf anlonÊ or solvant neleculee, vtth eqÌIarc pleaer

ntckel(Il) clerivetlvee' end' copper(It) lons.

(1)

srlutirn..

-

Ae d.lecuased on p"48, spectral and nagnetlc

evid.encc euggestø the exletence sf a ðlenagnetf'c structure

frr ntckel(II) (sal-en) n tn pyrldlne.(8ï) (SB) furtherr Eo¡.r

¡nd ftlleforcl f¡und ar epectreJ- evlctencc to support poselbüte'

solvout intsrectien of the chetate ulth netþl cGllosolYc.(11)

ltetlü and hls crvcrkerur(roe)(m9) upolt tha '

Gsanlnetlou of e number of tetrec[rdlnated nlckel(II)

complexeure frr*d e correlatlon betreen the u*ggetlc mrueuta

of Þtne of these crnpou:rd.o, end thetr abeorptlon øpectret

lnsclutien"lheyfor¡¡dthntdiama€netlceonperrndsbeå¡J[
abecrytl.en epeetn¡m di.esintler to that of the free cheiletJng

baee, vlth a streng ebsorptlon bend. securrlng st ebout

40OO l. Horever, those couplexes ps.ra¡Ba€net1c j"n thc erlLd

3 tetra.cordLnateð ln the eo].ld atste.
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etate, ehovecl an sbeorptlon speetmn slnilar tr thnt ef the

free bage.

the epeetn¡n of aialceL(rl)(ealen) in solutlou, f's

charaeterietlc of a cliena6¡retlc ehelate, on thie b*"tt.(ry)
hrrther nerk enabled UtILis ¡ad HeILtr(88) tr exp1d.a oerer¿J-

luporbant exeeptious tc thc correlatlea prevlously drawn.

fhey pcatulated. for varloue nfckel(Il) eonpJ-erea th¡t eqnl*librle'

exlsted. betveen paanar end octaÞedral ferne ef the ccnplcxton

!n pyrfd,lne, and betrcan plener and tetretred.ral, forns cf thc

eonplexes ln chlorefern eg. bfo( eal-icylald.¡xfnetr)nfcfel.(LI) .

C1-ark 
"nu 

ouutt(e?) upoa exa¡rinatl¡n of the vlslblc

abeerptlon epectra of slx alckef(fI) cbelatee, 1Â solutlca,

feuncl the e¡letence of a temperature ilepenùent equllibrlr

betreen cliamagnettc anð pera.ne{lnetic førns of ün[f -1rZ¡-phenyt-

enebie( es-lieyltdeneiminato )utekeL( f f ) 
* end. ble( sallcy}alú-

inlnato)atckel,( ü) tn pyridlne and. bi.s(t-netþlsa,Iicylidoeac-

tnlnato)nickel-(fi) ln alcohol ancl dle¿an. fhey propoøcd thc

fornatione ef parana€netlc dleclvate adctuctE fcr thesc

conpoundls to crpJ.aln their speetral and negnetlc ebarecterletlÊ3t

but decl.incd to comment cn the conflguration ef bls([-ueth¡r1-

se}tcy}|d.eneLminatc)nlckel(Il) in ehl-crefo¡n end nethyl-

benøena, vhore altheugþ so}¡tlon spectrel evidence sas

charaeteristic of e dla.nagnetlc stnreture, magnetfc ¡s,een¡re¡¡cnta

¿ nlclceJ-(II) (oolgpben).
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incllcated the existonce cf e" temperature indepenêent d,Lr-

sa€aetic.-perâ.nagnet i c equi1.lbrl a.

C1ark and OdeIL ccncJ'ud,cd tha.t no change ln thc

na6netlc moment cr ebecrptica speetnrm of nickel(II)(sclan)
in elther ¡¡ethe¡r¡I or pyridline occu¡red,, elthough a sn¡.l"I

bath¡ehronie cLleplacement ln the pesltlon of 4O@ I U"rrA we

feund. fn p¡rrfuline, eonpered. vlth methanol. Eetever, thc

authore choeo to lgnore this and prepoaed c 5d4e4p2 uqrr.tt

planar eenflguration for the cenplexr in both of theee

seLvents.

Basc]-o and ll[atoush(89) eone].uded fr¡n etudlee ¡s

the na€netfe noneut of ålana€netlc bf*(for:nylcamphor)-çtav1-

euedll.nine nlckel(If¡ re la r nr¡.nbar of nothylbcllsenes, that the

pÈranegnetien exhlbited tn soJ.utLon ras net due tr the

fernation of tetretredraJ. nickeil( II) comBound,a.

secconl, Paclettl and De.L ner(rlo) upcn the

ex+nlna,tLøn of the nagnetic, spectrophotcnetric ancl e-Leetrc¡

monent prepertles of some (f-¡Ikï1eal-tc1y1id,enel¡qineto)nlcüel( II)
che]-etee ln varicus ;mn-elord.luatlngt oolvents cg. beaøeno¡

antl upen examln*tlon ef the dtpole ncnente of theee ehelate¡

ln the moJ-ten state; prop@Êed the exietence of transt pLanan

router-orblteJ,fr (4ß4p24d)(111)(flz) et¡'rcturcs to lcceunt

for the perena€netisn ebservcd. ln selutlcn, or upon ne-LtÍng,

& dlnmagnetlc tn the solldl statc'
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Crsrk gnd otBrt.r(u') Epoa e speetral cxsnt¡¡.¡tf.ol

of (N-uethyleallcylldencirlneto)nrekcl(If ), 1a a an¡nÈer of

eolvents, proposcdl the fornatl.on of,
(") n tctragonal dl¡r¡rrld.lne adduct,

(b) e tenpcreturc depend.cnt cqufllbrla betreGn I
dlra¡€netlc plann¡ ¡¿d s Bsrser,gnctf.cr tctragonel

conflguratioe, ta *l.coho|Lt

(c) e tcnpereturc lndcpcnelont equl,llbrlc bctvcen

pnrssr€nettc tctr¡hed.rrl etld. Equ&rc pJ-enar conftg-

uretlona f¡. beaseac anè ehlorofor¡.

¡"¡1(LL+) 
"o¿ 

lrrth¿uee¡ and ¡h¡"(Lt5) he,vc roc-

eatl-y dlecusecd thc spectra rnd nrgaettc propcrtics of

nleke:[(Il) conplexes, uefng both theoretieal coasleicratious

baseal on Ligend Fieild ealerù-atíoae and. experiueatal spectrs.

fhese vorkere propooed, taêependcatl¡r, th¡t Lt rsn poesl'ble

Ilckell(rll colpountls, nncl ñrrtherr th*t ao tetr¡hcdrrl
sod.el saa conolstant rrtth both the speetral and n¡€nctte

propertlta of nfckeJ-(Il) conplclea.

Ballhausea ¡nel otrot(fr5) c¿leuletcd thrt per@¡gaetle

ntckel(If) conplcres ahoulat shou ao cryatal-flelit brods tD

the vlslbLs and infr¡'-rcd regioas.

the spectr* of parans€aetie nfckel(II) cbeletc coapo¡.ad.o,

obteincd by t{ettot(fOe}(rc9) dlü not shou auch bnnd.s La thc

vlslbl-e regioa. Eovever, nlckel(Il)(eal-ea) hae a nsxf,nun

banrl 1n the regloa of 4OOO f, of coneld,er¡ble luteasity!8?)

Ia fect, Uekt(It¿t) hse ealculeted. the thcorcticrl epectnlr
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cf niekel-(ff¡leal.en) aseuning D. srl-vent lnteraetlen, ¡nd

fcund, that the theoretlenl eaì-euLatlon ras ln gecd rgrcøueat

ntth the spectn¡s founcl by experl,uent,

lhc effects of e varLety cf srJ.vents u¡nn thc

vlslbl-e and r¡ltravJ.olet abeerptlen spectrs of (PüGt4)-2 *o¿

1etrr4)-2 r.e Harrle, Llvlagøtrne and Reec"(nø) t. pr.poøc

the f cJ,J-evi,ng eeriee of cleereaei.ng csordlnetlng eblJ.ltlee rf
the stl-vente, rlth the ernplexes, vlø., ff )ffifffi )rnfg )
( ør) 2s ) øfo, ) ( cnræ) eo ) tsn'ffie.
In addltion, shtfts 1n the ravelength cf tbe ¿IOOO I U"la¿ "f
fftO].+ ln va¡feus sel-vente, Led Pe*røonrGray and, Eesr].e(?4)

tr prcpose varylng ctegrees of etJ-vent Lnteraction f¡r thls
conpler, elepend.lng upon tbe o¡gnitude ef the travalength shtft.

It hes been preposd. that niekeJ'(Il)(eates), ln

solutlon, re,naine esee.ütlalty s, $quere FJ.aner ael'eecrl-c.(8?)

flcsever, iû vl.ev cf the recênt suggeotlon by Íetere a¡ld.

EeIlr(S) thet the crnplex becornes solvated. f.n pyrldlne, but

naf.ntaine lts diauagnetlc electrcnic eonflguratlonr the

absorlitlon epectrum ef the cenplel, ln solvents of var¡rlng

eoord.inatlng abllitfes res &eesured,, la a¡rsttenpt to d.ieef-oso

the true eonflguratLons, in euch med.l¡.

fhese rezults are givea l,a llable YII p.69. \
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Ieb]'o YIX

).

Concn. offnf(Ir)(earen)-f * 1'O4 x f0* leu¡rcraturQ : æ'C

So].veat# Oetlcal dpnglty PosÅtfon ¡r

Pyrirllnc

Acetonftrl].c

Dloxaa

llËthyl ceJ-Lrerlva

Et\yI s.1cohc].

llethyl al-cchol.

41?S

4It5

4r05

4100

4aoo

not ex¡mlncd.

o.?æ

o.665

Q.679

0.669

o.65?

4140

nrt ernnincd,

t

!

i

¡toæ

Clark ancl OrBrlen(U5) cùra¡scterlzed. a slul]-ar benð

rround. ¿1000 l, found in the spectrtn of bis$Is-úetþteallcy].ldena-

iminatr)n1ckel(Il) la varloue eolvento, as bef.ug due tt electronlc

traneltlons withln the conjugated systene containlng the aickal-

tlgand bcntls.

[b,erefcrc, i.f aolvent cr enlon lnteraction rlth nickeJ.(II)(salen)

occurg, r lt nry

be expeeted that thc 4CI00 I Uen¿ ehould ahor acne chen6o Ln thc

lneltlen antlr/or lnteneity .f abecrption. Convereeþ, f.f nr

ehange 1n the pcsitfen ønð./or lntenelty of the naxlnr¡n band. ls
cbserveü, lt nay be er¡rectecL that eolvent and anion interactt¡a
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rith the conpler rou]¡d. be n¡¡-erleteat or 6a yery rcek tB
to nalntain the cryøtal.-fieJ.ð of e ôirnq€actle, tctrrctordl-
inated. couplex, in solutian.

the opectn¡u of nlckeJ-(ff¡qaal.en) ln ¡ryrldi-ue, ehore * m¡LL

bethrehronlc ehlft Ln the positfon rf the ¡lO0O I U"oan

elnpered t¡ thc raveleugth ln other e¡l.vcûxts. (Îeb1c YIf)

Clsxt a¡¡d OdeLLr(8?) obtafncd r sln1J.er bethechronie ctl,aplaco-

aent. (ÎaÞIc VII).
Ecrever, the sma.Ll ehf.ft ln ravelength ¡nd Íntenslty of

ebsorptloa cf the n*xfsr¡n banå of nlckcL(Il)(eel-en) in
pyrldi.nc; conBa;reil ult'h the crnplete chonge lrl the spectnre

of niekef.(Il)(aelgphen) f& pyrldtne, ccnl,ereð to other s.1-

vente (tatre YIII p. ?l .) ¡ effords evtdeace for the e¡f.stencc

of ¡n eÊseutlrl1Jr dleils€netlc, tetra.coerdlnated. etructure,

for the foraer conpound., ln nLL of the eol-vents exa^uined.

t{lckcl(Il)(snllphen) tn pyrldlne, fc knrvn tr be pareragn*11*(S9)

and. has therefore been crnsldered to hsve aa octEhedr¡I

conflgurs,tI.en due to the ett¡chuent of two pyridine nølect¡lcn.

fhe dlffereaeG bstween the spectn¡-n of thla nickel(Il)
chelatc f.n pyrid-ine and. other eoJ.vents, is uost nerked..

(tatle YIII p.Tl).
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llsblc VIIIÆ

nick@)-

Genea. ot þl(II)(sqrlPhen)l- +'OO ¡ U-1f leøpereturG - æoC

Sc].vent Posl_tirne rf ß?t
a¡g,.bands ir t

t84O r44W (rnly tur
reportcd,. )

nrt exa.oinêd.

not e¡s.utned

net exa¡nind

57æÃ70Æ_

Srldine 550on3656r41Ðr44?5" ( 4)

AcetonLtr{le Tl9O Å8.25

Dicx+n ,8zp.,4900

Hethy1 ce3-l-osr1va 5785, 4175

üethyl e-lcoh¡l. not exemlned

(2)

(a)

(¿)

(-)

lhe dlfference betreen the rpcctrun cf nickeJ.(ff¡¡s+'lrphen) fn

pyrldtne, anctother solvcntsr cloee nct aecessarlly Eeen thet e;

changc ln eoaflguretion for thla conpler tl¡ss not ocsur upon

ôiserLving lt in other nedie. fiorever, lt nay be taken ¿a

evldence for l-eos eolvent-conplex interaetloa f,n theee other

seaker ccordlnatlng solvente.

Therefrre, elthougb the spectral- evlclence eupports tha exleterrcG

of e iltana€netic, presunahJ¡r cquero pl-ener ¡¡olecr¡]a flr nicket(Il)

(ealen) ln nethyl, celloeolve, the sne]l cbsnge f'n ravelcngth

asel intenslty cf naxinum absorptton fcr¡ncl for the onplex la

pyrfcltne compareil to other eolventer 48V be stgnlficrrrt.
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Sr¡eh a ch*n€ie la thc uaveleagth of naxlnr¡n absorptlcnnrùlch

ls outelde czperl¡rental Grror¡ nc¡r be taken aE ludieetive of
at J.eaet reak pyrfullnc-cmplet lnteractltn.
In additfon, lf cryotal.-ftalê ce.ler¡J-Etione ean be appl.ted.

wfth an¡r eertataty tr the strte/tftutlon re¡etions of atckeL(trI)

eonp]-cre"r(e)(ae¡ uBon the reatsenlng cf ¡nc ¡aetc1-].lgenü

bcnil, prfor to d.leeoclatlen rf tire conploxr Êo]-vent-chelrtc

Lnteractlon may be erpeeted to lncrease, and fn er dolug

posslbly facllltatc la the d.lssoclatfon cf a J-iganð.

fr¡ch a hypothesis sa¡not be eønpletely ignrreel, eyen rdrea

eonÊlelering the gpJ-*cenent reectlone f¡ nethyl celbsol-vot

rdrfeh le erpected to be a re¡ker crord.lnatiag a€ent th¡n

p¡rrldlne.

lhe euggestiea by ïeters and Eal.]-(go) thet

nickel.(II)(sa1en) f's solvstetl fir solutl.oar Befl be cerraet.

It Ie dfffi.cul-t to prediet the nagnitud.e cf the sþnn8G ln ths

epectrun of elianagneticr Equsre pla.ner complexeer" opln

ûlesrlvlng then 1n dtffereat stJ'vents. If the ebangc ln
ccord.iaation an¡-uber 1s aecompenied. by e change ia thc nsgnetlc

nsment of the complex, lt ney be erpected- that s eonpJ-ete

change ia the apectmn uøuld occurr 88 le the ee6e with

nfekel(il)(ee\gphen). Hrnever, niokËJ.(ü) ( ral.en) 1þ kaorn

a e¡lf.il cheletc.



Ailded sa,Ìt clncn.cf
sd.de¿. ealt
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to bo cllanagnetle 1n pyrlctlne solutl.on.qg?-89) lhereferc¡

the snall change Ín the epectrum, found tn pyrldine, ne¡r

be eviôencc for the exl.stence of a tetragcnal eonfLguratloa

or ïeak srlvent-eomplex lnteraction, ln eolutton*

the spectr¡n cf nÍekel-(ff)(ealen) |n nethyl ecllrsrlvct

Írn the pTesenee sf excese perchlorate, acetate and chlori'clc

iøns has been exanlned'.

The r eer¡l-ts of tbeec epeetral f"aveetlgatlone are glven I'n

tob]-e Lf,,

Ieh].c Af

-
Eenperatrlre c 2OoC

nlsn.¡f Optie¡Ëffia ãã[ãäï

l4J
L.T x ro-4u

1.rÐ ¡ 10-fo 1.50 x ro-fo
410û

4100

0,880

0.8@s¡dh¡¡n aeetate
( anhydreus)

sodiun chlorf"cLe
( anhydroue)

îffi;ä1ffi"T*"*u""lTæ x r'-fo r.5o x ro-4[r 4roo

fhe gan€ vavelength and. lntenelty of narlmusr absorptioat

rrithia erperiuental errrr, are f,ound for the complez, t¡ thc

trrreseüce of these anione. Strch results lnd.icatc that anlon

lnteractieu ¡lth the flur-ceord'l'nated nickel(II) cenplex,

t.ro x r0-ä 1.æ x ro-4lt 4100 0.855

0.960
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f.¡¡:eo}.utiaa, te aon-oxlstent ar Yery reak.

thercfore, the refi¡J-ts of the spectral lavestf.g*tl¡ng

of nfckel(ff¡¡saJ-ea), ln varfEue solvents and. 1n thø prcae¡reo

ef excess antone, ind.icate that thia crapl.er sh¡rs s ch¡raeter-

letic spectnlm lncticetj.ve of a dlauagneticr cquere plenar rr

vesk'ly tetragonal stnrc'bure, in ao].utlcn.

(rr) .

In order tr prrpoÊ€ a necha¿lsu(s) of reaetion 1t

Ís necessar¡r to obtain Lnformatløa r,bout the nature ef the

reaetant species, itr so1utlea.

fn the preaent vork the speetr¡ of copper(tl) E*lts la ve¡leu¡

organic a¡lvente heve been conpared with the speetnau of tho

aquated. copper(Il) lone, fn order to obta{n Lnfornstlon

sbout the ty¡rcs cf eopper(I.t) species erleting t¡ thc v¡rloul

g¡Ivents.

Errever, lt ls aecesgerJr that the lnterpretetlons ef thc

apectral ehangee found upea szani'netion ef the ebsorptfcn

epectra cf varleue tra.usltlcn netel(fl) ealts, ln orgenle

soJ.Yeuts, b6 treated wlth carê¡

(1) Eyðrated crpper(Il) seLts have been used la

nã¡0Jr rf the ggplaeement reactlone etíscussetl ln this theelet

end. further it ca¡not be assr¡med tbat nermal- purlficetion

technlquee sl1t rem@ve aJ-l the water fron the aelvents useô"

Therefcre, tt 1e prcbable that ln nany eeae6 the ccnceatrstlru

ef 'ater ln the solvente enpl-oyed ney oxceed. the concentratlene
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of the reeetente used. tn the experloents. theee latter
ccacentratlens sre of the crcler ¡f 1.0 ¡ 1O-ä.
J/rgensen and Blerun(l'17)(ue) hcve sttrlhnted çþangee ln
the epectra of nord,¡miuu chLorld.c ¡nd cobaft(Il) nltratc ln
equeoua-alcøhrl ufxhrres, to the gg¡ùeenønt of rleohol. orlvctc
nolecu1es by yater uoJ'ceul-ca.

In faet, the consecutfve fomstien eonet¡nte lf *qur-,aøttty:nlun

lone ln aleohelfa solutiena hnve been ca1eulated., acsunlng

ffrch a h¡pothesl.e. Therefore, la the systems cxanlned by

the present author, ft ney be erpected tJ¡at eonpetitlon
bei;ween rater and solveat ¡oclecnlen fcr reactXon vith thc

netal- ione, rauld, aecur+

(a) For h¡ritreterl saf-te enil anbydreua srlts,
autc-ccmpì-ex fornatioll nay al.ea eccur, giviag rfsG ta oouplcx

a¡rlons coatafning the netal., l.u. solutlon.

rn tåts reapeet, Ketøtn and corrsrkerer(119)(rzo¡ h¿vc

ettributed the changcs f:r the rþeorptlon opøctra of aerc

netal ealte ln varioüsr Bot-&güe@ue solvente anð rnater-c-Lcoh¡l

uirtures as belng due to cation-auLen interactlons ie. cruplct-
len fernatioo?" *d not necessarlly solvent !¡qplacemente.

J/rgensea 
"rra 

å5*rr.*(r?-1)- heve replf.erl by proposing thsi,

anlen effecte nay be euperlnpøsed. upon gcl-vent ggplacenent

effects,
Boeauee ef a lack of clata' relating te the d.lssee-

Laticn end lssceiatioa eoneta¡rts of ternsttlon nctel(Il)
ealts, ln orgenic eolvents, the conparleon ¡f rate dlat¡ ulth
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the t¡ree sf copper(Il) specles in solutlon, haø provea

d.ifficu].t.
Eov¡lyer, the frlLeylag eectione atteapt te ccrrelete the rltes

of ggplaceuent vlth the types cf copper(II) speci'es' LÈ

erlutlon, uelng ð.ata dèrlved. fron epectra-l and coad'uctivl'ty

lnveetl,ga,tionÐ.

(*)

.gel}!.eEtE.
Tho ¡gp1¡cenent cf niclcel(f¡) frcn nlckel(J¡)(selca)

uslng erBper(Il) perehlrrate (hexaÏ¡ydrete) ts'ee found tc

preoecd. a]'nqst to conp]'etlca (9?f *t equlllbrtun) at ?0'C

(lablc Y p.61.)

fhls lndieatee s lsrge negatlve stanôarcl free Gnergr chenge

ln passtng fron the lese stable nicket(Il)(ealen) tr tho EorÜ

g-table cepper(II)(salen), alxd- euppørte the exLstenee ef

ceppcr(If) øpeel,es, ln aolutLon, eapeble of unctergoing rlnogt

quantltatlve pplece¡nent Trith the nickel cenplex.

I¿ addltion, the reactien mlxturee et equlllbrlun are eohurcû

violet¡ the cclour also given by e.Iið copper(Il)(sefen)

dlesrvl.êat in nethyl cellos¡1ve.

latero sn¿ Ssl l (SO¡ crusld,er thet vlelet solutlonÊ¡ &re glvea

by erppcr(If)(salea) s¡d slulla¡ crnpeund,e, la nra-soe¡{t'¡sttnêi

s.lyente, and that the e¡l¡ur ia x,adleetlve ¡f four coordfnæ-

tlen 3n eolutioa of sueh ecnpounðe.
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1.

Ia a¡o *tte,npt to dlac¡vcr the pcsÊtble resetl.otr 
'

uechanls¿(s) frr i;hls ggpJ.e.aenent rcactlonn the reactLcn ord'Gr

wÍth respeet tr each reecta¡xt ras neeeured.

The rate er¡rresslsn, fer thia reactiea nay be sftten thua¡

R:k L**t] 
t. 

[xt(rr)(earen)] 
r

rhere x reproËents the depend.ence cf the ratç en the copper( ll)

eoneentration, tnd y the üependence of the rate on tb6

nlekel.( Îf) ( Ea].s) crncentratlea.

lri.ting the eEDe expreaøloa tn legerlthnie frrot

los R - 1cgh + r ]-os[m+z] * y lee fnltll)(sere¡lil
Ellnee Ë !e e censtsnt et c¡netaat tenperature, r can be

ev¡auated frcs the slope cf a plot of lcg[tuft] o"tot"

log R tn e aerfes of experlnents ln wlrfch the crneontr¿tlcn

of the ufckel(il) couplex fs kept eonstqnt. $ ca,n then bc

evaluated ln a ccrrespondtng m&nncr by plottlng log [nf(ff)
(sefenfl versus log R and. measurlûg the sleps of the li.nc.

TaÈIes I anct Xf, (p.?9) gfve the reeu-lts of euch experinentøt

rùtIe Pige. fY a¡ld Y shctl the graphical. clependence sf thc

rates rlth the csneentratlcn of, eopper(Il) perehlerate sad

nlchel-( II ) ( ea1'en) r Tcspeqtlvcly.

UPon exaninetion of Fig.rY, it may Èe seen thrt

the l1ne Jolnlng the pclnte 4f anil 6 (ece Íable X') hes ¡

sJ-ope tf approxlneteþ 1, lndieatlng ftrst-crd.er depend,eaeo
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of tb.e reactlsn on the concentrattoa of crpper(II) porehlrretc
(hexalr¡rdrate), bclov L.r0 x 10-h.
Houever, polnta lr2 and 3 (Ece febl-c X) 3-fe la r øtraight l.fac

cf e-lope : Or lndfceting thet et these htgher eoncontrstfona

ef copper(Il) pefchlorete, the resatlon rate la lnrlepend.cnt

of tbe eencentratie¡l of the crpper(tt) øpcclcs, fa aolution.

Flg"l ahess tbe reeul-t of the ðepentlencc of thc

rate cf pplacement upon the conccntrotioa cf f1(II)(snlen) r

A l-f.ne cf a1øpe - I eppearÞ on eech flgure for ecnpsrlsca rith
the el.epe of the experlnental curves. Ihe rcectioa eppc$rg

flrst-rrúer uith reopect tr the ccacentratlca rf the nickel(Il)
ecøpLex, ever the eoncentratlon rÊñBG exau.ined"

[t.* ¡ to-5 - 6.50 ¡ ]o-fo trr(u)(aaren)] .
thc chqrgc ln the alope tn Ftg.IY vou1d. sees, to be dircetly
related. to the cha+glag n¡iture of, the coBper(If) apeclee Ln

e¡lution, vith eoneentratioa.
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abla I

-

! - Tl.L ! o,loG Srlvent¡ uet\yl celLl¡arlvc

copcp. [cu(¡r)
e¡,ltl lE ntle 1-1 f¡e bo+21 )]

hr

1. 5.æ x l0-fu

2. 5.W r ro-tr1

7. 2.60 " fO-fu

1. L.T x Io-fo

5. 0.98 r rc-h

6" 0.65 u to-h

t.W x l0-fo

l.F x lo-fo

1.50 ¡ 10-fo

1.3O x t0-h

I.30 x rO-fo

1"50 x 10-ã

bsR

2.6L -8585
2"7? - 2.fi5

2.70 * 2.968

2.L2 - â.6?4

L.56 - 2.S8

1.06 - 2.y|5

-2.284

-2.409

-2.5&[

-?.886

-5.OrL

-5.]'8fl
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!¡b"lc II

-!¡ratio+ olplçhal(Ill ( Êå¡?e)

1*ß.1 !o.l-oc Eolvc¡ct¡ nethyl calbgolsl.

a

) TTg F

?.8O r tO-äl

5.2o x rc-fo

2.q) ¡ LO-fo

l.F r t0-h

0.65 x 1o*tr|

1,50 ¡ 1O-l

1.æ x rO-ã

]..F x 10-fo

L.T x L0-ã

'I.'0 r L0-fo

9.80 -a.aog

7,10 -2.a49

4.61 *2.5fr

2;L2 ,-2.674

o.æ -5.OTl

-2.108

-2.&4

_2,594

-2.886

_r.Lw



Kinetics of the replacement in methyl cell-osol-ve at 71.1-oC
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Ã1t

'a

lrs¡sltt.a Eetal pÊreh.L.rates s.re knoyn t¡ dlssrclctc
almoøt qonpl€tely ln raterr(9Ac¡ horever la ordcr tr d.etersl.ne

the type(o) cf copper(n) specLee rbtalned ra dlseoLvlng

eopper(II) pcrchlcratc (hexahyctretc) lu. mct\yl celløsr1vo,

the ultravlelet ebeorptlon spcctr"un cf thLs eolutfoa res

erenlned.

Copper(II) pereLì-oratc(69d0) 1n nter eberrbe strengþ at

ravelengths belor 2100 1. îbe b¡nd i.s theugbt to be chre

to tbe rror-a*soclateû capper(II) len.(98c)

Eonever, the r¡ltravlclet ¿beorptlea eBeetrr ef crBpcr(Il)

pereLbrate (hcrahydratc) ln uethyl ceJ.).onrlve, shovs r brrÖd.

na¡lnum band 1n the regloa 22OO - ?4OO l, tn" rravelertgth rnd.

lntenelty of nexLmr¡n ebecrptløn depeutling strotgly u¡rn thc

tenperature of the solutl.on. the r eeuJ.ts of these spectrd,

lnvestlgatioas are gfven ln llable XfIr p.8Ê.

I{¡ f.nforoetlen Le ¡vei].ab1e on the dlssoeis,tlon

ecneteate of transltlon net&l(Il) BcrcLl.eratee f.a orgenle

eolventa, horever AgGrO* 
"oa ft^-c4g9)41u.aton b¡ve d.lseoclotloa

consta¡xts ef 1.91 ¡ 10-5, (pyrrdrn. *zfc* 12.0) ¡nd

9.58 x ro-5(aectrnc tz'.c* Ð.4), reepectfvely.(gst). îhoac

figures lndleste r coneldercble degree of aoarciatiout

posslb$ lon-palr fornation, for these Ea-lte f.n pyrldlne a¡d

ecetone.
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tablc üI

(r) ( e) (Sl Îænerrturc

L.n
].,O4

0.gg

o,65

o.55

o. e6

1.lO * Io-h
1.04 ¡ rftrr
0.98 x rc-ãl
0.65 r ].o;fo

o.57 x r0-fo

¡ ro-fo
¡ ro¡ãr
¡ ro-fo
¡ æ-ãl

¡ ro-ã
x r0-trt

25æ

25fr

25p

25W

25rO

25n

-?o
-€þ

-Ð
*?0

-8O
-80

1.9æ

r.æ5
r"7@

L.n4
o.?60

Q.619

1.486

r.2æ
]. l9O

4.852.

o.464

R¡rn ta¡1.

!-6?.CIto.5oc22W

22Ð

zffi
a?;fr

2æ

- gto

-S
-90
-s
-9P

l.P ¡ ¡-0-ä øppcr(Il) pcrcbJ-oretc the¡n4valr¡tc) i¡
rater shor¡ nr n¡¡.lsu¡ absrrpthn band in the reglon

2[oo - 2400 l.
îhe optie¡,l dleaeity of the aotutlln rÈ zt-OO t - 1.76.
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Ircscnal f¡r leh.le ItI

(1) Grncentr¡tfun rt[nt+z] fn no:'c 1-1,

(2) [evetength I rf ¡B¡rlu'n absrrptlon.

(5) OptleeJ. donalty.
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If, &E suggrsted, the *bsorptlon band corrGspcnd.ing tr tbo

rs.on-Bseocl¿ted copper(tl) lrn, occurs et uaveleugthe belrv

ztoo ¡ (fac¡, tha bros.d na.xlsr¡n obeerved. ln the epectrua of

copper(Il) perehlorate i.n nethyl eelloeolve 1n the r egfun

2æO - 24OO l, as¡r be token es tnctfcative of tbe prceøuee of

e d,iffereat epecies to that founcl ln rater.
Xen-palr aesoelatlon Le. (tucJ-o4)*x, nay bo ex¡rected. tr
exlst €rren at ?0oC, in thf.a sol.vent of relatlvely 1er ùlcLcetric

eonstaüt, ("25.g - 15.9e¡(12a), elthcugh auch esaoeiatlru ney

be expected, tr be lees then at 'ecn tmperaturc,(98e)

hrrther, the fallure te obey Bçerrs Lrer, over the eoncentr¡tlon

raüge exs^uin€d., tends te mrppert the cxlstence of a changiug

epecies rlth cllJ.utlsn, lndlcatlve ¡f the preeesc€ of Lon-

peir diesocfetfoa, et Lcwer ccncentratlonS.

Eorever, ln thls respect J¡bgeneea(ll8) attrlbuted. d.eparture¡

froa Scerrs l,ar in the spectra rf eome copper(It) ssJ-ta tn

the lnfra,-red. regton, to the high ' abeorptlon of the sol-vent

at the vavelengths used,,

Hafhyl eelloeolve ebserbo etrong\r lrr the ultre vlolet regfunt

tberefore the fallure to ebcy Boerf e Lav nay be explal.ned rn

thie basla. Ecvever, the Ehift ln the vavelengthe of the

¡naxi,nun abaorption bandr et high temperatureôr tcrarde the

far ultravlelet (cerreeponð1ng to e ahift touerdE the spectruø

of úh( Crc4) Z.6EZO 1a rater) , erxd, a correspondlng d.ecreaeø Ln

the fntenslty of aberrptloa at the na¡inr¡¡r De¡r be teken ¡s

evlüence for partlar dl'sscciatlo¡r et ?ooc, of tbe seEoclsted'
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specleo preaent ln sclutlsn.
tsurtherr &Ê the oacentratlcne ef ccpper(ll) perchloratc

(hexafryclrate) lncrease, tt nay be ex¡reeted that lon-pair

asscciation riIL aJ-so Lncrease. In fect, abcve L.T x f0-11¡

the reaction eppoârs zerc-oraler with respeet to copper(Il)

perchlcrate, and the reactien ls overnll flrct-¡rtler, (Fåg.IY)

lhi.e ney be talcen as evlclence fer the exlstence of

klnettenly unfavourable cepper(II) speelesra above

1.30 x f0-tr{ coppsr(fl) perch}orate (hexa}rydrate), such tbot

the r ate'deternlnfng step of the reactlon nay be one

lnvolving d.isscclatf.ea cf the conpl-ex.

Ia viev cf the lov ccneeatratton ueed. I'n thc gplacæent

experinæt vlth cepper(ïI) perchlorate, (1.50 x lo-tr{ eech

reacta¡,t. table T FIg.IIIa), anð the tenperature of rcgction,

it n¡y be eesr¡ned tbat Boû-8ås@ciated, eopper(It) lene arc

present to aome extent, ltr solutlon.

lhle st¡pposes the e,xlstence of free pcrchlorate lons ln tha

reaetlon ulxturee. Eotiever, the pfesênce of strch ions rero

far.¡-sd. to have no effect upcn the epectnu øf nlckel(ff )(salcn)

ia netÌgr1 eelloeeLve. (latfe E[ p.?5). Thercforcr lt rust

be assumed that a¡rlsn f.ntersctien rith the partlally d'iæeec-

iated niekel(If) ccnplex, tf such exl.ets la eolutlen, siLL

j kf.netlcarly unfevourablc - GoPPor(ff) epeciea, iu sc1utlca,

yhLeh recct at elover ratee than tho unaeeøciated ceti.rl.
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be very smal]- and the rate of ggllecenent founcl tn this
reaetlonl ueing eoppør(fI) perchlorate (haxalryitrate), shouLd

be t.fttl-e cffeeted by thc interactf.cn of perehlorete lone

g+th the nicEc].(I .

Â serlee of experfments deslgnecl to corre]ate thc

rete of gg¡rlacenent ntth t be types ef eopper(Il) specLesr, ln

solution, s'rre conpleteü. lhe r esuJ.te of theee ere d"iaeuseed

be].eg.

?)..

a

the ra.tes cf reactlcns beteeen letrs encl neutrel

nolecu}es can for noet purpeees, at Yery lcu ceacentretlOaat

be expected t¡ be lnclependent of ionic otrength.(55¡)

Eorever, !.t h¡e been ehcÍa that socliun ch-lerldc and eodir¡n

perchþrate have opposlte effects upen tbe actlvlty ceefflclent

rf f,-butyrolaetone, end thet these effeets ney be eo$el¿teil

vith the changes ebeûrYed fn the ratee of hydrc\rele rf thc

lactone Ia the pfessnee of theee electrolytt".(I25) But ta

ee"Êea rrhere eVfdence fer conplex fornetion betveen an lonlc

reectant and added eleetrolyte h*s beea fcuad, the quentltatf.vc

agreement batreen the rate ¡ad ionic strength nry d.laeppe&ro(f241

Sueh a ].sck cf eorreÌetlou betrcen the rates a.nd'

lon1c strengths uey be expected upoa the ed'ditlen rf perehJ"or-

ate saJ-ta to the reaetlen systen und.er consicLeratlen in thls

thesie. Pere[Lerate Íon ed.dtticn nay be expected to lncreass
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lcn-palr fornatien betveen ocpper(ff¡ lone and perehlorete

lons, whereby the rate ef g¡llacemeat ney be er¡lected to

decrease, lf the free srì-vated. eopper(ft) i.on oan be essuned.

the most kinetlcal'ly f¡vcurnblc speclee fer reactioa. (set

].a.ter).

llbe resuLte of, lebLe XIII(p.88) ladicate thet tho

ratee ef ggpleeeuent cf nfekel(Il) Lons decreaee upen the

a.ùd.ftion of nlckel(II) percr,rørate ancl ecdiun peretrlcratc.

the eoncentratl.ens ef the added. eaf,,te úere choscn so es to

keep an epprorlnate eonetant tonic streng$h for the trr

experiments. (eee Þ.F8.).
Horcver, the addltiea rf e thlrty-foltl excess of srcllt¡s

perchlorate is found. te cieerease the lnittal rate rf ¡g¡rlacc-

ment to a grcater extent than that of a ten-foLd exceea rf

niekel.(il) perchlorate (hexahydrate) .

thle tend.a to eupport the assumptlou nade earlier that lncressed,

lon-assoclatlon, lnvolvlng the copper(II) specles, through

en fucrea.ee in the concentrstlen cf perchlorate loasr producea

a speclee rhleh to lese able tc r¡ndergo the pplecenent

rea"etlon tha¡ the slnple erJ-veteð cepper(II) lons.

the effect ef, eddêd nfckeJ.(il) perchlorate ney be

expected to produce e elnll-3r effect fn Êbind.ingr the clpper(II)

Loae, attheugb fon-aesociatfcn ney be expected. to be lass

becense of the 1ewer ceneentrstlcn of thi.e saJ-t adiled.

the ealculated. retee supplrt the aesrr.uptlcna aJ,though tbe

presence sf tbe nlckel(Itr) ica n*y bc expected to lncrerac



rFha affrrrtç* of ¡d *q]tc snd wÉtcr lrrì.n thc tnltl 'l ra*'¡e ¡f

uethY1 cellqsc].vlt

l[-fl.l to.]-tc
Oppcnr¡f
ed.ded. eeu"-
Doneût laæ.-"-3-

ne].e 1-r

Clnea.of le¡rie
ffiqt- eE-6ãt!
ant_ lq tÍ_-Ð]9" a

(e)

(Þ)

(e)

no].e 1-1

[*. 2]- 
[*r ( rr ) ( ea-rea)]l

1.5o ¡ ro-fo
1.5o x 1o-5Ë

1.10 ¡ Io-fo
L.n x ro-trt

( "ee{"re t-1)

5.8 ! 0.2

4.4 ! a.z

o.oo4

0.o04

0.04,

0.o45

Eeo

tr1( s]-o

0.093il

2.ffif
0.013[d

o.orgt

¡+ )

(ü) llacloO

4.0 t o.e

a.7 ! o.L

I 1lhe ionle strengthe of the selutlons heye been caLer¡tsted. rn

the basis of stoiehlonetrie eøncentrationø1lt: åftttlã 
(8e)

f.e. assumlng ecnplete d.les¡elatLon of alì sp6sfes present f.n

aoJ.utic¡. Such err easumptlcn ls by ao moars vall'd.

Horever, a-lthough the ¿bsolute valuee glven are incorrect, strch

r methoct of calculetion nray serve as ¡ rorthrùiJ.c queJ-itrtlvc

conparieon of ienLe etrengthsn provid.lng the dlssoelatien

c¡netente of tbe ssJ-te rrsed. are of the salne ord'er.
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thc rate of the Dack rc¿ctlon. Eorrêyer, ernperf.sona rf thc
lnitlcl rates of g¡rlaceucnt, tn both caaes, J.1ait the cffect
erneid.errbly.

fhe cffect of sôdaå setcr (tettc XIff (b)) Le t¡
decreaee the rete rf eubstLtutloa. lln srrggeotlons nay bo

nede to cxplala such a clecreese ia the rate of gpleccnçnt.
Flretr an lncres,se ln the eoneentretfen cf re,ter rLLt

prrduec & eorresprnding Lncre*ee l¡ the nr¡nbcr of frec eopper(Itr)

lcns t¡ vhleh uater Ls ccrd.inetcd, alnee lt nay bc expected

that rater ls a stronger coordinetlng agent tha¡ nettlyl-

ee].losolve.

Ibe aquateil ione ms,y rêect nuch lcea reedlþ rtth nfekc.L(Il)
(sa-tca), sincc solvent æclecr¡J.ee nuet be leat fron the coppcr(Il)
Lone ôurlng the replecenent ree,ctl¡a and. the Eore firaXy hoJ.il

are sueh molecrrles to thc uetcl ion, the alloyor thc ratc of,

the reactlon ehou].d. bc.

An rlternatlve explanatlon nay be s,s fo11¡ve.

Adûj.ti.onq.l- vater nay increa,se ie¿-sasoclatfon betrcen coppor( lt)
end perehlerete ionar fa & nanner eLnlLar t¡ that postulr,ted.

by Sykee(125) f,cr the fnteracticn betweea ferrle trons antl

percLlerate fons 1n equelue stlution" Eere the vater url-ecrrl-ee

faell-ftate the attaehment of perchlorate ione te the ferric lon.
If a slmi.ler reactien, betreen e@pper(ff ¡ lons, perehlprate

L¡ne end rater, takes place i.n the syeten copper(II) perch'loratc-

nickel(II) (eeJ.en), ¡ddftloa*l. vater vlll- lncrec.ac ccpper( Il)
lon-asseciation end. thcreforc s.Les tbe rate of, ggBlacenent,
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lf the free srlveted ccppcr(It) Len ean bc coneld-ered the

most klnetLcalty favourable specles, for resctlon.

lHrue, et the eoneeatretlon usG¿ ln the gp-leeement

reaction betveen crpper(fI) perchlorate (hexatrydrate) anif

niekel(Il)(ealen) , aLz. L.T x ro-1r (fatto Y), lt eeeus cvlclcat

that both frae eolvatecl copper(Il) fcne and lon-palrs :

1e. (cumo4)+l, exfst in so.h¡.tl¡u.

4.

)

and alckel(II) (-eql-enì . tn aethl'lì çellosel-Ye.

the energy of aetlvetiøn fcr the ppJ,aceuent

experLnent ras celeul"ated as 3 # * 24.6 3 1.0 Kealsr/ncle-1.

(eee TebJ-e XIY snd Flg. VrII). lhc rate conete.nte kr lD

nre4cft fl, rerG evnlueted *t five temperrturce by eæsunlng

the reactlou to bc flrst-ord.ør vlth reepoct tr beth tho

ccpper(tl) salt s$ù nlckcf(¡f!(sr1en), &t l.F x I0-ã cseh

rcaetrnt, (eee Figs rv cüd. Y ).
l?he plot of, ;þ vorfiia tlne (tn hours), for eech kinetic

experf.ment gnve thc erpeeted cveral.I eeesnd-orcler reectirnn

straight J.1ne rel.atleaship. (?tgs. YI asrd YIf ).
fhe entrapy rf aetivatlon ô8 #, fcr the reaetlen,

ya^e ealcul,ùted. fro¡¡ the equaticnø of the theory cf abe¡lute

reaetien r*t*s( 29c) aíl..,
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!+h1g IIY

)

ocrchtoretg (68"o)

Solvant¡ aethyl' eell¡srlve
C¡nen.(s) ¡f reeetlag spee*çp fa at]-c fI - 1.90 ¡ tO?4E

[o^t nl aert] : [xr( u) ( earoa).1 .

.þp' (1)

g3.r 3 o,]'rc o,o5

0.15

0.25

0.40

0.50

24.æ

16.9 t o.ttc o.1o

0.20

0.40

0.50

0.70

o.go

24-00

(a)

o.577

0.198

0. gor

o.?25

0.195

0.o{o

o.456

4"594

o.!12

o,236

o.1g?

o.152

o.0F

(:)

0.00104

o,000?2

0.ooo54

0.0oo4o

0.o0055

o,oooo?

o,0010e

o.o0086

0"00059

0.0oo5r

o.ooo42

0.0oo52

0.0000?

(4)

o.oo026

o.00058

o,00[116

o.oo09o

0.00095

0.ær?5

o.oooæ

0.00044

0.ooo7l'

0.000?9

0.000æ

0.00095

0.@125

962

1t90

I850

ÆaD

ñrc

I
¡ÊI

980

It@
1?OO

1960

w
3LÐ
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Î¡Þlc IfY (ontd,)

l@o.

Tr,L t o.rtc

65.1 ! o¡trt

(r)

o.a0

O.P

0.50

o.70

o.go

24,æ

0;ro

0.F
o.50

o,?0

1.00

1.50

24.O0

0.516

0..¿[O8

o.r52

o;e71

ø.257

o.oÍl

0.5@

o.481

O.¿UB

o.t67

CI.5L4

4.247

o.o50

(2)

o.604

o.56a

o.F5
o.454

0.387

0.058

(7)

Q.Oo:¡-to

o.0008f1

0.000Tt

o.o0o5t

o.ooo5t

û.ootog

0.gol,e5

o.ooilo6

o"ooo92

o.ooogl

0,000?0

0"00055

o.oo012

0.00L16

0.ooLo8

û.0009ts

0.00088

o.æo?5

0.G0008

(4)

0.00020

o.ooo4t

o-ooo5g

o.CIoo?z

o"oæ?g

0,0012L

o.0000?

0.Ð0024

o.0oo5B

o.ooo4g

o.o0060

0.0@?5

0.oo1l-8

o.oool4

o.oto22

o,w052

0"æ042

0.00Q55

0.001?2

909

1150

1410

uæ
19@

L
&E

srt
91'

10go

1a40

14p
18ã)

*

5B,l ! o.].tt o.ao

0.40

0.70

1.1(¡

r.60

48.@

868

926

l0æ

1l.¡fO

L''É

(1) the etuccqtretl¡ue rf unrcecteô crppar(tt) i,oag rGrG

enlsul¡ted ln s eIEaL¡r Ennacr tr those g;lvea tl Î¡Èlc Y.
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(u¡

(ur)

.t
Ehc pl.ot .f ¡} voreua t geve a etrr1gbt li¡c f¡r
eaeb ¡f thase rcactlrne, the elope rf tbe l:[ac ùcfng

cquer tr the rc.tc ernstant t (¡re-Lrrc fr)(æt)
Thoac plrte ere shrre la FlgE. ftr lpat YII.
lhc cnertr .f ¡ctlvatlru frr t hc rysteo hs"r baoa

calcnhtcd frr¡ tÞc Arrhçnlue rel.rtlcn !lã.,
rrr! E (æt)

.!Eæ

ftc Blrt of 116 
" 

t 
å., tnyG s etref.gþt Ll¡c (?æ.YIII),

frla ÈLch the cntrgr of ¡etlyatLrn, B*- 2.75 abpc
( ee.lslrrl*-I) r îBs erJ.6'u1etod.

Lese¡d frr leb]-e EV

{r) lrsa (t) 1¡ hru¡¡.
(e) OpttorJ. dcnalty ¡f crtr¡ctcd CE{I) erat-DtE$¡r1t1"
(5) G¡pper(trI) coaccntrrtlen rouefntng *t tise t 1Ã ¡rl.c 1-1

-t¡-r).
(4) Oruaeatratlrn rf erpper(Ill tona reeetcd dtor tfna ¡ - (r).
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Evaluation ef the rate constants for t he gplacements
in nethyl cel-Iosolve.
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Activation enerry for the gpJ-acement, iû methyl cel-l-osohre.

3.s0

3.300

FtG y!!l

E.= 24.õ ! t.0
3.100

2.900
rÉ

ctr
o

2:too

å{

3.639
3.3 58

3.121

2.û¡0
2.512

Log k
I
T'K

0.0 0 2 808

0 .0 0 2857

0.002 906

0.002958

0.003020

2.500

0.002800 0.00æ00 0.0030 0

I
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5ràg / (c.u.) 6gl + RlL¡¡E k,

!

úsrc h - rate ecastant tr.

aE# *Bt-RE
se.-þtr.c ]-a

Ihe value ef ôS # m,e fiund. to bc g 3 e Grll¡

IheEe rcsulta rtIL be d.lseueseð rlth the d.rta rbtalnçÉl frrn
the klnctlc studlee LÊ Ethyl aleoh¡l.

(b)

-9!W!.
Ihe rcaetLr¿ betroGn c.pper(¡f) eeetste ¡nd nfelrel(Il)

( sal.en) ln nethyX. eelLosol.vç at ?0'C, me fcund tt erhibf.t ¡
sì.oyer rate cf g¡llacenent th¡n the reaetfen ualng crpper(Il)
perehhratc, ¡¡d als¡ e differ.cú.t equll-1brfi¡n praltlæ. (l¡ttc TI)

Crpper(Il) ecetste la the soltà rtete le lnrow to bc

dinerle.(95) (S0¡ üagnettc auoeeptlbflÍty ueaaurenentc hrvc

lndicatecl the exl,otenee of u¡d.Laeoclated cll.ner uo].ecuLcc !a

ethæol and dtrxes eolutien"r(9?)

lhe uLtravlclet absrrptlon spectn¡s cf crpper(tt)

aeetste (uoncbyd.r¡te) fn øthnu,of , nethyl eell¡e¡lvo a,ad. d-ir¡¿n

has beea exnmlned,.

Ono bro¡d, nqrl¡num abserptiou b¡ncl ues feund in ¡11 throc

solve.ats, the posltlone rf the naxine being es foJ.J-lrst

2+60 t (dtlr"n, green sclutÍon), 2460Å(etbearl, greGn erlutira)
a¡¡d 24F I (nethyf ce].].csrlve, grecß salutlon). lhe sIELL¡rltteE
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ln the spectra a¡¡d cclour of the eolutLonc, Ln the¡e ealvênt¡

of dlfferent clelectric coastantsr uret be tekcs 8s evlilcneo

ftr the existencç of undlssecis.te¿ dlner nclesu.Les of elppcr( II)

acetete, ln nethyl cell¡e¡¡Iver ¿t rocn tempera'$ure.

8¡nc dlge¡eLetien of the tllnerle epeetee ne¡r bo

expected- et ?o'c, therefcre it nay be essuned thst, ln ellutlon,

11n¿cr the cend.i,tlsns of thc l3p1,¿ceneat experinent ( aea trblc Y) t

the foltewlng epecles nry exist yLz. fcu¡Ol.¡ e]2, þtOr")rl,
[cu{olr)]*t "ru Ch.*2, eaeh bearLng e ausber ef srlveat

nolecr¡.]..ç9.

îhe elow rate of ppl-asctnent fru¡dr c.Bpared tr thc

reaetion using copper(tt) perchlorate (hexebydrate) I ls¡r the¡

be erpleined by the exlstence of crpper(fl) speeles, i¡e,

selutton, leøe ¡bLe to tekc part ln the g¡rlaeement erperlnent.

lhe exietence tf an equillbrlun poeitlon greatþ remøved fron

100# reactl¡n (vla. 64ü, maJr be corelated $ith eonpetltÍvc

reactlona lnv.lving different ecpper(ft) speclee, ia thc

frlLouiag roanner.

)Jt
)J
)] +1

a fator"

þtor.
fcu(onc

I

2.

k+2

+ sr(ll)(ae:rea) + srtveat 3 cu(Ir)(aal-ca)

+ ått*t + |[rrtoro)]-{*- 2)

+ so].vest

þtolrl.]-( 
*-2') + [orol-1 ] fa'loro¡ "*J 

-( e - r)

þrtoao)¡(a-a) + [or"]{ ;ì [xrtor").*rl-(pr)5.

wlrerc t-Or 11 2 ctc.
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the fornatien ernstsrite f¡r the rceetlons betrcea

eopper(II) claê nlekeJ.(II) ione vith scetie acld, la equetus

so1utlon, und.er elnl-lrr erperfnente3. condltiona br,yê bccn

caleuletaü.

Frr elpper(II) r tha ve-Lues Érê 1og t, - 1.65r bg Et - 1.0r

loe K, * 9.55(126) and for ntclcer(rr)¡ 1¡g t - 0.5?t

Log E, - o,Uu.(SS)

fhe conplexfng ebtlity of gcetate tcne uith coppcr(II) f.oae ,

ls eeen tc be nueh larger th¡n thet vlth nleke.L(Il) i.tne.

lherefore n Lf euch e conparl.son calû be appJ.ied t¡ the eryrstcn

Ln the rGplacement reactlen, reeetf.rn 2 (p.95) c¡n be cx¡rectedÈ
to preceed to a nuch l,arger extent thrn reectlon Jr atl'd

further, reactloa 2 aay be expected. to ecnpete vlth tbc 6nrrup

cf reaetlonË 1.¡ heneo a1or1n6 thc r¡te ef the forr¡¡d reaetiont

thus a3.l-owing the back reaetion betreen nlckef(II) a¡rd

copper(II)(eaJ-ea) to be ¡ôore pronounced, at equllibrLun.

(e)

94ggoþc.
fhe rcecticn betueen ccpper(Il) ch1erlcle ¡ntl

uf ekel( II) ( salen) vas found to reach equllibriun ( fltf) vlthln

about 3 hoursn at ?OcC (sec lable T). lhe nl'ow ratc rf .

g¡¡laeenent antl the poeltion of equlJ-ibrlu¡ of thie rea.ction

ccnpareö tc the percbJ"ereto eyeten may be exB.lained on the

besle cf l.nteractlon ef free chloritte lono rrlth the eopper(Il)

iono, ln erlutloa.
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l-. t

Ln methvl ee11oe.lve.

Several authoTs heve prcPoood tb.e exietence of tha

crrnpt-ex Fpecles (æcr)+l, tucl2r (gtclr)'x anÀ (cuc14)-2 tut

equerr¡a E.1r¡tlolr(1ãl-1æ)u "otr* thc fometirn conet¡nts for
thesc øpecl,ea ln rcetonc e¡Lutl¡n hæe becn ealculated

(EI : 4.10 ' E2- J.O8¡ \* 1,17r E4 - O.12)(r51). thc flgurca

tnilicate tlret (Cn"Cf)+l, GugL2 erlå (Cuglr)-l prodenlnete, fE

thls sclvent. hrrther, autoclnplexee of the type gì¡(CûCt,)A 
ftZZ

rld Cu({hre14) heve been propoecd. fn equeoue-alc¡hollc srLutba¡.

ID ûddt tiea, negnetLe suseeptlblllty stuatlee on the col-eur

changes lf erpper(Il) cbJ-orid.e ln equeruc e¡0è ECI æluticn¡

suppcrt complct-len frrnetloa ln theec eystcne, and lntlleetc

eJû lnerCaec fir ernplex-loa f¡rnetlon rlth aD increse€ iD

coacentretLon cf crpper(U) ehhrlclcr chlcrldo i'cno ¡nå

s¡Iutlon tøoeretut".(t53Ì Crlour cheng"s aee.clcted rrith

the lrcake fa tbe nagnetlc eueceptlblli.ty Yersr¡E concentrrtl,¡n

curvog of copper(Il) chl¡rfcle lu nethn¡rrl cnd ethanol fl¡ppcrt

the exlstence of conplex-I'ca foruatloo, Ðf thc ty¡re

[cocrrl-l ".a [arclnl:Z 1o the scrvents'(194)

Sccauee rf the hlgh tånperature usecl la the chlorld'e ggptece-

nent, an6 thc rolatlvely'1or dlelectrtc eraetent of thc srlventt

eonpLex-l.oa foruetloa may be erpeeteù tr be hlgb.

Aqqeoue solutloae of æpper(ft) chJ-oride, et hi$r concentretiens

cf chlorlcle, crpBer(It) chlerÍde arxd. et htgb temperaturêËt

ehov ycllow-green coJ.eurg Lnclicatlng the varlous conpì.er fcac
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found. under these srnd,ittoae.

Solutlsns of copper(fl) ehloride 1a nethyl ceLJ-¡s¡Lvc eJ'e.

shrr yeÏlor-g:reen crlouro, snd such colcuretl.eae aupport tho

exietenee cf conplex-l,en species ln netþI ceJ.LcaoJ-vc, und.er

thc eondltlone of the repl-aeement rç¡ction.
In orcler to teet tbe effect of added chf,oririle loas

upoa the rste of replaceneat, e ten-foLd ÊxcGÊE of l"ithir¡¡
ehlorlcle was edrled to the rasction nlxturc,
the reouJ-ts are glven fn tnblle XT.

Irb.Lc IV

eh3.or!¡þ"

$oLventr neth¡rl cel].oeelve I - ?O.O I O.].¡C.

fiC!nçn. ?f
.$dg?qssl-t lnTrNEI€ J.

I.Ð ¡ 1o-5

l.F r lo-5

1.8 t O;1

1.5 t o.]'

3ou1-
Itbrlru

Nf
1efr

Coaca.rf Ratcffi't¡ Itõ)'-t

ln no]-cl-1 B.ro,7

[eurrr].= frrt rr ) ( eaeen)] ( u"e-1ar1el-1)

Il0].(enÌ\yd- 1.50 x 1O-2
rtua)

It ney be 6Gen frrn lable EY, that elthcugh the ratcs cf gg¡llecc-

neat erø roughly cf the sa¡ûe ord.er, the equillbrlun preitlong

rbscrved., dlf,fer crnalalerebLy.
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Aaldeat ch)-orltc lcns v¡r¡ld. be expeetøcl to i.nereaes eonplel-l.on

fcrnetion ln the soLutien cf crppcr(If) chlorld,c ln uet[y}.

eel1-oaolve, produclng species vhleh e¡e Less Ëklnoti.ealty

faveurablcr for reactlcn eg. (C-Cf)*l etc., corlrsreû rlth thc

einple scJ-vated. crpper(II) 1cn3.

[loäaca$1E) has shorn thst the effect of aðded. ehl erld.e long

upon the ul,travlclet ebsorptioa spectnrn of copper(Il) pcrchhr-
rto (hcxehyd.ratc) tn vEter, fnd,lcates the fcmatloa ef thc

ernpl-er-Í.on, (cucl)*r.

fn s sol.veat of lovcr úf.elactrie custrnt, ffiù *s nethyl

ceLlosolvc, crnelderabl.e eseoel.etlon ney ba expeeted..

fherefere, the sbwer rste of g¡rleceneat Ln thc

eoppcr(If) chlorldc reaetton, and. thc ebecrved. lOf, equltlbrtu¡
posltfon feund. for thfs rcectioa, e.mpared vith that lnvol.vl'l,g

cepper(II) perehlorate, nay bc explained as frlløve.
llhe reactione cceurring ln the eysten nry be rritten thust

cb+z(ne.ceLL)-J.

é,: foncr.l-(a-2) +

+ m(ü) (seJ,en) I *trr)(eaJ-en)

+ þr*z{.e. cetl), + } [nrcr|-( 
*-2)

rl(II) ( ea-Len) 3 A.f II) ( sal.en) +

å [uno]þ-21 * þrt2(na.ecll)-
tf 

= [*o*tr(¡¡l)
cf - [rrs' -þ(e-r)

-L 
*+1

5, [*oJ-(e-2)
[uttt]( c-2)

+

4 a +

¡hare t: 0, l, 2, 5, 4.

the existence of aen¡r chlær ccnplercs ef crpper(If)

aad. erbalt(Il) h*ve bcen prcposod., la bcth squeeua eacl orgæ,14
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B.tyÊnt6.(f,S) Etrever, tbe eonplexlng clf*lity cf nlcke.1(ff¡

rtth ehlcrlcle eppeqre tc be lees than that of gcbalt( II) ' ot

t eest Ln oeten- 2-oLr(15?) although GLLI entt Nyhcln(l58) hrve

presentcd eVldence ln favsur rf the crnplcx-f.on epecles

[rrcrOl-z, exietlng ln orgnnle errvents.

GeaernJ-}y, the crapJ-exlng ebflity of chlorlcle lons rlth

¡tche].(Il) 1ç leea than thst ylth c¡pper(rr) ione.(l'¡6)

ltherefore, consicleri.ng the renetlons Ir2r3, enð 4

(p.99), the equlllbrlum conatant for rerctian 5 nny be expeetcd.

to be greater then thet for' re¿ctlen 4r ¡nd. further ¡e thc

ggplacenent resctions I snd 2 eontinuen the retlo copper(tl)

tens/ehJ.orlde lone, beeones smal*lcr.

Ihue, reaetie'î i nay be expeeted. tc ernpete ncre effeeti.veþ

rith reaetione l- ¡ncL 2 s.a the subotitutlen reectlon prccccds.

Such a eltuetlon does not requlre that the h16ber eonplcxee

€8' [OrCrf -1 
"na l*ta|t eaa not tnkc psrt in the eubatltr¡tloe

reactlon direet1Y"

îhe ehenge ln thc positl,en of equlllbrir¡.u *hea

uslng ccpper(Il) chlericle aLsne, and. ln the presence of

Ilthlnn ctrlorl<lc, ecmpered rlth the a'lmoat quantltetivc

gplacenent yhen using crpper(Il) perchhrate (1ebLc VI and

Iable XY)n nay then be erpÌalneû by the fect that a grerter

concentra.tlon of free eopper(Il) ions ere trbound' up¡ ln thc

form of the cl¡J.oride oPecles.

fhe rete cf the forsarcl reactl@u uslng the chlorid.e esltr BeX

be axpeeted tc be slored. donn, due to conplcx fr¡tetlon rlth
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the frce erpper(U) 1.4s. fhc bach reectlon 1111 bc Ìese

affected by ehlorLde lons due tc two fectoror

Ftrst, nfckel(If) d.oee not frr¡a chlorLde crmplexes a8 rerûlIy
n8 crpper(Il), ¡ad. eeccndl.y, thc rcverac raa.ctlrn rl,J.L bc

aiilcd by the reeÂy s.seoclatlon rf ehlcrXde iono rXth thc crppcr(It
ions roleeeeil fna eopper(II) (ea1en) r ln the becl< reletíon.

the fl¡Lt roaction nay b? reprGÊented by e üyrtanlc øysten rf
the cqu11fbrl,r, reproaented by equation 1-4 (p,99)

ÃZ¡

)

Ln aetby]- ce].]-oar].va.

îhe rate constaate for the reactloner at three

temperaturee, rere obtained frop thc relationehip
x x( r2x.)ô + ffio

k - l¡
, æ e(r-rr) s(rc-r)

îhls ie the eguatlra frr tbe calcuteticn of the:forward rate

crnstsat fcr r secrnd.-rrd6r re¿etienr oppcaêd Ùy oae cf thc

aane orderr(29b)

rharo k - Ì¡te eonst*ut fn nrs{n¡Ic l,-I.
t - time Lu hourg.

r : inltla]- conca. of tbe reaetanter ia mof.a I-1, vhere

the i,nltlal. concns, cf the rcsctentt ar6 equal.

x - d.ecrcase Ín eoneû. of each reactant eftcr tlse t,
rG : ancunt chnnged. et equllibrlun, ia nole fI.



the plote of J.og
a(re - x)

versus tl,ne (t), geye strafght linee for eaeh ¡f the reeetlouE.

(!tg.u).
lhe rste cenetant k, for eesh reectfonr rsa cclctrlttcd

from the slope cf the l-lne, øueb thrtt
2.T' x,

ratopc (nra{norc 1{)
2.e(e --")

lthc ee.lculnted. rate eonats¡rts heve becn trbr¡]'ctetl ln tab].c xlfl.
lhe forvarù rste ccnetants rÊrc then ueed tr cleteruinc

the aetivatlon energr rf the rc¿etloa betrceu ecpper(trI) chlrrlilc

and nlekcl(fl)(eeLen), la nct[yL eell¡ellve. thc plot rf
Iog k vereua t 1e ehova tn Flg'tr, fron vhich the actlvstlon

*o*t* ß f , r.lÏO" ree.ction, rea calculetedl ee 2l,O Keeks./'no].c.Ll

tebl,c IVf

).

Solventl nethYl celì-osclvø

leurereture Activ-
atfra
&qH

trr(rr ) ( øneen)] ¡ /ia Ec*I_a/ ,
EOICTJ

t

10e

x(e-2x") + rrt

,n!20
zfrt 5

lJr- : 5

t-

J rr Los lrJ

Cåk

2.60 x 10-h
2.60 x l"o-tr{

?.æ ¡ fO-ä

?o.o t o.ltc
61.0 t o.1oc

55.0 È o.ttc
.o 3 1.0Ð
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2.6

Evaluation of the rate constants and- energy of
activation for the reactir:n between :opper(tt) chlorid.e
a:rd- nickef(ff) (safen), in nethyl cel-1osoJ-ve.

FrG.Å

2.2

T
cD
o

2.0
2.90 3.00

t r to3
T

3.10

.80

60

20

I'

.5.40
cD
o

t= 70.0 30.1.C

1.0

f = 61.0 ! 0.1 oC r

T :53.0 3o.t.c

0

FrG.lx

t.o 5.02.0 3.0

T¡ME IN HOURS
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a

îhe ccnplexlng eblJ-ity rf anlenc la Lquetus s.Iutb¡
f.e hnom to f.acreaee ln tho lrdor, perchlorate( nLtr*tc( ecotetc

( clrlerido. (159)

It ie elgnLflcant that the equillbrfr.¡¡¡ peaftlons obee¡Tc¿ ln
the three g¡ùeceuent experl,menta glven fa' ?ebJ-e TI, aay bc

eorrelated wfth the rblli.tfee rf the anlone tr und,ergr

coord.inetlon rlth the copBer(II) lla via.,

lW*tperehlrrate) t 64*{eeetatc), frf(chrrrrac!,

Further, lt sGcErB probable La vl.cr of the prevÍous ðlecuseirn,

thrt the noet ¡1nsf,iça'l1y frvournble conponcnt frr reectloa,

ts the free ee1vated eopper(Il) lon.

Peerson, Grry uel B¡eoro(?4) heve ouggcatctt thrt thc

frco s¡lvated anlcn 1e the acti.vc rcagent 1n e auclerphll.tc

exchenge reactlen. If eruch a suggestlen le cærect, siail-r].y
lt nay foll-ow that the ncn-asseeiated catlon lc. the frca

scJ-vetcû lon, 1e the Bore favoured specieø fer uebel substttutirn

reaetion, thea an ioa-paLr rr undlee¡elatcd. netel aa1t.

the evfulence prooented, fn thle ehapter øupporte thfe Ylcl.
therefore, tt nny be ex¡rected th¿t frstcr rcteE rf

¡oetal rqrlacencat v111 be tlserved uslag netgl sa.lts rith
J-nrge dieecclation eenstante thaa sith eaJ-ts ¡f lor dl¡s.eletion

eonstants, t¡ the Bstre soLveut,

therefore, a eorrçIatlon bctrean the rb-aervcd rsta¡
of ¡gpleeeucnt ¡¡rû the expectad retee on tbo teele rf the
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hypothesla øug¡gcated eboye, ney bc cxpected. Such i Gr¡reiLetlæ
le presentcd iu f*bJ-e IT[I;

leb].c Ifü

¿

ft(qlo+) z6EÐ d2"(fr0o4)+1

lïrat
nrrb¡hLe
iõãFGiiË
erFp.?nêßt

&peeted

-

rcreti¡n
Rstc

-

0Þsorvcd Rrtc

-?ræ<
R.lo7 l'l( aaa-I
@=il

g¡tt

hRg

k{tr}r00}e

j.g ! o.l(I,tÐr¡O-â)

r.g t o.o5(t.rorl0-fu

trst

el,rr

a-Lcr L.5 ! o,o5(z.60do-fo
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fhc rates of reacti@ne betveen i.ons end. neutrsf,.

ncJ-ectlJ.es arê expêcted te Þe larger ln eolvents of l'crsr
d.íelectrle crnete.nt.(140) ft hee been propaecd that m¡oh r
cerrel-ation veul.d. nrt n'ecesËsrl1y be expected. 1f thc ratea

rere measured" 1n tllfferent ned.la instead cf ln nixturee of
tvr selvente. $3ù

Ecrever, Saooh a¡rd crmrkGre heve feund" a. ccrrc).atlon betvccr¡

thc rete of ehlrrld.e exehsngo vlth trane-[ft(pyr) e&J, up.lr

exanlaing tbe fl¡betltutLca ia ðlfferent scl.vents.(Z+¡

thc ratø cf ¡gplacenent of nlckeJ-(fI) in nlekef(Ir)
(sal"en) h¡e been found. to nerketlly depenct upon the t¡re of

cepper(Il) salt ueed fn the reactien. It 1s e.t-er lnfluenced,

by added ea.Ite nhere s.n.lone eanr coorill.nate vith cepper(Il)

lonE.

the extent ef ecerdLnation betrcetr copper(fI) icne end anlrne

rllt clepend upen the dielectrle coneta¡rt of the seJ.veat used,

whf.Ie the abll-lty of a given srl.vent t¡ solvrtc e eoppcr(ff ¡

ion v111 rlepend uot .nly npon tbc d.ieJ'ectrle conetent but rJ-sr

the c oerdf.nattng ebillty of the sclvent, rhlch nry ugt neceôs-

nrlþ parrJ.l-eJ- the dleLectrLc censtant ê8. pyrfd.i-net

("¿5tc * l2-o) *nd nethenrr ("zfe * ,2.6)
In thc etudy of the effeeta rf solventa ln the rate

of reectirnn the eaJ-t expeeted t¡ sheu the ma]]-eet a,neunt

cf anicn-catLon iateraetion vis. copper(If)perchlorete
(hexahydrntc) w'e ueed, except for the experløeats Ln pyriðf.nc
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rnd illorsa, l,n uhlch lte lcv solubi¡ity preventod. its rrsc.

Slx er).venta, ¡rrrgl.ng in ûlcilcctrle conetent fror 2 to TI {aloC)

TørG uEGd rnd Boao corraLetl¡a bctucea thc retc rf ggù*ecusnt

tf aÍckcf(U) f¡ns end tÀc dleJ.cetrlc coaEtent of, the s¡l-veut

üag ÎounC...-

Horever, the orrelatlon rae tn dlrcct eontr¡û"lctlo¡ tt the

rcæJ.te rf, Bc,a¡h asd era¡¡tb¡rr, (74) rùr frrnd e¡ri LncraraGd.

rete rf cxchengc xlth E dlcercsec la the dteleetrle eraetant ef
the solvent, frr the exchange of chl-cride lons slth

[rttrpt ze-Ã.
In the rcncttone vttb ntck'el(II)(sal.en), it has bcGn.

fou¡d thrt the retce of ggpleeesent tacree¡e rith ¡a Xncra*sa

ln the dlolcetrfe conetent ¡f the c¡lvent.

trht reeul'ts cf thcee er¡rerlaents ¡¡e givcn la lrhJ-c X$ITI (p.U'?)
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I'eeenti for lsb]-c XTrII

(A) r, -' 6t(cEræ0) Z:fl*, þ -
e - ctr( G1o4)g. 6E'f

(D)

(c)

Cu€Lgr

C : Ctl,rur rf equll-lbrlun nlxtures.

o -' Dle]'çctri.c o.nste¡¡t of the çclYent.
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(1) -

Because of the J.iqiteö solubll-ltles of unn¡r

eopper(fI) sa-lts l¡r dfexen, eopBer(ff¡ aeet¿te (nonohyðrate)

ras enpl-oyed. fer thc axperineuts in thln e¡Ivent.

.[e dlscuescd earller (p.50) thlo ea.lt reseÍns uadiesoefeted

fn dir¡en, horcver ct 6toG, partl¡l ôlestclctioa nay bc

crpeetcd, eJ-thrugh fn vlen cf the lrv dlelectrie conste¡t ¡f
the srlveut tt ls poøølblc thet the nal"n ernstituents rould bc

[ct{ cnrooo ) a] a süd [a't c,trcoo) , J æd fc.tt curcoo]:l *1.

Sucù øpeeies ln selution, nry be ernsldcrçd rkl,ncticrlJ.y

ru¡fevourabler far the r eaetlonr' eonpe,red ylth the solvated

espper(If) lons, end theref¡re the ebserveð sJ.ov r¿te of

grJ.ecement, ls o* fíwreted.
( r¡.) Ç

Crpper(fl) perchacr¡te tctrapyrldiaetc hee bcen

lec]-atealr(fOa) and thle addltlon conpouad ls fnaoJ-ub].e Í-n

pyridlne. lfherefore, the acetate and, el¡lorld.e eaJ.te rGrG

enployed f,n the experinenta Lnvolving pyrl,ðlne ee ÉoJ.veut.

ELectrÍcal ccnduetanee expertmenta on copper(II) rcetatc tn

pyrl.dtne have ahevn that the cond.uctæ.ee inerca'eee vl'th

itlluticn. (r4i) hrrther o solvatee of the t¡rpo eu( cEScEo) apyr+

have been tec1ateð. (r42)

lle{gpetlc neaourements have indicated. the cxletencc

ef slngle molecuJ-eøn rather thanü.nerE of copper(II) aeetrtc,

tn pyrlttins.(gf) 0a the avala¿b1e evl,d.encc lt ls ualfkely

tbet eonpletc dlssoeietion rf þtCrtm)a] occure' i¡a pyrtrctiac,
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crucn at the tenperature used la the gplecenent experlaernt.

Ag dXscuesed' rn p.52; the dl-sseciatfon conetanto of a an¡¡ober

rf esJ-ts tn p¡rriðlne have been neeoured. r the vaJ-uee renglng

fron I x 1o-5 te r r 10-5¡(g8t) inôicatfag that the eolvent

does nct pernLt sxte¡Letve dlearcfation.

In aqueeus acl-utlcn, conduetivity measur€üents .t¡ GÐppor(II)

ecetatc. (rrnerc dlsscclaticn tf the dLnerie s.ì.id compcuntL is
born t¡ rccur(g?ì, hnvç fnd.lested. the cxletence of threc

lons vls. (ctoe")*r, (olc)-a a¡ra pelvaÈed. copper(rt) leus,

the d.lseociEtlon ccneta¡t ef the Len-pair being very øn41.(149)

fbeoc irns nry eJ-so bo expected to oeeur ta pyridlne solutiau.

D¡rrrNg the gpJ-rce¡nent arperf.nent et ?OoC, thc

resctlcn nlxturee turned brtm.
[nsra aad ttcthrrr(r44) obeerved the f rrmatl.on of g'bro¡m

sflutlon in pyrittine, uhoa netallle copper ¡es left ln pyrltllnc

end the ectutlon exposeal to the elÌ, frr e Loug perLod' of

tlne. No erpl-aa¿tloa of thte phenonena ma given.

Ia thc gplecenent arperisenta¡ the þdrated ccpper(Il) saIt

uao useê,e.nd further ne rigOrtuã preesrrtione $ere t¡ken to

excl-ude oxygen from the reactlon ¡¡l,xtur6$r altheugb øtcppcreô

vasaols tøre uged ( set E[PTRIHE¡ï1AI,).

Ësson enð t{ethr*"(f44) nrtçd n¡ brrra e¡lour¡tion rhcn o4fgea

ree excì.uüed frcn the eYeten.

The fcrnation of the brorm crJ.our, prcdueed la the reactic¡

betreen ccpBcr{II) ions anit nlckel(Il)(ga}en), ecultl be due

to aa l.¡n such n8 (cron pJ.rr)+I.
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the ratc curyÊ fe¡ this reaetion ls abon Ln Fl,g.If.

lhe equllfbrlura poeitlorr for the g;pl*cenent reaetloa,

at ?O'0, eÇrreËpond,ed te ${$ reactlaR. ñc nttempt vs.e nade

to lnvestigate fully theeonetltutioa of the brcrn specicer s!

tho gplaeemcnt reaçtLoa 1l pyrid.Lrae, @r
ras not axeelnod furth.er.

Eovever, the gg¡rlacement of nlckel-(II) ione fr¡n
stckc]-(If)(aeIæ) uøi.ng copper(II) acetste (nonrÌlydretc) Ías

exa¡ûined. et roon tenperatl¡re. A brotzr coloursti-on dl,ô art
d.evetop durlng this reaction, the eeJ.our cf the iafti'al
e¡luticn rf eopper(II) acetate fn ¡ryrlðXne belng blue-grccnt

and. the f lnat eou4lÞrlr¡s +l¡turge' dark gTËçrn¡

It rce founil thnt 30É aubatftutlrn h¡d cccuged. 1n 48 hcurs

(t - ffi.z t O.r.tq, [æ(r¡) eert] ,- [ut(rt)(oaren)] : ].0o r ro-fo]

?r¡.rther en equlIlbril¡.n pooLtlon of e,bout ?Ol subct{tuttoa

üas reached llr apprælu*tely L5O heurc.

A solutloa ef nfckel(II) acetate ln pyrtdlae at a ccneestrsthn

eorrespcneli"ng to that exlstlng ln the equfllbrlr¡m nlxturee

proveú a li.ght grÊGn celcnr, encl the nuch darker gfecn cf

tbe equtllbrlum nLxturce rbta,lned frra the experlment rrs

taken to lndfcete thc exieter¡ce of aclvateê eopper(II){aalea)

noleculee, aa dlscuseeü lrr Pr5O.

ff the solvent can faellf.tete the d ieeocl,etLon ¡f r cruplct

n¡lecule, (sa proposed þ Beeoll, Fearsea e¡rð eoverkers(?4)

for thc eubetitutlon reeetlcnø of platlnun ernplerco) eueh

s srlvateö copBer(Il)(øalen) neleeulo nry bo ørpected tr bo
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rr.ro labtl-e trr¿rôs nøtrl ggpl-aeement tha¡a the non-arlysted

e¡pper(II) chelate.

Eovever, the purple eolours fcund frr the reactlcn nlxüureo,

et egullÍbrtrrn, for thc reaetJ"ons 1n aetþ¡rJ- cel-loeclve rÊô,

al-echol( see later) , rhen ualng the byclrcted perehlorrtc salts,
lndLeata the ¡nsstblo axlstence ¡f s aca-sol.vated eempJ-ex, i¡e

theec golvente.

the nearl-y conplete reþlaecuent found. for the fcrrard.

reactfono, uef.ne conper(IJ) peretrl-ørate in these e¡lvonts ,

suppcrte the e,Êeunptien that sueh fsur-coørriincted ccpBer(If)

eenplcxeË a¡e laert tererd.s neta-l subetlhrtton by niekcl(fl)
lous le. tha rbaekr reectloa cr reversG reactions d¡ aot lccr¡¡

to arqy ¡¡ea"sr¡.reable extent.

(ru) r

tclecrr].e,r uúlebt stud.les on thie salt ln pyrfulinc,

at roou tenperature, lnd.lcate the preeence of undi.esccfsücå

orppcr(Il) chlrrf.de nsJ.ecr¡J.es a,Dd. the coJ-cur ¡f such solutions

&re bruo.(145)

Ërrther, addltlon conpowtds of the typc ûrGL4wrt ¡nd

¿ürct5pyr, have been ieol-ated..(144)

Á brcrb col-ouratl.on, ein¡iler to the cne found' f.¡n

the erperiment, using the hyd.rated ácetate, vae preduced. ln
the reactlon mixturee after some JO nLnutes, at ?O'C.

lEhe ef.n'lJ-arltles fn the ínltl,eJ. rates ef glJ-c,cementr r6Lng

the chlorfi!.e and eeetete aalte, (lable XIVIII 9.107) supportø
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tbc exl.steaec of copper(Il) eonponent(E)" ía both s¡retene

eapable of r¡nd.erg.lug subetltutfon gt etnll-ar retes cg.

[cu or py"=J*1.

An equilibrir¡u pooi.tlon ú 78l* e¡rbøtltutlon vee feu.nd., ïhtch

nay be explained eesr¡Eing tho cxLstenee of c scJ.vsted.

erpper(If ) (selen) nrl-ecnJ.c eapeblc ¡f und.crgring g¡rlrcenent
ytth niekel(Il) lona, &E pcstuleted f.n the c¿ec of the $rbetJ.t-

utlon rereticn LnvoJ.vtng ecppcr(fl) *cetete, lrl pyrLd,fne.

|[he pJ-ot rf x yerffls t fcr thla reeetfu Ia ohcn 1¡û tlg.III.

( [v) C¡oocr( rI)-. perch.lrratc (he¡ah[flr¡te) la
nethv]- ee]-beo]-vc.

lhe ex!.stencc ¡f frec erlvstcd crpper(If) lene

and the Lon*pal.rø (Cutt04)+1, has beea proposcd. ln sueh s

systeu ( eae p.gO) . thc f aster r¿tc rf, gple;eenent found l¡
thls erlveot, crnparcô vlth thc reactlrns ln pyrfd.t¡e a¡d

d.iuan, çtrere ccpper(Il) ¿cetate ¡nd chlorl.de yèrc usødr ery

bc erplained. by propcsrng thet the coppcr(Il) epccLes lE

netþI- celloerlvÊ ere Dore rklnetlceAty faveurgblce for ro¡ctl,¡n

then the epccl.ee rccurffng ta pyrlitlnc {* O" pyrJ+f)r.r
dirx¡¡q ( [mtol") e]d .

(r)
¡¡'d nethenol.

-

It hae bcen proprecd that eetlo¡".anlon fntcractloa

oecurs in scJ-utloue of crppcr(Il) perchJ-oratc i¡. equt uB-

ethyl ercoh¡IÍug) Errever, lt nry be rnrggceteû that

l.D-paf,r a"esrclatlon fn thcce solvents routrd bc lesa the¡l
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thst expèeted 1¡t nathyl ceLLrørIvG, upol crnparlorn cf thc

cliclectrle ernsta¿te cf thesc nedie. (febtc IÏIII p.L0?)

lhcrcúorc, thc fester rrtoa rf gplaceaant f¡r¡nd. ln etþl
and ncthyL eÌ.crhcJ- coupared to nethyÌ ce.Iloarlvo, nry bc rcJ-¡tod

to the J.ergar ¡qrunte of frca s¡lveted, coppcr(lt) f.o¡¡a preeont

tn the al-slhcle coupered. r.lth neth¡rl. ccll¡st1vç"

1.

Ia en attenpt tr cli.sc¡ver the lnsslble rcqetl,rn

nechenlcm frr thc gpJ,accnent rcsetl.on, the reretioa ereler rlth
reepeet tr cach reacta¿t uae meesured., the nethtd usd, r¡.8

stnlLsr tr th¡t cnBl-oye{ for the substltutLtn rcactfoss

exanineü. ln aeth¡rl eollesoJ.vc. (p.?I - 78)

febl.r EX (p.LL6) shovs the d,epcudcace sf the tnltl¿l rstcs ¡f
gplacenent on thc eoncentretlon of eoppcr(II) perehlorrtc

(hezahydletc).

Iab1c It (p.116) ehrrs the depend.ence of the lnltlal r¡tce ef,

rcolaceneat on tb,e eonceutratien of nickel(Il)(salen)"

Figo.rflf and rfv ehor thc plota of 1og [tat*"] versus log R

anil leg [rt(ff)(serca)]yereue 1og R f¡r thcsc oyetemo.

lhc gplaecnent ras founci t¡ be fl'rst-crdcr vith respect tr
cach reacteat, bc].cr L.3O x lo-tr1.

A }lne of elopc: L appe¡ra ra cech flgure for cemperleon uith

thc elopce of thc arperinentel curves.

llhe rcte ccnstr¡¡t¡ for thc resetleoa ¡t thrcc
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hea eoap.íIed ¿ tah.Le of publ.fshtdstr¡¡rs(146)

klnçtlc etudloa of eubetltutf'sn rescti.cne of cruplelee, of

the tra¡r¡Xtl¡n uet¡Is. Ilprn cr¡ela¡tf.cn of thlo teblc 1t l.¡
fruad thet thc *etl.v¡tlra cacrglao ealculstcd. frr aen¡r lf
these rcrctílna, la rlnost alt lnct¡nceør both for exchs.gG

anit IFpleecncnt rcectirnt, ¡re in the rengþ L>25 trcr1er/

norc 1-1.

Ie sÉdtti.oa, the cntnptcs ¡f rctLvstion ad t¡r thc actrt
exehanse react!,rne, [ur(cr)4]*t - [nrlsly"lnatc)] ud

lttto)J-t - þr{ecrrnatc}] tur reter' rtrc -lJ- enô -8 e.u.

respectlveþ.(8o) lheec ere the only entrrpy ehangee thrt

BG6E tc havc been ro¡nrtcd fcr sueh net¡l flrbstltut|¡n

reactlons, bctrcen f.oaa a¡rd' neutral n¡lecu1eø.

Ehc value of -I0 Gçtlo ealcul,ated, f¡r thc gpl¡eenent rcectl'on

in ctþ1 {erhr} ls of tbe asae order of nn6nltuilc ee th¡Ee

for¡ncl frr the nl.ckef(Il) archçnge rcaotionE.

the poeltlve entrrpy ¡f actlvatlcn (S ! ã c.u.) esroclrtcå

rith the gpleeeaent reectl¡a uelng eoppcr(fl) perchloretc

(hc¡¿Trydreto), |n nett¡yl ecllrsotvc, noy bc eorrel-etGd. rith

the Ësltughtng offr tf thc qnlons (*ttoched to the ceppcr(Il)

sBeeiee) " ln forntng the tre,neition etrtç.

Aø glven on p.94, the celculetlon rf ¡d frrn the cguetlcns

of the theory of ebselutc ra¡ction rates, lnerrporetce the

absolutc velue of the rrte const¡.nt.

the rate constante rbt¡lned fer thø rc¡ctiens tn net\yl

eelIos¡lve, Day Èc er¡lected te to overdt vclucs easoet'rteå
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wlth the reeetlons betree¡ cllfferent crppcr(tI) specfes and.

alekeÌ(n)(aa.laa). lhËreflre, the cetc{rtetica ¡f Af , uslng

the obaeryed rate constants, nay rcIL glVe e nisrepresentation

of the entropy ehengea, cxpected. frr such e rceetlonr La nctbyl

ce]-loeolve.

E¡reyer, lt la af,gatflcent that, the pooltlvo cntropy chægc

for the rcectha fn methyl ceLLcs.iùYG, e.nParcd rlth thc

negatlvc vrlue for the rêaetlon llr otþl rlcohrl,r perellelr

the expected order of eonpLex-lon aseocleticn rith tho coppor(fI)

trne, ln thegc arlYarts.

(vr)

aeatonltrl]-e.

-

A nr¡nber tf sclvltee cf tra¡eltlon netel hrLftlcs

wfth aeetenltrile, hlve bcen larhte¡il.(149)

thc vislblc rbsorptloa spectra ¡f a nunber rf tr¡nsltlln

netaJ- salta, fneludlne Cu(CIO4) ,.6EZA' ls X¡E-d.f,neth¡rlfrrnsid'c

þ25.c - 76.?1(98s))n¿ve bcen ox¡¡nincd,.(159) tbc epectr*

tf these conpcuad.s ir thle a.lvont diff,er fron tha øpcetrr

c:hibltcd ln rquerus solutL¡n.

therefore, |t ts prrbebJ-e that son6 dcgrcc of Lcnl-palr

formatlon rlecs occur ip. scetrnitrflc, the d.lclectrie clustaBt

of vhieh 1e very eisilar (*e5.C : fr.1). At tha ccneentretloa¡

ueed ln the g¡llacenent erperlnent Ylø. 5.OO ¡ fO-fu, itnr

pelr fornatioa BDy be crpected tr be relatlvely lor ccupelred

ylth the aeseclatioa erpected f.n nethyl cel-þsclve.
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AJ-thlrgb the ratc of ¡gpJ-nceuent of nfckcl(Il) lE

nlckcl(U)(selan) le rapid., thc re¡ctLon goGs rn\y tr 44f tt
the rigbt (! : 15.9 I O-I|C). such ¡a observed equtllbriun

poeltlra i.s dlfflcuf/t to c¡rretetc rråth the typeE cf spoeler,

1n eolutloa. ft nay be erpectcð that thc frce solvsted

coppcr(If) ioas nnd the 1m,-pelre Þ*o]*t, cxlct ln srlutlon.
Sueh epccles hsva been ehom t¡ under6r nearly qnrntl,tatfvc

g¡llecenant ulth ntekcl-(II) (s¡fGn), 1¡l ncth¡r1 callosriYc.

Eo*ever, thc crlrura rf the cqulllbriua nÍxturcs obtalncd la
the reactien l.n acetÕaltrlle uerc grdcnr ¡ad sÍBlJ.sr tr tboso

obtalncil frrn rceetlone La pyrt tllne. Strch ctJ.oureÈlrae ¡¡c
coneldercrt t¡ lnclleate the presGneG tf e eolvated copBer(Il)

craplex, prrôuccd. during thc replrcene¡t rerctLrn. (p.50)

(e)

l_sdgg) "

(1) Copper(Il)(ealen) Ees prepared- by adding el
aeetoal,trile solutloa rf thc Schiffe beec to

æpper(Il) perchloretc (boxahyareto) distroJ'vcd la
qcetonitrlle. A green solutien res prld'uccd.

Si.nil¡r re¡ctlons ip alcohl1 and netþI celLcsolvo

yielrteÕ violet e¡loured arl¡¡tion¡. Slnllrrlyr t¡l¡ea

soIi.it, green crpper(II)(eeJ'cn) ree dicaoJ-ved in

¡cetonitrll,e, a vlolet cll¡ured.' e¡lutirn resuLtcd,.

(2) A solution, ccntelning 2.22 r rc-fo eoppcr(U)

(eatcn) n¡d ?.?8 x rO-48 nlcke:.(Il){sal-en) l.¡¡.

ecetoaltrlLer reÊ preBereè.
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Such r solution ccrrespenðed ln ecnpoeitlon, tr thc

equlJ-ibriun uixtures obtaiued. Ln tbe g¡lleccneat

experiment.

fhe erlour rf thie eclutlon Eaa brcun-reð, qulte

d.isstnllar t¡ the green erlcur rf the re¿ction

equilf.brlun mlxtütGe ¡

Sne grecn sclutlon, found rn nixilg copper(II)

perehloretc end (eal.ea) Ln seetonitrlle, qnd, for
tho equlllbrlr¡n nixtures i.n thc ggplacenent exper-

inentsr Bf,¡r lnclleetc thet a solvated. crpper(tl)
(eel-on) nef.aeulc le proðueed fn euch rerctle¡s.
Hovever, it sppcsro likcly thet e fcur-cocrd.laeteô

crmplex resuJ-tc rn dleeoJ'vlng soJ.lit cepper(Il)(¡elen)

tn acetonltrl1c.
(b)

(gelen) bv glekel(II) Jons.

Ihc subotitution reactiou botrcen thc vl¡1ct
soLutioa of eopBer(II)(salen) and. aiekef(¡f) per-

cl¡J.crate (bøxahydrate), ln aeetrnltrile r tas fcund.

tc reeeh equlllbrfi¡u (14É reactLon) lo 120 hours.

(t - r:5.g t o.l-tc, fnr{rr) sert_l - þtrrl(aarcn)] s
5.oo x ro-4u).

It 1s evld,ent fren thcee resuJ-ts thet the repl-&eG-

nent of the centre]- netal eton of the four crordluetea eopper(Il

(eal'en) ncl.ecuJ-c can rnly occur tr a sllgbt cxtent.

thls furtlrer suppcrts the esmrnpti¡n thst the crppGr(II)(s¡IGE)
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c.rpt-cx Brod.uced by the 4placenent rf ntskeJ.( II) lrns ln
alckeL(¡I)(ea-l-eu) te rllffcrent ln etrueture tr thct rbtalned ra

dlseot.vLng srJ.fd copper(II) (saJ.eü) i'n acetrnltrllc.
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R9r

a

lherc are et Least tr. types of nech¡.nlømne of,

replaceneat rhl.ch n¡y be tentatively 6ug€Fstd.,

(1) A d,lEsoclstloa nechsaisa ln ¡rhieh tho r¿to

d.eterninlng stcp lnvoì.ves a sJ.or, rmln¡Icsr¡l-¡r

ðlssoelatlon of thc nLckcl(II) cenplex, fll.]-oved by

e rapld reacti.ea rith coppcr(tf) to forn clppcr(lf)
( seJ-en).

Bcrcver, euch e re¡.ctl,oa ney nrt neccsaerily cxhlblt
ftret-ord er klnetlcs. (51)

(U) A d.leplecenent uechaaleu rf rcplecement, i¡
ich the ratedeternloing etep rf thc re¿etlcn

vould be oac lnvclvlng ¡. bla¡lecuJsx rerctiea

betreen the copper(II) epeelee and. nickeL(Il)(eel-cn),

to forr s tranel.tlc¡ stato tn rhich thc crordlaatlrn
nr¡.nber of the c onpl-ered netal lon ls lncreeeed. by

onc. Sueh e rcaction uccd not neceaeutl¡r erhlùlt
6eeond,-.rder kinetf cs. ( 55)

the klnetfce ¡f tlre g¡llacenent rcsctj.cne ln nethyl- celloeclvc

and. ethan¡I belcu L,tO x tO-fo, exhlbit rverall eecønd.-rrd,cr

kinetfes. hrther, the rates cf gplaeenent ln net\yl
celJ-oso1-vc, e¡rd the rates rf gplaceuent of nLckcl(II) loae

Ln nlekel(Il)(sal-en), f¡x d.Lfferent oolvente, rerc for¡¡d. t¡
narkedly depencl up.n the typee ¡f copper(fl) specice, tn

solutlon.
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îhsae feetore.eupprrt the a:letence of ¡ binolceuL¡r

rete-deterninLng etep, for thc re¡.ctlon, rathcr thes e ncch-

anísn l,n vhtch the rÉøsrcletlon of the nickeJ-(Il) ecnplel, La

rate--d.etcrulnf.ng ¡nd unl¡úecuL¡r.

Speetrroce ptc enct nagaotlc çv1ðeace polats to n1*c1(n) ( as,J.cü)

exletlng, la çrlutloar &E.e squirc. plauer noì.ecul.cr elthcr

ulthout atteched soJ-vcnt nolaculcer orr vith Yery brøeþ
b¡und. srlvcut nolceuleø, sreh that tha Cryøtel Fleld. rcae,f.na

essentlnJ-l-y thet of e dlelegaettc ( strrag fleild) EqucrG pJ.enrr

no].ccu1c.

On thle basls, { pr.p.Bed di,splaceneat ncehe¡isn rcquires tho

fornatio,n of ¿ fiva-erordl¡lrted, trm.eltlos gteto.

B¡.eolo and Pe¡r".o( 2a) hnvc tabulttd Aetlvetloa hergies for
the reaetion of square plener cenplelea, celculated ¡n thc

besls of Crysta-l Fiettt &letgy sþang@Br Hovever, such cr.lcu.l-

atfons are based, on the assunptlon that tetrsgonrl etruct'urcst

ln erlutlou, hnve C.F.S.E. equlvalent to thoEe cf squrrc planc.

nrlecules, and theref,orc the val-ues }lsteù refer te tbe

d.ieerci¿tien ¡f e slx-ccordinatett eonplex (rftn ¡ C.F.$.8.

equivalent to that of e Equare planar nclecule), lnto s
flve-crord.lneted tranaltle¡ state. $r¡ch r ceJ-er¡l-¡tlon shouLal

apprrxlnate to the ô8" frr e cllsplacencnt nechanlsn, lnvolving

a four-erorctlnated. resetant neLect¡Ie.

Sueh eeleulations show that the lose of C.3.S.X, ln pæeiag

fron a nlekel-(Il) tetragrne-l resctant ncJ-ecuJ-o (ic. õqu"¡'rG

plaaar) to a fl.ve-ceord!.usted square Pyrsûld tr¡neftion strte,
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fnvrlycs e bse l.¡¡. C.F.S.D. of 6.28 Xlq.

talsulations, nad.e frcn d-orbitrl. energics for
Cryetal- Fle1do cf different geonetrl"*r(eo) ind.lc¡tc e ltse
la C.F.S.E. of 13.62 Dqr frr a strrng-ffelil atckcl(Il') ernplcx,

fn pessing frrn r EquarG plnnar rcactant tr a trlgrarl. pJ.ane

traneitloa stats Le. vith d.lsstclstlon of the quedrideatato

eheJ.ctlng egent at one point, thus fornl.ng s throo crorcllnrtc

etets for thq central aickel(Il) atln, prlor to reectloa

Tlth a c¡pper(Il) ion.

It rouJ-d aBpeer, dcoplte the errora tn the eaerry v*luee

given, for the ô-orbitals frr ¡ther conflguretlene than

retahedra-l, that sueh a dleeocfetLvo step veu3-Ö bc most

unJ.tkely, and vouJ-d. EoreovGr, be expeeted tr glve ¡ el-or

rcaction which coul-d beeome ratæ.deterniaing, aad. lf unlnelcc-

ular, ccuJ'cl therefcre pcoelblV exl¡ibit flrst-crðer klnetiee.

By elther .mechanisn, dlescciatien cf r feur-coerd,inEted.

conplex, ..t * binolecr¡lar reaetÍen reøuLting ln the fornatlon

of e five-ccsrdlnated tre¡raltlon etetc, the subetitution

reactions ef Equere planar dE nickc1(xI) conplexes &re prcd.lcted

to be slovcr than those ef the eorrcep.ndlng eol-vrtcd crppcr(¡I)

and eobalt(U) corapJ.exee, cn thc bnsis of Cryste-L FieJ.d.

ealcul-atlona. lhie ls ln a,ÉITeesent with the resulte of thc

¡netal exchange reactlcn"r(5)(6)(+r) as d.lecuesed in chapter r
of thts theelø.
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(].) Beeolo and. Pear"o"(2") h*tr enrggested, e recetioa

¡neehenlm to ¡ccount f,sr tha aecond-orüer klnetleø anil

observd ectivetÍon energtee for the copper(ff)(seJ-ea) 3nd,

cobalt(II) ( sEtgpheû) nete-ì- cxchange rc¿etlons. (p.ffi) .

Eowever, eueh nech¡.ulsns precupposc tho exf.stencø of tetregoneJ.

structures for the conple¡ea, 18 pyricl.Lne. SinILer kLnctics
g.nü activation GncrgleE vere found. for the 4plecenent
reectione vtrth aickcl(II)(saLea), iD nethy). cellosolvc ¡¡¡ô

eJ,cohol.

It nay be snrggested on tbis b¡slsr thet e slniJ-ar ncchanis

BaJr oBer¿te Le the ¡g¡rlacencnt rerctlonn with aickcl(II)(ss]en)t

to th¡t proposcd by Besolo end Peerson( 28) for the cobe.Lt(ü)

anct copper(tt) netal exchenge rccctlon6.

Boreverr ås prevloue\r ctiecueEcdr tb'e J-oes ln

C,I.S.E. ln paesrng frou e four coordlnrted reacteat to 3

threc coord-inated transftioa etete, i6 Yery hishr anal such r

reactlon step vould be energetlcally unfavourable, enð

therefore, vould not be expeeted. to proeeed. to any great cxtcat.

$uch a situ*tion uay account for the observed. lack of ElgI
exchaaÃe la niekeL(u) ( ea-ren) n at room tenperatu"o. ( 17){n4L)

At zuch e tenperature, the d-lçsociation of the reectgnt

conplex nay bc expected to be verJr sn¡LL in the lor dfelcctrlc

conetant nedia used to exa.nine these reaeticns vls. r neth¡r1

cellosolve end pyrldine, tnd. further, lf euch e reection path

persfate a 1ow rate of cllssoclatloa ory be expected.

the Basolo anct Posreon necha¡rla¡ (p.6) requires m
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ta.ttÍal. fast, pertiel dlssoci*tioa of the aickel-(II) conp}-cx.

( ¡) Sr¡ch a dieeocletloa oey be expeetcd to bo

enhaneod, i.a solvents of high elielcctric coaEtætt

tþue lacrc¡sll'g thc r¡te of ¡gpl-acementr 1¡ eueh

eolvente re]-atlve to solvente of lou elle]-cetrlc

eonst¡ntg.

fhls i,s ln agreenent ntth the axperlncntrl rasrlts
found. {tatte IYfII p,IO?).

(b) It ney be erpecteù that the ñ1 - 0 11nk3gÊÊ

arc broken ln such a d,lseocletivs stepr rather th¡¡
thc lt - t bonde. fhe ü atone ror¡jLd be heJ-d rigf.dl¡r

tra ¡lositloa by the cthyleac brltlger thuø lucreeeiag

thclr strcugth rclntive to tho Xt - 0 3.lnkegcr.

(c) After nrpture of theçe bondor ettecb.uent of thc

copper(ll) to¡ to the G- f.on nsy be ex¡rected. (re

Ehove ln the dl*gran preacnted. oIl p.6)t thuø naklng

the ete¡rwisa brenklng of subecquent bond.s in thc

ehe1rte rnuch e¿sler, and, efter further rcactionsl-h¿sc.

attech themaelvee to the copper(U) tonn thereby

fornlng the eopper(II)( erlen) nolecule.
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(a) An alternetive secha¡lånn nay be thet the apprrach

¡f the copper(II) lon to thc alckef(ff)(safen) moleglrle,

can alel the d.lesoeistfun of the ¡llekel-llgrnd- bonder pertle-

ìrlar1y e ñl - O brnd, bif'frrnlng c linkage cf the t¡rpc

Ct¡ - O - trlr rs ehoun ln Flg.A'

cu*2

g- g' \ g 

-g

c-N cN

cHz

E!å:-3.

Sr¡eh a, necù.anfea rcrrlð. lnvolve e threc crcrclinetød orygea

atom in the systen' lfhree coorðlnation for orygeß.Ls horn

fir st¿blc unite ee. E3O+n enel slntJ-8¡ oxcniün derivstlveE.(118)

In sueh ¡. reectlou mechsnlsa, tha copper(Il) loua

upon approachtng the ccmplex gro1¡ld aid. d-lseoelatl'on by

atrariug the eLectrons of the orygen atom, thue reakeaing the

foree ef attachncnt ¡f the orygen etou tr the nickel(Il)

at¡n le. bond,iug functi¡n rf the .xygen at¡m rould be trens-

ferrect from the niekel(II) atçm to the incoming copper('ff) t

1otl.

1he next etep vould. iavcJ.ve cne nltrogen atcn ettaehlng ltøe}:f

tr thc crpper(If) lon, f¡Lloved by tbe rupture cf the othcr

cHz
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{-f - n bond, untll a trlgrn*I plane configuretlrn le fcracd'

about the copper(Il) lon'

lhe lest step vor¡l-ct lnvolve the rupturlng ¡f the fiu¿I trl - O

llakager ertit the fcrsfgg .f thc coppcr(II)(s{en) nolacqJ-c,

thue lceviag the nickel(Il) lou, ln sc}utlrnn bcsrrng solve¡t

rnd/rr enloa nolcculcs.

Ihe *bfl-lty of the tll - 0 llnkage tr dl'aelclete, nruld bc

euheneeð ln eclvents cf hlgh dialectrie crnstant, enil theroforc

thc rste expectcù tc Lncre&$G, ln agreeoent ¡ttth the oix¡lerie

entaJ- resultø, fcr the Tc¡rlacøuents is Elrch eolvents,

(rot1s xvrrr p.1o7).

such a nech¡¡lsn ror¡ld nrt be consldered es elther d'issoclrtirn

or diøplacement in the termfntlogr of Basolo an¿ Pesx'.at(z)

a^s it d.¡es nrt involve a unlnoleeuler d'lesocl¡tive stcpt rrhlch

!s retø-deternLnf,ng; Dor ¿oes lt f.nvolv€ s'B lncresisc¿ eoord-

iaation nr¡nber f¡r thc nfeAel($) irn in the trenslticn

state ( ehom ln Flg.A) cxpected- for a üieptaeçment tneehnnlsnt

r¡nleee veek gu - [l' brnd.s ean be prstn]-atecl'

Eorever,itmeybeexpectetlthctther¡tcof

4plaeement sruld depend uBon the etucentretlon rf tbe crppcr(If

sa-lt useð, and upon thc nnturee ef æppcr(tl) speeles' ltr

solutioû, Sueh e ctcpend.ence hse been for¡nd fer the EPlace-

nent reactioas in nlekeJ-(Il) (eal.en)'

It ts elgnlfiennt that solvent"-crnpler interaetlon
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Eay bc postuLeted. for copper(Il)(ea1en) and cobeJ-t(Il)(EaJ-ea)t

tn pyrid.lne, a¡rl that theee conplexea e¡drlbit raeasureble re,tas

of exchange at rocn tenperature. Such eoJ.vation, in ehenglng

the ccaflguratlon ef the eonplex, uould. a,leo be ex¡rected, to

relax the Cryøtal Fi.e-Ld ef tho cheletcr thue reakening thc

b¡ncts prlor tc d,f.seocirtion. lherefcre a atrbetltution ra¡ctl.rs

invclving a ørlvatcd. compJ-cr uay be expected. to ccclur torc

readlly thsn rne lnYelvíng the ccrreepond.Lng ¡lon-solveteð

cÌ¡elate.

S¿eh a situctlen hcs beea fcunû for thi p¡llacene.nt rea,cticns

ù'Lth nleke]"(II)(ee.ten), ln acetonitrlle end pyrid.lne, clnpered

vith those In nethyl cel-losoJ.ve and' aleohol.

(1) thc gpleeeneat reectlon Ín acetoal'trila ras

fcr¡nü to reach an equilibriun poeition øf 44fi

subetltution, ln less then 0'05 hour.

the faet rete of ggllacenent (cf. that la other

s¡lvente) nay be expJ.aineü on the baele cf tha crlst-
encG cf a large percentege of klneti.eg'lly fevoursblc

c¡pper(ll) icne capabJ.c sf reeetiag end aJ-so by tho

hl& tlte3.ectrlc csnstant of the eolvent capable of

facllitettng dleaociatlen of nickel( II) ( eaJ-en) .

It bas been shoua that a prebeb1-e solvated crpper(Il)

(salen) molecu.l-e ie produced, ln the reaction,

capable rf underg@ing gplacenent uith nlckct(II)

lena to sueh ea extent that the equillbrium positicn

observed. ln the ree.ction supports the vlev that
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Êc]-veted coppcr(II)(sÊ.].en) fs lese steble th¡n the

nen-eolvat ect nl ake]- ( f f ¡ 1 sa-I en ) nolesuf-e"

Ihe gplacenent reacti.cn in pyridine ie olower than thet ln

¿cetenitrlle. Ehls nay be eorrelsted wlth the exLstensc ¡f

a lørger pereentage of kinetieslly unfavoureble copper(fl)

opecles ln thie sclvent, cenpe.red vith ecetcrrltriLe (as

discuesed en p.l"Ll - 112).

H.cvever, lt nay be cxpectett tba an equil-ibrium poeitlsn ef

(øOfr aubetttutf¡n would be obEervcd. for thts reecti'on' lf

the suggestion that eolvated copper(II)(eal-en) 1e less eteblc

than the four ooorðinated nlckel(]I) couplex, fe correet.

Ihe observeô ?0É equlLlbrlu¡e pesitlon for¡nd fcr the æp]-&ee-

ment reecticn la pyrldlne, nay be assoclatetl rlth the I'nablllty

of the nlckel(Il) epecies, prod.uced 1n the ggpLeceuent

experfunent, to und.ergc reactlcn nftb crpper(II)(saJ-eu) to thc

õene cxtent ae the free solvated. nfckel(Il) lonn prod'uceil ln

the reeetlon fn aceteal.trlle. Ihst !s, the baek reretlen

ls lnpeded by afckel(fl) ions eaterlng lnto c eonpetltivc

reaetion wlth aeetate lons, thus proclueing a ð¡manÍe equlliì-

rie ln thls reactfon systen, slnllar to thlt olf the crpper(Il)

ehlerlcte /acelate - nlckcl-(]I) ( salea) reactlon, ln nethyl

ee]-]-oso].ve.

lËhe neer\r eonplete forvarû ¡¡¡Eùacenente for¡nd in ele¡hol

encl net\yt- cclleeelve, whel uelng copper(II) perchloreta

(hexat¡yilrate), wÌrere four-clrrdinated. copper(II) complexoa

arê expeeted tc be prcducect, further eupports the suggcstien



L5z

that such arn-eclvated ccpper(ff) conpJ.exes v111 art undergr

subetltutl.on reeetlons tr the sase extent ae thc. ctrrcepond.-

lng soJ-vated. ghelates.

Esl'I snd Ullletora(4l) o*r exanl.natlcn of the net¡I
erchange re¿ctLone cf e nunber sf ether ntekef(ü) crnpl.er.cs,

formd that 1n aearJ.y all iastances, thcee chelrtee rhl&
bcca¡¡e scJ.vated in so1utlon, und.errent replô exchengc et

r.oa teoperature. Such s.lvent lnterecticn vfth e ehelatc,

ebove"end belor the pl-enea tf the cruplaxr hls bcea øuggcatcô

tc facllitate the d.tssoeiatlon of a l1gend..(74] lherofcro,

tt nay be expected. thet an f,ncreasGd rate of eubstitution

wruJ-d. reeuJ-t. ( cf. cerreÊponèiag ncn-etl-vetcd chelatc).

Ecneyer, niekel-(Il)(sargphen) ¡ fewret lnert ttvgrd.c netal

exehenge et roon tenperatrrre, is krown to be psrrorgnetlc

and presruned. tr h¡ve as eEtehedral configuratfen, in eolutl.o¡t.

( see p,?O)

Sueh s sltuetlon 1s dlfflerÈt tr reconeile rith the h¡rpothcel.s

suggested. aboYcr &E thls vouJ.ð isply that exehrnge shouLd

proeecil et a measureebl-e rete, et roon tenperetusê. Herever,

the copper(ff) and. eobalt(II) (esJgehen) eonplexes rere founit

tr be Eore lnert tcvard.s nctal erchenge than the êmeeponding

(seIea) ernpounds,(5)(6) [osever, for the ccpper(rr) and

cobaLt(ÎI) cheJ-atcs, eolYent-chel¿te Lnteraction nay bc

expected to exlst, suggestfng perhapa that the effect cf

erlvent lnterectfon with nlchel(II)(safgphø) fe aot er¡ffielent

tr cutrelgh the atrangth of the f,f - ltgaud bondo 1¡ the
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coupa€i, a¡od thereforc arke i,t ¡s laert tomrde nctd
erehengur 8s eickcJ.(Il) (salea).

hrrtber, the na6aetlc : :uQEêËt rf nickef(Il)(eaAgphea) t-r

pyridtne, fe ant that crpcetad f¡r e ornpletely apla-frac

nlckel(lr) t.t(eA) te, 5"2 8.Å.., lråicetlng thet a.re Berceat-

e€le rf thc elckGI(II) crl¡r)-er ntlecuJ.ec erfst ln egnerc plens

crnflgurEtl.o¡18,

thc rsee'tlon ncch¡slsr f"a cr¡recteil tr ba elnl].¡r

thctbcr sol.vatlol .eeurs cr rct. EoFYcrn the vc¡kening rf
the bend.e prlrr to dleaoeintlon, end thercfrro thc rrtc rf
gpl-eccnent, i.o cr¡reetod t¡ bc greatcr ln s.lvated atetcil(Il)

crnplexer. Fr¡rthcr, the etabllitfes of the foqr aad al¡

rootrËtlngltcô conpleEes aro GÏrected. tr be tllf,fsraatr &E ehru

Ín tbe case rf crppor(ff )(safea) ln a.eetoai,trtlo rnð pyrlð|no

compartd vÍth the ctnpler ln neth¡rl eclloaolvo lurd, ¡J,srh¡l,



F \T È



r75

fhc uctgJ- exchelge rcrctlona of r number of
úcke3.(fI) ehc1ste compJ.exee hrvc been e¡e¡nined. b¡r ErLL et
g(t ')(+r¡

theee rorkere for¡¡d that thoea nfckef(Il) coupound.a, par¡negÉ

netlc la solutlon, â¡d ¡rhlch oa the PauJ.fng teru.inelo-(S) or
iouter-orbite.li(ul)(11s) concept, ind.icated. the prcsenee of
lonic bond,e, exehangeit their centraA nlckel(fl) etone et
nsasurable ratee, &t rooD taoperature; tb.e exceptioa being

niekel(II) (a"rgphea) r &B prevlously dÍscusscd. (p.L52l .

Eorever, thoac nickel(ff) chelnta eonplexes, d,lsücgnetfe ln
the sol.ld, strtc ¡nd. la solutfon cg. nlekeJ.(Il)(sa.1en), ohoncd,

no erehange of nlckel.(Il) toas, et roo¡ tenpereturc.

Ihereforc, it was of iatercet to exani¿e thc Gs€¡e of ggpJ.ecc*

nent of alckel(Il) io¿s by coppcr(Il) ioae, ln aonc of thc
dlanagnetíe che1ates, to detcrniac,

(1) their rc,teo of gplacement,

(2) the etabf.].ftlao of the nickel(fl) chelatec

reletlve to those of the corresponding copper(tI)

conplcxee.

If the ratee of netel g¡llccaents cen be correlctGal

rlth the boncl streugths of the netal-ligand J.lnkagee, ln n

slnl.l-er ¡nanner to thet suggested, by $trerrka and Ullklnør(l4)

for cxchenee rgglctiogs, th9.e, thc dlffereat rete of ¡gpleeo-
neat for¡nd f¡ one nickel(If) chelete conpound, eoEparcd rith
enother, ney be correlateù vtth the reletfvc etrcngthE of thc
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neteL-J.lgafil boncls.

The lniti¡I rates of gplacencnt of nlckef(Il) ions

fron thc dl¡na€netle nicfel(fJ) ehelates, bÍ copper(tt) lons,

T€16 d,eterqineû ln e s1-811sr EaB.r1Gr to thoee given !n

Chepter II, for the pptecenent recctions, involviug nJ'ekef(U)

( eal-en) .

I{ethyl celloeol-Ye rest used as the solvent for rI1 the ggplaecp

nent experlments, beceuse 1t dlssolved aLL the niekcl(Il)

conplexcÊ rcedily. Copper(II) perchlorltc (hexe$rdratc) une

ueed as the eouree of the c opper(fl) speciea. the copper(II)

opccÍes produeed |n thle mediuu have been ehown to rc¡ct

near\r quaatitetively r¡rith ni'ckel¡(n)(ealen) (eea f¡b1ca Y a'nil

YI) .

(r) )

grcke].( IIr i-",1ckcilIl] ( qargp.heal

lhe ggplaeeneat of nickel(II) ions fron niekel(II)

(nelgpheu) by copper(Il) |ôns ras fouad to procced elnost to

conpletlon ( g5*), f¡ ¿bout 60 hours, at TloC, ln nethyl

eg1-losolve (l.rg x lg-fo cach reaetant), indlcatlng thnt thc

eopper(II)(saloþhen) producerl f,a the rcaction ls more stabLe

than thc reectant nfcke)-(II) ehelatc.

the lnittal- retes of rcpleceneat of nicAel(Il) |one fron

nlckel{Il)(salgphea) at ?1o a¡a ??oG are glven 1¡ lab.Lc XXII'

Also incluclerl a,re the retes of ¡gplacenent of nickel(Il) ion¡

fron aickel(II)(salen), of thc aarnc tenperatureS.
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fab]'o UIf
thc rates of gplacencnt of nlckeJ.(ü) lone fron ntckel(Il)
(eal-en) sncl niekeJ-(II)(anrgphea) r ln net\yl ceJ.loeolvc.

9@,98. lcnp Inltåcr E$e
t t o.l-oc R.lo l

( øec-lnorc fl)
at(rr)(sere¡) '16.9 LL.5!o.5
f,t(l¡) ( sntgphæ) 1.g ! o.o5

tri(u)(seten) ?1.1 5.8t0.4
[r(Il)(seJ-9phen) 0.92 ! o.O4

[c,r{rr) sart] : [rli(u) conprexl : r.3o x to-ãi

Figs XYg a¡.d. XVb show the grephE of x versue t for the

aÍckel(II) ( salen) end. nickel(If ) ( eslgphea) repfeeeueate, et

76.900, from which the lnitl.al ratee of ¡gpl*ceneat uere

eaJcu-Latecl.

the laitial ratee of gplacenent of nickeL(Il) lons

frou ¡rickel(Il)(sal-en) are greater tban those for thc ¡Cgplecc-

neat rcaetions ïith nlcke.L(fI)( ea-lgrhen) (tatte xxII) .

If the rates of netal ¡g¡rleeenents can bc correlated vlth the

bond. strengthg of the netea-l1gend. llnkagee, then the alorer

ratee of g¡lleeenent fou¡d. vlth nlckel(II)(saJ-ophen) tndlcatc

tbe e¡letenee of otronger netaL-ligaDù bond.s la thls conplex

tha¡ in nlckeJ.(II) ( eal"en).

As ctlecussed on p.?O, niekel(II) ( oal ophen) exhtbita

peranagnetlen fn pyridlne sol-utronr(8'9) and. such nagnetlc

behavlour mey be tsken ae inalleattag the preaoaee of tlonfc
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bondet [.f . dlaeagnetle character of ntekel(Il) ( seJ-e¡) fl
pyrldtnel
hrrthcr, the spcctnrn of nickel(Il)(salg¡¡heu) la eeetoaitrllc,

dlora"û, uet\yl el-cohol anû uetþl cel.J-oeoJ-vc shoue tm

maxlnun ebsorptloa band.s 1¡ the reglon 5200 - 49OO l, rhlle

thc epectn¡n Ln pyrldlac eoJ'utlon shovs four Eaalnur ebsorptlor

bando, tn the 6a.ne uaveleegth regioa (teUto VIII P"71).

Ae èl.acusseô on p.f1, such e d.lasluilrrlty in the speetrun

of nickç.l(Il)(sal-gpher) ln varl.ous solventsr ße¡r be ûuc to

the preeeuee of etronger eolvent-conpler interectioa Í¡¡

pyrid$c thn¡ ln other Eolvents.

Ia rdditlol, the parene6oetin cxhlbl,tod in pyridiae solutlo¡

hes been çbora to tlscre¿se wLth !.ncraeoc ful teapereturcr(8?)

trnrLfcrtlng less solveat-coapJ-ex lntcractlon at higher

te¡opcr¡tïrr€Br Thc re¡k so]-vcut-eonp].er lntcractlon û nct\yl

eellosolve, at roOn teaperatur6r urey be expectccl to be

reaker at lO-8OoC, the tcnperaturee ueed Ín the gplaeencnt

experinents. îherefore, the abllity of tho solveut, at hlgb

tenperatures, to facllitatc the ctieeoelstion of nickel(Il)
(solgphea) is expectecl to be Ðn]l.

lhe elowcr ratce of netal ¡gplaceuent la nlekel(fi)

(ealgphea) conpared. utth nlakel(Il)(saJ-en) n"y bc explelned

by the cxietence of strortger tll-Iign¡rd boad.s in the forner

6r6upound.

C¡Lvlu and û¡ffielð(5) "na 
feet(6) both found thet thc r¡tcs

of neteJ. exchange ln eoppcr(ff){srlg¡rhea) anð
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cobg.lt(II)(esrophe¡n) rcspectlvelJ, were maller tban thcso of

the netall exehangce ln the correepondlng (saIen) conplexes.

r*ut(6) explal.acd the glorer rete of exchaage found f'l

eobelt(Il)(eal-gphon), to that ln cobaLt(Il)(se"len), by the

fncreeocd ietebilltyi of the (sal-g¡rhen) conplex, arf.ølng fron

the conJugetstl neture of the rtng syøtene prcscnt !n thls

conpound,, thc ro¡t teteblLltyo, useô by ¡lest(6) lmprteù

bond. etrength, rnther thro Öl'ssocletlve stebility.

thereforcn the etrengtho of the met¿I-lfgend. Ilnkegcs ta

¡lckel(Il)(salgphen) nay ¿Ieo be expeeted to bc gre*ter thea

those 1n niekel(II)(cg].en)" on thc Bene baslo.

Ho eueh coaJugatlon of the chelete rla.gs le pooeible f.n

nlekel(ff)(salen) bøcluse of the ctngle C-C boad i.a tho

ethyl.eec grouplng.

Hencc the slovor rateg of uetal lgl,lrrcenent fouaû fa nlekel(It)

(eslgphea) conpared to thoec ln n¡ckel(¡¡)(salea) nny bc

releted to the atrengtho of the net¡l-Ilg¡ad llnkngee.

(rr¡ )

l"i"¡"UÐ f '*twl]L-
lïle gplacenent of aickel(II) toae fron alekel(If)

(se1pa) usiag copper(fl), vas fouÃd to proceed almost ts

eonpletioa (95fi, lE rbout ?0 hours, 1rr aethyl eelloeolvct

at ?6.9oC (1.5O x lO-h eeeh rerctant). Íhe fnftial rate of

gplaeener¡t at ?6.9oC, n'ss crtctrlated ae R.10? * J.9 (o*e-l

r"r." fl) ["t. nicket(Il)(aal-en) R.lO? - ï1.5 (see-lnofc ft)]

the greph of r verauõ t for the niekef(ff)(øalpn) gplaccment
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Ls glven ln F1g.XT( e) .

the sl-oser rate of subctltuttolr produced by thc

lntroductlo¡r of a netÏryl grouP on the cth¡rl,enc brtdgc, a*y bc

sinller to tbe cffeet dlseueeed by lttktne(I4g) for thc rctc

or dleeociation of þrtn) )"'conparca rrltb þtt.*l Ã"'.
Ut.Ikins suggaated, that the eLover rate of d.isaoeÍatlon of

[ur(no)J*t thr¡þr(ør) )," :r.y ln the chæsed pz ractor, thus

lnplytag e sterl"c f¡ctor operating 18 the c*sa of thc dlssoe

ietion of [nt(n") ,À". Furthar, the r¡te of erchengc of
l- 

trmeea) J*' 
s le lees thæ' thrtnlckeJ.(II) ioas uith þlr(te

uf th þr f rtl ;*' , r¡¡d.er elat're¡ eoad'itio^"- ( t49 )

Hovever, lt ls df.fffcult to see hov steilc factorÊ Gan nqkG

dlssoelation nore dlfficuft for the ( sa-Lpa) eonpler conpounð

thair the (salen) ehelatc. !{od,els frlL to shov an¡r cffect of

sterie hlnilrasce on the ability of nickel(Il)(Ealp¡) to

cllseociata,

rhe chelsti¡s tend.encles of 1,2-propyl*o"drtlåältarrl

snrl ethyle¡reillfsi¡e vfth aickeL(Il) ' are of the sene ordcrr,

lnd.i.catlng thet the stebltitles of the alcke.t(II) opeelee

forued, fron thosc beees, ere not rietely different.

lha erplepation of the sÙower rctc of ¡gplaeenent

for¡sd Ln aickel(II)(esLpa) eonpered. to thet la nlckel(ff ¡¡ocJ.or)

" tct""*€êr s rE2.cfla lffiZ.GHz.ffia.NEe
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E8y l.ic fa the decreased ebiJ.ity of the (sal.pn) chelatc to
d.LseocLetc, d.ue to the prcecace of the CH, grouping.

(ru) (")
fnÍncto a1cke1(If) @)], a¡d,

(b)

lrl¡ar.lrn{nøtaì rrl -'l f 11 ì l--* aÞd lrrì I oaoññ \

fhe rcactloa betveen nickel(II)(acacen) anå

coppcr(tI) PGrahl e¡'strt (ncr*ny¿rete) 1n netþl eclloso3-Ye, res

fonnet to rcgch equillbrlu¡ ( 24 a:u},øtitutlor) fn ebout I hourr,

rt ?l-.ro0 (l,ro x ro-trt each reactant).
7lhe l¡litlal. rete of g¡llecenent vas e&lcr¡l-eted. ae R.J.O

g.rg (s*"-lrorc r-1) [ot. arckel(II)(se]'en) n.107 - 5.8 ("r*-1
norc ft)]

lhe reretios betreea eopper(tl) ¡nct alckef (II)(æec¡n)

hes been ehov¡ to reech equtllbrlr¡n (4OÉ substltutfon) fl
about 2O hours, &t 71.1oC ln uethyl eelloeo].ge.

lhe lnitta]* rate of reretlon has bcen ealcu.Lrted. re R.lO? -
o.1? (sei-lnore r-1) [*t. nickel(Il)(acaeen] R.lo? - Q,59

(scc-lrore r-1[.
The equll-lbrlua positioae founcl for the g¡rlaeenent

reactio¡rs çtth the Eubstltutect aeetylacetone ehelatee

incl.icete that the copper(ff) conpleree produced. es e rasn1t

of the aubetltutlon reactions are ].ese stable then thoee of

the reeetant n¡.ckel(If ) chelates* hrrther, the slovor rs,tca

of subotitution found. for thcse nickel(II) acetyJ.ecetoaç

eheletee, comp&red ¡s1th the seJ.icyJ'eJ.deþde conplexesr meg

t
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indieate the exlstenee of stroager netal-Itg¡nal l-lnkegce in

the for¡cer conpound.s tha¡û 8re preõcnt ln the letter chelstcs.

îhe situetion uith the lor perceatage eubatttutions

ls sinilar to the copper(Il)-nickel(Il) (salen) ¡gplaeenent

reactions in acetonÍtrllc. In thls eæ¡rerlneut, evlclencd r¡s

produced. to support the existenee of ¿ d.lfferent copper(tt)

(salen) epecfee produced" in thc rcactloe in acetonitr{Lc thsn

ia other solvents ie. a aolv¡ted copper(lt) nolecule eapable

of r¡ndergoing gplacenent more eas$r than the corrcspondf'ng

four coordlnated. (ealeu) conplex prod.ueecl i-n other eolvents.

ft ls difflcr¡lt to support the exlstence of etrong solvcnt-

conplex lnteractloa ylth coppcr(II)(acacen) and. copper(ff)

(acaepa), in nothyl celloooJ-ve, &t ?OoC.

Bovever, the eopper(Il) eomplexee produced. ss a result of thc

Egplrcenent reactlons with nlckel(Il) (acacen) and nickel(II)
( acacpa) nay not t"Itfr"*ar nol-ecrrlea expected for such'

reactiona,

Irtorgan elrcl lloi¡-ffiith (r52)

teoÃere of fco{rnr) zt ,1rso,ryelfl.
eeetylacetone moleer¡La cs.a tslet itself ia a verLety of vays,

end further rnay inply that it rould. be poesible to procluce

a copper(Il)(acaceù) conplex, in solution (sa & result of

the substitutioa of nlckel(Il)(&cacen) )' which io tetragonal

fu eonflguratloa, perhaps contalning two sol-vent moleçrllee

in fts ¿¡¡nngGllent, €g*

h¡ve preparcd five
Ihls nesrnÊ that thc
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me ceu me cetl

etc

me cetl

cetI 0

Fr¡rthcr, I{organ and llt¡l¡-5r16(rla) h¡vs lsolated a gree!

Àìno[yarate of eopper( If) ( acncee), posslb\r conteiel.ng r
coppcr(Il) aton y,ith r, coordiaetion nr¡.uìcr of flvc. ( cf.[rterr
and tatr(90)(9') - eolorlr-epcctra corroletloa p.49).

Í1 c slnita¡ neehanLsûE of . rcactf.oa to thet suggested for thc

gplaeenent reectious of niekel(ff¡1sa-len)¡ caa bc applieè to

tha nlekcl(n)(aeeeen) syatenr, such a rcactlon step tlpltca
that on the approach of thc copper(It) aton, to foru the

trenettlon etate ln the gplacenent reectlon vith nfckcl(Il)
(acaccn), the oxygen etons tend, to bonô partl*Lly to thc

copper(lt) and prrtialt¡r to the nfckel(II) aton 1¡¡ the conplel.

$rch a eltuatioa res e¡pecteð to fecilitetc d.iesoclatioa of'

the conplex (p.I28),

Strch boncting la the trgneftlo¡l state nay lnvolvø brlnging the

oxygen aton'.s out of thc plane of the complex, efter rhich thc

remeinlng portion of the substltutioa rcaction vould lnvol-vc

eueceslye mptures of the rretrldonor bond.s ia e sln|lar

na.nner to thEt proposed for the ggpJ-acenent rec.ctf.ona of

niekeL( rI) ( sa].en) .

the net resuf-t vor¡-l-d, be to trist the tctrrcoord'lnete

oo

N

N
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co¡rplexi,ng ageat out of the noruel planer a.rrn:rgement &asoe-

iatcd with alckeJ-(II) (aeacen) .

A sfaifer ei.tuetlon nay e.rlee u-lth the selicyletdebyde chcJ.atcet

but the rigld a*tr¡re of the srllcylaldchyd,e rings tot¡]d be

ageinst any ste.ble eonflguratl,oa for tbc copper(ff) eonplex,

in nethyl celloÊo}Yer other then e square plalar eta,te.

Such a noa-plener stral.ned. eonflguration for the copper(Il)

(acacea) nolecule, proclueed in the subetltutiou reactlorat

should be nore susceptible to substitutiou Flth aiekel(Il) ions,

and. hence the exteat of the back reactioa,[aickef(ff) +

eoppcr(Il)(ac*cenflr ürcreesed.. Such ¡ sl.tu*tlon d.oee ex¡llatn

the observed cqullibrirrn poeltlon for thc ggplaceaent

experÍnent sith uickeJ.( II) ( acecen) .

the gplece¡aent reaction vlth nickel-( II) ( acacpn)

ras found to reach an equillbrl¡¡s poËltlon of 4Ðß substltutlol.

the prcsenee of the acetylacetone gfouplng u"ilI sgsin al1or

a eertaLn ilegree of freerion f.n forning the copper(It)(ececpn)

conpler (ao above), however, such ttisting of the tetraeoordln-

ate baee nay be expected to be irnpedett by the sterlc effcet of,

the rnethyJ- g¡ouptrng ou the eth¡rlene brid'gc.

Ffod.els inôieate that sterlc hindra¡ree nay be qut'te nerked. for

the (acaepn) cheletae'

Hovever, the obeerved larger reection (4OfÐ codlpcrað

rlth the (aencea) (22#\ r Baü be explained oa the basis of

lese tvistlng of the tetrecoord.inete baee in forning the

copper(ft) derivatlve(s), thereby foruing a coppcr(II)(ocaepn)
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tsolecule leee nuseeptf.ble to gplacenent by afckdl(II) iona,

than the copper(ff)(acacen) uolecule produced 1n the copper(fl)-

nf ekel(II) ( acacen) eubetitutior'.

lbe ratee of gplaccnent of nickel(Il) lone frou

nlckel(tI)(acacen) a¡d. niekel(fI)(acacpn) are leas tha¡a thoec

ln the sÊaicyleldehyde cheletes (sec p.141) uncl.er el¡ilar

conclitions.

üarterl et eJ-r(155)(154) heve exa.mined, the infra-reð, ultre-

violet and. vielble ahsorption spectra, of ¡ nr¡-nber of nete}(II)

cheLatee of substituted acetylacetones.

Ucno and. Hertell(l55) for¡nd thet the posltlone of the netal

epeeific absorptions fn copper(If)(acacel) occurred. at I'orcr

frequencies tha¡, thoec la ntckeL(II) (eeacea) .

rn e. l*ter peper, Ileno enÕ !{art"[(155) suggested. thet ao

rel-atioashlp shoul-d exist betveen the shiftE of the netsJ.

specific absorptions ancl the ktnds of metell'in the eooplelçs.

Horever, severar authorsr(156-159) laeru¿lng rhonss anù

Marte].]-r(rlS) heve used. lnfr*-red measurements to predict

the relatlve strengths of the netaJ--ligend bond's ln metaJ'(II)

eomplexes. Stavos, Ctrran and Quaglia¡or(fle¡ propoeed' thet

the NL - H bonðs Ìrere stronger tha¡r the Gtr - tr bonds la thc

saltcylal-dllnlne ehelateer oh the basie of the shlfts ia the

frequencLes of the metal speclfic absorptlon bande.

If the shifte ln the netaJ- epeelflc absorptioae ce¡l be

correlated. with the etrengths of the bond.e, the uork of lleno

a¡rd Mart"tt(rl5) inåicatee thet the Ntr - ligand. bond.s Ín
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nlckel(II)(acaeen) are stronger than the eorrespond.ing

Cn - ligand bo¡rd.s la copper(II)(acacen)r Such a eltuatlon uay

aJ-so explaiu the poeltf.on of equilibrlun tn the 5pJ-aecnemt

experinent copper(II) - nicke).(II)(acecea).

I[o eolveat interectloa rlth alckel(II)(aeacen) h¿8

been reported.r oD the basle of vlsibLe absorptlon speetreL
(afi

measure$ente f.n verious solventsr(+f¡ honever Ueuo enrl litartcïi -

concl-ud-ed fron stualles of the uJ-traviolet and vislblc
absorptioa spectre of e numler of subEtltuted eopper(II)

acetylacetone eheleteer i¡ neth¡nolr that these conpound.e

coatained cova-lent netal-ligsnd bond,s.

No inforaatfon ls aval1ab1e on the epectnrn of eoppcr(Il)(aclcen)

la varLous solYentg.

Dr¡ffield esd CcJ-vftr(6) tpot exani,aetioa of the netal

exchange reactloas of copper(II) (se1en) and. eopper(II) (acaeen),

found that the forner conpound exhiblted the faster rete of

exchange. llhesc uorkers proposed thet tha lorer nstabiJ-itytr

of copper(II) (silen), eoupered with eopper(II) (ecacea) r&Ë

clue to interference with the chelete bensenoid. resonercc by

requlrement that the benzene ri.ng of eaJ-lcyJ.ald'ehyde, iD

eópper(II) (salen), be qulnoldal.

A simll-ar situation nay be expeeted with nlckel(II)(acaeen)

and nlckel(II)(ealen) conplexee, Ae diacnssed. enrller (p.159)

such a rel-atlve decrease in istabllityo uay be correl-ated ï''ith

the bond strengthe.

lherefore, the eJ-oner rate of nLckel-(fi) gplacenent ln
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aiekel(Ir) (acacen), co¡npared- vith nickel(II) ( aalen), may be

expJ.alned.,

The elower rate of ¡gplecement for¡ncl for the (ecaepn)

reectlon, coapared witb the (aeacen) syster, nay be expLelncô

by the faet that cerbon suÞgtitutloa on thc ethyl"enedllnlns

brid.ge ney reøult tn the fornatfon of e conaplcx leee eble to

d.i.ssociate, qs t&6 the case rlth nlckel(II)(seIp¡l) anû

nickel(II) ( ea-ì-en).

(v) )

nrcker-(rrl I l]
fhe reaetion betseen copper(tl) perclrlorate (tre¿*-

hyôrate) and. aÍckel(If)(}..oUe eeJ"ea)' in ne{Ê cellosolvc rt

?1,1oC, rrÐs found. to go nearly to conpletiora $5rt substltutto¡)

fi 76 hours (1.æ x ro-fo ceeh reaetent).

the initial rete of 3pJ-acenent res calsr¡-l-eted' as R.10? -
2.7 ( s*"-lroLc 1-1), co6!3,reð rith the initlal rste of ggplecc-

ment in nieket(II)(salcn) vlz.[n.fO? - !.8 (eec-lnofu f-1¡]

uncLer slmilar reaetioa condltions.

The slower rate of gllncenent found in the nethory coulpound

supporte the exietence of stronger nLekel-l-igand' boncls in

this compound, co6pared to thoee ln nickel(Il)(saten).

lhe presence of a nethory grouping in nickel(Il)

('-oUe salen), ortho to the þdrory groÌ¡p (eee Fig.B) r nay

be expected. to increase the electron density on the C aton (1),

adJacent to the hydrory grouping, because of the strong -I
effect of the netho:y grouplng(160) such an lncrease in
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eleetron ilenøity, rlLL be rellaycd to tbo edJceent oryg3r etont

givtng tt a üore negatÅve ebnrge, rbich ln tun uey be cxpeetcü

to lnc:re¡so thc etrcagth of tbe Bå - O llnkagc.

sucù ¡a þcrc¡so ln the etrøngth of netal-ligs¡ê

boaetlng vould ba cxpectcfl to reøuAt ia I alorrcr rctc ot

grleeenent for thle eonpounðr eoap¡rcd to alckcl(U)(eelcn) t

ln rgrceaent lfth thc experlnat¡l rçeults'

octt s s- 0cH
o
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N

H cH-cH2 H

11Æ. B.

-



(1)

(a)

(5)

(4)

(5)

(6)

(?)

(8)

(g)

149

Rnp¡n¡mcus

S.GlasetonG, K..I.Iraicller and E.Byrlng,
nÍhe theory of Retc Proceesesü, Ìlc6rer-H;i11 Blok Co.,
Ser Torkr 1941.

F.Bseth and. R.G.Peareon, Ëltechaaiene of faorganfc
Rcectleaort TtrJ-ey and Scna, Ï[cw Torkr 1958' Chapter Jt
( ar¡ chepter 4 ( al¡ ch¡ptcr 9 ( ec¡ Cbapter 2.

CrK*Ingo].ü, üstfucture snd ![ech¡nien tru Orgnnio 0lrenlstr¡rnt
Crrnel-L llnlverslty Preee, Ithrca, L957 Chapters 5 end 7.

Ir.rllputte-stefnert ¡ P.J.Fierên8 and E.Hs¡rnaert,
Bu.LL.soc.chln. Bclgee, 6A, 62A (J-955)'

B.B.Ihlff le1tl anð ü.Celvfn, J.A.ner. Chen.Soc. 59, 5n (1946)

B.O.Yeet1 .r.Chem.Íloe. t 595 (1954).

S,S.ofonea anct F.A.Long, nf .Phye.Chên., 55, 25 (1952).

E.Aekerman e¡rd- G.Schuarcenbach, Eelv.Chi.n'Acta¡ 55,¡ æ5
(L9521

!.Peuling, nîhe N¿ture of the Chenica1 Bond'nr CorneLL

UaLvcrelty Preee, Ithaca, Neu Tork, L945, zrd.Ed. piLL2.

E.faubc, Chen.Rcva. p, 69 (f95e).

B.O.Ueet, J.Chen.Soc. 7LL5 (l.)52) .

G.l{.fyeea Jnr. e¡d. S.C.Adane, J.Aner.Ches¿Sle.¡ &} LZZ8

(r9+o).

H.Calvl,n end C.H.Barke1er, J.Auer.Chcu¡.Soe", 59, 2267

(1949).

D.R.Strflrka ¡nd, R.G.lllklne, Chen.RGVBr , 27, 745 {195?)'

R.Jl.tlolfgang a¡d R.l'Dod.een, ,f.Aner-Chen.Soe. t I$t æ04

(r.e54)

Å.f,Adauson, J.P.lelker and ll.Yolpe, J.Amer'ChGD.Soc.

E, 4on (1950),

( ro)

(11)

(12)

(r¡)

(14)

(t_5)

(16)



150

(1?) A.l. Ordnberg sJrd. P,u.Fllinor, Crnpt.rend. ¡cad. scl.Il.8. S.S.

ë, 912 (1959).

(fg) A.A.Grünberg ¡nd, P.l1¡Fl.]-lnev, Cenpt.rénð.&ced.6cl.II,ñ.S. g.

2, 45' (1941).

(fg) R.tr.Bf.ch and E.Taube, J.Aner.Chen.S.c', þ' 2608 {195¿[).

( 20) A.A.Orünberg¡ triE.fllekrl r ekaya enel G.A. Sehaglsril-t&Þ'cv¡.t

Doklady Akad..N&r¡k.S.$.S'8., lQt, 1059 (1955) .

(2r) Y.Gelel, J.cben.$oc. 4667 (1g50).

(ZZ) A.G.lt¿cDlarald and l{.F.EeIIr J.Aner.Cheu.Slc., frt 4222r
(1954).

(?il J.3jemun, Z.physlk.OhGü., 59, 536¡ 5sI (1907)-

(ZÐ 3.Re'blnrvlteh ¡nd fl.E,Stoclmayer¡ J.AEer"Chen.Soe¿, 5L,
3r5 (te42).

(e¡) The tera, Crystal Fteltt Stebllla¿tien Þrerry (C.F.S.E.)

hea been uecd. by Besrlo end Pear".o[Zt) to describc thc
gaf.n ln brncttng et|ergy achleved by preferentlal,ly ftlr ln8
the lo*-l¡tng d orblte-le Yrtth avaf.lablc e*leetre¡sr after
the eplitting of such orbltals lnto non-degener¡tc lcvels
by the eLectroetatle fieltls cf the ).lgandle.

(26) D.S.Popplevelt End R.G.lli.1kins, J.Chen,S.c. 4098 (1955).

@) I[.fama.ka and T.Sa.kune, BuIL.Chen.Soe.Japaa, 7ã' ,78 (f959).

( æ) Il[.Ienaka, E.Kato and R.Ta,rnamusld r BuIL.Chea.Soc.Jepent

2, 2e5 (r95e).

(A9) S.Glasetone, trtextbook cf Physlcal ChenlstryrË
Iraneaeter Prees, Inc., Irancaster, PA. (1946) Aill.Ed'
p.108?. (*) Chapter Ef p'956 (b) ctrapter XIrIr

(æ) l.Ireventha-l end. C"S.Garner, J.Au€r.Ch€r.Sle.r ftr |Tt
(1949).

(JJ.) D.C.Atkins anù C.S.Garner, J.Aner.Chen.S¡e., 13,, ,5n
(rg¡a) I



151

(¡Z) S.Êubca, O"Seeborg egd J.Kenned.y, J.Appl.Phye', L2, 5OB

(rg+r).

$Ð J,E.fohneon sgd lT.F.EalIr J,Aner.Glxê¡.$oc., &,r 2744 (1948)

ßù Ir.Ganbl ancl A.Ge€nesso, @ae8.eh1n.!tal. , Ø, 767 (L955)'

c.Â. æ, 55æ4.

(f5) I.B.UhittGÍr G.E.Schveltzer end C.I,,Gonnrr J.Aner.Cho¡.Soc.

7J., 1590 (1955).

ßø) S.Ruben, H.D.Klael, ll.B.AILca and P.il¡hlneþt
t.åner.t'he¡.soc., É4. 2æ7 (1942) .

(Tf ) tr.?a¡J.lng and G.CoryeLL, Froc.[etl.Aead;Scl'., 23, 159

(1956).

(58) P.ErbE,¡ l.Belc, J.Roae, R.Eettlg end g'tlhtpplct

Sclencc , E, 1r1 (19l[O) .

(¡g) J.il.3hi111pa, Revs. of Pure end Appl.theE.r (R.A'C.I.)

]9,, 46 (1960) .

(4O) If.S.llatrghey endl À.[.corrin, .tr.Aner.ohen.soe., TL, 1509

(1955).

(+f¡ f.F,neLL encl B.R.l11l-eford. ü4r., J.Aner.Ghen.Soc., 1-2t

54L9 (rg¡r)
(+e) E.Olaeer, P.Pfelffer and E.lfhleLert; J'pr.cbe4. t !2,,

145 (1959).

G\\ D.P.l{cLLor anû I¡.8+}la.l-cy, treture, l5!1, no (1947).

(44) D.P.Mellor s.nü f,.E.ile].ey; Ñaturc }j8, 456 (194s).

(45) E.fnriag end. R.J.P.UlJ-1ieae, Ì{uture, L&, ?46 (f948) '
(+ø¡ J.U.Barnes and. G.D,Dorough, J.Aner,fren.Soc., LZ" 4045

(rg5o).

(4?) J.B.l{ll1er and G.D.Dorugþ, J.Aner.Chem.Soc. ft¡ 59Tf

(r95e).

(48) E.G.Clark encl A.L.OtleLL, J.Ancr.Chen.Soe. , 5435 (1955).



( 4s)

( 50)

(51)

$z)

( 55)

(54)

( 55)

(:s¡

(5?)

(æ¡

( 5e)

(60)

(6r)

1 ea)

1ør)

¡ e+)

I or)

leo)

]i52

i,[utr, Ntppon Kagalar 3renhl, þ' 25" |.^J';95Ð C.A. g'
L7E5 9 (rg¡z).
J.C,Ba!.J-er Jro.r." Ohø.Bcvs. !!l¡ 67 (1916).

!.Baerlr, ú-lheu.BÊys¡ , 5l,, 459 (1955).

lf.J.üoerc, tPhyslcel õhenløtryrr Preatlce-Eell Inc. t
[er lrrk 1951t Ghapter 1?.

A.À"Froet end R.G.PeerEoBr "Kinetlcs end' Mecheulsntj

Jrtra ïtt].ey aßd Sona, [ev Yrrk, 1955 Chepteræ I and II.
(n) Chepter Vff.
J.Y.Qu¡gtlano cnd lr.Sehubert, Ghcn.Revg. !Q. â01 (1952).

F.BrsOlo, 3.D.StOno and. R.G.PeAfsen, J.Amer.Chen"SOC. r

Þ., 8r.9 (1955) .

R.G,Peargon, R.E.Illeekcr ar¡d F.EasoIe, J.Aner.Cb€B.Soc.,

E, 709 (rg¡s):

R.G.Perreon eJrd F.3lselo¡ J.Aaer.Chen.Soc., ß, 4878 (f959).

D.D.3rom, C.K.Ingrlil ænd R.S.l{yholn., J.Chen.Soe. 26'n
(1955).

A.B.!anb snd J.ff.llardea¡ J.Aaer.CheE,.Soe. , 21, L8?5 (fgl'f).

F.J.Gnrriek, Ira¡re.Faradey Soc., JJ¡ /$46 (1911).

J.l[.Brlnsted¡ Z.phyalkel Chel. , LE,, 586 (f9ee ).
B.Ad.eJ.I, E.anerg.ehe¡. , 4É,, n, (1941).

R.G,PeerSoB, C.Bostca end F.Besl1o, J.Aner.Chcm.9lg.,

E, 5089 (L953).

R.G.Pe¿rBon, P.t{.Eenf¡r, J.Gl.Berggenn anù F.Beeølot
J.Aner.Chen.soe. , ß' 59æ (1954).

R.G.PoarÊoar C.Boetca gncl F.3eeth, J"Phys' ÚTreur þtt
T4 (].955) .

D.P. Grelg, A.HaccoIL, B.S.Fyhr1n, l.E"OrgeL anrd Ir.E.Suttrat
J.chen.soc. t 352, 554 (1954).



L57

(6?) D.BanerJca, F.Baselo ¡nd Rr(l.Pearsen, J..âper.Chen.$oe.,

19, 1055 (1e5?).

(68) tr.îechugeeff, conpt'reûû. ]É&' 565 (19f5).

{69) A.K.Sundlanrn end. 3.B,.SendcLLr J'Aner''Gheln.Soc., TL,
855 (1955).

(?0) tr.t¿I¿tests a¡ct !.Ynaì¡rlnl, J,Gl¡cn.S.e,, 186? (f950).

(Zf¡ C.l{.Eerrls end. R.s.1l¡rboJ-u, J.GheB.s.c., 4375 (f955).

fiZ¡ J.Chett, !.[.}t¡¡rcaneoû ancl l.ì{.Yenenzl; J.Chcn.Soc.,
4456 (Le55r.

(?5) lr.B.Orgel-, J.Iaorg"[uc.últcn', ;!, LTt (a956).

(74) R.G"PearÉ¡cu, E.B.Êray a¡r(t F.3*srþ, J.Aaer.Che¡o.S.c.,

&, 78,7 (r9oO) '
(?5) 0.1!t.Ear*ta a¡rd X.C.St;phenaon, Cher.and. Iadustryr 3.4,t

126 (1957).

(Ze ¡ H.$l.E.Cardsell-, Ch@.anct Ind,uetry - 122 (1955).

(??) R.G.Ifllklns and. Èt.J.G.UlJ-1-ians, J.Chen,Scc., 1765 (1952).

(fe¡ F.Br's¡lo, J.C.Hayee rnd E.H.New¡aann, J.Auer.Che'n.Soc. ç

fr., [02 (195r).

(?9) $.R.Devl,ee ead F.P.Dnyer, fra¡rs.Feraday Sce. t fr¡ L5?5

(1954).

(8O) R.G,Celkins tnd il.l"I|s-l]¡ J.Aner.Chen.$ec,r 99r 50?8

(rg5e).

(Sl) C.M,Gock Jn¡. end F.A.f,cng, J.Àmer.Chem.Soc., @r ,5
(r95e).

(ae) K.Brf1, S.Br11 and P.Krr¡nhllø, t"Phys.õheß.r 59, 596

(1955), .@, 25L (r95e ).
(95) !f.çetvian C.Eeid.clberger, J.Reed, B'Iclber.t a¡d

t.F.lenkuich, *Iootopic carbrnrn ll1ey and s¡ns, ìIor
York, 1949 Appendix II' P.2s7'



L54

(44) l.lm¡nak1, 3u]-1.Chcm.see.J*pan, ü, 252 (L9581 ,

(S5) E.Dl.etrl. and. cruorkcra, t$tuðlee on O4ygea-cErryÍng
C.bsJ.t Coalnund.err flra Strtc CoILegc Anecr bv¡ (1946).

t86) E,Dteh][ n¡¡d" C"C.frach, tluorganÍc Syathesas¡n L.F.Audrlath
(H) Hcorav - ElI]. Ist,Eel.Y¡lIII p.I96 520, (1956)'

(8?) H.C.CL¡¡k e¡rl A.E.OrIeLL, J.Chcn.Soe. , 545Lt (f955).

(8S) J"B.tftlJ-is entl It.P.Ir[cILor, J.Ancr.ChcB.SoG.t É1, LzTl
(rg+T).

(89) F.Bes¿r qnd. U.RrHstcush, J.Aner.Ghæ.Slq. , 12, ,665 (1955).

(9O) !.N.lfatera a.nd D.En'll, J.Oten.$oe.r l2OO (l-959).

(Sr¡ î.|[aneks, t.Aner"then,Sec., .Ð, 4108 (f958) '
(92) Î.Îencka, Br¡l1.Chen.Sec.Japen , Æ-, 95 (1956).

ßlt l.If .Teters e¡nd D.asrl' J.Ghen.soc. , Læ7 (1959) -

(g4) D.EILL e¡rð t.[.letere, J.Gheo.$ee., 264+ (fgøO)-

(g¡) B.il.Ff.ggi s ¡sð R.I,.t[artiu, J.Chen.Soc. , 7a37 (fg5g).

(96) R.L.t{¡rtin antl E.rdatert 4, J.Cbem.Soc- , 2545 (1957).

(gZ) ü.ßrnd,t n¡d l¡f.Kubo, J.Ph¡rc'ChêÈ. , &, 468 (fg5e).

(fS¡ R.A"RobiD.aoB and. R.E.Stsles, iE'Lectrolytc Solutioaoit
' Buttervorthe 'sclentlflc Pr¡blie¡tioas, ãd..Ed.

(¡) Appeuðlr 1.2 p.458 (b) A'pped-lx L4.2 9.550
(c) Ghepter 1{, p;4L4.

(gg) $.8ronacue, Acta'Çhen'Scand'' 6, l-2OO (fg5Z).

(fOO) P.K.Jenr, S.Ad,ltyr and B.Preoedr J.trndlÐn GhGß.Soc.,

.8,, 755 (1955).

(101) î.o.Dênncy nntl C.B.üonk, lran8-FeraÀay Soe., t!I, 9?2

(rgn) .

(102) ?.C.Sinha a.ad R.C.Ray, J.Indleu Cheu.Þoc. r$!, 12 (l:9451.



(mr)
(104)

(105)

(106)

(10?)

(:"oe)

(109)

I rro)

(11]')

lrrz)
(1}5)

L55

A.I.Chency ¡nd C.À.te.na, J.Phyø.Chen. , 22, 2æ9 (19tf)

P.lal-ðer, Z.p$rslk Cben., I9., 569 (r9rO).

.X.HoEtc, And.Ghln.Aetsr I,r 25 (19P).

TEantlbook of thenist¡y nnd Phyølcetr ,6th.Ed' 9LLt
(L954-r5) utrentc¡J- Rubber Pub1iøhing Co.

l.D.Parks and K.A.EenËenr AD.jl.Chæ., 4r 1258 (1950).

J.3.I{L[Le e¡.d D.P.t{cLLor, J.Àncr.Cb@.Soc. r ÉSr ]-8I
(1942).

E.À.ücKcnøle, D. P.IrlcLLor, .I.3.DI|L]6 e,nd, !.l[.Short t
J.Proe.Roy.Soc, rl{.g.lelesr .Er ?0 (1944) .

I-Saceoal, P.Paolcttl. antt G.DeI Re, J.Aner.0tGü.$oe.¡

Zg., &62 (195?).

H.laubc, Chen.RêTg¡, E, 69 (f952)'

R.S.fiyholu ¡nd f.E.Burstall, J.ChGE.Soc., 5572 (f95e).

trI.C.Cla¡k aud R.J.OtBricn, Caned.J.of Chcn. , fl-, 456

(rg¡9), 
¿

G.l{skt, J.Chen.Pþr ., &., 65J. (1958).

&o ]'.6?, 114 (1958).

C.J.3¡JJha,uBen ¡nd A.D.I¡lebr, J.Arner.Chen.SoG. r Etr ,W
(1959).

(114)

(115)

(US) C.Èt.Harria, S.S.Irivl.ngetonc nnd I.E.R¿ccG, J.Chcr.Soc.,
1505 (1959).

J.BJerruu e.Dd. C.E.Jlrgenoen, Act* Ghes.Scend., L, 95I
(rg5r).

C.K.dly'rgenscn, Acte Chem.Scand. r Êr 1?5 (1954).

I,.LEetsfa and E.6ebert, J.Aner.Che'n.$oc., ß, ,4rT
(r95o).

f,.I"Kstzln ¡nd. E.Ocbert, ITaturc , f!5, 125 (f955).

(11?)

(ne¡
(r1e)

(ræ)



L56

(f21) JrBJernr¡ end. C.K.Jy'rgrnaca, Satura , ÐJ, 426 (fg55)

(rzz) s.R.Phadkan s.D,Gokhelen N.f,.phalnikar and. B.y.Bhld.c,
J.IDd..Chen,$oc. , ZZ,, 215 (1945).

(L2Ð F.à.Irong, l.F.tcDcvit n"ad. F.B.Dtukler J.Pþe. and CoILolô
chcn. , fr., 819 (r95r).

(f24) l.R.Otson end t.R.Sf¡onsor, J.Chen.Ph¡ro., Uþ 116? (19,19).

{l-25) K.l.sykce, J'chcú.soc., 247, (1959).

(ree) S,Froae.ør¡s, Acte thca'Scand., 2, 8;59 (1951)-

l¡nl J.B.Brorra, Proe.roy.soc.[ov Zaa]-end, TL, 19 (1948).

(128) R.illtlr;en, Aete Chen.Scand.., 4, 1¡[O (fg5O) -

(1æ) E.teconnell and. [.Drvldsoa, J.Àner.Cheü.$oc., 12, 5L64
(1950).

(130) J,BJerrun, tr.delr.aks vlilcnek,sclsÈ. , &, (1946) to.I8.
(rfr) ü.Gaso, che!.zvcotÍ, !¡[" 5o9 (rg5e).

(tlz) H.o.Denher, Z.physi.k.Chen" , 65, 641 (1909) -

(L5Ð ß.À.faJaikn B.Chand, nnd D.C"Jel¡, J.fndfe¡ 6bcn.Soc. ¡

&, ãt, (L9451.

(f¡+) fr.A.IaJnlh, R.Chend., A.H.Ke¡nrr e-ad. D.c,rlelat
J.Indta¡ GhGE' Soc' , 19, 5n (fgAe) -

(1t5) R.ülel¡lcn, guomon Kcnf stflehti' .âÉ-8, TT (f:g57l.

(116) .f.BJarruur G.sehwnrzenbach ¡ad L.@.$l1l 6¡t
istebilfty Conøteatoi, thc Ghenfeel Socletyr Londolt

Psrt II Inorgenic l,lganûo.

(f.fl) l.D.Be*ver, Ir.E.lreVerror, y.E.þstfll, P.C.Iatcs sncl

It.E.I{oore, J.Amcr.Chen.Soc., 32, 4516 (I95r}.

(15S) !{.S.GÍLL end R.S.[yholn, J.Ghel.Soc. , 3997 (f959).

(139) R"t.pÈs¡¡¡ snd. A.I,Pepov, Annl.Chln.Actat IJ,, L55 (1955).



(14o)

(r+r)

(r+z)

ql+z)

(rq+)

(r+l)
(r+o)

(r¿r)

(ræ)

1r+r)

1ræ)

(r¡r)

(r.zz)

(r¡¡)
qrx)
(rs:)
(r¡e )

(rrr)

LTI

E.J.f.,eld1cr and. fl.Eyring, AnB,.t.Y.Ac¡d.ScA, f!, n5
(r9¿o).

J.H.l{sthers snd. À.J.JohnBoEr JrPhys.Chen.r -?þ æ4
(1s1?).

J.E.[athovs n^Bd. E.B.BenÊier, J.Phye.Chen., ]9ç 264 (1914).

I.Douect and R.Cognlae, ConptorGad.¡ Æ., 968 (]955).

R.B.ldeson anel J.E.ËethGrsr J.Ph¡ra.CheE.. Æl fflO (1925).

J,N.Peercc, J.P\ys.õhery,, ]9, 14 (1915).

D,R.Ftrrnka Ln J.I'erls end. R.G.Ui.Iki¡ls lüoderr
Coord.lnstion ChenLstryä l¡terseien,co hrbliebers Irtd.. t
Iondoa 19@ p.128-1J1".

!.F.Audrleth ¡ncl J.Kl-einbcrg, Ploa'.Aqueouß $elventa;r
ifobr ldtley s.nd sone, Ner Iork (l95rl p.140.

[.Y.S1dgrlek, ilfhe Cheuical Eleuente ånd thelr
CoupoundeË, Oxford ll^nlverslty Press, Vol.flr IÉ66.

E..o"ll1klne, J.Che¡.soe. t 45?J (1957).

G. A.Ce,rJ"soa, J.P.l{cRc¡rno1d"e erûal F.E.Yerhockt
J,Aner"C1LeE. so*, .6J,, Lr34 (f9¡+5),

F.3eeolo, I.fl Cbe¡a and R.K.llurnann, J,Aner.CheE.Soc" ¡

3s., 956 (1954).

G.T.l{organ ¡¡d. J.Ð.}fatn-Sq1th, J.Cheu.Soc., LãI, æT
(]-925).

E.IIeno anü A.I.tarteIL, J.Ph¡rø.ChGB., 59., 99S (1955).

K.Ucno and. A.E.HarteIL" J,Ph.ye.Chm.t É1, 257 (1957).

(.Ileno ¡nd. L.E.t{ertel-L¡ J.Phys.Ghcn. n .€9,, LnO (f950).

itr.hrJtta, K.takeaoto and H.Eobayeelct, J.Aner.ChGn.Soe. ¡

fÊ, 5æ6 (1956).

J.P.Fetret and. J.V"QuegLlanor J.Aner.CheD" Soe. r 19t
5746 (r95+).



1-58

(f-58) G.F.Steyos, C.Gurre¡ ¡nd. J.Y.Qurgl,iano, J.A¡er.ChÐ.Soe. ¡

T!_, 6159 (L955).

(159) D. l.lhonrs ead A.E.I¡larteLL, J. AEer. Ghen. Soc" 9I r SILL
(1959).

(feO) Ê.H,3rdger, ilhc Stn¡cturea ¡nd Rcactlone of tha
Àronrtie Corpounder, Ceabrf.dga llnLverslty Dreee, (fgf+)
p.202,



IH IH Ir IE IF



(r)

I RedÍochenica-]. Techniquce.

(")@t'
Ibie ras suppJ-lcd by the Unlted KingÊon Atrnf'c

Ererry Authorltics (Ânerehen), ¡s the loctrpe Crfu, fn e

eolutlca rf c¡rrlcr crbelt(II) chJ-oridc.

(b) )

eot¡rt@( t-t) .

(t) )'
J-4 ccs of ethyl alcohol tere added to 24.48 (O.e U)

of saJ-ieytaldehytlc, the nÍxture then pouned. intc 6'09 (0'1 U)

of anhy¿r@us cthylenoilla,ninc contalning e llttlc ethyL s.Lcrhrl.

the nixturc rnc stirrect srd. ¡llowed to crystellfaË. Ihe

procluct vas then recryete,lLLzeð. twiee from boillng eth¡rl

aì-cohol. end coLlected. as finen bright yGLLet pLrtea' 
60

( li) ï rñ r-eth¡rlencbie(enticylld.cnclul¡rtr) eobelt( II)

Iriltethylenebie(ea],icylldcneLslnc) ( 5-58 0.02 u) ürrg

dieeølved ln ethyl aleohol (tæqcs) and placed. in ¡, Ðocc

flask F, es ahovn in diagru 1.



(!1)

/N 2

Dlrgren 1.

Orygen f,reo nitrrgen, (prrttucad by bubbli'ng Qyllailcr

aLtmgcn througþ trr ¡cfð-ehroEoua chlorldc buËblers, tha

srlutiens bclng preparcd. þ thc rcductlc¡ rf seld.-chrrnic

chlorlde ylth øiue ¡ucfggs), (1) rre bubblcð thr¡ngþ thc

yc]-lrr erlutlon rf the frce brsc for rbcut 5O-4O nl.nutes¡

the solutt ra nccnrhile hc¿ted on ¡ retcr-b¡tih to eblut @-?OOC.

cúe1t(fl) acet¿tr tetrah¡ür¡tc (5.0g O.Oa{), tr
.nhteh rss ed.ileü r snal] ¡m¡ult rf rcÀioseti.vc crbelt@(Il)

ehlorl.dc, r&F hertcel to brillng rltb ct\yL al-cehoJ. (gOccs)

untll +:ll- thG srlld h¡d becn conYcrteil tr a pfnk, rurlheur

pcd,er, rtrlch ras prcbably cob¡l-t hytlroxfde or r b¡elc



Ir11'

cobaft(Il) eeet&te slucc the eolid. uae lnEclublc l'¡ sater'

the cobaJ-t(U) mirture ïes tben placed. l.n the Êcper&ting

funnel $ and nltrogen paseed thrrugh it frr about 30 rninutcst

çhile dcorygenatlon of the free bsse soLutlon !n F vrs

carried out slnu-l-taneouslY.

fhe cEbalt(Il) suspension ï38 then addetl dropwise tc the

reeetion flaok, nitrøgen bubbling -ührrugb the fl*ek contln-

ucusly. Ihc scl1ü dlesolved. glving a døo¡rred srlution'

Heating yeø ecntinued for a further fr minutcs vith ni'trcgen

peeelng conti.nueusJ.y through the syetcn.

the flrsk ras then qllowed' to ccol, when sn¡IL

merocn prlms (+.1C) yerê leoIated, after fllterlng the cold'

sclution r¡nd.er a nitrogen atmospherc'

Ehe product uas sucked. dry on a Br¡chner flask, nltrogen

passing eontinuouely. 3y tbls preparation, the srlid

eo¡aft60(lt) ccmplex ras f,ountt to be unreactive tswar¿s

erygen, under atnorpheric conditÍo""' ( 2)

(Fo'ncl: Cr 59.O?; Er 4.5?¡ N, 8.35i C.l 1?.8 (by ceabust-

icn). ca.l,c. f¡r cr[cruntnHro2]; c, 5g.Li Hr4'74i Ñ' 8'61;

C¡, 18.1É) .

(c) Sr¿.bstltutlsn Reactiens'

rhe subøtltutlsn reactions of this compler rêr3

studied. f.n pyridine solution, with the cxcluslon of o¡srgen'

Cebalt(II)(salen) ues first prepared by Tonrn¡ki, Pfclffer,

Breith ancl Lübb a(5') .



(lv)

the crmplcx preparecl by these ucrkers sho¡ed. a tendency te

turn bronn on expoÊttre to air.
fsrrnskl(4) shored thia tc be due to the absorptlon rf oxygen,

by the soJ-id. cryetalline naterLal.

Celvln and corctor"u(5) frund that eernpLeo of the conplex eould

be prepered nhfch either dÍd or dttl not ¡bsorb oxygen,

d.epenùlng .n the nethoò used. fer syathesis.

the nethcd of yest( 2) w.o us.ed to prepare the sample of

coba-tt(Il)(eal-en), Irhich ras uoed ln thcee etudiec. fhe conpJ-er

prepered. in thls manner dld not absorb orygeur in the srlid
st¡tc, but und.erwent orrygea *beerptfon in selutione ¡f
organlc eolYent¡.

west(2) e¡anined. the netst(II) exchange rf cobalt(II)(Eal.cn)

i.n pyrldlnc, and. La the prce€nee of oxygen. Ee prepoeed. the

e¡ietenee of [c.1rr¡(sarcn)] (oz) or [t.(ttllsrren], (or) ir
g ccbeltic ccnplcx of (salen) tg.[C.(I[)lseeenl+, or in
fact r nixture tf thcee ccnplererr la eolutica.

thcreforc, ln ordor tr cxa¡nine thc substitutlon ro¡ctions

ef eeba-1t60(f¡)(¡aJ-en), e¡t apparatuÊ tae deeigRect ae ¡e tc

study the reaetions under nltrogcn. lhls le shorn ia

Disdan (II) p.Y.

oxygen r.a8 rets.veô frcn cylinder nitregen by pessage througb

tre acld.-chr¡¡¡us chloride uu¡ttere(I) ( ae given cn p'l'l) '

llhose lmbblers vere fo]']-osecl by onc coatainlng concentreted

sulphuric eciô, then s e¡ustlc potesh tovor (for drylng

purpoÊGs)e¡rdflnellyapyrtdinebubblertraeturatethe
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the nitrogcn strean lu crtlor tr replaoe pyridlne l-oct by thc

bubbling aotlon ín the reactlon fLeeE F.

A vefgired esount cf the ceurt60(lf) coapler in r thla ralleô

glaes tube , y&s d.rrppeil iato a knera vclu¡e of pyriillac Ln F.

fltrrgen h¡d been bubbltng thrcugb t he pure æl,ver¡t for ßenc

ti¡øe (1F20 ninutee) previouel¡r, ln erclcr tc rmrYe ¡I1
oxrygen from the re¡ctfon nod,Lr¡n.

lhe gJ-eae tr¡be ecntelning the C.æ(Ix)(ea,len) r¡s brrk€ü.

and. tbe nírture arirled to ctiøsolvc the solid. flltrogen vas
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kept bubb1lng for a further 15 ninutec.

thereectlen veesel rae cJ.nmped lnsid.e a conYentLen¡l, eloct-

rically reguJ.ated. theruostat veter bath, kept at 25' ! O.J'ogt

ln such a rey that the nbuJ.bR ef the fJ.ask Fr rres completely

irnmersed" lhe burettc B was outsidc {re bath.

Meanwhlie, an equal- vclr¡me of the BeteI(II) sel-t soJ-utlon Ln

pyrldtne, et a coneentration equ*I to tbat of the coba1-t(Il)

eompl.ex sclutLon in F, hed nitrøgen paaseci through lt for
6one L5-æ uinutes.

Purified nitrogen enters the system et À and by nanipulatioa

of taps ÍLtÍ2rÍt ancl !4r may flor through Kr E and Lr Lnto

the reaetlen f].aek F.

After the re¿cting netaJ-(II) saft seiLutlon hed been adcted

threugh 15r the vessel wes ehaken to enÊure thorough mirlng.

lhe tlne nhea the requtred veh¡ne of solutlon S had been

ad.ded,, rras eonsÍdereci *s zero-ti¡ne for the reactl.on"

Sanples of the reactl,on mixture in F were teken at various

ttne intervals, by passing nltrogen into the f)-eak F Yith 14

closeir anel foreing the sample thrøWh I .into the burettc E.

Uhen the required vol-u.ne appeared. in B, t¡rJr søAution he].ð la

L vas forced back int¡ the fI¿sk F by eultable nenf.puJ.atfoa

of the tapo Ît fe antl ÎU. Ihe requlred. 5cc eanple res then

d,elivered fron the graduated, burette E lnte the separatfng

funnel S, t¡hlch eontained 25ce of d,eerygenated chloroform

and 25ec of alr-freG rate1. the eonteats Yere shalen, r¡nd'er

nltrogen, to effect a eeparetlott.
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Chlorcform extrects of coba-lt(rt)(aalen) becene brom, frirþ

rapidly even rrtth the procentions taken, due tr poeelble

ebserptlon of orygen from the a-ir. îhereforer onay onc cxt-

ractfon rae naÄe for each senPle.

the cbJ-orofor¡ and. aque.us J.s¡rêra rero nade up tr

50ees. ¡rlth ¿bs¡lute nl-coh¡I, end ali,quote teken a¡rð counted'

(¿) .

(1) 9s3s--@9s.
Heasurenents of rad.ioactivlty rere n¡de ru, sclutlons

using a Sklrtcd Type Llquid Cor¡nter Gelger tube ( æt¡'.Century,

Electronic lrtd. fype 1{}2) r of LOce. capaeity. Ihe opcretiag

pctential- rf eech tube used ras given by the na.nufaeturcrs.

Ia rrC.er to reduce the background ceunt the tubes Ëere fitteil

intc a circular lead tower wlth a removable lead cevcr. A

thickness of 1.5 1ns. of ].eed servad to red.uce the backgreund

to about one-quarter cf the value for¡nd. rùcn unprotected'.

(n) -

Aliquots of the eotutÍen obtained after thc separ-

atlon proceclure rere peured intc the Counting tubes. lhe

tubes rere fi]Ied untlL the Qeiger tube ara6 ccvered. An

inerease in the vol'ame of the solutlen abovc this nerk mado

no apprcslable dlfferenee to the nr¡nber of counte obtalnecl.

(rrr) &s4!.å4s.
Coqnting ra¡i eerrled. cut using an Auto¡¡atlc Scalert



(vür)

Iyp" E55O D (Ekeo ELectrcnles trtd.).
Eackground. correctioas Íer€ the enl.y snes applied tt the

ecr¡nts øbt¿ined.. Thcse ¡r€re determined by ruc hour counts

on each ncounting day"" $uch cerrectiona yerc of the ord-cr

fr countsr/I00 seesr A d.ecay correcti@n ras un1cccs6ar¡r with

C.6O(r.3 yr6.) Density cerrections rere n¡t applied in vier
of the eenl-quantltative kf.netic approach of this scrk.

(e) lurlfiectirn o{ ,solvente.

( f ) Fridlae.
B.D.E. or Anax Pyridine sas dried by refluxing @ver

KOH pellets, foIlosed, by fracticna^L distllletfen ¡lhenever

required. fhe b.pt. fraetion II4.5-1I5.5'e res cc]-lacted. for
use,

(il) .ch1@9r8.
Thls ras purifled by fractl6aelly dlstilling it

thrcugb aa a8r Dnft¡n clLumn. the b.pt. fraetion @.5-61.OoC

vee eo].]-ecteô for uoe.

(rir) u¿ter.

De-ionlceð rater wae used for aLl experlments.

(f ) Hct&L( II) SsJ-to.

(nonohydrate)

end zlqc(Il)gceEs:he (afhy¿rate) rrerê ueed for the cepper(tf)

and øfnc(If) netal ggplacenent reections wlth cobalt(II)(salen).

B.D.H. h,vd.rated .nlckel(IIl acetate uas purified by recryst-

a].]-izetion tuice from sater-acetic acld nixture¡.
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lfhe green crystals obtained rere ana-lysed fer nickel by t]re

pSrridlne-annonium thioeyanate gral imetric tetno¿, ( 6)

(Fonnetr [i, 23"4i 22.gfr by fnr{c'irru)l tcns)r.
ceJc. for Ni(gEScoo), 4nro ui, 27.6ø).

h¡re a¡rhvd.r_ous nickel(II) acetate ras prepareù by de\ydratlag

the pure tetrahyd.rate (f,ron above) at 1O0oC, lrr a¡r Àbderha-ldca

apparatus. Ihe nnhyd.rous ecet¡te øbtained ues storecl over

Eil.leo gel- in a clee,i'ccatorr ready for use.

Nickel_(III Leggþlorate (diþ¡rdrate) ras mede by treating

basie niekel(Il) eerbenete vlth 60É BercbJ-oric acld." Ihe

carbonate wes produced by nixing togetheraqueouÊ solutiøns of

A.R. nickeL chleride and. .å.R. socliu-u carbonatc.

The green solution formed. on dissolving the basic carbonete

in perehlorie acid wae then alevJ.y evaporated. on e water-

bath, kept at about BOOC.

Ehe green needles produccd. were then recrystalllzed tuiee

from lee-colcl rater and, colleeted. and dried quick\r betreen

filter pepere.

they rere etored over eilica gel in e, vacuum d.eeiecatør.

Uiekel( II) anelyeio uslng pyridÍne-ammoniun thiocyenate

gravinetric proced.ure indÍeeted that the perchlerate hed. thc

fornula H1(9104) Z üeQ. (For¡¡d.: sl,r 19.6' L9.3fi by

[ni(crEFff)41(cus) r.
cale. fer l{1( c104) 

' 
z Y ro Nl n "oí) -

) vas purifietl bY recrYete[izi



(¡)

B.D.E. hyd.rated. cobg.ft(Il) acetste tviee, from glacinl

eeetie ecfd.-uater mÍxtureg.

Cobclt(Il) analysls ca¡ried out cn the red crystalJ-Lne preôuct

iad.icated the fornuJ.e¡ C.(úU5C,OO)e 4EZ0-

(Fouadr c., 23.2' 25,5f , bv [ct{crn'n)f tcus¡r(6a}

Ge.le. for co(cfl5æo) z 1H2O Co, 23.7fi.')

T
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II
( s a.]-,t cv].-ict cpeinÅ,netr ì g.1 ck e]- ( II ì [-or 

"f "rl 
¡f I ( *.r*g i].

(")

ininatcl niekel-(IIì
thle ehelete res flret prepareÕ by laumakl, Pfeiffer,

Srelth ancl l,übbÇ. 
( 3)

(f) PrepergtleLef bie(ss,1ieyleldghyq&to)n ).

An aqueous so,1utl.on of nlekef-(II) eeetste (tetre-

hydrate)(5.og 0.0U{) vas addetl to freehly dlstil].ed oaticyl-
aldelryd.e (+.9g 0.04¡,{), dissolved. la e ].ittIe alc¡hoI. lhe

green selid ree fil-tered, and vashed rith alcehol severel

tineo. It wss used fn (it) belov, nitheut further p:rlflcetica.

(ri) ).

5.Og, of fineS¡r ground bls( sal-icy1alde\yttetr )nickeJ-( II
w'ae mede lntc e paste with al-cohoJ.. 15ee of 1O?Ú eth¡rJ-encdlesinc

yere added end the mixture stirred., Ihe paste nes then

w.arned. for one hour on a rater-bethr after uhich the orange

eendens/ation product wae nashed vlth aì-eehol- end. ether.

The ora¡rge chelate ras purified. by recryatoìliøation, twice

from ehloroform, onee frøm glacia1 acetÍc acicl and finatly
d,issol.ved ln pyridine and precipitated with ether' The pure

ehelate was d.rled in a¡r oven et 70-80tg fu" one hour.

(founil¡ C, 59.22i H, 4.59i f' 8.58;

CalcuLated for Af(h6Et +Ãf Z) ¡ C t 59.L1; E 4,54ì A 8.62)



(r11)

' (b) EeÍal-(¡r)-satts.

A.R.,gop¡rer(Ill acgtete (nenohydrate) ¡es ueed in
the gpì-ecenent experLments.

Anhvd.rrue c_epÞer(II) eh].orlde res prepared. from

A.R. ccpper(Il) chl-orid.e (Aüyarate) by heating the b¡r<lreteil

cornpound. in ¡ Abderhald.en apperetuo, at 1O0oC. lhc arrhydroue

brown eopper(U) saJ-t, prepered in this E&nrrer, raa stored

f.n a d.esiceator @rrer el.ì.lce geI.

Gopper( II) o=ercbleratc (hexahvdratc) . was prepared. 1n

e slmil-ar ms¡ner to thet rf Trydrate¿ niekel(Il) perchlorate,

B*s1e copper(tI) carbonate, prepared. try nixlng aqueouÊ

soLutions of A.R. copper(Il) ehl-oride a¡rd. A.R. oocliu-n carbonate,

was treated vlth 60f perchloric aci,d, unttl the baeic carbonatc

d.issolved te give a dark blue solutlon. lhe soì-ut-ion uas

then flltered.n and. evaporatecl a.lmost tc drSrness on a vater-
bath, kept at about 8OoC. The blue crystals üere then

fLltered off a¡rd. recrystellized. trice from lee-ccIö rater.
lhey uere stored. i¡ e deslccator over Eilice gelr l{c hsg rf
retght or change fn cclour of the eopper(It) perehlorate

cccurred. when kept for scverel nønthe, in such a Di¡urero

Analysia on the compound. prepared ln thls reür yae for¡¡d, te

egree rlth the fornula Gr(G104) Z.6F,f .

(Forurùl Grr &.6A*l æ.55fi¡ æ.46fi eg

0a-1c. fer 6ìr( c1o4) z.6E zo, cu 20.69Él .
þrr{ cunrrl rJ t *rl!

lhe iladd.ed. sa1ten used. in the experiments d"eseribed in
chapter rr vlz' riclr Nactro* ete rere A.R. cr recryetq:rllzed
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3.D.ff. reaêentão

(c) .

(i) Isli$Læ,.
Thts solvent ras purified by the nethod. outlinccl

on p(viií).

( tt) utnyt l]-ccnol.

Absolute a-lcohol rae d.ried. by refluxing over EOE

pe]-leta for severeJ- heurs, fcllored by freetlenel di.ettllsttra

througþ a¡r 18n Dr¡fton column. lhe b.pt.fraetLons ??.5 - ?8.0'C

m,s collected.

Ihe alc-ohcl. purifted ln flrch a Eanner vss paosed thrcugh e

Yapour Befractonetarr Itlodel L54. A sne.I1 peqk due to weter

was obteined. ia the chrometogram, hotever this ras eetinated.

at O.5fi of the total a].echo]-ie eoatent.

(rü)@-
3.D.8. Specttoscopic methyl al-cehcl was used. rtthrut

further purlflcatLo¡r. Gas ehronetogran anal¡rses incltcatcd r
very smal.l. anor.¡nt of inpurlty present (vater eppror. 0"1Í).

(rv) ).
Crnmerclal rnethyl. cellcsrlve ra.s drietl by refluxlng

over anh¡rd.rous barfi¡m oxl.de for severs.l hcurs, follcuetl by

fraetionaJ- distlllation threugh ¡a JBt Dt¡fton column. fho

bolltng point fraetion 3:2r.5 - L24.5'C ras taken.

(v) Ace,tctr¿trlle.

Acetonitrile (B.D.A.) urs drled by distlllfng ft
fren Pe05 ln as all gl.ese apparatus cJ.osed. Ytth a.P¿lF tubct
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srnê flve cr gl.x tf,rnee, untll the eolrtrr cf t he exid.e remaincd.

unehanged. tlc fl.naÌ ûÍettllete from thls proce([rrre ]fißa then

dlstf"rLed frou a¡h$rdrous potasøl,r¡m ca¡bonate, the b.pt. freetlæ
&-"0 - 82.OoC eollecterl. Fi¡raJ-lJr, the acetcni.trlLe yas

clistilfed alone, and the pure solvent collected.; b.pt, rengc

gl.5 - g2.ooc.

lhe so]-vent sfter purificatlen uas used al-uosù tnrnedlately ftr
the gg¡rlacenent reectLøns.

{vt) II!s*
Oue lttre cf Iìrrlfled. Dl,cxan (Lf,fgbt ¡td.), l4nl-a.

of conc. tGl. nnd IOOn]-s, of veter Betrê refh¡¡ocl. fer 6-12 hour¡,

¡ùiJ.e a sl.oü atreffi cf, nitrogen tes bubbled through thc erJ-utlo¡

tc renove the ¡ceteld^ela5rdc" lhe celd arJ.utlon vre trscted.

rlth ECIE pelLteta rith shaking unt{l sonê remei¡red. uacllssrlvcd.
Phe agueous layer y&.s then run off and nost cf the ¡reter uas

renoved by keeping the solutj.on over KOE petJ-ets fer a furthcr
24 hsurs.

lhe solutlon 'ss,Ê then refluxed, @Ter €xcee6 sedlu¡û rire f,or a

further 10-12 houre, untlJ- the reactieu eeased anü the sodh¡n

remained. brlgfrt. plaqlly, the dlc¡an wee d.isttlled frcm

Eorllr¡n aud the b.Bt. fractl.cn f01"O - 101.5oC co[eeted..

(vü) !g!.g.
Gonðuctivlty çater ves used, for tre eeparatl.on aad

analytlcel ¡lroceclures used. ln the repLacene¡c,t experlments ttth
niekel(II)(seJ-en) end. other ni.elrel(ü) crmplexes.
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(vfff) CbJ-ercform, ueed 1n the eeper*tlon proced,urea,

ras purlfr.ed by dtstillstien.

(ð) .

fhe nethod. used. to fol.J-ov tba g¡ùecenent re¡ctl.one ¡d,t

nickel(I.I)(eelen) and. othor nlekel(II) ceuplexea, iø deecrlberl

bel-ev.

the rea.ctlone rere earrled sut ln glaao reaetlon

vessels havlng the etrape of an inverted {o, rlth a ground

glsse soeket bearing a stopper et the top. In one a¡t of the

veseel ras Bleced. 5o.1E. ef the netsJ.(trI) eaJ-t ecluticn, rhlJ.e

ln the other arn, 5nlo. of thc nlckøl(n) chel¡te eclutlo¡.
the eone;ntretlone of the tvr eoLutlono placed 1n the srus ef

the reactisn vcsaeLE were eguelt a.nd" of euch va-luesr that

on nlxlng, the d.eeired cøncentratiøa fer the experiment'vss

cbta.laed. The reeetlen vesseJ-e yere then pl*ced tn the the¡a¡¡-

etetecl beth cverntglrt r Éo ae te çalor the eolutirns tc cons

to tenpereture equllibrÍum.

the reactions ïere started by Lnvertfng and vigorously shaking

the vesee-Ls. Àt the inltLa1 tine ef ¡ulxlng (tine * 0) &:

øtopratch wss started.

At various tlme lntervaLs (ttne - t), the veesels

vere take.n from the ther'nøstat and plunged lnto an i.ce-rater

bath, sE ee to FstopF the rea.ctien. Afber sone JOeece. ia thc

ice-vater bath¡ tmì. eamples of the reaction ui¡turee Yere

taken, anÖ rn¡¡r into a5cee. of, chlerrfora and lJces. of retert

ln a eeparetlng firnnel. Seperation of tbe chelate and. neta-l
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loa ernpcnents vas effeeted by chskrng tho fr¡nneil vlgrrtual¡r.
lhe ecnpJ.eroæ crtraeted lntc chhroferu sh1J-e tbc frec eoppor(fl

ead. nlckel(II) iene reuaincd la the equoous çclutlen.s
Ihc equeoua )-eyer ras than ¡un lntr 8 5OeI. bc¡ter¡ 20ce. rf
A.R. soôlu.n acet¡te - A.R. scctlc aelü-veter buffcr (Iü 4.6t)

eilded, ru.d the rùcJ'a m¡dc up tr 5On1. ln r v¡Ì¡netrle fIsek.

Ehe eoJ.ution vo¡ then read.y fcr the cetlnatlon rf
the concentretion rf eeppcr(lI) ions.

a

Frr the gplecenent reectloa ln thís eol.vent it ü&s

nct necessßry to cool the reaction mlxtures fn s¡ Lec-rertcr

batb, bcceuec of the lor tenperature used fsr thls eub¡tltutlrn

reaction. (1 - L5.9 I O.loc) '
Samptee rf the reection ufxtures e¿d. etandard ss1utloao rerG

takcn dlrectJ.y from the reactlon voeeeJ.s and. n¡n lnto ffiCLiß*
nl¡turcs fn ceperetlng firnnela, q1l bcing n¡intalacd st 16¡C,

the tine (t) rf renetion res taken se the tioe rhea the

eontente cf the oeparatlng funnel wsre fi'ret eheken.

c Scparatien ef the chclatc and neta] ion conponente, nhen

uelng pyrltline &E & eolvent, preved d.ifficult. A broryn layer

vas prod.uccd at the interf¡.co cf the ehlorofcrn end aqueoua

layere on ehaklng the firnnel. Hcrever, as such e brorrn la¡fcr

occurred on treating beth the reacti.on nixtures end, atendard.

copper(II) solutions, and further, ainoe the Eanc technlqueo

rere ueed in the separatioa proced.ures etc', the error ef

oeparatlcn yas essumed constant.
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)-

sgppaurl¡Ð . [poppcr( rr) ( sa:.ePn.

îhe nethed ueed. for the preparrtlon rf co¡rper(II)(¡al.e

res nnrlegoue t the rne uq6d. for the alckel(Il) ernplcx
(p ¡1) '
A.R. eopper(II) eeetete (nrnohyctrete) rc.e uocd. ae the saIt,
ln the preparetion cf bio(aallcyleJ-deùlytlato) crppor(ff ).
Coppor(fl)(ea].en) u¡d.e by thiu nEthod yss recryetnll1s6d, threc

tlnee fros chlorcforn. the dark grcen oryste-lo obtalned. rerG

dried fn an oven, et 8O'C, fcr two hlurs.
(fcu¡d¡ C, 58.5?i E, 1.47i N, 8.Ð-¡

ca-lc. fcr Gb(C'6BI4üA0a) ¡ C, 58.50 i E, 4.Ei [ , 8.49) .

fhe seupl.e cf hyd.rnted nlckel(Il) perchJ.ereten ucoal

tn the g¡rlecencnt re¡.ctl.on betreea nlckel'(II) hns and

copper(fl)(salen), ras prcpared, by an aaehgrus nethrd. tr
thet ¡f thc dihydratc (p.l.x).

Horever, niekeJ.( ff¡ analysis ualng pyrltllnc-runralun thlocytuete

intllceted thnt the perchJ.cratc had. the fornul-& trf(C104)e.6820"
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(e) ),
Copper wae estlnated. eolorinet¡lsa'tly usin€

2, 2r-Dlqurnolyl( Cuprofne) a* the reageoS. (?) 
Depend.ing ullon

the concentrati.on used, ln the experfuoents, e knom volr¡ne of
e¡ aqueouÊ extract was placecl i,n a separating funnef-.

A fex eryetals of Â..R,Ilyclrorylc'nLne Hyd,roehlorld,e r€re ad,d.ed,

to reduce the copper(ll) ions to eopper(I) Lons, then l-5n.l,.

of O .Ozfi Cuprolne i,n redl-etl3-3.cd B.D.E. lso-smy1 al-cohol,

rere added.

lhefunnel- ras shaken for Eome ninutee, after sbleh the vlolet
organlc layer y&s run out Lnto a ?0u1. voh¡netrlo flask. the

aqtreous a1-iquot vas re-extraeted. vith a further JnI. of the

A.A4 ürproine eolutlon, after vhleh the orgenlc layer rsa ran

lnto the volr¡¡netrlc f]-aek" [he vlolet solutlon wes then made

up to the nark rfth pnre lso-a.nyl alcobol-.

fn n'll, experiments, f.respectfve of the nolarlty of

the reacta¡rts ueed. ln the substitutloa experlmente and the

volu.ne of the aqueous ertract takenr the second, extractlon

ras fouüû to renove the remainlng eopper(I,.) lons, as the

ft¡( f )-2, 2 t-Df qutrno1yl conBlet.

the optical- d.ensftles of the violet soJ-utlonÊ were read. st

54oo Rr(?) on a Unicam g.P. 500 Spectrophotometer, uslng

Lcm.efllca cel-ls,

lo prepare the sta¡rd.ard. eurves of copper(Il) concen-

tratlon vereus optica3. density, eolutlone contalnlng copper(II)

ions eorreeponding to Ofr, ZO#, 50É a¡rd 8OÉ $rbstitutlon rere
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nade fron eech copper(It) rcr.etant oclutLoa cg. if tl¡c lnlttal
coacentratfta rf the eopper(Il) solutlon used i.n the eubett"t-

utlon experlment re,s 2.60 x fO-hrfour soluti.cna corrGapondlng

to r*3o x lo-fo, 1.04 r r0-ä, 6.50 ¡ rc-tr ¡ncl 2.6o ¡ 1o-\
yere preparcd, by apprrprlnte ctffutlon rf the erppcr(fI)

reactant aolutlcn,
Ihese four st].utlons rGre then øubJccted tr the ssse proccdurcs

(og, kcpt in the rater-bath overnlght, crclcd, þ1. eamplcs

teken etc¡), rs th¡se ef the re¿ction nlrturesr encl ürc rptlcrl

cl,enaLties of thc extr¿cted, er(f )-a, 2t:Diquinoþ1-1er-einy1

al-erho]' solutlou taken, ¡t 54OOl..

A ty¡llca] etanclaral rptical d.ensity versus soppar(Il) G.neen-

tretion plot ls shora ln P1g.1. The g'raph shorn ts fcr thc

Ct(C104)2.68'CI - ili(¡f)(aarcn) gplacenent Ln net\yl eallrctlve'

et ?t.log (t,50 x 1O-4f erch re¡ctant). the ecncentratirn¡

of frec eoppcr(If) lons in the reacti.on nixtures YerG thcn

read. directly fron the st¡ndarcl grapho.

lhe vah¡ne of the eque¡uo ertract rae ehesea, for

each ccncentratlou, Êr &s tc glvc a naxlmun eptlCal d'ennfty

of the violet sclutirn 1e" (01 suteti.tutlon or 100É e.PpGr(II)

lons), |n thc region of 0,6 - O*?. Uhon the c¡ncentrntion

of ccpper(ff ) efter rnixlng vas l"7O x lo-fo, 20n1. of thc

equeou6 extrect ras fou¡d suiteble to glve sueh an optieal

d.eneity ua¡fnum of 0,6 or 0"?. ^stmllarþ, ntren the coneeatrrt-

1on of copper(Il) after nlxlng¡ in thc reactlonr t88

5,n r tg-är 5nl. of the equeouÊ extreet geYe a reading
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ccrreopond"lng to 0.6 rr 0.? for Of cubetltutlcnr ote*

Iaver.

-

solutfoae rf 1.t0 x ro-fo crpper(Ir)(¡aren) ln
alcohrl, pyrldlns ead netþI ecllrsrrlvc rere uade up. hl. ¡f
csch of thc eclutl¡na rerc taken and n¡n lntr l5ee. of

cblorcf,rn andl 15cc. of yater, centelned ln soXrarating ftrnncb.

Ihe ecntento of the fi¡¡,ncls [ere nhakcno anû tho 4ql¡Gou3

laycrs separatad, ef,ter rlrieh the eolutf,cag rore tested for

coppcr(Il) Íons vlth Z¡2r-DlqniatþI. to ylclet erlrurs

ïere prrd,ueed. fren the stlut1¡us cf the copper( fI) cruplcx

!n eLeohcl- end netl¡y1 cellreolvo, houcver a slight vlolet

eo.}curatLcn reeultèd on teeting the equooue lryer ea a rcmlt

of the axtraction of the pyrlülne eol-utl'on.

the crneentratloa of cepper(ll) Lons, qcesured. ln tb:Ls r.¡Ir

rrae fcund. to ba <4 of thø total ccpper(If) conteat. trl

corrections rere nade tc the ce-].au].nttons of the intttal rstes

of the ppleconent er¡lcrlnents, wbea using pyrlðlne a8 r

sol-vent.

Feaeureqãrt of Srtectra.

ALI opectrt Yere neasured' oq e Tlnics! S.P. 5O0

Spectraphotoseter, ueing elJ'ie¿ ccl.l.s. À conet¡nt tenper¡turc

ceLL houerag(S.P. 570) rEe E,aGd fcr qlì spectre talen ot

high tenperatureso the ccIL eenpartnentr eupplled vfth

heettng llquid by s thernostst rEter-bathr cor¡ld. be sslutelnsd

at s glven tenperature bet¡een 2St-gpt, t O.5og.
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eøn].ete g.

-
go

tnlnate ì [nickel(U] (esaoohen!.

lhl,e c rmpounÄ vee first prcpareil by lrunakl t

Pfefffor, Sralth and Lübb.(?) thts prepnretfoa ls glvcn

be]-or.

Z.Ogn. of, ble( aellcytalüehydato)nlckel( II) ¡nd'

1.5gn. rf r-phea¡r]-eneillan-iac rere nlxed to s, thick paater ia

¿lcrb¡I, thc uixturG r&s varued. for one hour on e, v*ter-bath.

Tho graea c¡lcur ef bÍs( øaJ-ícylaldchyd.etr)nXokcl(U) d,ireppoc^rcd

e¿d, the eolour bcce¡te üeop rcd-brow¡ after scme 30 ninutc¡.

lhe precipitatc sas filtered eff and weshed. rrtth aJ.cohclle

ether.

It uae purlfled, by firet d.lssolvfng lt ln chlorofora ¡atl

repreelpÍtatlng Ttth etherr &d thcn rec¡ystal-lløtng fron

gJ-eela3. ecetic acld.

fhe dark red crystals rere drled in an oYen et f0-80rt.
(Foundr cr6i.a5¡ Er7.ú¡ F¡7.5'li

Car c. for Nl(cz*Et4f ¡0 A) 
t Cr 64.38i Er 5,79; F r ?.51) .

(b)

) [nreke],(I¡) ( ecrccn)]

(L) Prcpa,ratloa of tþq $chlffg besc.

I0.Og (0.1ü) of acetyl¡cctrsc tn ¡[-5oc of cbs.lutc
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a-].crhcI rerc added to J.Ogn. (0.O5H) of enhyd.roua cthyleac-

ctl¡ulne" lhc remrJ.ttng ligtrt yel-J.rr e¡1Ic[ rae fiJ.tered. rff
a¡d reerysta-lltzecl tvicc fron absol-ute rl ccho3..

(rr) .

' 2.?gù. (O.OfU) of the Schlffe bsac vere dies¡].veit

ln s. llttle a,lcohol, snd added t¡ e solution of ?.5g¡,.(0.01!)

cf nickel aeetsto (tetranyðratc) ln equeous alcohoJ-. the

¡oirrture vae heatcd for ËomG 90 ninutea en ¿ uater-bathr ¡f,tcr

which the reil eolid wes filterec[ off and recrysts'l ì ised,

three ti.¡¡es fron abeolutc elcohol.

(Frunô: C, 52"Ogi l, 6.5Li ![r 10.14.

ca].c. f¡r N1(Crfraofle) c, 51"æi Hr 6.46i H, 9.9?)

(c)

sc et onctelnato ) nl cEcl. ( II ) lnl cter ( Ir ) ( ac¡E¡u)]

( f ) Prep¡ration-c,f thc Schtffe brsc.

10.Ogn (O.01ü) rf ecetyLaeetcne ln 4-5cc. of

absolute alcohcl rere ad,åed- ta 5.79s, of, 1r2-prcpylencd.leninc.

the resuf.ting 1lght ye]løu solicl ras flltered. off and reeryet-

aJ-]-ized twlee fron absølute a.leohol.

( rr ) H'epe¡atlon gf nickel( fI ) ( ac¡cnn)

2.lga. (O.OfU) cf the Schlffs baee rera d.i.secì-vcd

in a J-LttJ.c el-cohol a¡d adiled to s Eolution tf 2.igø. rf
nfcke1(fl) eeetete (tetratrydretc) d.iesolvcd la aquecus-sJ-crhrl.

Ihe recl selld prrduced ças filtered nnd recrystsJ.J.iøed three
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tinec froa absolute a-lcoh:]..

(Iouoûr Cr 57.62; Hr 6.?8i Itr 9.65¡

Galc. frr nr(crfzoofa) c, 52.97i E, 6.84t tr' 9.49.)

(d)

lttcnclninetrì,ntcke4(fl,) @)l

(r)

.l@etnåsÊ).
LZ.ZFø. (O,f¡) of ealieyla-lôehyde rere dissoJ-ved

fn r ams.Ll r¡nrunt of gbsrÌute alelhrl end. added to 5.7æ.

(O.O5t) rf I-r2-prrpylençdl¡mlnc. lhe yallor eoliô vas fi}tercd.

off anil recryste-ll|sed .nce fron absolute EJ.cohoI.

(11) )

2.8Ð. (O.01$) of trrNt-I, 2-prrpylencbt e( arIleyl-

lclenctrelne) rcre d"iasclvêd 1t q little alelhol ¡nd edd'etl tr

Z.11.gÂ. (O.OfU) of aickeJ.(Ir) eeetrte (tetrehyårnte) dlssolvcd

Ln aquerue-s.1c¡hol. lhe red solld forned vas herted ca c

water-bath for J0 rnlautcs, then flltercd, ild recr"¡retalliseè

trdce frrn chlorof¡rn and. once fron glaclal ncetLc acid'.

tln¡J- puriflentirn ua,s effeeted by diserlvlag it ln pyrldine

anô re-precipf.tatrng rith ether.

The erange-red eoLld wse drlcd tn flrr oren s.t ?O-$O.C f."

cnc haur.

(Poundr C, 59.82i Hr 4.92¡ N, 8.38

calc. f¡r 11( cuhooiH a) c, @.25i E' 4.'I6i l, g.n)
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(.)

srllevlf.clenctnlnatol Bickel(fI) . [^tcker(rI) ( 5-ol{e sa-ren)l

(1)

salicy].idenciniae. ) .

L2.?ú. (OrfU¡ of 5-nethrrysallcyleldeh¡rctc(¡-vsflffn)
Ín 5cc. ¡f ¡bsolute eJ-crho]' rere edded to !.Ogn. (O.O5ü) of
ethylenedla.nlnc. The erlid vas filtered. cff ¡nd reer5retqllÍzed

t¡rlcc frsn alcrho]..

(u) )

5 "5Ð (0.0$f) rf tr[1-ctbyì-onable( 5-netnoryealtc¡rI-
f.d.enctntne) rere d.isscJ-veat ta eberlute d-cohol. s¡rd. 2.5g (O.Olli)

¡f nlekell reetetc (tetre¡ydrete) ful aqueous-alcohtl, addcd..

fhc red crSrstr-ls prcd.uced. r€re heeted. on & rater-bath, nt

6O-?OOC, for tyt hours.

llhey ïere flltered, and. reshd threç tLnes vlth brlllng
a-ì-coho1 and trice vith boiling v¡ter.
fhe red. erystale rÍere drted in a¡! oven at 6O-70oC.

(Fou¡rtc C, ,6.67i Er 4.77i f, 7.44i
calc. frr N1(C18H1804r2) e) 56.15; E' 4.'12,; N' 7.æ)

$ubet itutlon Reactlggg.

the nethcd ueed tr etudy the 4g¡rlrcenent re¿etfons

uoing these flve cemplexee ..ïras si¡ntlar tr th¡t used tr utuil.y

the reectlone of nickel(II)(sr.len) .

Fcr eech of the rea.etione glvcn In Olapter III, etand,ard,

optleal, dcnslty vornrua ccncsrtretlon crurvee uore örem, frcn



( xxv)

which the concentratione of free copper(ll) tone, in the

reactien mixturee, couJ-d be read.
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Conpouq4s"

Sunmary of the llhesis presented by l.U.FnB for the

degree of Ph.D at the U¿iversity of Aclelaide.

the substitutÍons of cobalt(IÏ) ions ln fir$r-ethyJ.-

enebis( salieylld.enei-uinato) cobalt(II) , by copper(fl) , nickel(Il) t

coba-lt(Il) a¡d zfnc(Il) loas have been examined, ir pyridinc.

The equlllbriu.n positlone found for the ggplacement experÍuents

have been correlated with the expected. stebilities of the

chelates produced es a result of such substitutf.on reactions

ví2. cu(rr) > ri(rf ) > zn(Ir) , ln stabili.ty.
hrther, the ratee of rgplacement of cobalt(II) ions fron

N rN 
r -ethylenebis ( ealicylidenelmÍnato) cobaJ-t ( II ) by niekel ( II)

have been for¡¡d. to depend. upon the types of nickel(Il) speciea,

present in sol-utlott.

The rates of gplacenent of nickeJ-(fl) ions fron

I rN 
| -et]ryÌenebt s ( e al-1cy1i¿ s¡sl mi lrats ) nickel ( TI ) by copp er ( II )

ions, in nethyl cellosolve, at ?OoC, have been shorn to

depend uBon the t¡res of copper(tt) sal.ts used for the reactl.ons,

and. to be influenced. by added sa1te. Spectral measìrremente

have been used to id.entS.fy the typee of copper(ff) speciee

and nlckel(II) complexes, present in solutÍon.

the rate of replacenent of nLckeJ-(II) was found. to be

greater in solvents of higher dieleetric coastant. Sueb a

result has been correlated ¡rlth the nature of the eopper(ff)



Gpccies la solutlol, and. upor the lÊcreased ability of

nickeL(¡1)(oatea) to ðiseoc!.a.ta in higber d.lcloatrfc coastent

eo]-Yents.

lro nechen1eüs of re¿ctloa, for thc g¡rlaceucnt of Elekol(L¡)

ions fron alelße1(Il)(ealæ), have bcen propoecd, on thc

ava!,Lab1e er¡rerlneatel det* e.sd. on the basie of cryst¡t Fie:Lat

enJ-euletlols.

rhe r*tes of gpLeccnent of nrekel(Il) ions by

eoppcr{lX) loEa fror e nurber of dtaaagaetle afckcf(Il) chcXrtc

conpoqnds havc beea csrrelatetl vlth the boqd atrcng$b¡ of,

the ¡¡Lckel-ltganil LtakageB or rÈrtb the effects of mrb¡tt'tucltg

upoü thc rrtesof di.seoel¿tior of the Blcl¡G!(II) eonplcrcs'




