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ABSTRACT

The kinetics of the reduction of 12-tungstooobaltate(iii)
anion by some organic and inorgani c substrates have been
investigated in perchloric acid nmedia. These reactions are
shown to proceed by series of unival ent changes invol ving
free radical internediates. Both spectrophotonetic and
Kinetic observations indicate that inner-sphere conplex
formation is absent and the inertness of the oxidant to
substitution is advanced as the najor reason for the operation

of the outer sphere nechanismin these reactions.

in the oxidations of butane 1,4-diiol and pentana 1,5-
diol by 12-tungstocobaltate (I11) anion, only one of the
two hydroxyl groups in the diols is oxidized. In contrast
to the reaction of butane 1,4-diol where no hydrogen ion
dependence is observed, the rate of oxidation nf pontnna 1,
5-diol is catalysed by acid and retarded by added 12-tungs to-
cobaltate (Il) ions. Rates of oxidation of pentana 1,5-diol
also correlated well wth Hamett»s and Bunncttis relations
in the acid concentration range used. Mechanistic inter-
pretation of these observations is advanced.

e nol e each of L-cysteine, Mercaptoacetic acid and
Mercapt oethylamine is required to reduce 12-tungstocobal tate
(') to 12-tungstocobaltate(ll) wth the disul phide of the

ligand as the other product. The rates of the reactions



decrease with increassing (H .This is attributed to the
dissoci ation of the hydrogen of the -SHgroup in the thials
prior to electron transfer. possible necheniane for the
reactions and the significance of the second-order |iynnd
dependent pat hvways observed in these reaction are di snussed.
FHnally, the reactions of 12-tungstocobal tata (111)
wth nitrous acid, thiocyanate and iodide ions ara first
order in both the oxidant and the reductant in each case.
Athough sinple el ectron transfer fromSON or 4 to 12-
tungstocobalte (I11) togive SN or | radicals in not
thernodynamcal |y feasible, it is kinetically favoured.
possible driving forces for the reactions are suggest ed.
Excel lent agreenent is obtai ned betueen observed rate constants
and those calculated on the basis of Mrcus theory far the
reactions of |~ and SON wth the oxidat,, The i~ reduction
of 12-tungstocobaltate (111) is catal ysed by bromde and
chloride ions and this is rationalized in terns of ponsibl e
stabilization of atommc 1odine by these holido ions.
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CHRPTER 1

GENERAL INTRODUCTIDN



The sgueous chemistry of inorgenic re=ction:z has within
the last three and a half decades witnegsed a dramatic ciiange
in gmphasis from simple observation of stolchelom2iry [ind
clussificstion of reections as instantaneous ancd non=intoni =
neous, to elucidation of reaction mechenlisms. yith the ~22iv 1
of new physical methods of kinetic observation, t.ie ratns of
recctions which had previocusly been describerd as instant: nocous
hova heen meesured, and s oenerel study of solution cheistry
of inorganic reactions especislly in the area involving tie
rections of metal ione | has heen carried out.

In addition to kinetic studies, investigations of the
af fects on resction rates of changes in the overall ocharge
of the metal complex, of other ligands in solution, of the
nature of the central metal atom and of solvent hava leuq’:'h
%o the suggestion of plausible mechanisms consistent with
the kinetic date.

jut until e few years ago, such mechanistic studies wnro

reastricted mainly to the complexes of crIIE caIII, FtII

I

’ de(I
Pd™" which undergo stihstitution slowly and which way be
ax=mined by the so cellad 'conventionzl' technisucn. The use

of photametric, spectrometric, polsrometric, =2nd zadiometric

tochnigues as conventional methods of studying the kinetics



of some reactions have been Fully dlscussed by 3tranks.3
Thaese techniques inveolve measuring as & function af time,

the cancantration of one or more of the reactants or nroducts
or any pbysical property such as absorbance which is directly
related to concentratian. Thelr applicatioms wveru however
limited to these reactions with helf-lives greater than Co
30s and rate constants leas than 1 sec-1 and 1 H-k‘for firss
snd second order resctlons respectively. £ vast number of
trangition-metal lons react much faster than thia. Thus,

the development of fast-reaction techniquas12'15 hag uode

it possible to examine in detail, systems which tbad hltherto
been outside the scope of investigators i.=. those with haolf-

llves of the order of milli-seconds or less. A sunmory of

fast-reaction teshninues is given below:

B Flow mMethods

pDifferent flpw techniques axist1“ depending on the trzat-
ment given to the reaction solution after mixings. 3ome
important flow methods are: the fuenched-flow, the gontiiunus-
flow and the Stopped-flow.

In the fuenched-flow method, the reaction solution is
Tnuenched’ after 2 predeterminad time. Tha tguencheri' soluilocn

may than he assayed st leisure by any convenlent method.



yhile in the Continuous~flow method, the reaction saluilon
flous gontinuously along an obeervation tube , wlti changes
in the reaction mixture beimg monitored either at diffoerent
points along the obsaervation tube (with the flow imintained
at a constant rate) or at a fixed point on the tube (with the

flow rate varled), -

pespite the development of & Continucus-flow apparatus
by Hartridge and Ruughtﬂn16 over 50 years ago, 1ts appliccilon
hzs been confined to biplogical systems. with the odvent of
rapid electronic monltoring detectors, the stopped=Tlow bas
superceded both the pguenched-flow and Continuous-flow wethods -5
in importance and regularity of usa.

In the gtopped-flow apparatus, two solutions asre forcod
together through a mixing device; the mixed solution flous
slang a quartz tube and is abruptly stopped aso that the
solution comes to rest within a few milli-seconds. The rate
of flow along the observation tube is such that when the
golution is stopped, B8 ssgment within 1cm of mixing device has
bean mixed for anly 41-2 milliseconds. Any reaction taking
nlace in thls segment of solution is now detected (generully
spoctrophotametrically, although this is not the only method

af datectiun1h) and the signal is relayed to sn oscilloscope.



By the usz2 of thie machnd, »eactions syzi an tho formation

17,18 invnlving

and dissociation of NiII and Felll comploxna,

a variety of ligands with hsif=lives ranging 7ron milliseconds

to seconds have been siudieds A particular uso o? thr mathod

is in the study of the formation of complexos uhlgh ocour as

intermediates in irreversiblec reactions., The tronaicnt complexen

formed in the oxidation of ligands by Ca(IIl) and y(v) have been

cheracterized by the use of stopped-flow syatams.19"21
Although it has the great advantage of using omell volumes

of reactant solutionas, and a dead time of 2m nac., 1% use is

limited tc reactione with rate constants 1—1[faac-1 (for first

4 —
order) and 1~109M-'aec 9 (second porder)a.

B« Relaxation pethods

12,22 developed these mothods for tie

Efgens and his co=worker
study of reversible r-actions with half-lives as short as 10-95ec-
in all cnses, the obeerved ~quilibrium is pertubed by ropid
variation of a physical parameter such as tempoerrnture, pressure
or electric field intensity and the time lag roquirad to re-adjust
to a new esquilibriun positior is monitored and rclotad to the rote
constonts of the forwerd and backward reactions. The dependence
of a particular equilibrium on the chosen cxiternal physical perowveter

largely determings thrc method nf perturbetion used for such as

an equilibriume



IT thae temparaturazz

of the solution is changed (at canstant
pressura) in 1B-Eaac., a shift in eguilibrium will occour if
the overall hgst of reaction AH) is finite =ccording to the
gguation h

dinKg 4&&

where K = Bguilibrivm

constant for the system, Similaerly, a pressure change st
canstant temparatur223 or @ change in electric field (at
congtant temperature and prEBaurE)za will be sffective if
the reaction involved a change in volume or electric poleri-
zation respectively. Thesse methods are thus called Temperatursoe
Jump, Pressure-~jump and Flectric-jump methods respesctively.

Ay the use af relaxatian methods, rate constants near
tha diffusion controlled 1imit of the order of 1070~10" W™
sac-1 can be measurede This method also has the wdded advantega
of being free from the short comings and limitations of the
flow methods since it involves only a single wlxed solution.
However, in view of the considerable difficulties associntod
with 1ts usa for irreversible resctions, the stoppac=flow

muthod 13 generally preferred for both reversible snd 1rreversible

reactions provided their balf-lives fall withln its tine-scole.



v %’\»&C.

C. Resonance Technigues

path NeMaTe 8AC SeBaT techniques have been used to atudy

226 and agustion of metal iun527.in cnlutlon.

complex Furmatinnz
In the nmr technigue, the resonance absorption line is relatod
toc tha Jife-time of the nucleus in a given spin state whilo
in the B.8.T7- it 1s related to the life-time of paramagnetic
species in a given energy state. Any reduction of lifo-tlima
of these stetes by chemical interaction results in line [rroacke
ening. 0On addition of increasing amaunt of a reansnt, MRGSUrG-
meht of the corresponding increasse in width of lins due tu <he
apcond reagsnt can be made.

1H N-maTe line bruadeningza mave been extensively used
to measure rates of exchange of several mono-and di~tentote

nitrogen and oxygsen danor ligands coordineted to HnII, FBII,

11 II I

Co™", N1 ahd CU™ " »

mecheniems of metal ion ragctlions

Metal lan reactions often involve ligand-substitutinn
or electron transfer or hoth, In some redox reactions, 1lgund
substitution is known to occur, and is thought to provide o
low~-gnergy pathway for elestron tranafer. This 1s typifised

oy the chromium{vI) oxidation of bhoth metal lans and non-



metallic auhstrataa.ag Since the work being reported concerns
the redox reactions of a complex with both inorganic and
organic ligands, discussions in this thesls has been limitad

to this type of reactions.

pxidatinn-naductiun (Redox) Resctions

The stability and reasctivity of an ion in eny oxidatlon
astate is greatly influenced by the presence of ligands.
Irsfact, 2 particular oxidetion state is said to be stable only
whan its redox reaction involves an unfavourable free unerny
change or the activetion enmergies for the intramclecular

3,30 when the two

glectron-transfer processes are too large.
factors mentioned above are fasvourable, a redox process is
spantanecus and it 1s often accompanied by changes in the
oxidation states of the reactants.

Oxidetion-reduction reactions ere of importance in noture
and technology. Investigetions of their mechanisme hove
therefore been pursued rigorously within the lest three docades.
Thesae investigetions were so successful that a lot is now known
of the kinetics and mechanisms of a large number of redox

11

7-
recactions. came examples af these redox procgeses nre

given below;



II T1I - 11X II

*Fa(phen)32* + Fe(phan)33+---§ *Fe(phen)33+ + Fe(phan)32+ e (2D

11 111 : III II

Co(CNYs”™ + Fo(CN) g ———DFa(Cg ™ « COCM 5o oo (3)

11 I1I I1 II1

- . - 2
IrC163 + FE(Phen)33+ —A’Irclﬁz - Fe(phgn)zs + on (‘h’)

I1I I1I v I1

where * 13 an isctopically labelled spacies.

Irn the reactions above, the Roman numerals represent the
oxidation states of the central reactants, Rseactions (1) ond
(2) are examples of reactants wlth OG%0; they typify the
clase of redex resctions in which thers is no net chemical
change., Huch raactions are called "homonuclear electront-
exchang2” rezactions to distinguish them from the morc ocomli-
gated "heteroruglear electirun tranafer® rezctlon: which fnvaolve
electron transfer betuzen reactents of different types. The
products of tho lettar are different from the teactants, as that
there 1s m net chemicol changeg ancddGXO. This latter class is

exemplified by reactions (3) and (L),




The electron transfer process itself must satisfy the Fronk-
Cordon restrictions, which arase from the fact thet the ot

E

of electron transfer iskes place within a time (1 8ac)

135&0) recuiror

that is very much shorter than the time (10°

for nuclei transitione 1In other words, nuclear positions

remain essentially unchenged during electron tranafor procecu.
There are two major conseguences of this restriction Tor

electron transfer reactions. The first is that both the oxiloiani

and reductant must undergo re-organisation before elociron. Oronoe-

fer in a way that ansures that their emergies in the Uranciiion

stnte are identical. This minimises the energy chonoe on

elactron transfer. The second is that no significant amount

of change in spin angular momentum of the activeterl complex

must occur during slectron transfer. Spin inversion when it

geours 1s found to inhibit the overall redox rate, 7The nleetron

3+

L |
tranafer reactions between Co(WHy)~* and Cu(P13)6“+ is © nood

example of this effect where the rate was found to bhe very slnv.J1
In addition to contributions from the sources outlin:d chove,
it hos been noted that electronic energy is not as hioh in cither

the reactants' or the products' activated complexes an the

classical potential energy barrier to slectron migrotion

between these complexes. Therefora, electron wuigration
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was viewed as g tunneling process in which the eloctron pascas
through the potentiel cnergy barrier rather than over it.
The rasult is thet the elestron nan ba transferred at cistoncoes
much greater tham would correspond to actuel collislon of
roactants. Fige. 1.1 shows 8 potentiml energy diogrem lllustrat-
ing this barrler lemkrge. u, and U, ~efer to ground stcies of
the vlectrans in cations 1 and 2 respectively.

g ~ widih a® ba»rier at helght of penetration

i = kinetic energy of thn elestron

i

u height of the barrier

Thig situstione has led some theoreticiana to attempt coloule
ations of the slectron trensmission coefficiant. r note
worthy terivation in this direcction was done by Marcus,
Zunlinskl, and Eyrlng.32 Their results weres sxprosgad in
tzrms of transition atate theory of chemical kinztics and
eould be written in the form:

kK = %IHq Bxpe (

Y~
Rl RT>
where H1 ig the trensmission cnsfficient which ipcludes hw
probability of barrisr psnetratinon, éif is tha activation
frer 2nzrgy for avercaming eleciric repulsion between tho

ions and G, ig the activation free emergy for rearrangement



FIG 11

- 8

Electron GCoordinate — >

Electron transfer by penetration of a potential

energy barrier
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uf the hydration and coordination shells. The transmiagluon
coefficient, which iz alweys lesa than one, incrasses (Londing
to increease the rats vonstant) as the exchanging pariners
come closer together. Bscause of electrostatic repulcion,
the onerqy of ectivation slso increases and this tends to
decrsase the rote. However, at an optimum distznce, a meaximum
gxchange rete is obtzined. Similer theories for glectron
transfar by an slectron tunneling mechenism have heen proposed
hy ueisa33 end Marcus.jb of recent, Lauis35 discusged the
question of potential energy as a conceptual tool in the siudy
of electron transfer reections. He concludsed liks TaubeBG
that electron tunnsling is probably involved in most cleciron
trenafer procasses, although, the tunnelling step may not bu
rate=determining in most cases.

gne further possibility of mechanism of sleciron trunsfer
in golution is that of the solvated electron. In this mechan=
ism, ths reducing sgent ejects an electron intoc the solveni,
which then solvetes 1t and holds it until the oxidizing agent
pleks it up. The redox process involved 1e thought to occur

ne 1llustrasted by the scheme below:

AR + 5 = At + 5

g o+ B——-—i{; +B:1--H—-§S+B
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where § = solvent; A = raducing agent; 3 = oxidizing agant,
Altiugih this process occurs readily 1n non-aqueous media
ouch na lirmuicd ammonia, it 1s bighly unlikely that a sblvatad
alactron with on egtimated potential of -2,7v will exist 1in

woter without rapidly reducing water according to this eguation.
- RS OH(a
ey * M2 3/21".2(@) + UH(ag)

Thus, the possibility that thls mechanism operates in afjusous

medin is rencte.

LEEhuniqma of Pedox Reactions

Twa distinct mechanlsmsfor redox resctions have been
potublichede These are the inner-sphere and the outsr-sphers

, 37
merimniama,.

(1) puter-sphere mechanism: Electron transfer hers

Invalvos Ininct (elthough not completely undisturbed) coarcination

shell: of both reactants. For example:
2 3 3 2, 8
sro(pren) -t 4+ Fe(phen)y t e vFa(pheny .~ ' « Fe(phen), Y,

fhis reaction rualifies for an outer-sphere redox category since
the phenontiroline could not hecome detached from the inert
Tran{Il) wund Iron(Ili) centers durlng the course of the ranild
r2dox process. Therefore, the coordination shells of the two

recobants remaln gssentially intact even after eleciron tranafer.



%3

5imilarly, electron exchange between Mnﬂh- and Mnﬁhz'
has been found to proceed by an outer-sphere machanism,39
so »luso in the exchange between substitution inert CD(NH3)63+
and 3r(H20)62+ hecause coordinated ligands such as ammonic
wnd ethylenzdiamine cannot form bridges even though Cr{(11)

i lubile,

(1) Inner-sphere mochanism:; The main feature of this

mechonison is that substitution occurs at one of the matal

controo %o olve a binuclear ligand=bridged species prior to

the tronsfer pf electron. In such a situation, the two recctento
ava linkad by at least one bridging ligand common to their innor
gonriinotion chells. A prototype of this mechenism is the
rocctions of g number of cobalt(III) complexes with Cr(1I)

fnvestin-tod by Taube and his Ca-uurkers.37
Er(H,0) .7 & (NHy) gEOTIDIX Y (11,00 CT(IT) — o - -

by
svsnsnikeansnennBOCIIT) cNH:,)g $ H,0
precussor complex

[(HZB)SGI'(II: o -OX""'*CBIII

!‘ -~
e II " Y “'4“
svessesedoncenselill (NH3}5]

successor complex
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E(HEU)BCI'(III)...ac.x.vno.ED(II) (N”3)a tft__‘e CI‘(III}}’.

+ Cuz"‘ + 5NHh+(prnducts)

2 “37 40

thers X = E].-' F“, Br-, I‘, SD‘* ’ NS_' and NCS3
pperction of inner sphere machanism wes demonstrated in these

rengtions by identification of the Gr(III)X products,

(¢} jmmer-ephara vareug outer—aphere reactlons: The charuc-

terizatlan of a redox reaction as inner~sphere or outer-sphure
iz a prinory prenoccupation of the redox kineticist. Tha asnigne
ment ks sometimes obvious but often difficult and in certaln
cuces lmpusalble. |

tthen the 4nertness or laebility of the various reactunic
ond products ere in precisely right combimation, product identi-
fioation demongtrates inner-sphere mgehanism, A freguently
rquoted meomple is the reaction:

2 |
cr™t 4 (MH3)g CO(IIIIX —PCT(ITINX + CO(II) + SNH,*

a® o o g’

(lubile) (inert) (inert) (labile)
cxperimentally, Cr(III)X was produced guantitatively and wus
churactorlzed spectropholometrically after separation by lon
exchonges Tracer expariments with added X (eg *c:l- to the r,:rzi'--
GUCNH3)5{312+ aystem) did not produce any labslled Tr(III)X,

shouing that the X in the product is from the Co(III) compluxe
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siﬁca both the Cobalt(11y) end Bhr&hium(:rn praducts ars
substitution-tnert, the results sbove imply that electron
trnﬁafnr oocurs through the bridging ligand X and at no time
doec X break fres of the influence of at least ona of tha netals.
Tha inneresphere Touts in this reaction wes demenstratsd mainly
@8 the rssult of product atudies.37

cowpored with the elegant investigation of Taube and hls
co-workers, shawn above, only in few cases hag inner-sphsre
meghanlan heen demonstrated unembiquouslye In the reaction
of Or (17 with UIU by the pale blue reactant golutions produced
on mixing, a bright green coloured intermediate, which slowly
decanposas to UIII and CrIII ione., Cheracterization of this
binuclscr intermediate bas been schieved using a stopped~flow
apparatus, and this has served as 8 criterion for assigning
{nnzr-opiiere mechanism to this reaction. plso in the reaction
of Fe(EN)GB- and Bu(cN)53", the product EENC)SFE(EN)CG(CN)éjs-
has been isnlated-hz |

fhe aimplicity of outer sphers mechanism makes unequivocsl
proof lmpossible to coms bye. HowBver, & rumber of reactions
which cunnot conceivably go by an inner-sphere route (2.0e
thase behween two substitution inert complexes) are thaught io
proceed by outer-sphere processs AD axcellent example is the

Fa(phan}32+/Fa(phan)33* electron axchange raaction which was
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disgussed previouslye The rate constants for the substitution

of phenanthroline are 7.5x10-saac-1 for Fa(phen)32+ and 5,01

_r Ll - el
x10™ " aac 1 for Fa(phen)33+, while k ‘exchange = 105M 15 1.
Similorly, in the MU(CN}BB- - w(cm)au— system, the electron

tronofer process is rapid; k2 = De0 X 1ﬂsm"1s-1 at 25°C 1n

0454 HEBD“QB where as the reagents and products are relatively
Inert to substitution. Since k redox2» k substitution for

the two reactions, and formation of binuclear intermediate
gomplex cannot precede electron transfer, the reactions have
boan classified into auter-sphere categorye.

In the puter-sphere mechanism, the substantially weak
interaotion between reactants has permitted its theoretical
treatmant and correlations between kinmetic and overall thermody-
namic purametera,s’hu probably the most widely used of such
troutments 1s that developed by Re Ae Marcua,hs which is
cammonly referred to as Marcus theorye.

whan work terms are small i.e. when very little

raornanisation is involved prior to electron transfer, Marcu:

toeory predicts that for the reaction,

0, + Red .._.k_:lh Red, + 0X, and the related
1 2 K 1 2
isotopic exchange reactions,

AT k
[1.1 + Rad,‘ P T Y Rad1 + Dx1

‘ K



1

Hyz = N KqqKqokasf

. z
(In l‘l12)

2
b In(k11k22/z )

where InP =

k11 and k22 ure the appropriats electron exchenge rete constants)
512 is fhie eoullibrium constant for the redox reaction and 7
is the colllcion freguancy., Marcus was alao able to establish

that for Pl ond small values of H12.
ﬂ? ¥ v ¥ . O

Thug for o series of redex reactions in which only a remocte

W
substitent within the coordination shell is varied, = plot
of the free energy of activatinn,éhﬁqg ageinst the stanrard
free energy of reantinn,zﬁ‘ﬁ°12 should bz linear with a slopo

of 0.5. nlthough Marcus relationship has been uzsed with

b3, 46,47

gucoese in a nuwber of systems, some doubts ahout

this theoretical treastment have neen expresaed of recent.

48,49 have alsc shoun

IA fack,sone inner-~-sphers redox reactions
Marosus btype of dependence of reaction rate on A .

Apart from those discussed above, many other indirect
mnthndsa’SD hava heen used to classify reactions =as outer or
inner sphores fut in some reactiong, mixed outer.and inner-

sphers paths have besn idantified.51’52
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sluctron Transfer Involving Oxidation of Ligands

—m—— s s s m e

A1l redox reactions reported in this thesis are between

a met:l ion complex =nd non-m2tallic substrates, It is therc-
fare of intorest to discuss certain characteristics associnted
with this type of reactions.
The ohtability of a complex ion with ruespect to intramcle~

oular rodax reaction will depend on @ numbor of Factora.53
1P the clectron affinity of the ligand is not large, it will
he oxidizody alternstively, if its clectronegativity is greater
than that of thue metal atom then oxidation of the latter may
ogour. In gengral, howover, ligands tend to act as reducing
agents and unlike motal ions which may undergo changes in
oyidetion state in single electron steps without the formatinn
of highly reactive intermediates, ligands frequently require
two-el ‘ctron change to reach a new stable state.

Tho formation of a complex betueen an organic or inornanic
subctratoy =nd a metel ion or complex prior to slectron transfer

has baen known for years

k
M L ;;*—;1—;4 ™ __'_‘2__; products

such rooeotlions will proceed from left to right with a decrease
in enarsy und the sznergy profile diagram for the overall reaction

may be represented by Fig 142 The magnitude of A will dsfine



Free gnergy —_

FIG 1:2 -

m—

peaction gcoordinete —»

rree energy as a function of reaction coordinate.
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whother the reaction can be considered as a process invalving
formation of MLn+ as 8 transient actwated complex (when ap is
emzll) ar a twoectep reacticn whare &n intermediate complex
iz formed (AB large)e. In the former, interaciion between the
ronoting spacies is weak and an puter-sphere type of mechanism
night he considerec as operating. when AB is finite, houever,
the oxidatinn may occur via lmner sphere route with the invol-
vement in some ceses of well=characterized intermeﬂiatas.sh'55'56
Most electron transfer processes involving metal ions and
licands oseur via the latter route, and it is important that
sturdico hre mods on the nature of the intermediates which aro
involvers 1If @ transient complex ion is formed in the course

of ony rrdox reaction, there are three possible rate controlling

faoctors:

(7) tha rate of formation of the complex,
(1) the rete of electron transfer within the
connlex lon; and

(e’ the rate of breakdown of the complex speciess

Tho overall kinetlc pattern observed for the reaction wilil
dupoid on the relative valuea for the rate conatants kq, k-q

und kz. geveral situations can be distingulubed:
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(43 IF kge ke, 8T BobR DD k,i an intermediate M.
is generatad immediately, and its decomposition can be readily
manitoreds. IF the squilibrium constant for the formation of

V:ﬁLn+ is H1. the kinetic pattern is simply kobs = H1k2'

(1) If k_;>k,; an intermediate may be detected; its
formation and decompasition can be monitored and its stability
onhstant sstinateds This state of affairs is exemplified by
Iron({7YI) oxidation of catech0157 and chromium(VvI) oxidstion

of samn thials.sa

(i1 3? kz')) k_1; then the obssrved rete constant is
cantrolled by k1 and this corresponds te the case whoere formation
of the inlermediate is the rate determining stepe This situntlon
is by far the commonest in metal lon oxidation of J.i.l;|am:|sh.59

- For axaaple, the reactions of Co(¢Irl) with a number of reductant

rocan be rntionalized in terms of a mechanismg

co’* = o OHt o W L
ot + R '—‘)C02+ + R" K4
CoOH™ 4 R-dCo°* 4 R® ko

2n* .....f;afi) R=R

| anr T
nate = k1 [Ca EJLRJ + kzkh Co ]*R:!_I:H]_
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Values of k., and kzk*‘ﬁave heen deriuadsﬂ and the trend of

1
increasing rate constant with increasing negative-charge
praduct fr the group of oxidations by !::!:ICIH:2+ is reminiscent
of comploxation behaviour and sungests that cns"-i_ complex
formation is the rate determining process in these redox reccticons.
nlthouoh complax formation between an oxidant and the
reductant may be detected this does not automatically imply thot
thesa species pley'a direct role in redox ;:u‘t::t:e:asx..ﬁdi There io
a kinctic ombiguitv which dpes not allow distinction to be nde
aol:ly on the basis of the observed rate law, between complax
spacies forwed as a8 result of metal-ligand interaction and
those vhich may be postulated as true intermediates, I1f, hou-
evar, ouch intermediates are formed in substantial amounta,
their establishment can be made spectrophotometrically, especially
by obcervatlion of induction periocds and isosbectic points.
on the pther hand when the concentration of the intermediate
1 very omall throughout the reaction, steady state conditions
provall and the observed rate constent is given by

kqko

= ———

KO os K K
=12

In this casn, the observed kinetic parameter, kobs, and those

derivad cou“ and A 5*‘ ) from veriation of kobs with temperature
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will ho eomposite quantities, They will only be resolvablo

17 an 1n§mpandant mathod of determining K4, the eguilibrium

ganatunt, for the formation of m.™ 1z avallable, If not,
tihe tiffloculties in intarpreting the observed paremetera ars
oiyinus ond it will not be smsy to distinguish this case from

a redoy reacilcn occuring by a one-~-stsp procesa.



CHAPTER 1II

SOIE FEATURES OF THE CHEMISTRY OF HETEROPOLYANIONS WITH SPECIAL

REFERENCE TD 12— TUNSTOCDBALTATE(III) ANIONe
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GENZRAL TURVZY OF POLVACIDS AND THEIR SALTS

nn Important and characteristic foature of the chemisiry
of molybdonum and tungsten is the formation of large numbers
of polymolybdatedVI) and poly=tungstata (UI) aclids and their
salts. Altiwugh anme representative slemunts like silican,
phouphor»us end boron are also capeble of forming closely relatad
polycoids or aniens, more attention bas besn focussed of rucent
on detziled understanding of the molybderum and tungsten cowpounris,
amany the transition elements, vanadium (V), nNicbium(y), tontalundy),
uranium(yI) &lso form analogous compaunds but comparstively
11ttle 1is known of these speciles.
I Polyaclis of molybdenum and tungsten can be classified

into twe brosd groups, namely:

(1) 7Isopalyecids and their salts: These are polyacids

uhdlaih oconduln only molybdenum or tungsten along with oxygen

and hydroosns and

(b) Heteropoly acids and their related anlonay The essent.

inl fenture of this group is the incorporation of one or two
aboms of onother element in addition to molybdrnum or tungstan,
axyaan and hydrogens The incorporated atom is usually cellaed

the hatoroatam,
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" hpny workers have attempted to draw analogies betwean the
varinus olasses of polyanions but this has noi been vary reunTr
ing. Thus, discussion in this thasis will bha limited to hoterns-
polyanians; isopolyonions will only be mentignad when their

propuxiics are relevant io heteropolyanions.

. HETZCPOLY, ACIDS AND THEIR SALTS

i

those ars Tormed when tungstate or molybdate solutions

" grntuining other oxo anions (2.0e PUhB-, sinah', cnnhah, EUDQBE)

or mut:l ions ore ecldifieds £t least, 35 elements bave been
reported ns capable of acting as the heternatome.sz Thers

are two principal classss of these polyacida and thelr nsalis viz:
L A-hzateropolyecid salts .. e [Te MnEDZ;} and
12=hoteropolyacid salt e.ge HQH5[§BDQN1203E]-16HZU

fha‘pru?ixss 6~und 12~ depict the ratic of the molybdenum or
tunnsten ntom to heteroatom in the compounds.

Tahls ;,ﬂ shows the principal types of heteropolyanions
and their gensral furmaiae while Table 242 illustratas the
nonenelaturs of some heteropolyacid sal%s according to IUFAC

Tho main difference betwesn type A and type O 12=-hetero-

ayastan.

polyacido is that type A commonly has small hetergutoms plaoed



TABLE 2e1:

patio of heteroatoms
to M or 1] atom

principal types of heteropolycniono

1:12

1:6

principal heteroatoms "nion
occurring " rormulae
] + e ——
Type A:= PU'HSU'G1IU ' f;"+ 7. | O=n=-
X Maal
4 coll,polI® 1 & 712 40
, g N 12=n=
Type 9:= gel’,th!Y 1% M0z |
] ny A 12=n=-
TEUI,I II'EBIII'MIII' Lr:x 4"60215_]
FBIII

TABLE 2eZ2:

some representative heteropolysalts and their

momenclatures,.
Formula IUPAC Name
Kg C02+Cn"'21u120k2].15}-i20 pimeric potassium 6~tungstocobaltato
or dimeric potnssiun hexutungsto-
cobaltate(11)
II - “ - C £ i
H‘HG[CO qu”u&}“‘*z“ Potassium 12=tungstosobrltate (O)

(eIl
KgHs GO za.‘zﬂu}‘lBHzD

v .
Mag P M0, |

Potassium 12-tungstogohal temis (1)

[ Sodiun 12-molydophnophate
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in tetrahedral enviranments, whlle in typs B the heteroc
opacies aro largsr amd they are often within cenfirgl octahedral
o¥ nxygen atems, It Is important at this juncture to point
out that tﬁn ralevant enicns (12~-tungstocobadiEdbe (I¥%) oad
12-tungstocnbaliate (1I) fall into type A group of 12-hatero-
polyanians.
tdnce their discovery, the free aclds and their ?alta
have generated g lot of intersgt amonget chemistis hecéuae they
exnibli acwme unusual properties like hlgh molecular waights,
high ehwraes and extra~ordinary solublilities in hoth agueous
and various pxygenated organic selvents such as sthera, slcohols
anr Ketones. Their importance in biochemistry, hioclogy, metallurocy.
onalytical chemistry, polymer chemistry, catmlysis and in dys
Industzy havse aolso been discuasad,63 i
In genwral, heterotung.iates of smell cations, includling
thove uf some heavy metals are water soluble, but with laros
cotione insolubility is Frequently encounterede Thus salta
of Nﬁh+' KY und ab* are only sometimes insoluble while those
of (II-cSHS)ZFB t. HhN+’ R“P* and alkaloids are always inscluble.
then crystalllzed Trom water, the heteropolyacicds and thelr
8nlts are ultwya obtained in highly hydrated conditlionze, an

oxnallont gxample iz potassium 12-tungstucnbaltate(111],HhHg

CuIIIu1ZUQu;. 16H?U. And unlike isopolyacids, many hetercpolye



27

nolds are stulble without depelymarization in strongly acidic

gulution:.

ﬂ_n_q_f_:_. OF_FOREATION OF POLYANIONS
| All polyenions of molybdenum and tungsten are built on
oxynen bridges and they contain ectahedral MeD or W0, uhitse
Thus, extenslion of m-0 bonds of the molyhdatea (MDDQZ-) or
tunnutats (mnhZ-) with sttendant increzase in the coordinatlon
pumbur of molyhdenum ar tungsten to glve MoDg OT wog is neceogary
| prior ta polywerizution. _

1t is st4ill mot clesr why only certain metal oxo ions
are gupuble of polymerizetion or why for ghromate polymerization
stona nt ETRB72~0 gut the ebillty of the metsl and oxygen
orpitale 0 overlap to give substantizl i -bonding is thought
$o bo involved, so also is the bage atrength of the oxygen and
the ability of the initially formed protonated species, Mﬂz(DH")
ta esund its coordination sphere by coordination of water
malooulns. Tha size of the metel plays an important role too,
ninoa 4% influsnces not only ¥-bonding capabllity but elso
according to radius ratic concept, the cogrdination numbar,
. The luttor offect is ahown by the fact that aunuz- is tetrahedral

 4n soluilon while the lerger osmate ion is octahedrol, [bsﬂ?
n-
(UH),J“ .
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1n lhiedaropolyanions, the hetercatom polyhedron (a.g. tetra-
heienl GDUR) acts as aggregation nucleus and subsequent poly-
morization of Hﬁ3(DH-) by addition or condensation mechenlsm

give rise to the complex structures of these ponlyanions,.

AQUEDUS,_ CHEMISTRY OF POLYANIONS

The nroperiles of polyenions and their equilibrias in
arueous soluiion have been studied usino various methods such
ga pald=haoe titration, snectrophotometry, jon=exchange,light
sgattering, Raman Spectra anc X-rsy diffractione. interpretation
of tha data obtained from such investigaticns had generated et
af gontrpversy in the past. X-ray diffraction studies of cry=-
stalline conpounds of a number of thase hateropolyanions have
nuw led 4o the satablishment of their structures. using thesc
gtructures as quides, considerable progress has been made in
tim aluéidatiun of dnta ohtained from solution studies.

In tiils respect, it is worth mentioning the work of levy
und his cu-markarash on the structure of 12-tungstosilicate anion
in aoueous solutione They found by means of x=-ray diffraction
technigqua tivit similar characteristics occur between agueaus
ond coyotnlline structures of the anion. 5imilarly, cordier
and hirc DJ-NDTkBTBBs ware able to establish that the Ramen

gnecirr of meto-tungstate anion in agueous solution snd solid
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stata rre tie samze. All of these findings show that no charnge
of structure cccurs on disgolution of these polyanions in

auenus solvaente

Tli2 determination of tonic welght of 12-tungstophosphete
and 12~tungstosilicate by light scattaring in aquauuass’s7
and urganic66 solvents; and the datermination of size from

ultrﬂcentrlﬁuga,ﬁa vigcoslty and densitysg measurements have

alao shioum the anions to be monomaric in solution.

12-TUNSTOCOBALTATE (11) AND 12-TUNGSTOCOAALTATE(ITI) ANIONS

Prepurgtions
gakkar nnd McCutcheun7D reported the preparation of four
chemically interrelsted hetsropoly tungstocohaltate anions in
19568, Althounh detailed methods of thelr preparations have
besn deserioed in tha paper, their interrelationships may be

sumnorized helows
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o™t

hot neutral tungstate solution

O= + 10=
En&m%w‘lw@ o H e U°2+<“‘2U7);_} 0
L il .q,_,__——-—--——
12~tunnstocl obhaltoate mmerzld  opesn
_ ) 12~tungetocobal toate
A
T M
oxldation reduction oxidation reduction
vy , Vi
24, 3 7= M 3 G-
b - +
2o *e0” 1504, > |C° “’12%2]
(11 (IV)
tark hroen zlmost black light yellow
Im=sungetocobal tocobaltlate 12=tungstocobaltiate

all the saltg huove cubic structure while the potassium selts of
anfions{II1) and (Iv) exlst as needle-like prismatic crystals,
The asslgnment of 42 oxygen atoms to anlons(III) and (IV), here-
ufter referred to as [@u(z11‘and [bn(IIIEIanions respectively,
was 8ald tp be tentetive, (ater murkers71 gastablished by meang
of potentiometric titration that thers are just 40 oxypen ataowms

provitded neltier of the anions containg comatitutional uater.
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STRUCTURES OF THE ANIONS
The structures of [C'B(Ilﬂ and Eu(zn}] anions were

found to fit into those proposed for type n 12-hateropolyanions.
72,73

This structure is described in detail in @ number of textoonke,

Thz bullding unit of the structure was established from X-roy
giffruotion studies to be mﬂ& octahedra ,7“ with the whole styucture
bullt up from these octahedra by means of shared corners and
shared edgea (but not shared faces).

in the structural diagrams used in this thesis, wo g oc tahedran
will be represented by the type of sketch shown in Fig 2.12;
althouch in the complete structures of heteropoly anions, the
octahadr: ore frequently distorted. Therse are twelve of such
octahordrd divided into four groups of three octahedre units in
the conplete structure of the anions. Each group has one oxygon
aton gowinon o all the three octahedra and each octahedron shares
tuwo oxygen ctoms with each of its two meighbours; the resultant
arrangencnt is shown in Fig. 2.16.

1P the four groups are taken and arranged as a basket, a
tetrahedral hole is obtained at the centre, This hole accommo=
dates an atom which form an ion cnuas' (represented by Fio, 2.28).
The oxygen atoms coordinated to cobalt are the four triply sharer!

oxygen atoms, so that the composition of the anion is arrived tft,

as statad below;



FIG 2§

(@

()

(a) Diagrammatic representation of WOg ectahe ron.

(b) Showe three WO, octahedr@@y viewed from above .

(Lines indicating the e@res of the fowr lower faoces of
o

thefoctahedra on the right have been omitted for the

scke of clarity.) The o:vgen 2tom at O im conmon To the

-

lowewt anex of the oct-hediren on the le i =nd one
equatorial ape~ to each of the other two octzhecra.
i

other oxygen atoms cre shared by the octohedra where thel:

apices are coincident,
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(a) The pointOon the Co0;” tetrahedron in FPir 2.4a

corresnonds to the point common to the three Qectaheira.

(b) Shows the complete structure of the co:mlex anion.



nxynen ntoms common to three octahedra = 12x; = be
nxycen atoms common to two octahedra = 12x4x¥e = 24,
Oxyoun aton: that are free = 12.

Total number of oxygen atoms = 40,

—— 4 1 § P 6= 1881
tlenae the anlons are o Uu“12036 and Co D‘..

Wqn0sq >~ uith the whole assambly having =z tetrahedral symmetry
as shown in Fig. 2.2h.

ucing single crystal x-ray technigues, detailed structures
nf the anlons were datarminacl7D and every atom mentioned mbove

wan uncnbiquously locateds The anions are discrete and sliphtly

snuzezer’ in ona direction in thair salts,

FROPERTIZE
Tha aulient feature of the structures of 12-tungstoccobaliate(rl)
and 12=tuncstocobaltate(111) anions lies in the fact that the
cnh:-l’.'f;:;% shown conclusively to be located within con, tetrahedra.
This is the first complex ion known te contain Co(IIT) in any
toetrahedral site and first complex ion known to contain cobalt(IT)
wiilgh 1s unenuivocally perfectly ragular.75 The tetrahedral
central nrouping was supported by paramagnetic susceptibilities
und ebsorption spactra.7u
goth enions have perfect tetrahadral symmetry, thereforc

no distortion af the central Con,, tetrahedra should occur in
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solution cxecept that intrdducad by the electronic structure of
the pob-1t. Anionic distortion can alse arisz from packed
forcan 4n some crystals but this effect is not prominent in
theua unlans.

Ragause of the rlectronic configuration of cobalt in the
'jcnmplmxaa. there are various interasting implications for tho
1ipand Ficle theory. Also, it should be possible to estimete
the strength of ligand field producad by axynen atoms which
arag slilinnzously attached to cobalt and other atoms ttungaten
in high oxddution state). This facllitatas better undarstending
of hetzropoly electrolytes.

pelwdration experiments ahumad.that the salts cam be
dehydrota! complately without altering the tungsien skalaton
or utnoonposing the whole anion, Technigues used in thess studies
were sinllar to those uwtilized for other cnmpnunds.77'78'79

atwdics of the ultravielet and visinle shsorption spectru
of the o anions have revealed that the ED(HI:)]' complex
hria ap chsorptlon peak at 390mm with guoted extinction of 1150

Vg™ = 20 -1 - 2l

+ 5M Tom” at 388nm; 01185 | gm at 390

1

anr! 1200 .!-_GUF"."qcm- at 390nm in the present work. On the

ather bhand, the {?0(11):] anlon exhibits a charactmfiatic
abgorptlon peak st 625nm. Fige 2¢3 and Figs 2.4 show the
ultcuviolnt/vieible shsorption spectrum af E_D(III):] and EBD{IIB

anlon respoctively,
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The lactranic spectrum of 2 x10° 'M solution of

12=Tungstocobaltate(III) anion.
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tndlke many octahedrel cobaltic complexes?z the 12=tungsto-
gobultute(il) snion is reduced reversibly to the cobaltous
corplode. Yarious potentipmetrie titrations esteblizhad the
foriwd oiiddotion potentisl inl;}qzsnh ag =1,0 volt although
a alogn finure of -1.C2y is reporitsd in this thesis,

Thus, contrary tn expectation, the caging of cobalt
within soveoral Mg octuhedra provides relstively small staizlli-
zation Por the 4 3 oxidation state, These observations are
congsegiancses of tetrahedral coordinetion or conversely, they
suppoet thnt confiquration.

Finally, the proven solubility of the complexes in water
plus the wadded advantage that the [pu(xijz] anfon is hlghly
reducible should facilitate the study of the mechanism pf redox
revctlones involving various matal ions and non-mctallic substrates
1ith £hia anlons,

REDD: DNEACTAOMNS INOLVING 12-TUNGSTOROBALTATE(II) AnND/Da 12-
T LTATE(ILT) ANIDNS

Wl Al Apiae sl W il

Although 12=-heteropolyacids and thelr sslis weore filrst

dpsoribed in 1933,7h relstively little 1s known of the mechanism
of their recciions in solutione A comparision of the number cf
roportRd rzactions of thasp anlons with those of systoms with

glmilar rerdnox potentials (e.g. Fe(phan)33+/Fa{phan}32+, E = 1.06v;
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and vU/VIV E = =140y) revesls that the study of the reactiono
of these aninns have suffered rsbuff by kimeticiats. This ie
hardly surprising, because judging frow the structure of the
anions, ons would think that electron tranafer resction invole-
vinn the contral metals would be impossible and when 1t is
possible, it would be difficult to elucldato.

rowever, the kisetics of the electron exchange between
Eé:(llli] and [én(lli] anlons have been studied by Brubaker

60

and Rusmuaﬁnn.a3 ysing = po tracer technigques, they found

"uut ut Duc that

Rate = K EED(IIIﬂd [cn(n,ﬂ-’

uheza k= DeB3 4 0.0164 'sac” 5 o = 1.0 3 0.01 and
g = 1401 4 OeD1e Wlthin experimentel error (+6%), the rate
constans was independent of hydrogen 1on concentrations at
constont lonic strengthe Their results were compared with
theoraticnl predictions of Marcus and an guter-sphere mechanism
.pustulutad.
ienuloy antt his cu-wurkarsSD hnve also recontly reported
the reuctions of Ebu(IIIi] with ascorbic acid, hydroguinone
ond aatecol inm agueous perchlorate mediume 1IN contrast to
reuctlons of hydroquinone, and catechol where no variation
with [bf] waa obsaerved, the reaction with ascorbic acid shouwerl

inverse [ dependence on the rate and the following reaction
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schonen vore proposed for the two different rate laws.

(a) 1In the reactions with hydroquinone and catechol

the nehann was

[Cocizr) + HoL _'fg__, Ezocn)] PR
(Gocrrr) + wW° Rl [Co11)] +L 4 W

(b) yhere as in the reesction of ascorbic acid, the dota

may be explodned by the following scheme.
Hol. ‘_% w”oe ot
Foc1r) + wt “3y[Bocrry] « W' e m”
Fo(1ar)] + i~ —bs[cocrry] + m°
Goxrr) « w® 225 [o(r1y] + L + W

uhere HyL und ML~ represent the protonated and dissociated
forms of the die=hydroxy substrates. Solvation effects were
conaiderad important in these outer sphere systems and the
vesulta were Jiscussed in terms of Marcus theory.

rpart from those discussed abovs, the only other reactions
of [?0(1115} anion we are aware of are those between the anion
and thiourea and 1ts nN-substituted darluativua.a1 No complex
Perintion wes detected in these reactions end the rate constants
wupe Pound to be independent of the hydrogen ion concentrntions

usede oms devistion of the rate from first order ligand
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dependenz: ot higher ligand concentrations and low temperatura:

e

wern noticad ond thesa have been interpreted using three poasiLl

outer-gpherc schemaes consistent with the rate law expressed bhelol.

dfcocrrr)s i, [Coc1i1)] RS x kyK g [C0CITIY [RS] 4+ KKgg [CoCrT) frg)?
1+ Keg LRS]

whara KGS represents the nutar«-aphcrg equilibrium constant and

RS stands for the thiourcas.
an important conclusion that could bz drawn from resctiono
af [EU(III}] is that the structure and stability of the anion
tends €0 ronder the tungstate groups substitutionally incrt,
recontly roporied resction of analogous cu"u 2[]&[17- with
5. €85) i
F‘n(i‘,u),.:-‘ . lendSsupport to this conclusion. Species

of this %type represent ideal complexes for the study of outer-

sphara clectron transfer reactions in solutione

Iiis OF U3InG 12-TUNGSTOCOBALTATECIII) IN THIS RESE:RCH

[
()
L e

In tho present work, the cholice E:u(III)jas the oxidant

was influzncau by saveral interesting considerations.

() A .ories of papera on the hexaguocobalt(III) oxidation
of orgonis substrates involved inverse hydrogen ion dependence
wiilch could be rationalized by simultaneous rcaction of both

thz aquo~lon and its hydrolysed product,
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34 Hh 24 +
co + H,0 cooM + H
2 .€==:::ﬁ?
£ k‘1
co + B 3 products
k

CUOHQ* + B _____2___-, products

wherz ) is tha reductant and kh is acid dissociation constant,
in the coue of alcoholses'87 and aldahydaaaa the proton depends
ence of the ligand may complicate the interpretztion of scid
depenilence in these systems. while in reactions of chlorine

uinxideag ancd hydrozoic acidagb

kinetic ewaluation of the
hydrogen ion dependence could not be made without recourse %o
o llarnod=type correction factore 1In order to avert such complex
iy ronen ion dspendanca,ﬁnunﬂ anion was thought to be a good
choles of o somplex in which the possibility of pre-elesctron
tronafer fopmation of a hydrolysed product is remote. ANy
hydrogen ion dependence encountered in the rate law would thus
he Prom e ligand and could be easily explained.

(b) Tihere are conflicting assignments of mechanism for
tha »ooction of aguo=cobalt(I1I) ion with hydroquinonee Davier
and uutkinalsu suggestion of an outer-sphere mechanism basec
on the nbsence of an intermediate. as well as comparision of
the reactivity of several substrates, runs counter to the duta
of UUllu.gn The replacement of aquo-cobalt(III) ion by hetero=-

polvnnlnnaau in the investigation has also led to the suggestion
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of ouber ophere mechanism which helped in throwing more 1light
on the moghanism of the reaction. It is therefore hoped that
tha subotitution of 12-tungstoeobaltate(Il) for aquo-cobalt(IT1)
in the study of some documented reactions of the aguo-ion with
other ligrnds will help in the elucidation of the mechanisms
of such reactions.

(c) (st reactions of cobalt(III) involved different
types of complaxes of the metal ion in an nctahgdral anviron-
mentyligand fleld theory requires thatfantdE system (2«ge
CDIII) in an octahedral esnvirpament, the electronic configuraticn
would he ngsago (lowspin) and for a d? (e0. BuII) electronie

configuration would be t Tﬁa 2. In going from CD(III to EUII,

g
glactiron ia therefore trzasferred from 8 t23 to en Bg symmatry,
This procnos 1s often eccompanied by drastic intermal rearrange-
mense and hinh smergy requirements for outer shell soclvation
_chungaa. Thase intrinsic factors affect the activation parameters
.mnd consanquantly the rate constants of these resctions. It 1s
of inturaut 4o this work to investigate tha offect, 1if any, of
the tetrohedral symmetry of cobalt i [?u(111§] and ths attendant

implication for elsctronic configuration of cobalt on the rodoX

reactinne involving the anlon.
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(d) In many studlies of oxidation of ligands by metal
ions, the possibility exists for trensient intermediate complex
fornations Intermediste Cobalt(111) complex species have been

1dentified 1n scveral 1nstancaa.dui91s92

In the present work,
ueing [in(:lfﬂ, such intersction between oxidant and reductant
would be expectad to be weak and this enables the investigatlion
of other fuctors important in electron transfer reaction of
this typc,

(e) Finally, only very few data are now available on
redox raactions involving 12-heteropolyonions in aqueous solution:s,
The prosent work is therefore part of an increasing effort to

gocunulate more date which would throw light on the kinetics

and mechanisms of the reactions of these anions,.
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EXPERIMENTAL SECTION
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fe EXPERIMENTAL TECHNIOUES

(1) Rate measurenznts

The choice of @ gui gablae method for monitoring the
kinatics'nf any reactlon depends on the time taken for the
roaetion o OCCUT.

A somewhat crude put useful classificaticn labels reactions

o tfast) or tslow! where the term, fast is casigned 1o ous

_* raoctions which have gone to completion within the tine of

mdxinge §uch regactions can be conveniently agtudied using fret
peaction techniquess in all the kinetics investigations reporied
in this thesis, all reactions which appearsd fast were monitovod
uging the gtopped=low method; whereas the slow reuctlang uue

gtudied using the conventional spectrnphntometric methode

The gonventional spactruphutumetric method

p unicem Sp 8000 gpectrophotometer was used as bath the
manochromatic light source and detection system for monitoring
the rates of slou rgactions. The apectruphutumater wap @ double
pgam recarding jnstrument covering the ultraviolet ang visikle
portions of glectramagnetic gpRctrum and having an attached
chart recordeT. 1% wtilized two quartz absorption callo uhich
ware housed in 8 hollaw cell helder capable of halging four cellse

gach quartz cell had an optical pathlength of 1.Ucme
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pre of the cells cuﬁééiﬁ;d the mixed socluticn whose change
in sbsorbance with time wasg bsing monitored and the other the
rafarence solvent (uater in all investigations rsporied heroed.

yltravinlet radiation from a deuterium lmmp or visible
redlation from a tupgsten lamp passed through the sbsorpiion
cells. It was therseforz possible to monitor the intonuity

of light entering and leaving the gpectrophotomster cells by
an EeMel 9620A photomultiplier detector.

with the aid of the sutomatic chart recorder uttacihed to
the gpectrophotomater, changes in absorbange as a funcilon of
time as the reaction progreassed were recorded in form of
absorbance/time traces, Fiqure 3.1 shows a typioal example
of such traces. Thaese traces were analysed with the agounaption
thet 3esrts Law holds, and the resuits obtulned vere Piltted
into copventionsl rete expressions for pseudo-flrst-ordup
reactions in order to calculate the aobserved rats conctunise.

- Tharmogtatting of the selutions in tha cells was achlevad
by the use of water-3acketted cell holder. Water was tirgulated
through the jacket by means of a chiller thermo=circuliator
incorporated to a _anda thermostat, The temperatures of Loth
the thermostat and the cell holder were constanmtly weasurad
uslng three different thermomegters and the temperoture conirol

was found to be accurate to &+ U.ﬂnc.

—
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Iha Stopped=flow Spectrophotomstar

The rates of fast reactlons uere measured by DuUDIUNe
ribspon p=110 modal of the stopped-flow apparatus. Thic wodel
una capable of achieving completa mixing of the two coluilong
within twuc milli~geconda and permitted the observation of
recctions with half-livaes sharter than five milliseconds Lo
apnroximately fiftesn minutes,.

1t coneisted of a mixing chamber chasis with vorlous
optlsal, electrical, and mechanical components; lloht cource
zind monochromator, flow actuating system, temperature control
system, pressura system for supplying the force nceded for
actunting and an o8 cllloascope. Figure 3.2 shows a functionnl
block diegram of the apparatus which will bhe descriied in detolls
ﬁelmﬂ.

The reactant solutlons in the two ZUcm3 resarvalr syrinnesg
ware tranafsrrad to the delivery or drive syringes by weans of
two threowway valyes. The valves were then reset to make tiw
golutions flow in the direction of the mixing chamilore Flge
3.3 illustratea the positions of valves at various times durlng
o determipaticn, A emall portion (about U.25cm3) of rooctants
{7 gach syringe was pushed (by operation of the ACTUATE button)
through the mixer and observatieon chember into @ stop syringe,

where tha flow wes abruptly stopped when it hit’. . mechuanicol
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gtop. This permitted thyg faactian to proceed in the curvetig
with minimum turbulence. fhe prograss of thes reaction uas
monitored spectraphotometrically and the spent solution 1n
the stop syringe ejected through a drain tube,

gltravivlst radiestion supplied by a deuterium lomp or
visible radiation provided by a tungsten lamp passed from tho
munochromator through the observatlion chamber to o phobtomultlplear
and oscllloscope, Stopping the sclutlon triggered the cucilloscope
which showed the current changes from the photomultiplior, Tthese
in turmn reflected the changing light lntensity wrislng from
tha abgorption changes pceurring in the cu vatte as tha
reaction proceeded. These changss were recorded on the noeil-
loscope in form of sbsorbance/time trace, sturting juet before
tho reaction hegan end ending sometimes after the raaciion had
bean completed. Thz tra@ce con be photographed by o polaroid
camera in order to obteln a permanent reecord of it for onnlyals.
A Lvplcal oscllloscope trace is diasplsyed in Fige. Ebfp

Thermostatting of solutlon was achisved by moons of & |
closed circuit open reservoir coolont circulating system uhich
wag designed to keep all parts of the flow systam at 3 constant
tzmperatura. The reservoir was the open bath surrounding the
valve block, while the heat exchanger slament of the sub-syuton

wos a coil which was small enough to be immersed in the dawoke
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Time, gece=—3»
A typical cscilloscope trace obtained for the the reaction of [go(riI)jand 17

the reaction uas monitored at 370nm where the product absorls. - - -
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Fi5 thermostat used 1n these invegtigatlons, A small gontrifugal
e clreulated coolant fluid fto end from the coil through o
coolnnt jacket in the cwgwette and then into the bath surround-
inp the valve block and drive syringa barrels. 1n this way,
o temparsture control of + 0.103 was ohtained from tihe thero~
meters placed in both the bath and the thormostat,

Finally, assuming geer's law holds, the oscilloucope
trace is a direct measure of the changss in the concentratlon
of ons of the reactants or products with time. Data obinincd
wara then fitted into conventionsl pseudo~Ffirat-order rote

pxpresaion in order to calculate the obzerved rate concianta,
¢

(i1) Gpectrophotometric Measurements

Except in the rcactions of [ﬁﬂ(lllij with diaels, all
measurements of stoicheiometries and some stenderdizatlons of
stock solutions were carried out by spectrophlotomcitric titeation
methnd, It 1s therefore important to discuss the crperimental
requirements and principles underlining the use of She method,

In spectrophotometric titrations, equivalent puintg ura
determined by measuring changes in the absorbance of elther
the tltrant, the other reactant(s), reacticn produci or added
indieator, for small addition of the titrant in a preselectzd
wavelenoth reglons This methnd‘ia analogous to notentlomatric,

conductometric and amperometric titrations where messursoonts



of changes in potential, conductance and current respochively
give tha equivalent point.

For a series of spectrophotometric titrations, ten 250m3
volumiztric flosks containing the aems guantity of onc of the
rerctantc and varied amounts of the titrants wers sllowed to
otond until tholr resctions bod gone to completion. The abzord-
anea of each of the reaction mixtures waes then obinined e¥ =
preselectsd wavalength using ynicam sp 1750 spectrophotomcter.

A plot of absorbance reoadinng versus volume of the titrant geve
¢ titration curve from which the end polnt was evaluatods |

Requrdlieass of the method for obtaining the specurophotomeiric
titration curves, their geuneral shapes depend on tha comblnntion
of titrant(T), the other reactant(s) (R), reaction produci(P)
and /or added indicator(I) which undergoes changes of chusorbance
at the preset wavelength during the titrations For any spaciiic
ghomical resetion, the general shape of the titration curve can
he altersd by changing to a wavelength where different cpeclas
nhgorb. Verious types of titration curves are presonted in
Figume 3.5 while in Table 3.1, comnents nre made an the shapes

of the curves and the ubsorbing spscies at the prESet warvelength,



absorbance "

-/
N\ [

volume of titrant added in n-.u —_—>

general types of gpectrophotometric titration curves,
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TAMLE 3e%: Commenta on the shapes of spectrophotomctric
titration curves

— PR TS

Typa Accorcding Comments om Absorbing Species at the roscy

~to Flgs 35 wavelength

1 pgnly 7 absorbs in the preset wavel»noth roolon

2 T end R do mot absorh significantly but tha
reaction product (P) dogs

e T end P absorby R does not, In 3A, ubsorntivity
uv T>F,y while in type 33, PS> T

4 guits comnon; only R abaorbs

5 The y=shaped curve is a result of R ond T ubsorb-

inn and P ot sbsorhing

& R, T, 8nd P ail abgorb. 1In 6a, akgorptiviiy of
P =R} in 6B PLR; and in 6C P> R

7 Both ] and p absorb ond T dous not, the absorptivity
of P>R in 78 ond PL R in 78.

8 nelther T, R nor = absorbz but ihe added Indicaiur
combine with R tn give RI which absorbse Jomcuhob
similar to typeshy and 2 Lif RI or PI wirs the mmly
gbserbing species.

9 The form of indicetor with highest abgorptiviiy
guddanly increasas in concentration wf end polnt,

10 Cancentration of sbsorbing speclos susdenly
decressas at znd point

wighere T = titrant, 7 = other reactant(s)
P = reaction product, and I = indicator.
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In types 1-8, the sguivalent poaints srn fpund by the
intar-gection of the two straight lines and are piamdiler in Lhis
rospect to conductomstrig eand amperomztric titration cuives.

In contrast, types 9 and 10 are gquite simila: in shape g
potentlometric titration curves and the equivalent palnts
a*s parts of the curves with highast slope. Titrution curvas
gsimillar in ghape to types 1-7 are reported in this theolg.

After calculating the cguivalent points, the amounts of
tha other reactant (R) consumed was compered with tha cmount
of titrant employsd et sgquivelsnt point, in order io compute
the ratios in which the two reagents wsre consumed in the resction
which is the stoichalometry of the reaction.

The rulative reproduclbility and accuracy of spepirophitntoe
metric titration is cften of the order of 0.1%, 1t ls unsurnuascd
fuor simplicity and accuracy omong quantisative meagurement sinudies .
In pther methods, the semple preparation (if.e. diusolucion af
pemple and elimination of Interferences) is sufficlontly time
conguring and prone to serors as to wmake titrationg inmzzurate,
Thus e characteristics of spectropbotomatric titration method
makes 1t ome of the most (along wlth potentiomuiric titrotiony

versatilz, sensitive and accurate mathnds for ende-point detectiopn.

¥
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. PREPARATIONS AND_STAMDARDIZATIONS CF STOCK SOLUTIONS

All solutions were mede using water proparcd from an sll

nlana still.

(1) pPreparation of potassium Sclts of 12-Tunostoeobalkiate(11)
BHAQ T2=TuNUStocoa I Laeai L) : T

Reagent grade chamicals weaere used wlithout Furthor

purification for the preparation of potassium 12-tungsiocgbsl-te

8

ate(ID), [éu(IIEI using the method of gaker und McCutacogune
S-tungstocobaltate(ITI), [@u(rxiﬂ was prepgrad Fram 10-iunnsho-
vohaltate(11), [EU(IIX] elther by ito oxidation with persulphate
or by mlectrolysis of tha 12-tungstocobaltate(Il) complex. Tos
procedura followsd for the electrolytic oxidotion s given belou.
an unkmoun quantity of [ED(IIX] :mion was dissolved in
O 514 Hzlﬂh and placed in the anods compartment of an WHE
elactrolytic cell, which wos used to pravent hydrogen formed
nt onode from reducing the [@n(III) anione. .Thn cathode nompart-
went aleo contalmed 0.5¢ HClUu and alectrolysis wyima ceerlod oud
using two bright platinum olectrodas wlth an applied valtage
polonticl of 1Dyplis. ps electrolysis progressed, thc emavald
grasn colour of the [én(xii} compiex in the anade compariment
gradually changed to light yollow. When this process wasg »
gomplated, the yellow [ﬁD(IIIiE golutlon abtainod wiis stoppered

in 2 eponicul flusk and atorad in g refrigerator ovarnight.
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white crystels of potassium perchlorate were obsgervad
in the conical flask the following day and these were filizred
off leaving a clear yellow solution of {ED(IIIEJ'

potassium ions in the stock solution were replaced with
lithium ions by use of powex 50y-X12 cation-exchange resin
(4*, form)s This was done as follows. A fairly concentrated
gsolution of Lithium sulphate was allowed to run slowly through
the cation-exchange resin packed in a column. After this,
the column was flushed several times with distillecd water until
it was sulphate free. The sclution of [?0(1115] anion prepared
previously was then allowed to pass down the colUmn at a very
slow rate with the lithium ion being replaced by potassium ions
in the solution., This procedure was repeated twice using n
fresh cation exchange resin on each elution,

1t was necessary to remove the potassium ions Decuuse
under Glnh- ion concentration of 1,0M01 t.'ln""3 precipitation
of potassium perchlorate may occur and this is likely to inter=
fere with the transmission of light through the solution in the
observation tube or absorption cell., In addition, this procedure
removes any cationic cobalt which may be present in the stock

solution.
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Analysis of the Stock solution

Thz. concentration of the stoek solution of [pn(xzzi]
anion was detsarmined by spectrophotometric titration wigh
ferrous ammanium sulphaote, which quantitatively reducesn
[én(x::i] anion to E@n(x1zj anion. This method hos soveral
ndvantages over analysis of salid meterials, In that it regulres
no knuulédga of the uncertain number of protons prosent in ‘
thuse acid salts or of the number of molecules of water of
crvstallization but gives the concentratinon of theg aniona
directly.

The ferrous ammonium sulphzte used wos First stondardized
gs follows, St:m3 ot Ferrous ammonium sulphazta sclutivcn was
3

witad with various volumes of 2x10°° mol dn> Ceric ammonium

nitrate solution and Sem” of 1.0mol dn  Hy53, in tifforent
250m3 volumetric flasks, and eech flask wag made up 0 the

mark with distilled water, after thorough abaking, the flusks
were kept eside For three hours %o ensurs that tho rraciions
had gone to completion. The spectrum of each sclution was
pbtalned using Unicam 5p 8000 spectrophotometer and thie absorThe
ance reading at,).= 390nm plottoed againat the volume aof [ad(Iv)

audded to esch solution. Thie resuliz ere prasensed In form of

a btypical titration curva 1lluatrated by Flgurc 3.6,
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Spectrophotometric titration curve for ce(IV) \ Fe(II) titrakton.
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After standardizing the Fe(II) solution, determinatinn.
af the concentration of E:G(IIIB was done by following @
similar procedurs to that given sbove. gut in sach set of
titrations, Scm> of Fe(Il) solution and Sem> of 1 mol >
stuu were mixed with various volumaes of Ea(IIIEI atock
solution in 25c:m3 volumetric flaskse figure 3,7 shows the
varlation of absorbence wlth the volume of E@(III_)} stock
golution usede In order to obtaln an accurate concentratlon
of the | Co(111); sclution, the whole process of ptandardizing
fe(II) and i’fﬁu(ln)t_} solutions were repeated using uUnicam gp
1750 spectrophotometer. The results obtained in sach case
agreed to within .2%,

The axtinction coefficient of the E:u(nlﬂ solutlon wos
measured at /( = 390nm by taking spectra ﬁf‘ known concentrations
of the standardized solution. The valuss of the ahaurbﬁr;ca at
A= 390mm were read off from the spectra and the sxtinction
coefficient evaluated using geor-L ambertis Law. Results frum
oeveral spectra indicated that the extinction coefficient is

1200 4+ 50 m1-1 t:lm}t:m-"I at /( = 3%0nm which is in agreement

81
1 1 st/ = 350nm and

with values of 1185 mol” 'dmocm
1150 + 5 mt::lml‘|drr13l::rl1m'1 at /{= 3BBntD chtalned by various workorse
The reduction potantial of ED(IIIB - EE:::(II_)] couplo was

determined by potentiometric titration of
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(a) Eéo(:llzi anion with Iron (11), and
{b) cCe(iv) uwith Epu(nﬂ anion.

In tha first part of this determination, the concentration
of ferrous ammonium sulphate was evaluated by potentiomotric
titration with ge(rv) sclutions Using one calomel electrods
as reference and a platimum electrode as indicator slectrode,
the changea in e.maf. of the solutlon on addition of ocmall

volumes of standard 0,05 mol clrn-3 ce(Iv) solutlon to 20cm3

of approximately 0,05 mol an Fa(II) solution inm 1.0 mol =
HESUh were recorded with a pH meter (Pye model 282)s A graph
of semefe (E(V) eagainst velume of Ce(lv) added was plotied
(Figure 3.8) and tha concentration of Fe(Il) evaluated.l

The standarc calomgl electrode has a potentiel of D.ZhGU%
compared with the standard potential of an hydrogen electrode.
The mezasured valtage 1s the difference bstween ths potentlasls
of indicetor and reference electrodes,

E'meaaurecl - E’inuicatnr’ - _E Taference sssssvensesr (1)
g0 thset

- E#indicatar - Enieaaurad + Je2LBY seavacacessssnse (2)
Thus, the potential of the indicator electrode can be obioinzd
from the measursd voltage snd potential of calomel electroda,

From equation (2) it is alsv possible to calculate the equivalence

point potential for the titratiom of Fe(II) and Ce(Iv)
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E9qu\V = D.808 5 0,246
= 1e052y
thia empirical value of Eéqunv is comparcble with the thearcki-
eal value of 1.805y obtained ay coupling F53+/Fe2+ and Ce“*/

ce”* half cellg. t

Potentiomeiric titratinn of Fe(11) - [Eo(II1Y] was then
.carriad out using 1Dnm3 onf the standardized Fe(r1) sclution
and various volumes nf approximatoly 6x207° mol dm Ecm(nlj
5olusione  finally, an unknouit concentration of {ED(IIEI wan
tltratod ageinst 0,005 mal dm-j e(1v) sclution,e The titrction
curves obtained from thsssz sst of titretions are presenied
in Figureos 3.9 and 3,10 respectivaly.

The potentizl at equivalence point for any redn£ reactign

ia given by

o o
l)t:'.equi.w = sEg + HEB
A+ 3

whera EE is the redox couple af the oxidant, anrd 4 the sleciron
change In this half reaction, E; is the redox couglo of the

reductant and B 18 the corresponding slectron chanpae

From known values of g for FBI:I/FEII and EQIU/GBIEI
couples, and the E equiv for the re’l/ Ejm(:nﬂ ond CB(II‘J)/
[EU(I.T.-SJ obtained from Figures 3.9 and 3.10, the £° Par the redox

couple {En(:xzi} / [EQ(IIi] can be calculatad. The resulis
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incicotod o valus of +1°02.i G071y which is in agreement with

literoturs value of 41.0v reported by 8szkse and Simnng.7

J.(ii) Eprchlmric ncig

- concenirations of stock sclutlons of porchlornic acid
wiare daturnined by valumetric aralysis. The stnck solotlions
of porchloric acid was repeatedly titrated against ascurately
weigher muantiiles of sodiun tetrrborate decahydrate (using
metlyl rorl as indicator) until the end print acresd to about

o D - ﬂf‘.l{:!‘ilj -

(1il) podium and Lithium perchlorates

sudium or {ilthium perchlorate was used as an inert
glectrolyie to maintain constant ionic strength in 211 kinetic
end sowme stolchaeiometric invaestigations.

Thz nerchlorate ions were employaed breeuse of thelr

ramarkably low tendency towards complex formation with catians,

24 3

) v,

glitihnugh parchlorate ipns slowly oxidize Ru and

T4
S L1 |

ions, such reactions have rot been reported for
g wide range of other cations (including the relavant ions in
this stutysa

Standordizetion of gtock splutinne of sodium perchlorate

was donz gravimatricallye Z.Ucm3 of the solutions ware carefully

pipetted into accurataly weighed botiles and dried in an ovan
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at 1EDnc. after all thapmatar in the splution bes been evaporatsd,
the Lottles were removed intn a dessicator containlng silice gels.
From the residual weights of sodium perchlorate in the bhottles,
the molarity of the sclutions were calculatad.

Lithium perchlorate waes prepared by the neutrelization of
perchloric acld with lithium carbonate.

L12853 + 2H010, ey 2LiClﬂh + Hzl:I + Dﬂz
The solid crystals ohtalned were recrystallized thrice in water
and made into aqgueous solutlons. Standarlzation of thess
solutions were carried out by passing oliquots of ths aulutinna‘
through on ioneexchange column containing Ambarlite IR 120 ruasin
(v’ Form), followsd by estimation of the hydrogen ion displaced
with stondard sodium hydroxide. The concentrations of Lichh
solutions were sveluated from average valuss of the amount of

hydrogen lons dlsplacad,



CHAPTER IV

OXIDATION CF SOME DIOLS 3Y  12=TUHRTTCODAAL=

TATECIII) ANIDN IN ANUEDUS PERCHLORATE
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INTACDLCTTON

R ]

iintil recently, the oxidation of diols other than 1,2~
dinls (glyccls) by transition metal ions and complexes has
regeived comparatively little attention. ;n upsurge of
interest in these rcactions was however noticed after the

oxidation of propane 1,3-, butane 1,3~ and butane, 1,4-diocls

95

by vanadium hnd been reported by mMehrota, This interest

was lotor extendad to the oxidation of some of these and other
tginls by Cerium(IV) in agueous sulphuric,96 nitric,g7 and
perchloric anids;ga and aquamangenese(I1I1) ions in aqueous

perciiloric acid.gg

iovever, conflicting views were expressed on the nature
of the intermadiate complexes formed in these reactions.

strong and convincing evidence was advanced to support the

100~102,

fornaticon of intermediate complexes containing both chelate and

103-105

unidontate ligands. In this context, formation of

coinplexes of unidentate ligands was proposed in the oxidations
a5
)
whererg chalnte complexes were reportedly formed in the oxlidation~
98

of propanz 143-, butane-1,3- ond butana. 1s~dicls by Vv

of tiiesc substrates with ce(Iv) in nitr1c97 and perchloric
acidse The formation of complexes containing unidentate ligends
in the oxidetions of butane 1,4-diol, pentane 1,5-diol and

hexanz 1,6=~diol by aguamanganese(III) iuna99 has also been
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postulateds Although complex formaticn was indicated in these
reactions, the date were not used to distinguish between
operation of inner and cuter sphere mechenisms. And on the
baels of the observed disparity between the rates of oxidation
of these substrates and the energies of activation, the ganaeral
views expressed in these papers need confirmation.

The oxidation reactions of aome of these dicls with 712-
tungstocohnliate(111) (another one glectron oxidant) in
perchloric acid medium are reported in this chepter. Jecause
of %heg bulky tungsten oxygen Cages surrounding the tetrahedral
cabolt atem, it was thought that the possibility of direct
complex formetion betwsen cobalt and the diols would be remote,
thercby giving rise to simple elsctron exchange between the
oxidant ond the reductants. The elimination of the innar-
sphere typa of intermediate complex would enable investigation
of other important factors in electfan transfer aof this naturse
+5 be corried out, If howaver, intermedlate complexes are
formed in these roactions, comparisgyn of the activation para-
moters and the natures of such complexes with thosa reported .
previously would ba of interest as it would throw more light
on the mode of such electron transfer reactions, For this
renaon, butune 1,4, dlol and pentane 1,5-diol were specislly

chopen as ropresentatives of those diols for which different
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ideas bhave bzen exﬁ;ééésd ge to the nature of the intermediate
complexes forineda "

31t 1s alsc desirable to comparg the mechanisms of oxidations
of some oromatic di-hydroxy substrates by 12-tungstocobaltate

(ITI3 wnion reported by Mcpuley and nu-uurkersaﬂ wlth those

of aliphatlc dlols by the same oxidant reported in this worke

EXCERI{ENTAL

(o) Heoagents

n otock solution of 12-tungstocobaltate(IIr) anlon was
prepared and standerdized as described in chapter III.

pentane 4,5-dicl and butane 1,4-diol (Reagent grade, BeDels
chemicale) were used without further purification. Stock golutions
of the diols were propared from known weights of the samples
dissolvad in doubly distilled watere pPerchloric acid (A.R) was
used to investigate the effect of hydrogen ions on the rate of
the reacticns while sodium perchlorate (Fluka Puriss) was
enployed to mainmtainm constant ionic strength of 2.0 mol dm"3.

411 other chemicals were used as recelveds

(b} ~toicheiometry and product Analysis

The products were analysed using large excess of diocl
solutlons so that complete reduction of [ﬁu(IIIfl in the reactlon
mixture ocourrede The oxidation products were extracted repeate-

tly uith sther and treated with 2,4~dinitrophenylhydrazine after
_ _ j
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compled: evoporation of the etrer. pMelting points of the

nydeaznnzg Pnrmed were then dotermineds

(g} ppcotral Measurements

Thesa mrasuremants were uncortaken to determine whether
an intermediate complex was formed betwzen [ED{IIIE] end
tihe substrotes. Sclutions of the rsactants were mixed and
tholv absorbances noted at a preset wavelength on Unicam 5P
1750 zprcirophotometar.

The progess wasg repeated for diffzrent wavelengtha.
similar measurements were made for the solutlon of the exidant
alonee  Slthough there was some time lag (usuzlly £20s) botween
the mixing of the solutions and thair transfer to the cell
compapdnont bofore noting the sbsorbance, the method has been
vegd withh sucress in the study of these diols with aguamanganes
(11D itns.gg The results ohteined in the present investigation

ara shown in Fligurte bLe1.

() Kinetic Messurenents

fhe uliraviolet/vicible spectrum of [EQ(IIIE] anion
exhibits o waxlnum at = 390nm. Consequently, its redox
renction with the diols were siudied at this wavelength using
thae 6P G000 spectrophotomster described in chapter fIl. Hydrogen
inn congentration was varioed batween 0.75«1.75 mol dm-3 ak

conatant lonlc strength of 2,0 Mol dm_3 (Najlﬂﬁj.
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All rate mgssurements were made using large cxcess of the diols

- in order to simplify the kinetics, Initiol rrtos of reaction

"were evaluated fram gradients of absorbance-time plots over

the first 10% of reactlion for the resction of E:n(x[:[):} with

- pentane 1,5-dicl. Such curvss were extrapolnted reMsbly to

values corresponding to the initial solution compositione

while pseudo-first-order plots were linear to greater than 85%

. an the reaction of butsne 1,4-diol with [én(lllik with replicate

rate congstants sgreeing to (3%.

RESUL TS AND DINCUSSION

The occurence of reaction (1)
HOCHg (CHR), CHa0H + 2 Bo(TITI] > 2[p(I1]] + "W HOGHEH ) (CHE <01
(where n = ¢ for butane 1,4-dinl and n=2 for pentunz 1,5=-diol.)
was confirmed when it was found that the meliine points of the
hydrnaommlaaparatad from oxidized yeectign mdrivtee f hutens
1,4~tdipl, and pentame 1,5-diol corrasponded to those of the
hydrazones of h—hqdrnvautannl.£L1t106,1180E found 11GDéJ and
5=-hydroxypentanal [Lit105,10huc, found 1U3°é]rnspactiualu.
Egquation (1) which is thus considered to be the stofichziometric
aguation for the reactions, shows that tun oles of the oxident
were consumed per mole of the substrates under the congitlons
empln&ad in these investigations.

The identified products have some other interesting
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implicntlons an thé reaction mechanisms. Firstly, the products
incicnie that the diols were oxidized like an alcahol rather
than oe a (142-~diol) glycol. 7The glycols are known to be
nxidized by €-€ bond figaian 107 whersas primary alcchols are
oxidized through C~H bond Fissimn1u7 by metal ions, The
nbsence of C=0 flssion in ths oxldatiorne of these diols is
supported by the absence of oxldation products other than the
corresponcing hydroxyoldehyde of the diols. Secondly, product
analysio shows that oxidation occurred at hnly one of the two
hydroxyl agroups in the diols. This rules out oxidation hy
cyclic cholate mechanism involving the two hydroxyl groupss

Tha rosults of the spectrometric measurements displayed
in Figure Le1 show that there is no cleer shift in A max of
t@n(lxli] on atditlon of the substrates. pathgyehromatic
chifts in Amex were observed in a number of re'c'u:t'.:l.m'ls,99'1':."3”"3EJ
ond these have bean interpreted as evidsnce in favaur of the
formagtion of an intermedlate complex between the oxldants and
the subsirotess Since this was not observed im the present
inyastigation, the formetlon of intermadiate complexes  in
the Tesctions of the diols with [EDCIII}} hog ulther W sz

rulead out or the sguilibrium constants for the Parmotion of such

complexegs must be assumed to be very small.
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Under the experimentol conditions uged, the rednx
reactions betwsen [Go(I11)) and butane 1, 4~diol ond pentans
1y 5=~diol respectively were Found to be very nlow,. R[Aspresentute
ive rate data at various [ﬁf] and diol concentratlons are
presented in Table 4.1e In the reaction involving butane 1,
4-diol, a2 plet of Kobs as 8 functlon of butane 1, 4-rlol
concentration suggests that the reaction is firat ordar in
this diol (Fig. 4.2)« 0On the other hand, the reaction with
pentane 1, 5-~diol has second order dependence on the diol, This
wae confirmad by the llnearity of plots of initial rate agonlinst
EPentane 1,5—diai]2 as shown in Flge 443 cnd plot of log rate
versus 1ng {pentane 1, 5-dinl] with a slope of 2,06 + G20
(Fige bel)e Within experimental srror, ritte nonstants ware
found to be independent of hydrogen ion concentrations in the
reactlon of butane 1,4-diol wlth EQG(IIIi]- [ipwover, the
reactlon with pentene 1,5~dicl was first order 1n [}ﬁj within
the acid concentratiorm ramge used [Fig. h.ﬁ}. on addition of
12=~tungstocohaltate(I1) to the mixture of the reaction of pentane
1,5~diol at ganstant dicl concentration, inhilhitien of rate was
recorded; this is shown in Table L.Ze

Thus, for the reaction involving butans 1, L~diol, the
gtoicheiometric and kinetic data are consistent with the Follewlng

mechanisms whare R = butang 1, bL~diol
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TABLE 4e1: Rate dota for the redox reactions involving
' ' butane 1,4-dicl, pentone 1,5-diol and [Co(117) |
at vorious ligand and hydrogen-ion concentrations,

I = 2.0 mol dn-s and [_'{_:u(III)] - 2x1ﬂ+l’ mol m“3
gutane 1,4-diol (R) at T = 25, 1uC

'] = 0,75 mol cn™ [H*] = 1.0 ol on™>
-3 -4 , -1 -3 b -1
[nj , Mol dm L {R], Mol dm 0% o S
0.50 2,04 0450 %00
0.75 3,03 075 3,02
1-00 ll“.05 1.00 ‘..10
1425 5600 1425 5,07
1450 5492 1450 Ga11
+ -3 + -3
[H*] = 1425 ol om {H '] = 1475 pol dom
: -3 b -1 ; ] =3 4 -1
[a] e MOl dm 107K, , 1S fR) + Mol dm 107K g ?S
050 2,01 D450 1099
075 3.04 0a?75 3403
1-m ‘*-D'? 1000 15.01
1.50 6.12 1.25 'l.gg

150 5496
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pentang 1,5-diol (L) s¢8 T = 257,

[1] = %25 _mol wa™ TH¥) 1,75 Mol_an™>
(L] mal dn=> '|D71n1t1a1 rate, {L] mol ™ 1{3'71nitial rute,
Mol dn”g wol dn~>g™"
0.30 ; Oe6l | D30 0,79
0.5 1.83 . 045 2454
Da60 | 3445 B.60 3476
0,75 L 5.50 0.75 | f.08
0,50 7445 0.0 9,06
d=3.15m1 an> (] = 1,50 001 0™
[L] Mol cm 10" 1nitinl rate, [_L:[ Mol dm - 10" 1nitiel rate,
Mol dn o5 " Mol dn oTg
0.30 1,300 0e30 - 1¢37
Do 45 - 3420 0.45 3,90
0.60 5431 0.60 665
0.75 8455 0.75 10404
0.90 11,00 | 0.90 13439
[HH-1. TS st dn >
[_L] Mol dn™> 1U7In1tiﬂl rate,
Mol on g
0.30 y Pyt
Cab5 IoB7 .
0.60 Be 04 .
0.75 ERN

(.90 1692
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TABLE 4,2: Egffect of EJU(II):] on the reaction of pentene 1,
5-diol with[Po(111d) ot T = 25°c; L*] = 1450 mol

dn™3; L.= 0,60 mol o 2; I = 240 mol dn >

10° Tooc1n)) 107 tnitial rate, rol
: Hal T
G 6465
D':-G 3.57

EOU 1.58
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Mechanism T

feorn) 4R Sl [Toan] s 4R e e @

[r:ocnxj + R ff‘_’f____) (Cocrf] + H + P e ee (3)

where R® is & free radical and p is b4=hydroxybutanal.

Mechanism T1I

(cocriny] + R Kos [CotzIn)]y Ry fast  ee  ee (W)

r———-‘
[EO(IIIi] 'R __'h__,[cun)] + R® + H'y slow o (3

R® + [Co(11D)] —>[CoID)] + P + HYy fast <0 o0 (6
where kgg = pDuter-sphere equilibrium constant.

The formation of the free radical in this reactlion was confirmed
by the polymerization of acrylonitrile added to partially oxidi-
zed reaction mixtures. The monomer, however, did not polymerize
when it was =dded to solutions of [Po(llfi] and the substrate
taken separately.

ponsideration of reactions (2)=(3) gives raote law (7)

in terms of the dissappearence of [bn(IIIﬂ .

‘i@%ﬂﬂ = 2k, E;n(nl)_'[ [R] e .e ee (T

from equation (7)

Kobs = 2k, [R] .. .o oo ae N )



68

The observation that plots of Kobs versus [nj are linear
and pass through the origin is consistent with this rate law.
5econd order rate constants derived at various temperaotures
from slopes of such plots are shown in Table 4.3, and the
correspanding arvhanius plot is presented in Fig, 4.6.

A mechanism similar tq the one abave wous postulated for
the reactions of hydroquinone and catechol with 12-tungsto-
cubaltata(lll).au Table L.L enables = cnmpariqﬁbn of activation
parameters for the reacticns of these di~hydroxy substrates
with 12-tungstocobaltate(I11) ion to be made. Thase values
probably indicate common reaction features. The feature being
the postulation that reaction (2) which is rote-determin-
ing occurs by simple electron exchange betueen the oxidant and
the substrates which is in perfect agreement with expected

71,72 and stability of the oxidant.

results from the structure
From reactions (L)-(6), the rate lew in couation(3) can
be derived following the rate of loss of [ED(III)] where

ETU(III):]t is the total concentration of [[::1(111}],

-dfEocrn) y  _ 2os k, [cocrin) t‘E’_'] (9)

1 + Kos [R)

Kobs = é1508 I‘1 [ R _] €10

A1 wee rﬂ’}
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veriation of second order rate constant with
temperaturs for the reaction of [Go(r11)] with
gutane 1,b-diol at [ R} = 1.0 Mol dm"B; 1 = 240
Mol dm'B(Naﬂlﬂh) [H*] = 1.25 mal an>

% 10K, o1 am’g ™
25,100 2,03
3000 2.67
35.0 ' 3.60

L .- .
5% = ~158.65.1 Y4 oK mol '

AHY o 45,35t ANKT et ™!
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TABLE 4ob: pctivation data for E:_‘o(IIIﬂ oxidation of varlous
diols and related ligands.

% 1

Reductant 'AH‘“ v K2 mul“"l L5 .jﬁ“q m_L;_I_I.:‘ rofe
cetechol 24601 3. 47 =112,974 33-%¢ B0
Hydroguinone 15.061161 =142 ,2G 1334 B0
ascorbic acid 18,83 £ a-5! ~145,18 350 B0
Butane 1,4-dicl | 45,391 21 =150,05t40

P This works
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Assuming that Kos is very small and Kos [R]<<1, equation (10)

becomes (11).

Kebs = 2Ky g k1[nj - il oo - (11

This rate lew can also effectively asccommodnte the ooserved
stoicheiometric and kinetic data, put, the second order rate
constant derived from plots of Kobs - [h] and the thermodymanic
parameters derived from it will be composite, They will only

be resolved if a separate calculation or experiment is performed
to calculate Kos. If mgchenism 17 were operating, the EED(IIIE),
R complex would be expected to be an outer sphere complex in

the light the relative inertness of the 12-tunnstocohaltate(IIl)
anion and its consequent immunity to ligond substitution.
Operation of an outer sphere mechanism is consistant with

kinetic and spectrophotometric evidence. The fact that plot

of Kobs versus [R] passes through the origin shows that there

is only one rate determining path. Juch a buhaviour does not
necessarily negate the formation and participation of an inter-
mediate complex; 1t only indicates that the Pormation constant
for the intermediate is negligibly small, tHence, the possibility
of an innersphere mechanism is remote, Kinetic observations
similar to these were made in the reaction of this diol with

ce(1v) in sulphuric acidgﬁd where the formation of an outer-sphere
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matal-diol complex was also postulatede lowever, the inversa
[ﬁf] dependence included in the rate law of thot reaction wes
not observed with [@G(IIIi] as oxidant, protably because only
one form of [ED(IIIQ is thought to be asctive as cgalnst tuo

in the casa of Ce(Iy)e The absence of clenr shift inAmax and
the fact that there is no sigrnificant change in inltial optical
dana;ty (within experimgntal error) of [@u(xilf] solution cn
gddition of butane 1,4-diocl also lend suppori to the conclusion
that an inner-sphere type of intermediate complex is not formed
in the prasent reaction.

Both machanismz 1 and I a®e in good agreenent with tha
data ohtained and distinction hetween the two 1o difficult
under the experimental conditions employed in thz investigation.
However, if there is a change in the recctlon conditions such
that the assumption made in cquation(11) no longer holds,
lesading perbaps to a chamge in the klnetics, wechanism Mg might
be gperating.

The reactlon of pentane 1,5-diol where second-grder
ligand dependence as well as first order [H*] dependence were
cbserved can be rationelized in terms of the rote scheme shown

bhelow, if pentana 1,5-dicl is represented Dy L.
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#
L o+ HyD¥ —E Lt o4 om0 .e e 12y
=TTk T
+ o8 . +
EDHII_)] + LH — [cacIII_)], LH .o ¢13)

E:c:(r_u)]. LHY & L%E:a(nﬂ PUNTLEPRN

+ Ly slow oo ew o

ve er  {T0)

3 ca(III)] + 3° -ﬁl?'—f‘-; BEu(uﬂ + 30 4 3 .. (%)

L° 1s s Ffeé radical (confirmed by.acrqlnnitrile raantion);
p is S5~hydraxypentanal; Hp,is the protonation consteant of
the ligand.
on the haéis of this schéme; enuation (16) way bhe roadily
derived provided Hhashs ﬁ:u(HIB E,'—]z CH‘q7>k"?_ EU(I])]LL]
.{E{][ﬂf}z i.0e 1F the reverse of sguation (13) in nenlinlble.
“afEsain] | 2K b o< Bocr) (3% [ ve  (16)
Thus, plot of initial rate agalnst L;]z were Puundltu ha linear
with zero intercept (Flge L4a.3)s The slope of such o line is
equal to ZHpHuakz E:u(nzﬂ [:_H*'_j and on plottinn slopo/ BG(IIIB
agalnst acid concentrations, a straight lilne pagsing through
the origin was obtained (Fig. 4.7) 2t constoni temoeratire.
values of k11 =.gpﬁgak2 ware derived from wuch plets ot various
temperatures and the composite values of activation poranoters
subsequently obtained from the arrhenius plot (Figs. he8) aro

presanted in Table L
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TABLE Le5: variation of H11 the third order rote constant
for the oxidation of pentane 1,5-dicl by {EU(IIIE]
with temparatura.

™c 103H11,Mn1"3dm95"1
25 6,00
a0 7.22
35 9,84

AH® 42.30 4 530 KT mol”!

i

* e *Im_q\"l
AS = =142.05 & 1040 TX
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*inhibition of retsa hy [QD(II) J is in sccord with
the proposed mechaniom only iT the reverse of roacticn (44)
occcurs ta A aignifiqant gxtcnt in the presence of cxcess
E‘L_‘G(II)]- But tha uge of lcw inmitlgl concentration of [[;c:l(]:nﬂ
compared with tho dicl concentrations ensurnd tho presence of
emgll emounts of thz products, so that the revercse reactlon
ocourred only to a negligikble extent undex the expurihﬁntal
conditions wgnd,

The observed dependonce of rate on [H{] in thia reaction
jg consistent with the azsumptlion that the nprotonaicd species
of nentann 1,0~dicl 1s reactive. In the roectlon of butane 1,
b=rinl with Epn(III)J s tho nmoneinclusion of puaths eorresponding
to tho reaction of the protenatod ligand dose oot imply that
such n epecien is not formed; but if Indicates thet the
unprotanated ligand is wore reactive,

under high scidic conditions, rate constanin may correlato
better with 1 , the Hammatt moidity ecate V! 4han with the
stoicheiometric corcentration of [#ﬁj. An attempt nng therae

y 110
fore made 0 relote rerte aopnstants with jamnetits relstion 1

as appiled to the reachion of peopenny 1,3-dinl and butone 9,
4=dinl with U{U)ngq From HAmmettts relotinn,

log K = "% + gpnatant e . e e (1)
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where 14 = rate constant of a reaction 1n which une hydrogen
ign 1s added to s neuwtral substrate, and Hy iz thn Hammottra
ecidity function. A plot of log K agcinst ~Hq aghould therefores

be lineor with wunit slope. uUesing valuos.of -H, tuken from

119

Paul and Long's Review, Hammett relation plot for the

pentane 1, S5=-dicl reaction wog made (Fig 4,97, The slope of
D.68 pbtrined from this plot is less than ideal slopo of unity.
pespite devietion of slope from unity, cood linearity of this
plot indicataed that Hammettis relation correlutocd well in the

aclid range usede Plattingk;og L Hg)veraus lang @ ig a

HEU
considorztion of the extent to which Homaettta peylotinn plot

deviated from unitaaa a function of log @ Therefore, rates

Ho0°
of resctleon at variouz acld concentrations were furbiizr corre-~

lated with Aunnett's relation ' @ (eguation 18).

log & ; Ho = w lag a 0+ constunt o» ae se (18)
Ho

whsre o 1la called gunnett's parametzr and o iz tio udﬁﬂitu

HZD
0 Inh vifferent
112

of water in ths acid. Uslng values of ﬁH
2
concentrations of perchloric acid reported by gunnett,

tho
gunnett's correlation plot shown in Flge Le10 vas abialned for
this reacticn., The valus of Bunnettts paramcier, w, derived
from that plet is 6,67, which, according to Uunnett}s bypothecis

indicates that water maleculo participates os @ proton abgiracting

agent im the reaction, This concluslon lend support to the
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existence of reaction (12) in the rate scheme of this redox
procese and the implied reactivity of protonnted species of
pentane 1,5-dlol.

Rete laws involving second order ligand dependence are

81,113, 114

well documesnited. pbservation of g secoond=order

iigand depzndent path in ths reaction of Cr(vi) with Hsagﬂlg)

, 2
involves a rate law rate = k: _C_r(‘!i}j LS(IUB EH{]
| 1 % a [Gan]

in which & resction between sulfitochrometo(vl) ester and o

o
e i
Foo T

gecond sulphur (Ty) spaecies 1s thought to De the rate«detormining
step. This rate law is anologous with gguation (15 although

the type of intermediate encounterad in the furmer recction

could not be enviseged in the present work gg cotor formation

By [ﬁD(IIIi] doee not eppear possibles It is thorefore more
sppropriate to interpret the present work in terms of outer-
sphare mechanism involving second order llpamnd dependences

such a mechanism has been postulated by cmrlyléﬁfor the raactiuﬁ

(113)

of HSD; with Fe(phen>33+ ang 0latunji for [ poc1in)-

thiouraas svstems.m anather similarity between tha mechnnism

13 and the present work is the possibility that tha

af Carlyle1
only function of the second ligend is to provide o low encrgy
pathway for the decomposition of the G&u(IIIi] ;L. complex to

[Co¢11)] and a ligand rodical, Ly Houover, the olternotive

mechanism put forward by Earlvle“f’ involving dimorizetion of
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the ligand as a8 first step fulluwgdfgy a rate~rictermining two-
glectron transfer reactlon to give & dimner ag onc of the
reaction products 1s not deemad feasible in the puntane 1,5«
diol gyatem becausq of the characterized S=hydroxypantanal
producte. 1

It 1s still not clear why the reactlons of the two diols
gave different rate laws. g£xtension of tie investigation to
other aliphatic diols to confirm the general viows expressed
in this work 1= therefore necessarye In this renared, it is
warth pointing cut that no reaction was observod beitwsen thils .
oxidant and butane 1,3-~dicl. This would tend to suogest that
the redox reaction is dependent on the relative positions of
the two hydroxyl groups and by implication n rolc for the
second hydroxyl groupe. while 1t is quite tempting to postulate
a chelaete type of complex formation in the tronsition state )
(a2 fact which is supportad by the values of entroplaos of
activation obtained in this study), such ideas hove to be

71472 nd stabllity of

rejected on the basis of the structure
of the oxidant, the neture of the product abtoined ond the
fact that existence of enormous strains would be expected in
such high~membered chelate. In fact, 1i bhas boen suggested

in a paper by Mehrotra and his uo—mmrkarsge that tha exlstence

of an eight~membered chelate ring in solition hus e low probability.



CHAPTER v

KINETICS AND MECHANISM OF REACTIONS OF 18-

TUNGSTOCOHEALTATE (I1II) ANION WITH SOME  THIDLS
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The use of heteropoly molybdates and tungstutus os
: [
electron dense stailns for eleciron micrnscnpy11J has heen
known for long. In recent years, much attention hos been

pald %o the use of thess complexes ss antiviral agant5116

and os elacgtron acceptors in studies of phatnaVnthasis.117
Thg redox reactions of 12-tungstocobaltate(3iiI) enion with

llgands cantaining malnly di«hydroxyl groups have beocn rapnrted,an
Bnd except for the reactions of the oxidant wlth the thiﬂUﬂEﬂS,Bq
no other reaction of ths oxidant with sulphur contuining organie
ligands have been reparted. This chapter is thereforc an

aceount of the kinetic investigations of the reactions of 12
tungstocobaltate(111) lon with sulphur containing linaonds like
L~cysteine(1), thioglycollic acid or mercaptoacetlc ancid(II)

and fl ~mercaptosthylamine(IIl)a
H

)

H
! !

HS ? © [ —= COyH
H o NHg

(1)

H
l |

"85 — o :
H

(1D
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H H
Vo

HS —*C-ﬂ-C‘""Nﬂz

H
(I11)

previous oxidaticn of many thirls by metal iono hiwve
hzen shown to proceed through th2 formetion of innoresphera
complexnss In the aquocohaltic inn coxidation of #l-mercopto-~
carboxylic acids,19'5“h electran transfer wns preceded by the
prrmation of transient species of cobalt(III) - Mercaptocarboxylic
nci~ intarmediote comailexrs.

gimilar results were nbtained in tho thallum(11r) nxidation

: cocy1) nxidatirn of L-cyatﬂine1ug and

(9]
Frn(T11) oxidetion of Mercentocorboxylic acids.11“ Hawover ,

121

ol thiomalic acid,11
in the ceric cxidation n?ti—thinlsfzn end thiournca, ng well
a5 the reaction of 12=-tungstocrbaltote(IIT) with tho thinurnnn,aq
there was no evicenc~ for the formaiion of intermediate comploxes
prior to elestron transfers In the unlikecly event that inter-
modiate comolex formaticn is important in the proscnt work,

the choice of the thigls should nmakr the investioations of

the effectivenass of 0. N, #nd S as hinding sites ponsibloe

For example, if oxygon g@f the carboxylic acid group is on
imprrtant coordinating site, “hen its absence in B =-vorcop to-

othylamine shnuld he reflectec on the rate and thermodynamis
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parameters for complex formatiome The velative pouitions of

the various coordinating sitaa,'énd in particulsr, the size

nf the entire molecule may also affect these values. 0On tha

gther hand, 1f there 1ls no avidence for complex farmotion, it
upuld be interestirg to know how the mechaniasms of these raonctions

relate to those of the same oxidant with the thiuuren581

where
no spactroscopic or klnetic svidence wae found for the exisiconcs

of an intermediate complexe.

ENPERIMENTAL

(a) Reagents

L-Cysteine (R.D.H Blochemical grade) andié-ﬂercuptouthy—
lammonium chloride (B.0.H) woere used without further purification,
init Merceptoacetic acid fanalaR! was redistilled under peducod
pressure and uscd as soon as possible after purification. The
molecular weight of Mercaptoacetic ascid detarmined by titeatlon
agnlinast standard sodium hydroxide was 92,09 (theerciical 92,12),
ghiowing that no decomposition took plece during the purificotion
nrocesse Perchloric acld (R.R) was used to investigote tha
effect of hydrogen ions on the rates of reactions while sodiuvm
perchlorate (Fluka Purlss, p.a) wag smployed in mrintaining a

constant ionic stremgthe pther chemicaols were used as suppliod,
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(b) Kinetics
Th2 reacticns of the three thiols were Found o Je VOTY
slow, conseguently, the decrease in concentration aFiZha(III}J
was monitored at 390nm using the corventional technlnue rilready
described in chapter IXT. .Paeudn-First-urder cancitions wore
‘ensured by using the following reactant concentrations:
[Eo(r11d) = 210 vl an s [hhiola] = 2 = bOXA0™ 10l an 75 .0 .
LH"'] e 0,02 = 0,10 mol dm—:" and I

1.0 mal dm-B(Naclﬂh).'
The reactions were studied at ambient temperaturas of 150~
30.3°c, Tempsrature variztlon within a particular set of runs

0 thnae
was not greater tham 4+0.27°C correésponding to Ca 1e06{1n TOtE,
Goma unrkere122 found that a variation in rate of up to 50%
may occur with different stock solutions of the sowe sturting
materiala, whereas duplicate rTuna using the same stock asolutions
usually agreed within :.5%. This study, was tharciore carrind
oput using single sets of stock solutions mads within slx hours

of their use, Comparision was then possible betwaen sugh sets

af megagsuramentse

() Stoicheiometry

The stoicheiometries of the reactions wera «etermincd

hv spactrnpmutumetric titrotione Dpttcal danaitian af- anlutiqnw

pontaining various concentrations of the thiolsﬁ-ﬂ Dmlel X 10 i

wly

Mal dm 3) and a constant cancentration of [ﬁn(IIIé] (2ex10" " mol
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dm -~y at {H¥] = 0405 mol dn™” and I = 1.0 Mol dn - (Naclo,)
were measured at 390nm after the reactions had been complited.
These titrations gave similer results when the concentrution.
af the ligand was kept constant at 2x10™" Mol B and those

" Mol om - using

of [pu(IIIi] varied between 0.4 = 4,82x10"
sane ['Hﬂ o @nd ionic strength as in the titrotions above.
Gtoicheiometries were evaluated from the end points of the
spectrophotometric titration curvas ddsplayed In Flgs. 5¢7,5.7;

5.3, and S.l.

NESULTS AND DISCUSSION

For each mole of [39(111)], 0,92 4+ 0.03 mole  cf L-cysteine,
Ua94 4+ 0,02 mole' of f ~vMercaptoethylamineg; and Oe94 + Oe0b male
of Mercapyoacetic acid were oxidizeds These are in reasonable

agreement with reaction (;1_) where RSH respresents o thiol,
2{cocrrny] + 2rsy —>2[ceci)] + RSSR + 2HF .. (D)

The formation of disulphides in reaction (1) cen be coniirmed

. on reacting solutions of [_CU(III):) with a thiol,

n;:uac:trally.‘1
the spectrum produced was found to be identical with that
obtained by treating solutions of the thiol with hydrogen

peroxide which is known to oxidize thiols to the disulphides.

RSH + HoO, ——>RSSR + 2H,0
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Flgure 5.5 is an exsmple of such spectral changes obtainerd
uith L=cysteine as the thiol.

Effective interpretation of the kinctic data strongly
depends on accurate knowledge of the reactant specles. Tiore-
fore, efforts were made to ldentify the important reactant
species in these redox reactions. Spectra DFI:FD(IIIiJ monitored
over the acid range employed for the kinetic investigntions
indicated that there were no other reactive species of the
oxidant other than [éD(IIIi] under the experimentul condition

usede For the thiols, the P4, values correspondine to the luocs

123
of a proton from =5H and N43+ are )-B( ) wherens thoco
of the carboxylic acid groups are Ca 2 for cystuinc1ug ond

thxfnr Mercaptoacetic acid.119 Hence, under the acidity [ﬂfﬂ:
0,02 = 0,10 mal dm - employed in this work, the corboxylic acid
1s the predominant species, although a small proportion of the

zwit%erion formed from the dissociation of mono=proton:tod

ligand (equation (2)) might be present in sclutione

fH, K (qu3
MG = CHy = € = COH  —2> Hg = CHy = C = GO, = + H 4o (D)
ot ;

This is in line with the conclusions reached by Mchuley and
nlatunji,saa working under identical experimental conditions.

nttempts were also made to determine the effect of thesec proton
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aquilibries on the actual concentration of I:H"'J present using
the method employed by mecpuley and ulatunji.SBH phen the recults
obtained (Table 5.1), were compared with a calibration curve
(Fige 5a6) derived from pH measurements of accurate dilutionc
of HClDb in the range 0.,01=-0.1C mol dm”3 at ionic strength of
1«0 mol dm-B, no significant differcnce was obsorvad in the two.
Similarly, at constant [Hf] there was nu differencc botwecn
the pH of mixed solutions containing lowest ond hiphost lioand
concentrotions. This would tend to suggest that althouoh the
protonated ligand may be formed, the effective concentration of
hiydrogen iong remainad essentlally the initial ualua,[:Hf]B.
comparision of initial sbsorbance in the kinctic investi-
paticns with those for IPD(IIIi] whaen no ligoand wna prosont
shoued no significant difference, indicating that nc detzotable
intermodiate was formede Plots of log (D.Dt - U‘Doa) (D.Dt and
DaD  are respectively the optical densitieg at time 4 and ot
the end of the reaction) versus time were linear to pgreooter
thon 9% of the rzactions (Fig 5.7). The strict lincarity
nf these plots does suggest that there 1s rno strong inhlbltlon
of reaction by procducts; and in addition, 1t indloates thet the
rates are first order in [Co(111)]. Pseudo-first-order rate
constants, kcbs, opbtairmed from gradients of these plots at

various [Bf]ﬁ and[&hin%} goncentrations are prosented in
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TABLE 5Se1: The pH of solutions of | -Cysteine, ercoptooccetic

acid, E?SQJ at differing [:H*j as useu in
3

kinetic experiments. I = 1.0 Kol dm (Moclog)
L = Cysteine
SR T
[5*] o Mol an™®  10° Rgii, Mol am™> Q_.grzlnd vixture £nd of
reaction
0.02 2.0 1440 1e 49 148
D.02 6.0 1450 1,50 149
0.04 2.0 1¢27 126 127
D04 8.0 126 126 le26
0,06 4.0 115 1e 1l 1«15
0,08 6.0 1006 100 1406
0.10 5.0 G.98 0,20 0.98
0,10 10,0 0499 .90 0.95
mw_mybauﬁig acd Pl
4 Mol dm> 103'@3, Mol dm > LiJam:: vixture ENd Of
Lym———— —— -- reaction

0.04 2 1.28 1028 1628
0,04 LD 1627 125 1627
0,06 10 115 1416 1¢15
0.06 30 1e 16 : o~ y P .
.08 15 1406 1,05 1606
0.08 35 1,06 1,06 1.06
0s10 2 0,98 0,99 Ue98

0.10 25 0.98 1400 0e98
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Table 52

pn plotting Hubs againsti:naﬁj 23 {when RBH = L-cytoine
or mercaptoacetic acid), gtralght lines wers pbtained sugnesting
that the rates of the redox reactions ore second order in
these thiols [Fig 5.8 antd 5«9 plots of slopas of these jines
an a Function of }tyf]z gave 2 gtraight line pagsing £hrough
the origin at congtant temparatura (Fige 5.10 ant: 5611 0N
the other hand, when RSH is Mernaptuathqlamine, plots of j:obs/
[RoH) versus CasH] (Fig. 5.12) indicate that twa pathuays ore
concurrently pperative in the reaction: 0On ja FTirat oruer
i{n the ligand and the other has szcond order ligand gependences
rradients of these plots vary in a linear manner with 1/Ipﬁ} o
at constant Lemperature (Fig. S5e13)e

ysing the pbserved axperimental data, the following
mechanisms can be postulated for the reactions of L-tystelina
and viercaptoacetic acid with 12-tungstncnba1tate(111) fon,
where the protons released are derived from the sul phurdyl

Qroups 28 ghown in gquilibrium (3) beloue
Hd A - + -
RSR —_— RS + H L AL . ae (Y] - (Jj

k-t _
1f the rate of protonantion is diffusion controlled, the rute

of such dissocintion may be ogtimated from the dissociation

constont of the thiol group (ref. 560, 109 .
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TABLE De2: ghserved rate contante (Kobs) or tha rodoX
reactions 1rvolving the thiols and[éu(zxiﬂ at
various thiol, QSH , and hydrugan son cangentrations.
fco(uiij} = g ol o> A= 3900 T = 1.0 vel ™

(NoC10,)
L~ Eysteine .. -
T = 20.1°C
[_H*J _ 0,02 Mol dnC W) = 0.03 pol o -3
-3 3 =1 3 RS B
10° [gH ), Mol dm 07k a8 10° e, ol o 107K bs,s
2 1.003 2 0.516
3 2,005 3 1,069
M 3.915 5 % o BA5
5 E B9 . G 44053
6 9, 166 a 74249
LH*j 0.0k 1ol e - n 06 Mol >
3 3 -1 3 -1
10”7 [R3H] 5 Hol dan> 107 gt 10° {RsH], tol an”> 10 K bs! S '
2 0,199 2 0,08¢
5 1,520 S o 0,745
6 2,006 | & 0,975
8 3.726 a 14 00%
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1 = 25°C

(W)} - 0.02 el an > (] . 0.03 ol an

3 -3 3 -1 3 w3 3 -1
10” (RaH) Mol on 107K, 45 10 [rar]) wol o 107K pytS

2 1,004 2 04651
3 2,902 4 24375
5 74686 5 LK
6 11,054 & 4e752
8 9,161

(wd = 0.0 Mol g [ﬁﬁ} . 0,05 Mol dm>

10° [RaH) Mol w3 AT kgeeS 10 [raH] Mol a0 S

Obs

2 0450 z 0,175
b 1.402 W 0,650
5 1,551 5 - . 0875
6 2,765 | 6 44040
8 54002 ) 24575

S_H"] _ 0,08 Mol o

103@5@ vol dn - AT K obs 5
2 ' 0,130
b 0,508
5 04 660
6 G.001
8 2,002
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. t = 30.1%C
+ -3 4 -3
, (W] = 0.02 mul‘}d‘n D:lj - 0,03 mol dm
| =3 -1 3 -3 3 =1
10° (RgH], mol dm 107K gt S 10°{Rsfl] pol an 107K 5 1B
1 - 0.332 ) 0,802
3 | 2,510 3 1,714
& 4,620 4 3,173
5 7-875 5 lb.ﬁZD
6 10.626 6 Ga79k
(h] = 0.06 mol g [1] = Ua06 mol dm >
103[Esﬁ] mal an .103Hoba'5-1 1D3E§5ﬂ] Mol RS 1U3Hobs'5-1
2 0,401 ' 3 04516
4 14750 4 0,856
5 2.817 5 10132
& 144278 6 1604
8 74452 B

2817

] = 0.08 mol o

L] '.’ L
10> [RsH] mol dr 7 07Kgpsd !

3 04250

4 0a418

5 0.608

6 0917
8

14203
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mercapto acetiﬁ; acld

3 T = 20.7%
s (W - om0 mol g Wl - 0.03wml ™
-3 3 -1 2 w3 3 -1
10°{RsH} mol dm 107K o518 10°fRev] ol do 7 A0 K et
0 0.755 10 04352
20 7 24510 20 14305
25 | 4246 25 24265
30 54746 30 24992
60 10.500 40 54775
' -3 N -3
f#¥] = O.06 mol oo  {H] = 0.06 mol dr
10° fRsn]) mol dm> 1‘33""0135'5” 1u3ﬁsgj ol di> A K ggeE
20 - 0.650 : 20 De200
25 | 1410 25 Dk
30 ' 14395 30 0.502
35 | 1805 35 0.650
L0 S 2,510 40 04843

{}Ej = 0,08 mol dmr'ZI

10° s} mol > 103;4-0“,5"1
20 ' 06099
25 0,200
31 0,250
35 04352

40 Deli51



T = 15&“5
] = 0,02 ool an> (4] = 0.03 wol di”
I P =3 3 -1 3. v e -3 3 -
10” Ratfjmol o WKy p o © 10°[rsHy tal dm T AR eS
10 - U.672 10 ‘ 0e296
15 . D.875 15 . 0,481
20 . 148073 2C 1.255
25 - 2.889 25 1561
0 54125 30 ' Be2lil
[H'g = .04 mal |:'.rr\'-."5 [_Hﬂ = 0a06 mol tlm-s
'103[735@ mal dm 103‘4'(':\:-35 1 ’IUBEQSHJmnl dm ERY Kous#S 1
10 | . Da237 0 | 0,050
20 0562 S B 0le 186
30 o 10111 30 ' 0.269
35 o 16561 - T . Qals3B

w 1.B78 40 | 0,539

{ﬁf] . 0.08 mol dmo

X _ )

10’@5@ mal dm 3 10350\)5,5 1
20 . 0045
30 0189
35 | 04259

Lo ' Qe 209
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T = 25.5°C
[(+] = D.02 mol an”™> [H) = 0403 mol an >
103@% mol dn > 103%55,5'1 103@5:{\“:1 > 103“0\:5'3-1
10 0,849 10 04350
15 14561 15 04837
20 34915 20 14409
25 50923 25 24625
30 884772 30 34164
35 lie226
() = 0.06 mol v [i*] = 0406, m an”>
- - -} -
103@5H] ol o> 107K oS 10° [RsH} mod dm : 103H°b3,5 b
10 0,270 15 04250
15 0.608 18 0.370
20 14069 20 0e475
25 14481 25 04589
30 2440 30 04750
35 3415 35 14155
40 14601

(#] = 0.08 mol an°

10°fRs#) mol a3 07K S
20 04191
25 04361
30 0.458
35 0,500

L0 04555
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$ ~ptecapioe thylamine

T = 20.10[:
; -3 . -
I:Hﬂ = O O4 mol dm ) EH'l'] " U.[]G mol dm 3
1D3EHH' mal > 10314 : 5"“l 10 s mol :k-f"':' 103\4- fs""vI
“’j *Mobst [’g " obs’
15 0e27 20 - 0e332
20 . 0,432 25 : 04500
25 D4600 0 0,603
300 0,750 - R 0,797
35 1,050 40 1,024
() = 0.08, mod dn” {#] = 010, mol g
10 [Rsty) mol S T STU- 16> (et mol 107K opseS
20 - 0,301 20 0,282
30 0.506 30 De458
35 - 0,679 35 Ge610
40 . 0.B808 X! 0.720
| | T = 25°C
fi*t] = 0.0b mol an> {Pf] 006 wol dn >
- - - - ' - 3 ""4-
10 , 0,225 10 [ 185
20 . 0.656 20 SPALLS
25 0,802 25 De620

35 - 14481 38 | 14043



(] = 0.08 mol dn

3 - -
10’ (s} mol dn 3 40Pk eS|
1

95

] = o.10 ml >

0 0,175 10
20 0,418 20
25 0.578 25
30 04722 30
35 0,902 35

T = 30.3°%C

[H‘J . 0.0 mol an>

1031_';35143 o 10350“,5'1 103@5*3 mol oo™
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Ky = k% g

10
Ky 10 Kq

Ka is apprometimately 10-7 - 10-5 (123)e Thus virlurg of
kd obtained in this way would be of the ordoer of T - 1“35'1

gince this value is much higher than the ohaerved rote constant,

2a

Kobg? for the redox steps, it is reasonable o assume thut

the dissociation of ~SH precede electron trancfor.

mechanism I

K -
2RGH ——= 2RS + 2H' e & - (W)
—
K
- os - c
E:u(nl}] . rs —=> [cocrin)]q RS . (5)

@o(:uﬂ RS~ + RS j—’-)[cu(:j] + RSSR (6)
E:'U(I?] + EUCIIIB Eb 2EF|(II_;] e . )

where K g is outer sphere prnuilibrium conalante.

mechanism 11

" .
2RGH —2> 2RS4+ 2H' e  we W K8)
H
" - ., (9}
[Eoci)y + RS [?'t:(n(uﬁ , 7S (9)
rs” + [coatn)]s ns” 5 Bocrri] + mosRe (A0

rssR® + [Co(111)] Sfosty[cocrr)] + RS D

Theseo reaction schemcs are consistent with the rate of

loss of [ﬁD(III§]+ as expressed in oguation (12)e
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-dEn(nf}. ¢ <qoga (7] [coary]
" T L Kooy [HY [RSH]
) 1 4 [H"'] 2)} Hus”a {Hﬂ Ensa then Kotse can be derivod from

aquation (13).

= H‘!KDBﬁB EISLBZ
H* € "

o 12

K

ohs .s .o LY f'ij:i

This pquation explains the kinetic variations disployed in

11
1
derived at different temperatures and the corresponding

figse. 5.8, 59, 510 ond 5.11. Values of Khigg! k

ig =
activation parameturs are shown in Tabloc 5.3, liile Figoe Se14
and 5.15 give the Arrhenius plots for the recctiono.

A third mechanism which also gives 1;1 stolcheiometry is
sugoested below:

Mechanism TII

Hﬂ -

2RSH === RSS5R + 24" .e ) e ve (%)
f——
2- o
rssr ~ + [cocrrn _*agfeoar) o+ memat es  (15)
- i
RSGR. + CCB(IIIE _EEE’ECOCII)J + "’.!‘:3:’! .. (16)
pimerization of the ligand in a first step fallowed by o rate-

determining electron transfor reaction such ms is found in

. 113 ,
mechanism 111 had been put forward by Carlylo to explain in
sacond order HSDB" dependence, I1f this mechanism wore operating

in the present study, then comparatively greastor recctivity of
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of the dithicanion (RsSRz'} is implied. But the validity of
this assumption is guestionable in view of the kinetlc insriness
af this diaulphide.12“ Mechaniam I postulated serlier entailg
aimultansous two electron transfer Frbm two molepules of the
recductant to [FD(III)] to produce {ca(1y] intermediate. This
mechanism is not likely te be operating because addition of up
to 015 mol dm-3 cn{en)2F2+ to reactirg solutions of [;G(Ixxif
and llgands bad no effaect on both steoicheiometrins and rates af
these rescticnse. Such a behaviour would not bo expscted 1
ﬂbc(l}i warg an important intermediate. 1In =ddition, 1% iu
congiderad unlikely thaet [FD(IIIi] ie a sufficiently strang
oxidant $¢ undergo a two-electron recctione Mechanlism 17 there;
fora segems to be the mogt Pavoureds. The mechanism 1s similar

to the most likely of the reaction schemes postulnied by
nlatunj181 for the reections of the same oxident with the
thipureas. However, the second pathway involving a Plrst order
dependence on ligand concentration chaerved by that guthgr woe
not obtainad in the present lnvestigation.

Tha significance of second order ligand dependent procaages
56, 108,113,125

racourse had to be matde to this type of process in order o

has been diacuasad.gg in 8 number of resctinns,

rationalize the chesrved kinetic paramsters. Ffar sulphuz
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containing one electron reductants such as the ones under
conaideration (L-cysteine and Mercaptoacetic acid), routes
corresponding to such terms are considered important in providing
a pathway for the generation of the disulphide product. !owever,
a rate determining dimerization process leading to the Pormation

of a four-centred HESZ complex 126

in the tranuition
state which yields the disulphide without the formation of o
radical is not deemad feasible in [bu(IIIi} reactions beecause
of the structure and stability of the oxidant,.

In the reaction of [Co(I11)] with p-Mercaptoethylanine,
the two-term experimental rate law encountered appears to require
two parasllel reaction. pathways leading to the disulphide product,

mechanisms consistent with these kinetic observations are embodied

in egquations (17) = (26).

Mechanism 1V

[CO(III)] + RSH &_&‘_A Eﬂﬁn]’RS- - H+ e s (17)
K
[cocin] + Re —23fean] + RS® 41" .. (19)
k
[cocrny)rs” + RsH {cor)] + RssR + H .o (1)

E:O(III)] + ED(I)] __ff.it) 2 f_co(u)] . e (20)

2“5. E—s—?—-’ RSSR ee e - - .. (21)
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Machanism vy

k
EU(IIID + RSH ;—5’5-} E:onﬂ. RS 4 W' s (22)

Eﬂ(lnﬂ + RSH kZ; t:n(mﬂ’as‘arﬂ* os (23)

EG(IIIj. RS + RSH kB; Eocuﬂ + RSERH® .o  (2B)

RSSRH"® + E:D(Inﬂ -f-@-i-; cutnﬂ + RB3R o+ HY o (25)

ZRS. ﬂt‘; RSSR . L -n e .n (26)

Both mechaniems would give the reate lsw below:

-dfSo(rr]t e
Euﬁ.__j = [coarin], [_SH]{ ““ﬁ*“'] + ":3 we (29)

Kobs = ERSH] {HDBH3 H+ .. {<8)
pearranging equation (28) gives equutiun (29)e
K {rsH]
abs —
@-sﬁj = KDBHJ H-|- + kz LR L] L -e (29)

The linzarity of plots of kaB/[ﬁsHj versus (RaiJ wey be
interpreted in terms of this rate law, vy=aluus of the rate
and activation parameters derived at differenit temperoiurcs
from such plots are shown in Table 5.4. and the nnﬂﬁmwiua
plots are in Figs 5,16 and 5.17, Egerlier results obtuinod

from the resctions of cyateina125 and 3=-Morcaptoproponic

acid12? with Fe(r.:ﬂjss- weré also rationalized hy o two=~torm

rate expression. JInterestingly, the rats
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pependence of k2 and k311 on tempor.ture for
the redox reaction of P—mernaptmmthylnmina

with E:u(]{ﬂB

/% kae mo1 ™ o 5 105k3, vol ™ Tem s
20.1 0.010 2,12

25.1 D.D"‘h 3.11

30.3 0.048 5,40
on¥kamo1™Y 52,32 4 7.0 59475 + & 1o

QE%(Jﬂﬂml"") «133.,57L 2460 «423,00 ¥ 2AAD
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constant for the first order ligand dependent pathway wos
found to incTEASE with increasing temperatures A gimilar
trend was obsarved in the oxidation of the thiloureas Y Fe(phen)

and [FD(III§LB1

nlfhuugh both mechaniams IV ang Y are in good ngrecment
with gxper imental pbhservations, machanism 1V is less favoured
in view of the reasons of fered for rejecting vechanism I corlier
nnstulated for the oxidation aof cysteine and merceptoncatlc
acid by {co(1II)} -

pccording to Mallinngg, the values of z&skﬁ within the
range of =83 to =143 ®J 1111:-1"1 pbtained in the roactinn of P
mercaptuethylamina with {?0(1111] sugogested a mechanism involving
froe radicalse AN chvious posaibility for such o radigal is the
Rg*. But rediolysis studies have shown thed thioradicals formad

131

Prom nysteine130 and n variety of thiols of simple and complox

gtructures, ere in gquilibrium with the corresponding dithio
radical anlon, RSGR. |

in some instances, these species may ha protanotazd o plve
assAr®  This is in excellant agraement with Mechanlgm Y whors
the radical RSERH S has been shown to he produced in reactlon
(24 ond 2180 in the oxidation of cysteine and rploted ligands

by Fa(cm E?" 2%

£+L11€)
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In conclusion, the oxidations of L-cysteinetmarcaptnacetic
acid and marcaptoethyl aming by{;cn(III)] appear to follow a
route lesding to the formation GFLI:D(II)] and tisulphicas
g progucts without the formation of intermediste pomplaxes
nf significant gtebility. A gimilarity in the modes af
activation of these reactions and those nf the thinuremaa1
with thoe sama oxidant 1s therefore jmplied. The thermodynamnic
parameters for the steps involving 9 gpcond order Tigond dapends=
ence are guite simlilar to those abtained for the di=hydrony
ligands (ref. g0 and chapter 1V aof this thesis)e Thic i« an
indication thet the mode of reactions with both sulphur tnd
pxygen gnntaining ligands are the same and independent nf the
active groups in these ligands; This type of hehaviour would
not be expectsd ) f the reactions procedad by an {nner=-sphere

mechanisme



CHAPTER VI

REDNX REACTIONS INYOLVING 12-Tumagmcuagum'g(ill)

ANION AND SOME INDRGANIC LIGANDS
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The oxidation of iodlide by transition matal iogns ofonn
involves complicated machanisms which may sometimes be due to
the formation of metal-lodide complexe This has led in meny
instances to complaex rate expressions 1ike the ones gncountered
in the reactions of aquuirnn(111)132 and ferric gyanide 33 d
with lodide lonse. gimilarly, the reduction of nepbtunium(yd
by indid913u was explained in tarmg of a Fifth-order raote 1auwe
OLBVET 4 aimple gecond-order rate (first order in beth reductant
and oxidant} uwere obgerved in the reactions of MD(BN)B3' with
135

1~ indaspendently studied hy Forg-smith and Rawsthrona und

also by Farrant1.13El more recently too, secondeorder rate
wag severally observed for the reaction of Fe(phen)33+ wi th
1~ by various uurkara.137'13g in their ouwn contribution,
pjo and his cu-workaraqj? postulated puter sphere mechaniam
por the reactlon haged on the ralative inertness of the oxldant
and supported by the observed catalysis of the reaction by |
added chloride and bromide lons. RS part of the continuing
intarast in the dynamics of the redox reactions {nvolving
jodide ions, its pxidation by 12—tungatncubaltate(111) anion
was studied using the stopped-flou apparatuse.

The present investigation was also extended to the thio-

syanate (scn”) ion and nitrous scid because conclusiona derived

from previous studies of the oxidation of Hzﬂz' HNCo hyrronquinane
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(HzQ), Br , I end SEN-Ibv substitution labile anuocobaliic
1cln6Ct generated some contiroversies. Qpavies and wmtkinssu
proposed the guter sphere mechanism for ths reaction of “zﬂ
with aquocobal £(171) ion, while mallsgu agsumad the inner ghiere
mechanism for the same reaction. But Mcaulsy and o co-murkeraeu
unequivonally assigned the outer-gphere mechanisn te the reaction
of qu with substitution inert 12-tungstocobaltatedIIl) cnione
It is thus hoped that the study of the reactiong of Scn", Hunz
and I with 12-tungstocobaltate(111) anion will fecilitote o
thorough undarstanding of the mechanismg of the reactionz of
1ese ligands., In addition, the effect (if any) of the oymmetry
cf the central cobelt(II11) ion an its reactions could bz investi-
gateds Cobalt(I71I) ion is in a tetrahedral enviromment in 12~
tungstocobaltate(III) while it is octahedrally surrounded by

water molecules in aguocebalt(iil) ion whose Teactions with these

ligundg have been reparted earlier.ED

EXPERIMENTAL

(a) mMaterials

godium thigcyanate 'R.R' and Sodium nitrite, 3n.n.i,
were used without further purification. gSodium iodide (AR
was however re-crystallised three times from douhly dicuilled

water and its stock solution standerdized gravimeiriocally ao






