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necently we a:wve recportea the sineiics anui mecuauisuw of oxidation of we(IV)
oy Ce(iV) iu percuioric acid medium (1). Since this reaction nas veen coserved,
to be cousiderably catal,zed by Ru{(ili), we have unaertaken a detailed sinetic

study of the catalyued reaction with a view of elucicating the mechanism.

BIPERIMELT A

solutions of we(1V), se(VI), Ce(Ill), Ye lV) and Naul0, were preyared and
standaraized as descrived earlier (1).

U.04m soiution of HKuilil) in percin.oric acia was preparea from iw{lil)
culoride (Jouuson Matuey Cnemicals Lta.) in <4 cercuioric acia and its strengtu
cnecked (). aguecus silution of ruthenium tetroxide was prepured fronm Ru{ill)
solution as aescribed by iwee and Eush (3) anc stsndardized spectropnotometc-
caiey (4) just vefore use.

snimedzu aouble beaw spectropuotometer (Jupan) with 1 cie cells was used
for apsorbance measurements. oSow Lap coustant temperature liquid circulatory

batn, ©9-3%0 was used as the tneruwostit.

ninetics rrocedure; Ali kinetic runs were carried out at a counstant teape-

rature of 50¢U.1°u unless otherwise mentioned. Keyuisite amounts of all reac-
tants except Ce(lV) were tauken in a Jjena glass rewciiocn pottie and placec iu tue
taermostat. Ge(iV) was taken in anotuer bottle and brought to the same teupe-
rature ir. the tunermostat. After the solutions attained the tew.erature of tae
batn, the reaction was initiaked by transferring the calculzted amounts of ce(1V)
into the reaction bottle. The rate measuremenis were made keeping atleast a
10-fola excess of [we(IV)] and [HY] over [Ce(iV)] an: following the zbsorbance
of Ce(lV) at 350 nm. (Under these conditions the rate of the uncatalyzed rea-
ction was found to be negligible). The plots of absorpance versus time were
founa to be sitiraight lines upto 902;completion of the reaction and the zero
order rate constants were represented oy 'Ko'. Lthe reaction coudu not be
studied over a wide range of resctant co:ncentrations owing to the formation

of a precipitate at aniguer concentrations as reportec earlier {(1).

RESULDS AND DISCUSSLUN

Stoicuiometry: The stoicuniometry was found to be correspond tou the equatipn:

Se(iV) + 2 Ce(1V) ————% Se(VI) + 2 Ce(I.l)

wffect of ionic strength: Tihe efrect of iovnic strengtn ou tne rate of the

reaction was studied using maCLO4 i 3.,5M percanioric aclc mecium and the increase
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14 iomic sireuxti. Was found to cauwse a siight decrease iu zero order rate const-
ants as may be se<n from Tavle 1,
fagus 1
sifect of Iomic Strength on the 4ero rder Raie Jonstant, K

[oe(IV)]=5.oxlu‘3m; [Ce(IV)J=5.leo_4M, [Ru(Lil)]:l.Oxl0-7M; (HYj=3.5n; =30°C

I [uau104j,m 3.5 4.0 4.5 5.0 5.5
L (wol 11v™h sec™d) 20,0 1.2 18,3 17.5  16.7

Crder with respect to cerium(IV): The piots vf absorbance versus tiwe were

. . . . . .. 0 ) . . ] e
found to be good straight tiges upto 9u,é comgyietion of the reactvion indicating
zero order dependence on [UVe{iv).,. Also, the sero oruer rave constants obtained
at various initiai concentrati.ns of Ce(lV) wers found to rewain coustant(Table 2)

TABwLE 2
sfrect of [ue(lV)) oun the 4ero vraser Kave vonstant, x

(0]
[oe(iV)]=5.UX¢u-3M; [ﬂu(lll)]:l.0x10—7m; [a¥=4.0i; t=30°C

2t e (1w 0 3.3 4.0 5.0 6.0 7.0

w075, (wor Liv™? sec™d)  13.3 12,5  13.3 13,3 13.8

Urder wita respect to selenium(iV): The etfiect of [se(IV), ou the rute
of the reaction was studied keeying the concentrations of ail otuner reactants

coustunt ana the date tuus ovtaineu are suown in Tav«e 3., The plot of log Ko
versus log [Se(IV)] gave a utraishnt line witlL a siope of U.73 thus showing

tue order with respect to se(IV) to be fructional.

TABLE 3
Bffect of {Be(IV)] on the Zero (rdver Rate Constant, kg

[ce(lv)j=5.0x10‘4m; [Ru(III)]=1.0x10‘7m; (a%]=4.0u; £=30°¢

10°[se(LV) ], 3.0 3.5 4.0 4.5 5.0 5.5 6.0
9.2

105K0 (mol gt sec_l) 1i.,0 11.3 12.3 13.3 1.4.0 15.0

Order with respect to Ru(JII): kinetic runs were carried out varying the
(Ru(III;] trom 2.0x10™% %o 24.04107°K in 4.04 percnioric acid mediuwm keeping
the councentrations of all other reactants constant. The zero order rate constants
tu.s ovtainea (faclie 4) when plotted against [Ru{Iil)], gave a straight line
passing through origin siowing the order with respect to the catalyst to be one.
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TABLE 4
gffect of [Ru(iII)] o: the Zero Order Rate Constant, kg

[Ce(iV)]=5.0x10""i; [be(lv)]=5.0xlo‘3m; [d%]=4.0M; t=30°C

108 ka(ii1) ,m 2.0 6.0 10.0 14.0  20.0 24.0

107k, (moi iit™* sec™) 2.91  7.91 13,3 19.2  27.5  32.5

sfrect of [dY]: Tune eifect ot [u*] on the rate of the reaction was studied

at a constunt ionic strength of 5.5 and it may be seen from the data (Table 5)

taat tuere is consiceravle decrease in the rate witih the iucreasse of [n+j.
TABLE 5
st cct of [2¥] ou the Zero Oraer Rate Constant, K
[be(lV)J=5.uxLU-3M; [Ce(IV)}:S.OxlU—4M; [Ku\il;)]:l.OxlD—7M;
I=5.5m (NaCld,); $=30°0

(u*),u 3.5 4.0 4.5 5.0 5.5

lUBKO (woi 1it™t sec™t)  16.7  i0.7 6.7 5.4 4.2

Activation parameters: <[he effect of wemperature on the rase of the
rezctio. was stuaied at four different temperatures (lable 6) ana the activation

parameters were computed from the piot of log K, versus 1/T. The values of
L, ouF, AsF and AGF calculatea were found to be L17.3 &J mofl, 14.7 &J
mOL-l, —-262.6 Ja~ " moi~t and 94.% kJ mol™ " respectively.

TABLE ©

sflect of Temperature on the Zero Oraer Rate Coustant, KO

[Se(1v) J=5.uxlo™om; [ve(IV)I=5.0xL0™ %, [4u(iil) J=d.oxiv™ Ty [HYj=4.0m

femperature, "A 303 308 313 318

LUBKO (woi lit™% sec™t) 13.3 15.0 16.7 18.3

Mechanism: Selenious acid nas a dissociation constant of 3.Oxlu_3 at
25°U () and Kaman spectrum snows that it is dissociated onliy to a smali extent
in aqueous soiution (o). Se{IV) is xuown to dimerise () in councentrated
solutions but iz the concentration range employed in the present ianvestigation
tne percentage of wonomer is more than 942;. 1n view oI these reports Se(IV)
may be regarded as existing mainl, in the form of sze05 under our present

experimental conditions.

Ru(1iI) solutions when mixed with excess of Ce(IV), are known to get
oxidized reacily and quantitatively to Ru(VILI) (2,7-10). BSurasiti and
Sandeli (11) while studying the kinetics of ruthenium catalyzeda oxidation of
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4s(III) by Ce(IV) observed that Ru(III) shows the same catalytic activity as
Ru(VIII) added to the reaction mixture initially. In our present investigation
also we have observed that the rate of the Ru(III) catalyzed reaction is in
good agreement with that of Ru(VIII) catalyzed reaction of the same ruthenium
content., The order in Ru(VIII) has also been found to be one., The active
oxidizing species involved in the catalyzed reaction may therefore be regarded
as Ru(VIII). PFurther, the plot of l/k° versus 1/[Se(IV)] im a straight line
with an intercept on the rate axis, which indicates complexation between
Se(IV) and Ru(VIII).

In view of thése observations the following mechanism has been proposed.

Ru(III) + 5 Ce(IV) —L88%y RU(VIII) + 5 Co(III)  eeee (1)

Se(IV) + Ru(VIII) GE=> complex (0) ceee (2)
¢ —Tas> Se(VI) + Ru(VI) ceee (3)
Ru(VI) + Ce(IV)  _fad% s Ru(VII) + Ce(III) cees (4)
Ra(VII) + Ce(IV)  —ZX28% 5 Ru(VIII) + Ce(III) ceee (5)
This leade to the rate equation
Rate = =—dlCe(IV)] kK [Se(IV)] [Ra(IIT)] | . (§)
as (1+ K[8e(IV) ]
BEquation (6) may be rearranged and written as ’
—[E(_IE.H- - —__]-.-—-— + -l- eves (7)
rate kK [Se(IV)] k

Thus, if [Ru(IIIX)]/k, is plotted against 1/[Se(1V)] the resultant plot
should be a straight line with an intercept on the rate saxis (Fig. 1) the
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Fig. 1

Plot of [Ru(III)]}/k, versus 1/[Se(IV)]

[Ge (IV)}=5.0u20™*x; [Ru(IIX)]=1.0x107TM; B=5.5M (NaClo,); t=30°C
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slope corresponding to 1/kK and the intercept corresponding to 1/k.
The variation of rate with [3e(IV)] has been studied at 3.5M, 4.5M
and 5.5M [HClO4] and from the slopes and intercepis of the resultant
plots (Fig. 1) the values of K at these aocid concentrations have been

-1

found to be 97.6 mol™t 1it, 72.7 mol™* 1it and 58.1 moi~L 1it respectively.

From these walues it may be concluded that the decrease in rate with increase
in [H+] is mainly due to the decomposition of Se(IV) = Ru{VIII) complex as the
[§¥] is increased.
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