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~ecently we n~_ve ro~orted t h e  ~ine~ics an& mec~anism of oxidation of ~e(IV) 

oy Ge(lV) i:~ ~ercLi~ori~ acid medium (±). Since this reactioi~ has oeen ooserved/ 

to be considerably catal0zed 0y i{u(ili) , we haw~ undertaken a detailed ~inetic 

study of ~ne c~taly~eu reaction wi~n a view of elucidating ~ne mechanism. 

EXP ~:ki.,~i~ T A~ 

aolutions of ~e(iV), ~e(Vi), Ce(Iii), Ce<i{) and i~aC±O 4 were preoared and 

stai~aaraized as de~crioed earlier (1). 

O.O~,i solution oi n~l±i) in percli~oric acid was prepareu from i'~u(l±i) 

c,loride (Jonnso:~ Ivla~y Chemicals Lba.) in /~'~l :~ercnloric acid and i~s strength 

cnec~ed (k). Aquecus s~lution of ruthenium tetroxiae wa~ 9rcloared from ~iil) 

solution a~ described 0y ,,ee and En~n (3) and s~naardized ~pec~roi~.otomet~i- 

cal~y (4) jus~ oefore use. 

o~imaazu aouole bea~ spectropaotometer (Jai~an) with 1 cm ce±±~ was asea 

for aosorbance measurements. ~.~.~ ;~ao constant temperature liquid -ircula~ory 

bath, ~-3o was used as the t~ler~nost~t. 

~ine~ics Froeedure~ All minetic tans were carried ou~ at a constan~ temp@- 

rature of 30_+u.l°C artless otherwise mentioned, i~e~uisite amounts of all reac- 

tants excep~ Ce(IV) were taken in a jena glass re~c~io~ oo~t±e and ~lace~ i~ tlle 

~nermosta~. Ce(iV) wa~ taken in ano~aer oo~tle and brough~ to the same tempe- 

future in the ~i.ermostat. Aider ~ne ~olutions a~tainea ~he tem~erature of ~ne 

0atn, the reaction wa~ initiaked by transferrin8 the calculated ~ount~ of Ce(IV) 

into the reaction bottle. The rate measurements were made keeping atleast a 

iO-fold excess of [~e(iV)] and [H +] over [Ce(iV)] ~n.~ followin~ the absorbance 

of Ce(IV) at 350 nm. (U~,der the:~e conditions the rate of ~he uncataiyzea rea- 

ction was found to 0e ne61igiole). The pious of absoroance versus ~ime were 

found to be straight lines up~o 90~completion of the reaction and ~he zero 

order rate constants were represented oy 'm '. The reaction could not De 
o 

studied over a wide range of reactant co:~centrations owing to the formation 

of a precipitate at niggler concentrations as reported earlier (i). 

~%oic~iiomeSry: 2he stoicniometry wac found ~o oe correspond to the equatiola~ 

Se(1V) + 20e(lV) ~. Se('gl) + 2 CeQI±l) 

nffect of ionic s~ren~tn: Tile efiee% of ionic strength o~ the rate of the 

reaction was stadie~ usino i~aC±O 4 in 3.5h percn~oric acid medium and %he increase 
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i~ loz~lc mbre~g~L w~,s i ound to ca~e a slign% ~ecrease i~ zero order rate const- 

ants as ma~" be se~n from Taole i. 

~A~ 1 

~fZect ol Ionic Strength o~ ~e Zero Order Lia~e Constant, ~o 

[O~(Ig)]=5.0xiO-3M; [Ge(I¢)l=5.0xl0-4M, [Hu(iil)]=l.0xlO-71~l; [H+]=3.51;i; t=30°C 

I [~acio4 J,~ 3.5 4.0 4.5 5.o 5°5 

IoSa o (mo± li~ -I sec -&) 20.0 i9.2 18.3 17.5 16.7 

Order with respect to cerium(IV): ~ne plots ol ~ absorbance versus time were 

i ound to be ~ood straigi~t ±i~e~ upto 90~ com:±etiou of zh~ reac~±o~ indicating 

~.~ero order depende~ce on [Geii~)~. A±so, ~he zero order ra~e con~tant~ ootained 

a~ various ini~ia± concen~ra~i ms of Ce(1J) were. foun~ to remain constant(Table 2) 

TA~ 2 

mfzec~ ol [Ge(ig)] o~ the &~.ro uraer ka~e constant, ~o 

[oe(IV)]=5.0x~u-3M; [ Ru (ill ) J=l. OxlO-7~,; [n+]=4.OM& t=30°C 

104[Ce(iV)],M ).C 4.0 5.0 6.0 7.0 

~O5~ u (mo± ±i~ -I sec -l) 13.3 12.5 13.3 13.3 13.8 

Oruer with respect to selenium(IV): 2he el lec~ of [~e(iV)~ on the rate 

of ~he reac~io~ was stymied kee~ing the concentrations of all other reactants 

constant and the da~a t~us outainea are s~own l~ Taupe 3. The plot of log 
o 

versus log [~e(IV)j gave a ~trai~nt line wit~ a s±ope oi 0.73 taus showing 

~e order with respect to ~e(l/) to be fr~ctional. 

TA~ 3 

Effect of [Se(IV)] on the Zero Oruer Rate Constant, k 
o 

[Ce(Ig)]=5.0xlO-4~; [Ru(III)]=I.0xlo-TM; [H+]=4.0~i; t=30°C 

1G3[Se(IV)],M 3.0 3.5 4.0 4.5 5°0 5.5 6.0 

105a ° (moi li~ -1 sec -1) 9.2 li.O ll.3 12.3 13.3 14.O 15.O 

Order with respect to ~u(III); ~inetic runs were carried out varying the 

[~a(IIIi~ from 2.OxlO -8 to 24.Ox~O-bM in 4.O~ percn±oric acid medium ~eeping 

~ne concentrations of all order reactants constant. The zero order ra~e constants 

t~s ootained (2dole 4) when plotted against [Ru(IiI)], g~ve a s~raigat line 

passing ~nrough origin si~owir~ the order wi~h respect to the catalyst to De one. 
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TABL~ 4 

Effect of [~u(iII)] o~ the Zero Order Ra~e Constant, k 
o 

[Ce(iV)]=5.OxlO-4M, [~e(IV)]=5.0xlO-3M; [h+]=4.0M, t=30°C 

108[Ka(i±I)],M 2.0 6.O lO.O 14.0 20.0 24.0 

105~ o (moi lit -1 sec -1) ~,91 7.91 13o3 19.2 27.5 32.5 

~fiect of [~+]= i'ne e~fee~ ol In +] on ~he rate of ~he reaction was studied 

at a constant ionic stre~46tn of 5.5M and it may be seen from the da~a (Table 5) 

~nat t±iere is consideraO±e decrease i~ tne ~ate wit~ ~he increase of [:~+]. 

TA~ 5 

~I_~c~ of In +] o~ the Z~ro Order Ra~e Constant, ko 

[~e(iV) ]=5.ox±o-~,~; [ce(r~) ]=5.0~io-4~; [±{~±±i)]=±.ox±o-7~; 
I=5.5~,~ (NaC±O4); t=30°C 

[~+],M 3.5 4.0 4.5 5.0 5.5 

105~ (mo~ lit -1 sec -1) 16.7 ±0.7 6.7 5.4 4.2 
o 

Activation ~aram~erg: 2he effec~ of ~emperature on the ra~e of the 

reactio~ was stuuied a~ four diif~rent temperatures (2a0le 6) ano the activation 

parameters were computed from the p~ot oi log ~o versus 1/T. The values of 
-1 

, ~ ,  ~ and ZkG~ calculated were found to be ±7.3 ~J mo± , 14.7 ~J 
a i -1 . -± -I . . . . .  mo± , -2Ot.b Jn mo± an~ 94.3 kJ mom respectively. 

TAB]~E 6 

~fiec~ of Temperature on the Z~ro Order Rate Cow,stunt, k o 

[Se(iV)]=5.uxlO-)l~1; [Ce(I~)]=5.0x±~-4M, [.~u(i±I)]=l. Ox±o-7;<~, [H+]=4.0M 

Temperature, °A 303 308 313 318 

±~5~ (mol lit -l sec -l) 13.3 15.0 16.7 18.3 
o 

1,1echa~Lism: ~eieniau~ acid nasa dissociation constant ol 3.0xlO -3 at 

25°G (5) and kaman spectrum snows tha~ it is dissociated only to a smal± extent 

in aqueous so±ution (o). Se(IV) is ~own to dimerise (D) in concentlated 

so±u~ions but i~i the concentra~iun range employed in tn~ present investigation 

~ne percentage of monomer is more than 94~. in vie~ ~z tflese re~Jor~s Se(IV) 

may be regarde~ as existing mai~l~ in the form of H2S~o 3 under our pre~ent 

experimental conditions. 

Ru(±±I) solutions when mixed witn exce~s of Ce(IV), are mnow~l to get 

oxidized readily and quantitatively %o Ru(VIII) (2,7-10). Su~asiti and 

~anaeli (ll) while studying the Einetios of ruthenium catalyzed oxidatio~ of 
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As(Ill) 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). Further, the plot of 1/k o versus 1/[So(IV)] im a straight line 

with an intercept on the rate axis, which indicates complexation between 

So(IV) and R u ( V I I I ) .  

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

R u ( I I I )  + 5 Co(IV) fast~. R u ( ¥ I I I )  + 5 C e ( I I I )  . o . .  (1)  

Se(zv) + R=CVZZZ) ~ ~ Complex (0) . . . .  (2) 

g ~ SeCVZ) + ~=CVZ) . . . .  (3) 

~u(VZ) + ce(zv)  fas t  ~ R=(VZZ) + Ce(ZZZ) . . . .  (4) 
f 

Ru(V I I )  + Ce(ZY) f a s t  =. Ru(VLI I )  ÷ C e ( I I I )  • . . .  (5)  

This  leads  to tke  r a t e  equation 

Rate = -dCCe(ZV)] - ~ ES,(IV)] [ R = ( I I I ) ]  ... (6) 

=t ( l +  ~[se(zv)  D 

E q = a M o n  (6)  may ke r e a r r a n g e d  and w r i t t e n  as  

[ ~ a ( I I I ) ~  ,, 1 + 1 
.... (7) 

r a t e  kK l e e ( I V )  ] 

Thus,, if [ E u ( I I I ) ] / k  o is plotted ~ainst ll[~e(IV)] the resultant plot 

should be a straight /Line with an intercept on the rate'axis (Fig. i) the 

O 10 2 0  3 0  ~O 
1 _ x 10.2. M.3 

[ S E L E N e ( I V ) ]  

FI@. 1 

~zot of [~(IZX)]/k o vers=s i/[ae(zv)] 
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slope correspon~img to I/~K and the intercept corresponding to l/k. 

The variation @f ra~e with [~e(IV)] has been studied at 3.5M, 4.5M 

and 5.5M [HCIO4] and from the slopes and intercepts of the resultant 

plO~S ( F i g .  l )  t he  v a l u e s  o f  K a t  t h e s e  a c i d  c o n c e n t r a t i o n s  hawe been  

fsumd to be 97.6 mo1-1 lit, 72.7 mo1-1 lit and 58ol mol -I lit respectively. 

~rom these v~lues it may be concluded that Zhe decrease in rate with increase 

in [H +] is mainly due to the decomposition of Se(IV) - Ru(VIII) complex as the 

[H ÷] is increased. 
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