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The klaetlc data sbow direct proportlonaHty wftb reapect to ferrlcyanlde eoaceatra­
dolll. Tbe reaction rate is directly proportional to the substrate, OH- ions and 
lrldlum(III) at lower concentrations, but at blgber concentrations the rate becomes 
Independent of the substrate. alkali aod the catalyst cooceotratlons. These data 
suggest tile formation of an activated c:omplu: between the substrate aad irldium(III). 
Tols complex with rerrlcyaoide gives aootber complex C,, wbicb slowly decomposes 
Jato tbe uoivaJent iridium(l) 11pecies and tbe intermediate products wbicb In tara are 
farther oxfdfaed by ferricyaalde ions into tbe sublequeot steps. 

TRANSITION metal ions of group VIII arc very 
effective catalysts and arc widely used as homo­
geneous and heterogeneous catalysts in the 

oxidation of organic compounds in acidic or 
alkaline medium. Osmium1 and ruthenium• are 
the most widely used catalysts in acidic as well as 
in alkaline medium. Iridium has also been used 
as catalyst, but the oxidation of ketones using 
iridium trichloride as a homogeneous catalyst is 
still unknown. So in the present study we have 
carried out the oxidation of propan-2-one by 
hexacyanoferrate{III) in aqueous alkahne medium 
using iridium(IIl) chlonde as a homogeneous 
catalyst. 

Experimental 

The solution of propan-2-one (AnalaR) was 
prepared by direct weighmg of the sample. The 
solution of iridium(IIl) chlonde (Johnson Matthay) 
was prepared by dtssolvmg the sample in a solution 
of hydrochloric acid. The final btrengths of acid 
and iridium(lll) chloride were 2. 74 x IO-• and 
3.342x 10-• M, respectively. Other chemicals used 
were either Anala.R or chemically pure. The 
temperature of the reaction was electrically thermos­
tated with an accuracy of ±0.1". The progress of 
the reaction was measured at different intervals of 
time by estimating the amount of hexacyano­
ferrate(II) produced with a standard solution of 
eerie sulphate using ferroin as indicator. 

Resalta and Discasston 

lridium(III) chloride catalysed oxidation of 
propan-2-one was studied under the conditions 
where the uncatalysed r~act1on was negligible. The 
results arc g1ven in Table 1 and F1gs. 1-4. 

Table 1 indicates a gradual increase in - dc/dt 
valuea which &hows that the reaction rate is directly 
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'l'ABI.B 1-EFPBC'l' OP VARfA'l'ION OF HS:XACYANO• 
PBRRATB(III) OONCBN'l'RA'tiON ON BBACTION BAT:It AT 80" 

[NaOH)•lO.Oxlo-1 Jl, [Propan-!l-one]•B.Oxlo·• M 
I IrC11 ] •lO.Ol x 1o-• M 
!emp,s80", ll•O.tiO 

[K1Fe(ON),J( x 101 M) 1,00 1.60 !l.OO !1.110 8.00 4.00 11,00 8.00 
-de/dt(xto• Mmin-•) 2.60 9.60 8.00 4.00 UO UO 8.88 18,88 

proportional with respect to ferricyanide concentra­
tions. This nature is also clear from Fig. I (A). 
Fig. I (B) reveals that the reaction rate shows direct 
proportionality with respect to the lower concentra­
tions of indiun(III) chloride. but the rate be~:omes 
independent of concentration at higher concentra· 
tions of the catalyst. 

!'is- 1. Effect of variation of (A) [Ferricyanide} and (B) (JrCI 1] 

on the Eett.c,ion rate at llO ; (A) [~aOJ-I)=lOOxlo-• 
M, [Aoetone}=S.ox.o-• M, 1IrCl1 ]=lO.Olx1o-• M, 
~i=0.60 M; and (B) K1 Fe(ON)o .. !A.OXl0-1 M, 
(NaOH)•l0.0XliT'1 Jl, [AC11$0».e)•B.Ox lo-• M, p• 
0,60 M. 

Fig. 2 (A and B) shows first order kinetics at 
lower propan-2-one and NaOH concentrations, 
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but the reaction rate tends to become zero order 
at higher ~ubstrate and alkali concentrations. 

so 4oQ'i 
~~ z 

H"t 
M 

t 
• 2•0 i 

t•O 

[A .. mt] , ro 11! 

J'lc. I. Effect of variation of (A) [Aoetona] a.nd (B) [NaOH] 
on the reaction rate at so•; (A) [K,Fe(ON)1]­

s.ox l(j1 M. (Na.OH]=-lO.Ox 10-1 M, [lrCl1]"' !O.OI!X 
10-• M,J'=050 M; and [X 1Fe(ON)1)=-Il.OXlO-• M, 
(Acetone]•B.Oxlo-1 M, [IrCl1]=10.0;UClo-1 M, p­
O.tiOM. 

After the completion of the reaction the final 
oxidation products were identified with tic and spot 
test methods 8 • Appearance of red and blue colours 
by using appropriate reagents confirm the presence 
of oxalic acid and acetic acid, respectively as the 
final oxidation products in the oxidation of proryan-
2-one'•1. · 

On the basis of the above results following rate 
expression might be proposed at lower concentra­
tions of the substrate, alkali, catalyst and 
ferricyanide. 

- d [Fey]=k(S][OH][Iriii][Fey] 
dt 

( 1) 

where, [S]=:=concentration of the substrate, [Fey] 
=[Fe(CN) 5 ] 8 - and k is the rate constant. 

It is known• that IrCl 8 in hydrochloric acid 
medium gives IrCI:- species. It bas also been 
reported that Ir(III) and lr(l) ions are the stable 
species8 of iridium and there is no evidence of the 
formation of Ir(ll) species in the literature. Further, 
the aquation of [IrCl 8 ] 8 - gives [IrCJ 11 (H1 0))•-. 
[IrCl,(H10) 1 )- and lrC11 (H 10) 8 species'·' as 
shown by the following equation 

lrClg·+nH1 0 ~ (IrC15 • 11(H10) 11] 8 -D 

Since no ret~rding effect of Cl- ions was 
observed hence the hydrated species cannot be the 
reactive species. Thus, [IrCI8 ] 8 - has been considered 
as the only reactive species of lrCI, in the present 
study. 

Thus, on the basis of the above results the 
probable pathway for the oxidation of propan-2· 
one might be described as follows. 

K1 
S+OH-~S-+H10 (i) 

K. 
S-+Ir8+~(CompleX)1 (ii) 

Ka 
(Complex)1 +[Fey]~(Complex) 1 (iii) 

c1 
(Complex) 1 ~lk IrCI ~-+ Intermediatt c. sow 

products+Cl- (iv) 

Irct:-+2Fe(CN):-+H10 fast-+ 
[IrC1 11 (H10)] 1 -+2Fe(CN):- (v) 

Intermediate 
. COOH 

products ~x1d-+ I +CH8COOH 
last COOH 

(vi) 

[lrCl,(H10)]1 .. +CI--r--+Ir8 ++H10 {vii) 
1ast 

According to the above scheme enolate iont 
with Ircl:- forms complex C1 which again combines 
with ferricyanide to give another complex•·1° C1 . 

This complex C1 then slowly decomposes into the 
intermediate products and Ir1 species, which quickly 
gets oxidised by ferricyanide ions to [IrC1 1 (H10)]1 -

species. The first oxidation products are further 
oxidised to give the final oxidation products ; and 
[IrCl 11 (H9 0)) 11 - species by taking CI- gives back 
the Iriii species. The formation of the complexes 
C1 and C1 is confirmed by the plots of lfrate vs 
!{[substrate], and 1/[NaOH] and !{[catalyst]. 
Straight lines with positive intercepts confirm the 
formation of the complexes11• Nature of the plot 
obtained in the substrate variation, i.e. direct 
proportionality of the reaction rate at lower 
concentrations of substrate which becomes indepen­
dent with respect to the higher concentrations 
of substrate, itself confirms the complex formation 
between the substrate and the catalyst. Spectros· 
copic evidences for the formation of above com­
plexes could not be provided because of the very 
short life of the complexes and due to the inter­
ference produced by the substrate and other 
reactants. Moreover, the results obtained, can be 
explained very accurately by the above mechanism. 

From the above mechanism the concentrations 
of C1, C1 and ferricyanide can be given as 

[C1]=K1[S-][Ir] 
[C1] = Ka [C1][Fey] 

and [Fey)= [C.J 
KaLC1] 

(2) 
(3) 

(4) 

The total concentration of ferricyantde can be given 
as 

(5) 
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At steady state condition, with the help of equations 
(2) to (5), the rate of disappearance of ferricyanide 
can be given as 

v =-d[Fey]=kK1 K,Ksrs,roo-][IrniJ[Fey]T (6) 
1 dt 1+K1 K1 KalSJLOO-J[Iriii] 

Equation (6) clearly explains the nature shown by 
ferrrcyanide, substrate, hydroxide ions and 
iridium(lll) chloride. 

On the basis of the experimental results at low 
concentrations, one might safely assume that the 
value of K 1 K1 K 8 [S][OH-][Iri1Ij will be quite smaU 
as compared to umty and the inequality, 1 )) 
K 1K 1 K1 [SJ[OH-][Irll1J will hold good. Thus 
equation (6) reduces to 

- d[:?] • K1K1K1[S][OH-][IriU j[Fey]T (7) 

Equation (7) explains well the direct proportionality 
of the reaction rate with respect to lower concentra­
tions of the substrate, hydroxide ions, iridium(lii) 
and ferricyanide. 

At higher concentrations, the reverse l{(K1 K, 
K1[S][OH-][Iriii] will bold good and equation {6J 
becomes 

_ d[Fey]_k[Fey}r 
dt 

(8) 

Equation (8) clearly explains the first order kinetics 
with respect to ferricyanide even upto its many fold 
variations. This also explains that at higher con­
centrations, the rate will become independent with 
respect to the substrate, OH- and iridium(III) 
concentrations. 

The validity of the rate law might be made by 
rewriting equation (6) as 

1/V 1 + 1 
a•k K 1 i 1 K 1 LS]toH-JLlril1JLFey]r kLFey]y 

(9) 

The plots of If rate r.t 1/[S] and J /[OHJ and 
1/[Irlll] give straight lines with positive intercepts at 
1/V1 axes (Figs. 3 and 4). With the help of the 
intercepts of 1/[S], 1/[0H] and 1/[friii], k values 
were calculated to be 4.16 x IQ-•, 4.16 x IO-• and 
4.0x to-•, respectively. Straight lines with positive 
intercepts and constant k values from three difft:rent 
slopes clearly confirm the validity of the rate law 
(equation 6) and the proposed mechanism. 

Further. K 1 , K 1 and K 1 values were calculated 
with the help of the slopes from the plots of 1/rate 
11s 1/[S], 1/lOH-], and 1/[Iriii] (Figs. 3 and 4), and 
these values come out to be 3.7x to•, 12.1 x 1011 and 
14.5x 101, respectively. The degree of agreement 
in K 1 , K 1 and K 1 values calculated from three 
different plots again confirms the validity of rate 
law (equation 5). 

J'fg. a. 

" -........ 

[Aaflnel' I 10-1 'I( 

Plots of 1/ra.te w (A' 1/1Acetone1 and (B) J/ NaOH]. 
lA) [K 1 Fe(CN)1]=2 ox 10 • M, [NaOH]•lO.ox 1o-; 
M, [lrl.ll 1 ]=l!l.01 x 10'"1 M, 1'•0.110 M; and (Bl 
[K, Fe(CNJ1 ]==2.0X w-• M, [Acetone]•S.OliCltr• 11 
[hOlJ•lO.OihClO-• !4, P.•o.lJO M. ' 

.. . 
~ 0· 

i 

().0 0·10 Q-15 C>-20 0·2 

fira,f'x 1{/M .. 

J'i&. '· Plok o1 1/rate vs 1/[lr011]; [K,Fe'ON).]•2.0xt<r­
ll, 1 NaOHJ•.I.O.Ox lli1 M, LAIOeloOJ:Lej•B.Ox lQ-8 Jt 
p•O.OO II. 
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