334 J. CHEM. RESEARCH (S), 2001

J. Chem. Research (S),
2001, 334-335

SHORT PAPER

Cooxidation of formic acid and oxalic acid by
chromium(VI) in aqueous acid media: a kinetic study'

Asim K. Das*, Aparna Roy, Bidyut Saha and Mahua Das
Department of Chemistry, Visva-Bharati University, Santiniketan — 731235, West Bengal, India

The Cr(VI) oxidation of a mixture of formic acid and oxalic acid in aqueous acid media occurs much faster than that
of either of the two substrates alone; in the mixture, both substrates undergo oxidation simultaneously in a ternary
complex of Cr(VI) through a three-electron transfer step (i.e. Cr(VI) - Cr(lll)).
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Kinetics of oxidation of formic acfdand oxalic aci@l by

chromic acid have been studied by different workers. Their

mechanism of oxidation is different. For oxalic acid, the rate

determining step involves &3&ansfer in the redox decompo- O
sition of thebis-complex of Cr(VI) while for formic acid, the s

rate determining step involves a-Ransfer in the redox g4
decomposition of thenonacomplex of Cr(VI). Their rate law {;

is given by : - 2

0 -l 1 A

Kops = - dIn[Cr(IV)]/dt = K[S]* [H*]Y 1)
wherex = 2,y =0 for S = HC,0, andx=1,y=2for S =
HCO,H. Under experimental conditions, the rate of oxidation
of formic acid is very slow while that of oxalic acid is moder- Fig. 1 Effect of [HCO,HI; on k., for the Cr(Vl) oxidation of
ately fast. Our preliminary observations indicate that the ratethe reaction mixture containing both HCO,H and H,C,0, in
of Cr(VI) oxidation of their reaction mixture is dramatically adueous H,SO, media. [Cr(VDI; = 2x10% mol dm?, [H,C,0,l; =
accelerated. In fact, oxalic acid is kndwmo catalyse the 0-03 mol/dm?; [H,SO,] = 1.0 mol/dm?, 35 °C.
Cr(VI) oxidation of different types of substrates. To explore
the detailed mechanism of the catalysed cooxidation of formidiCO,H. From the effect of [EC,O ] onk,, , (Fig. 2), it is
acid and oxalic acid, the present investigation has been undeevident that no oxalic acid independent path measuring the
taken. It appears also worth exploring from the standpoint otontribution from the uncatalysed oxidation of formic acid is
comparison with the mechanism of oxidation of the substratesoticed. It is also supported from an independent experiment
alonet? that under the conditions used, the rate of oxidation of formic

Under the experimental conditions, [Hg4), [H,C,0,l;  acid alone is negligibly small. The plotlaf,.+{[H,C,0,]; vs
>> Cr(VI)]; in aqueous acid media, the substrates are simulfH,C,0,] is linear (Fig. 2) with a positive intercept. From the
taneously oxidised to CO The rate of disappearance of experimental fit, the observed relationship is:
[Cr(IV)] shows a first-order dependence on [Cr(VI)]. In the
presence of both substrates, Cr(VI) is likely to be consumed in Kops(ry = C[H,C,0,]1 + d[H,C,0,];2

. A L . . Robs(T) 2241 2241

three possible wayse. independent oxidation of formic acid e, Kosrf/[H2C0lr = ¢+ d[H,C,0,]
(i.e. ks q) @nd oxalic acidife. k. ); and catalysed cooxida- o
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tion of the substrates¢. k. .- Thus the observed rate con-
stant sty for the reaction mixture is given by:

()

From the variation of [HCEH] in the range, 0.04-0.2 mol/
dm? at fixed [Cr(IV)]; and [H,C,O,]; in 1.0 mol/dni H,SO,,
the plot oﬂ<0bS(T)vs[HCOZH]T gives a linear plot (Fig. 1) with
a finite interceptq) measuring the contribution of oxidation
of oxalic acid alone under the experimental conditions. This
has been confirmed from an independent experiment o
Cr(VI) oxidation of oxalic acid in the absence of formic acid.

Thus from the experimental fit, the rate equation is:

Kobs(r) = Kobs(y * Kobso) T Kobs(cat)

K

o]

b= @+ BHCO,H] ®3)

The slopelf) measures the contribution of both independent
oxidation of HCQH and oxalic acid catalysed oxidation of
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Thed-path (.e. second-order oxidation of oxalic acid) orig-
inates from the oxidation of oxalic acid alone anddimath
arises from the catalysed cooxidation path. From tke H
variation experiment, under the conditions [Cr(IV)F
2x10% mol/dm?, [H,C,0,] = 0.03 mol/dm, [HCO,H]; =
0.04 mol/dm, [H*] = 0.35-1.2 mol/d¥) | = 1.5 mol/dn, at
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Fig. 2 Effect of [H,C,0,l; on k., for the Cr(VI) oxidation of
the reaction mixture containing both HCO,H and H,C,0, in
aqueous H,SO, media. [Cr(VI)]; = 2x10-® mol/dm?, [HCO,HI; =

0.04 mol/dm3, [H,SO,] = 1.0 mol/dm?3, 35 °C.
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35 °C, it is found thatk - is constant ¢a 6.5x 10%s, The ternary complex2} experiences the redox decomposi-
35°C) and thus it is independent of HFrom an indepen- tion in a &-transfer step through a cyclic transition state giv-
dent experiment, the rate of oxidation of oxalic acid aloneing rise to Cr(lll) and CQ" (c.f. eqn (8)). Free radical
under the experimental conditions is found independent ofeneration is proved from the observation of acrylonitrile
[H*] and this pathife. k) contributesca 3.5x10%s.  polymerisation. This @transfer step avoids the formation of
Under the experimental conditions, the rate of oxidation ofhgapie Cr(1v) species. A similar reaction step occurs in the
formic acid alone is very slow and this paﬂe.(lg)bs(f)) con- oxidation of oxalic acid alone. Scheme 1 leads to the follow-

tributesca 0.35x 10* st at [H*] = 1.2 mol/dni¥ (maximum . . .
value used in the experiment). Thus under the experimentéPg rate law measuring the contribution of the catalysed path.

conditions k.1, arises only from the contribution &,
and k Under the different experimental conditions,

b
WhereO tsrgcgt rate is quite measurable, the rate of oxidation of B KK K[H,C,0,HCOH];

formic acid alone shows a second order dependence*®n [H *obs(cat)™ . 12)
Thus the complete rate law is: 1 +K[HTH,C0,)r + KiK,H,C,0,1:HCOH] ¢

Kypsmy = KIHCO,H][H*]? + k [H,C,0,]2 +
kz:iﬂ)cosz'[ﬂT[HZC]ZgﬂT] lH,C,04 (5) K, (= 5.0 mof/dn)° andK, are small under the experimental
conditions and it is reasonable to assume, 1 >>

Comparing eqns (3)—(5), the following relations are obtainedK,[H*][H,C,0O,]; + K,K,[H,C,0O,]{[HCO,H];. Thus eqn (12)

a = k[H,C,0,l:% b = K[H]* + k,[H,C,O]; andc = reduces to:

k{HCO,H];, andd = k. The estimated value of 3Q/dm°

/mol?/s (= 8.9+ 0.1) nicelyrﬁconforms to the reported value

(=8.6+0.1) in 1.0 mol/dm H,SO, at 35°C. By using the =kK,K.[H.C.O,].] HCO.H]-. = H.C.O

reported vall® of k[H]2 (= 3.15x 10 dm¥/mol/s in 1.0 oo™ KON [HC(Z)ZI]-|T] =l (13)

mol/dn? H,SO, at 35°C), the k., value is found (11.4% '

0.10)x 10 dmb/moPis by using the relatior) = k[H*]? +

KeadH2C,0,l7 (c.f. the plot ofk .+ vs [HCOH], Fig. 1). Stoichiometry determination indicates that both formic acid

From the [HC,0,, variation experiment (Fig. 2) (where the  ang oxalic acid are simultaneously consumed, but the relative

contribution ofk[HCO,H][H"]%is negligibly small), the plot 551t of each substrate consumed depends upon their rela-

- 2
of bs(Tf[HZCzoél]T Vs[H,C,0,]; leads to k, = 8.4<102 dnf/ tive concentrations. The reactions given by eqns (10) and (11)

mol/s andk_,, = 10.80x 102 dmP/moF/s at 35°C in 1.0 i I
mol/dn? H,SO,. These values are in good agreement Wi,[hmutually compete and their relative importance depends on

those obtained from the [HGB], variation experiment. their relative concentration and reactivity. In addition to this,
The Cr(VI) oxidation of formic ackinvolves the formation ~ the uncatalysed paths also go on slowly simultaneously. Thus

of Cr(VI)-formic acid ester which experiences an acid catal-a fixed stoichiometry is not observed.

ysed redox decomposition througheteansfer step. The oxi-

dation of oxalic aci8l passes through the formation of a

bis-complex of Cr(VI) followed by the redox decomposition Experimental

of the complex through a3ransfer step. The catalysed coox-

idation of formic acid and oxalic acid can be explained by

considering the Rocek mechanfswmhich considers the for-

Oxalic acid (AR, E. Merck), formic acid (AR, E. Merck),,&r,0,
(AR, E. Merck), HCIQ (AR, E. Merck) and BSO, (AR, E. Merck)

- . . were used without purification. All other chemicals used were of
mation of a ternary complex of Cr(V1) involving both €40, reagent grade. The rate of disappearance of Cr(VI) was followed by

and HCQH and the decomposition of the mixed ligand ,c %itrimetric quenching technique estimating the concentration of
complex through a &transfer step at the rate-determining cr(y) jodometrically® The amount of oxalic acid reacted was
step. Ignoring the dissociation of,€,0, (pK, = 1.27f and  estimated by KMnQin acidic media without any accountable inter-
HCOH (pK = 3.75§ the following reaction steps can explain ference from formic acid and the amount of formic acid reacted was
all the observations: estimated by alkaline KMnQ solution after the estimation of oxalic
acid by acidic KMnQsolution and separation of Mn(ll) as Mn(QH)

HCrO, + H,C,0, + H* <= O,Cr(C,0,) (1) + 2H,0, K, (6
e <= OLHGO) M+ 2HO. K B) o eived 1 April 2001; accepted 27 May 2001
1+HCOH & (CO,Cr(0)(O)(O,CH) () + H, K, (7)  Ppaper 01/838
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