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ABSTRACT

Kineticinvestigationin Ru(l11) catalyzed oxidation of oxalic acid and malic
acid in an acidified solution of quinolinium fluorochromate (QFC) has
been studied in the temperature range of 30°-45°C. Increasein concentra-
tion of oxidant and Cl-ion showed fractional positive order. First order
kinetics was observed in case of catalyst Ir(lll) and substrate, [IrCl ]
being reactive speciesof catalyst. Theinfluence of [H*], and ionic strength
ontheratewasfound to beinsignificant. The main product of oxidation of
oxalic acid and malic acid are carbon dioxide and oxoacid respectively. The
reaction has been studied in ten different solvents. The various thermo-
dynamic parameterswere cal culated from rate measurementsat 30, 35, 40
and 45°C respectively. A suitable mechanism in conformity with the ki-
netic observations has been proposed and the rate law is derived on the
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basis of obtained data.

INTRODUCTION

Quinolinium fluorochromate (QFC) has been used
asamild and sel ective oxidizing reagent in synthetic
organic chemistry. Though few reports on the
mechani stic aspects of oxidation reactions of QFC
areavailableinliteratureé?4 and nearly noinvestiga-
tion has so far been reported on the catalytic role of
[ridium(l11) chloridewith QFC asanoxidantinacidic
medium. Theuseof Ir(l1l) chlorideasanon-toxic and
homogeneous catalyst has been reported by several
workerg®®l, Thisprompted usto undertakethe present
investigations, whichisfocused on thekineticsand
mechanismof Ir(l11) catalyzed oxidation of oxalicacid
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and malic acid by QFC in acidic medium.
EXPERIMENTAL

Materials

QFC was prepared by the reported method™7.
An aqueous solution of oxalic acid and malic acid
(E.Merck), NaClO, were prepared by dissolving the
welghed samplesintripledistilled water. Perchloricacid
(60%, s.d.fineChem. Ltd.) wasused asasource of H*
ion. A solution of IrCl, (Johnson Matthey) was pre-
paredin HCI of known strength. Deuterium oxide (pu-
rity 99.4%) was supplied by BARC (Bombay, India).
All other reagents were of analytical grade. Sodium
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perchlorate was used to maintain theionic strength of
themedium. Solventswere purified by theusua meth-
0dg®. Reaction vessels were painted black so as to
prevent photochemical decompostion, if any.
Kinetics

A measured waterbath was used to maintain the
desired temperaturewithin +0.1°C. Requisitevolume
of reagents, including substrate, wastakenin areaction
vessdl and thermostated at 35+0.1°C for thermal equi-
librium. A measured volume of QFC solution, which
was a so maintained separately at the sametempera-
ture, wasrapidly pouredinto thereaction vessal. The
kineticswasfoll owed by examining desired portions of
reaction mixturefor QFC iodometrically using starch
asanindicator after suitabletimeintervals.

STOICHIOMETRY

The stoichiometry of the reaction was determined
by equilibrating varying ratios of [QFC] to oxadicacid
and malicacid at 35°C for 48 hrsunder kinetic condi-
tion. Egtimation of unconsumed QFC revededthat, one
moleof the substrate consumes one mole of the oxi-
dant (TABLE 1). Theoxidation of oxdicacidand mdic
acid leads to the formation of carbon dioxide and
oxoacid respectively. Thestoichiometric determination
indicated thefollowing overdl reaction.

TABLE 1: Soichiometricresultsfor oxidation of oxalicacid
and malicacid

3 7

10QFC] 109 Substrate] 1(()r£ES;J)M [QFC][Substrate]
M M Oxalic Malic Oxalic Malic
acid acid acid acid

12.50 1.00 11.60 11.56 0.09 0.94
10.00 1.00 9.00 9.08 100 0.92
5.00 1.00 392 398 108 1.02
2.50 1.00 146 154 104 0.96
10.00 2.00 810 802 095 0.99
10.00 3.00 694 712 102 0.96
10.00 4.00 6.04 594 099 1.01
10.00 5.00 488 5.00 1.02 1.00

[Ir (1], =7.20x10°M (oxalic acid) & 4.80x10° M (malic acid),
[KCI]= 1.0010°%M, [S] = 2.00x10% M, [HCIO,] = 1.00x10°M,
temp. = 323 K, time = 48 h, [QFC]* = [QFC] left unconsumed
after 48 h, [QFC]c = [QFC]-[QFC]* i.e. oxidant consumed dur-
ing the reaction.

RESULTSAND DISCUSSION

It was observed that the values of k_ (i.e.-dc/dt/
[substrate]) were constant at all initia concentrations
of substrate, showingfirst order dependenceon [sub-
strate] (Figurel). First order dependenceon [Ir(111)]
isevident from close resembl ance between the lope
values(3.34x102 st & 6.35x102 s (for oxdic acid)
and 3.72x102% s & 7.54x102 s (for malic acid) at

IrCl
(COOH), + O,CrFOQH* ——=» 2CO, + H0 + OCrFOQH*
Oxalic acid QFC Carbon dioxide
ArCH(OH)COOH + O,CrFOQH* ”ch> ArCOCOOH + H,0 + OCrFo-QH*

Malic acid

35°C & 45°C respectively) of (-dc/dt) vs. [Ir(111)]
plot and averagek, values (3.30x10*s* & 6.50x10
2st(for oxalicacid) and 3.82x102s! & 7.62x10?s
1 (for malicacid) at 35°C & 45°C respectively). The
oxidation of substratewasstudied in 10 different sol-
vents. The choice of solventswaslimited dueto the
solubility of QFC and its reaction with primary and
secondary alcohols. There was no reaction between
QFC and the solvents chosen. Thekineticswas simi-
larinall the solvents. Thevaluesof (-dc/dt) and k, for
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Oxoacid

different solventsarerecorded in TABLE 3. It was
observed that the rate of reaction increaseswith in-
crease in [QFC] and [CI], and thus showing frac-
tional positiveorder with respect to oxidant and KCI.
Negligibleeffect of variationin [H*] andionic strength
of the medium on the reaction rate are clear fromki-
netic datain TABLE 2.

Therate measurementsweretaken at 30°- 45°C
and specific rate constant were used to draw aplot of
logk vsI/T, whichwaslinear (Figure 3). Thevaues
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TABLE 2 : Effect of variation of reactantson thereaction
rates

(-dc/dt)x10”

[QFC]x10° [KCI]x10® [HCIO4]x10°® [NaClO4]x10° ML?s?

M M M M Oxalic Malic

acid  acid
0.83 1.00 0.20 201 156
1.00 1.00 0.20 236 1.82
1.25 1.00 0.20 265 256
1.67 1.00 0.20 331 320
2.50 1.00 0.20 387 388
5.00 1.00 0.20 467 460
1.00 0.83 0.20 207 174
1.00 1.00 0.20 236 1.82
1.00 1.25 0.20 263 194
1.00 1.67 0.20 309 218
1.00 2.50 0.20 335 256
1.00 5.00 0.20 385 276
1.00 1.00 0.04 200 1.80
1.00 1.00 0.08 189 1.80
1.00 1.00 0.12 220 196
1.00 1.00 0.16 246 178
1.00 1.00 0.20 236 1.82
1.00 1.00 0.24 260 1.92
1.00 1.00 0.20 0.83 096 179
1.00 1.00 0.20 1.00 082 1.82
1.00 1.00 0.20 1.25 087 175
1.00 1.00 0.20 1.67 092 1.89
1.00 1.00 0.20 2.50 090 178
1.00 1.00 0.20 5.00 086 1.84

[Ir(11)], =7.20x10°M (Oxalicacid) and 4.80x10°M (M alic acid)
[Substrate] = 2.00x102 M

TABLE 3: Rateconstantsfor thedecomposition of catalyst-
QFC complexin different solvents

(-dc/dt)x10" MLs? kyx10* s*
Solvents Oxalic ~ Malic  Oxalic  Malic
acid acid acid acid

Acetone 2.00 1.82 2.17 1.89
Butanone 2.36 1.96 2.62 2.04
Benzene 2.54 1.90 2.79 1.93
Ethyl acetate 2.05 1.78 2.18 1.79
Nitrobenzene 2.27 1.82 2.46 1.94
Acetic acid 1.85 1.94 2.05 197
t-butyl alco. 2.58 2.20 2.89 2.50
Acetophenone  2.14 1.96 2.32 1.97
Choloroform 1.90 1.92 1.87 1.97
Toluene 1.65 2.50 1.85 2.84
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Figurel: Plot between [substrate] and (-dc/dt) for oxidation
of oxalicacid (OA) and malicacid (MA) at 35°C
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Figure2: Plot between[Ir(I11)] and (-dc/dt) for oxidation of
oxalicacid (OA) & (OA’) and malicacid (MA) & (MA’) at
35°C and 45°C respectively

TABLE 4: Ratecongantsand activation parameter sof oxida-
tion of subgtrateby QFC.

10% (shat (°C)  pps

AG* AH* AS*

Add 0 35 40 45 (KIMoY (KImo?) (kImo?) (IKmolY) log A
O;‘;‘(;C 164 236 324476 5670 7451 4315  -1377  9.98
Agg&c 125 1.80 254366 5439 7746 5021  -1605  9.48

of energy of activation (AE*), Arrheniusfactor (A), en-
tropy of activation (AS*) and freeenergy of activation
(AG*) werecal culated and these valueshave been re-
cordedinTABLE 4.

Onthebasisof above datathefollowing reaction
schemeis suggested:
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Oxalic acid
k
[IrClgH,0)]2 + CI L [Irclg® + H0
C, B C2
k
[IrClg? + CrO,FOQH* + [IT Clge—---Cr O,FO-QH*]3
C, QFC 2 Complex
‘ O
3 O0=—=C—oO OQH"
Complex + (COOH), W» \Clilr/ Q +H0 + [ircig®
Oxalic acid oW Step / '\l
O—=C—=~0 F
I
O0=—=C—0O O_QH Fast Step
\Cr/ > 2CO, +  CrOFOQH*
o—¢ O/ \F Carbon dioxide
Malic acid
Kk
[IrClg(H,0)]2 + CI L [IrClg® +  HO
k.
c1 ! - G, 3
° I
- +
N\, ~OCH ka Ox
[IrClg® + //Cr\ T‘—‘ Cl6lr->-Cr—O'QH+
C, o F 2 l
(QFC) B Complex A
ArQ“"O_H‘ O QH*
Complex B _ Fast C—O- --ér/
SN
HOOC g F
Chromate ester

Chromateester ——— ArCOCOOH + H,O  + CrOFOQH*

Oxoacid
O
Ar H Ar H ]
Complex A + \C/ i» L ”/OQH++ HO + [IrClg]
N Slow C—O—¢Cr 2
HOOC OH HOOC HO
Malic acid Complex B
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Figure3: Plot between 1/T and log k for oxidation of oxalic
acid (OA) and malicacid (MA) at 35°C

Considering the above slow steps and applying
steady state treatment with areasonabl e approxima-
tion, theratelaw for both oxalic acid and malic acid
may bewrittenintermsof consumption of [QFC] as
equation.

—d[QFC] _ K4 Ko K5 [ClIJIr(11D]y [QFC][S]

dt 1+ K, [CIT] (1+K , [QFC))
[Ir(lin]. =[C]+[C]
CONCLUSION

The experimenta resultsreveal that the reaction
rate doubl eswhen concentration of thecatayst Ir(111)
isdoubled. Theratelaw equationisin conformity with
al kinetic observationsand the proposed mechanistic
stepsare supported by the negligible effect of ionic
strength. The high positivevalues of changein free
energy of activation (AG*) indicateshighly solvated
transition state, whilefairly high negative val ues of
changein entropy of activation (AS*) suggest thefor-
mation of an activated complex with reductioninthe
degree of freedom of molecules. Inthe present case
Ir(111) chlorideisquite solublein perchloric acid and
existg¥ as[IrCl ]2 which has been reported asthe
effective catal ytic species supported by positive ef-
fect of chlorideions. Fromthisinvestigationitiscon-
cludedthat [IrCl ] ® and QFC arethereactive species
of Ir(111) chloride and quinolinium fluorochromatein
acidic medium respectively.
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