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The kinetics of oxidation of pyruvic acid and
acld media, and the effects of [Cox], [SO%-

‘The reactlon is pbimolecular, the order with reference to [substrate]
Increase in jonic strength and [118071 retards the rates.

reaction rates vary inversely with {I1*].

From the results of kinetic studics it is Inferred that CoOII%* ions
along with GoOME* fons. “The stoichiometry of the

in H,S0, medium Co? lons also are active

reaction has been found to be 20" per mole of organic substr
i3

are the products. A free radical reaction mechanism involving
radical to ncetle ncid has been proposed and the rnte

by subsequent oxtdation of earbonyl free

tnws derived,  The vartous reaction rate parmmelers have

pyruvic acid by Mn®', Cott and [0, have

been reportedt-t. In the present comnumica-
tion, the kinctics and mechanism of oxidation ol
pyruvic acid and sodium pyravate by Co*' o
aqucous and sulphuric acid media have been in-
vestigated and the results are presented. .

r I NHIE kinetics and mechanisin of oxidation of

Experimental Procedure ‘

Pyruvic acid (pure, Ingelbeim, Germany) was used
without further purification. Sodium pyruvate was
prepared by neatralization of the acid with AnalaRk
sodium hydroxide. Cobaltic sulphate, cobaltic nitrate
and sodium perchlorate were prepated as described
carlier®.  Other - reagents -such as hisulphates  of

sodlum pyruvate by Co® in sulphuric and nitric

and temperature on the reaction rates have heen studicd.

and {Co*] being unity. The
are uctive in IINO, medium while

ate; neetic acid and carbon dioxide
fission at carbonyl group followed

heoen evaluated and discussed.

sodium ot potassimin, sodium nitrate, sodium thio-
sulphate, cte., were all of AnalaR grade. Waler,
doubly distilled and deionized with Biodeminroiii
mixed bed ion cxchange resin, was used  for the
preparation of solutions and all kinetic measurements.
Concentrations of Co®", initial and during the cours
of the reaction, were deterimined by addition of excess -
potassium iodide followed by immediate titration
of the liberated iodine with-standard thiosulphate
using starch as the indicator. The direct reaction
hetween fodine and pyruvic acid was neghigible within
short intervals of time and hence reducing the ervor
of using iodimetry for the evaluation of tates of
disappearance of cobaltic ion  (—Reo)- Cerimelry
in conjunction with 1ie*" for determination of [Co']
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- were linear in both foedia.

o
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could not be wused since pyruvic acid reacted
inslntnt.n.ncously with Ce**. Kinctic measurements
were carricd out in 6x1 in, pyrex tubes in the
temperature range 0-10°C. using a large Dewar flask
as a thermostat, i

Results and Discussion

The reaction hetween” Co?* and pyruvic acid was
very fast at 0-10°C. ; [Co™T; (1-25 % 10-3A1); and (11 1
0-5-2-0M in 11,50, and TINO, media, though the
reaction rides were comparalively less in the [ormer,

The reaction was strictly of the first order with
reference to [Co™). even up to 80-90 per cent
conversion of [CO™]. Plots of —Reo versus [Co?t)
(Fig. 1, A and B) as well as log aja=x versus time
] The pseudo unimolecular
rate constant, &' sce.t, also varied us [pyruvic acid]
(HPy) or [sodium pyruvate] (NaPy) (IFig. 1, C-F) in
both medin, indicating the order with reference (o
[substrate] also as unily.

Aninverse dependence of the reaction rates on
(1] was observed in both media.  Plots of &' sec.!
versus 1/[H*] were lincar with intercepts in H,S0,
medium (Fig. 2, A and B) and without intercepts in
HNOg mediuin (Fig. 2, Cand 1), “The acid dependent
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Fig. 1 - Variation of & see*! with substrate and — Req with
[Co™] [A and B: —TRee versus [Co™} at @ == 2:2M and
temp. = 5°C.; A H,50,] = 2-0M; [HVy] = 1.944 ¢ 10-207;
B-—[HNO,] = 2:0M and [Py} = 3409 %1020/, Cand L5+
&k’ sec-! versus (HPy] at = 2-147 and temp, = 10°C.;
€ —[H,S0,] = 2-0M; [Co®] = 3477 x 10-3M I} -.. (FING,]
= 1-0M and [Co™] = 3363  x 10-"M. 1) and Ik oseet
versus [(NaPy] at p = 2104 D — [HNO,} = 1047, {Co?t}

=432 x 10-?M and temp. = 10°C.; I —[11,80,] == 2-0M,

[Co™] = 3-513 x 10-"M and temp, ~- 57}
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Fig. 2 - Variation of £’ see ! with 1) at @ = 214 and
temp. = 5°C. [A: [Naly] = 2:1 % 107201 and [Co?') ee
182 2 1090, B: [HPy[ = 3-125§ X 10720 and -[Co?] =
480 < 10'M.  C: [Nai'y] = 2625 > 1072 -and [Co*] ==
3086 % 100, D: [HPY] = 213 % 10*M and {Co?] we
3086 X 10°M. A and B, 11,80, medium; 'and C and D,
"+ HNOymedium) P C

reaction may be due to predominant”CoOH#*" plus.

substrate reaction in HNO, medium and -CoOT1?* or -

Co507 plus substrate in H,50, medium,;. In view.of

the acidity range (0:5-2-001) cployed. it-is unlikely - -
that the acid dependence is due to Co™ plus substrate -

anion reaction. . However, it is quite possible;that a . .

sl percentuge of the jonized, organic.acickalgo js
aclive as indicated by the difference.in the:rates of - -

oxidation of HPy and NaPy and also the retarding
clfect of ionic strength on the reaction rates, The
acid - independent  reaction in H,50, medium is
evidently due to the direct reaction between Co* and
pyruvic acid or its sodium salt.

For asix-fold increasc in w (0-5-3-24¢ ), the reaction

rates decreased by about 20 per cent in IINQ,
medium.  In 11,50, medium for a four-fold increase
i (0-5-2-1M) , the rates were reduced to half of the
initial reaction rate.  From this it may be inferred
that probably the jonized form of the organic acid is
ithso active Diere, since the lowest acidity possible
(-45M) was used in the experiments on viriation
of p. _
The veaction vates were unaficelod by increasing
SO ak constant . This excludes the possibility of
CoSO; being the active species.  Further support for
such conclusion was evident by the decrease in
reaction rates obscrved with increasing [HSQ,[ at
constant p. — a four-fold increase in [HSO;) reduced
the rates by 30 per cent (cquilibrium 2 below).
The observed inverse dependence on acidity of the
rates is also due to CoOH2" being the active species,
Also it can be easily shown that if

kulm = /"u[(:oO] I* '-J
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S H‘iu(,nl-:!’_}.;_i,(‘,«-.s():,] then
D

whete ke 7 ahserved Tate constant, ka7 actual
yate constant, K, s the hytlml_vti(t m’luilihrimn
constant for the forntion of CoOlt* and N 18 the
formaltion comstant for CoS0;, viz

Cor - 1S0; 2 CosO LI
1 i

The reaction rates were anaffected by (Cot
THNOy medium while in 11,504 medium, fora ten-fold
increase [Co®'l, the reaction rates were danbled.
No rational explanation i be oftered o {his
anomalons increise i reaction rates with (Cotjm
11,504 jnedium.
M echanisim and rale faws - The
found to bhe free padical in nalure
pyruvie acid system enhaneed the penclion rats
m\ymcriz:\l.ion of acrylonitrile. 3t has been well
established that in the oxidation of pyruvic acid by
11,0, the fission oceurs at the carhonyl proup
and the COOH in the formex is completely com-
verted to COq Enolization is also shown o he not
involved!. In our system also, the rate bl eno-
lization (mca.sm'ecl by bromination of pyruvic acid)
was. about 1/5 of the rate of oxidation under jdenti-
cal conditions and much less with increasing TPyl
The “following mechanisin, therefore, 18 suggested:
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Stnichiometry and product analysis — On addition of
(,.p'”.m pyruvic acid, a vigorots evolution of carbon-
dinxide was noticed. Accetic acid, the other product

—Rea

was identificd as cthylacetate and also by Janthanum.

pitrate and iodine test® after removing cobalt as the
basic carbonate. The nickel dialky] glyoxime fust?
forv the prescnce of any 1,2-diketone arising out ol
cnolized  species Was also found 1o he negative.
The stoichiometry Was found to be 2 moles of Co*"
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1 mole of Co™* ov 2 cquivalents ol €
pyravic acid in 11,504 medium.
suggested hoth acid madia is in cond
observed stoichiometry of the reacti

soaluation. of rale

I ey plus fey N 11,50, mediunm were
L' secst versius HPy] o iNaby! plot

L sec.st versus 1iit] plots in TINOy

individual values © Nyl andd fey in
were evaliated from the

L see,h versus Py plots. The sun

AL Z-OM [T ) s seen {0 b in oo agrerment with e 7

overall rate constant b 2.0 {1
i versus LHPY! plots (Table 1}
CNCrEyY values hoth media are @
Table 1. The J5 values in HNO,

(han those in 11,50, medin.
( the high spin and more U
Jetive species in
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heing the only
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