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Oxidation of Pyruvic Acid by Cobalt(III) 
K. J lJ IE<,\: 1\1. SANTAP1''\ 

()cl'",.tn\l'1I1. 101 I'hl',ir"l elll'll1i<l.ry, \llIiv<:rsity "f ~iadra.', M:uir;.s 25 

M 11I1II.'('I'i/,1 I'UI';"ri (, Sf /,/"",brl' 1 ')(,7 

The kinetics of oxl;lal.ion (If pYI'uvic acili an" sodium pyruvnte uy Co" in sulphuric und nHdc 
uel" media. IInll the ellet:l'~ of (Co".I.I.S0i'l and tl~l11peral.ure Oil the ... !actlon rules lIlIve hCl~1I studleli. 
The reuctlon is bi.molecular. the order with reference t.o {subfitratel an" [Go"] being unity. The 
reaction rutes vnry Inversely with [II"]. 'Increase in IOIlIc strcnltth and [1180.1 retards the rutes. 
From the results of kinellc studies it If! Infcl'red Ihat CoOII'+ .ions al'c uclivl! III llNO, mcdlum wlllle 
In H.SO, medl.um Co'" iOlls "Iso lire ncl.lvl' al .. nJ; with GoOI1'" I.OIIH. Th(~ stoichiometry of the 
reaction has been (oun,1 to he 2Go"" per IlIllle "e <}l"I~anic substrate; HCI,lic add and carlJon dioxide 
arc the products. A free radical reaction lllechanislll In\'ulvlnr, f\ssion al' carbonyl group f0l1owt'd 
by RuuRcqucnt ox.ldutioll uf cUI'iJnnyl fr:l'l'. radical I .. nel.11e Held ha" he,,11 pl'''(lnsl~d lind tilt' nile 
IlIw" derlve(I, Tho vHduu~ reacilun rute PIII'UII)cl',I'N hllve I.H",II eVlllulllcd lind ,1I"clIHsed.· 

T HE ki~etic~ :tnd l1l('chan.~slf~ (If oxidation of 
pyruvic aCId by 1\1113 ', Co,)r and 11 20 2 I,a\'\' 
hc(:n reported 1-1, J n the presen t CO IJI III I. 111 ica

f:ion, the killetics and llwch:Jlli~1I1 of oxidalioll 01 
pyruvic acid and sodium \,ynll'ale hy Co:II ill 
aqueous and sulphuric acid media have heen '111-

vcsligatcd and the results are prcst:nte.d, 

Experimental Procedure 
Pyruvic acid '(purc, Ingcllwim, Germany) was used 

witho'trt further purification. Sodiurn pyruvate was 
prepared by nCiItraJizatiOli of the acid with AnalaR 
sodium hydroxide, Cobaltic sulphate, cohaltie lIit ralto 
;1111\ sodium perchloratc were prcpared as <lescrilwd, 
t'arli(~rr.. Other· rcagcntssuch af; !Ji!juJphales of 

sodium (1\' p()lassillln, s()(liulI1 nilrate, soclillDl thio' 
sulphate, clc., wcre all of AnalaR grade. \Valer, 
doublv distilled alld ,ki()llited with Ilind(:millroiii 
lIlixc(] bed ion exchange resin, was "sl,d fol' tilt: 
preparation of ~nllltions and all kilwtic llW<lSurClilClllS, 
Concentrations of Co:)", inilial and during t1H;cnur~r: 
of the reaction, \\INe detcnnincrl by adrlil inn (If (:xC(:~;S 
potassium i()dide followe.d IJY immediate tilrafi,," 
of the liberated iodine willi' standard lhiosull'li:tl<: 
\Ising stnl'ch ;IS Ute ilH.licatol', The d.irt:d n:'acl ion 
helween iodine and pyruvic acid was nr.gligibll: wilhin 
short inlervals of tim!! and hence: reducing the el'rl}t' 
o[ using iodirnelry for the cvaltl<ltioll of rat('s of 
disappearance of coballic ion (-l{c .. )· Cerill1<:t ry 
in conjunction with Fe2 " lot' determination (If ICo:1t J 
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cOllld not be nsed since p\Jruvic acid reacted 
inslantaneollsly with CcH • ](in/:lic J]')C'aSlln:IllCnts 
were (:arrit11 out in 6x 1 ill. pyrex lubes ill lhe 
tcmperature range O-lO°C. using a large Dewar flask 
;\s a thermostat. 
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Results and Discussion 

The r(,actioll I)(:t weeB· COH and pyruvic acid was 
V(~ry fast at 0-looC.; [Coa,]; (1-25>< Hi "J11); ;]lIfllll'"I; 
(I·S-2·0M ill 1/2S01 and IINO" III"di;I, [hoI/gil I Ito 
reaction rates were comparativ(:ly less ill til(: [or/llt'r. 

The reaction was strictly of the first ordc:r wilh 
reference to [Co~+] .even up to 80-90 pr:r cent 
conversion of l COH]. Plols of - Heo versus leaH] 
(Fig. I, A and B) as well as log aJa"-x versus time 
were: linear in both iriedia. TIle pseudo llnimolccular 
rale constant, /~' set.-1., also varied as Ipyruvic acid] 
(lfP},) (Ir /so<iium pyruvate] (NaPy) (Fig. I, C-F) ill 
/Jol h "lI'dia, illdic;lting (he order with rderellct: to 
ISIII>~1 ralel alslI as .ullity. 

1111 illvcrs/! r//!JlI:llucllce of the r('aclio/l raLes Oil 

(J I'] was observed in both lJIedia. Plols of h' sec.-I 
wrsus l/[H'] were linear with intercepts in H ZS01 

/lwdiullI (Fig. 2, A and H) and witliout. illt(!rcepts ill 
JlNO~ III1:diulH (Fig. 2, C and V). Tile acid dr:p('llflelll. 
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Fil!. 1 -- Variation of /1' scr.·· t wilh s"['slrai,, anrl .... H("o wi/.1. 
IC,;"] [A and H: -Hco vcr~lI' [Co"l H/. I~ o.~ 2·2;11 ~nd 
tClIlp. = 5"C.: i\-[H.SO.] = 2·0M;· [l·n\1 = 1'944 X JO·2Jl1; 
B-(HNO.J = 2'OM and (HPy] = 3·409x IO·'M. C and E: 
II' sec' versus [HPy] ·at !J. = 2·1M· and /'('/111'. = 10"1:.; 
C -- [H.SO,] = 2·0M; (Co"] = 3·477 X 10. 3,.11: E -... [IJNU,I 
= 1·0M and (Co"] = 3·363 X 1O-'.M. lJ and F: Ie' ".'c.·' 
verStllI [NaPy] at JL = 2'lM; D - [HNO.J = l·OM, [C(l"J 
= 4'32 X 10-'1\1 and temp. = 10°C.; F-["II,S(),I'" 2.0M, 

[COh] = 3'$13 X IO-3M and l:ellip. c, ,'i"<:'1 
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.. j. 
I;if:· 2··-·VariatiolJ 0('/" ~"c·J with IIl'J at IL = 2'I,lf and 
temp. ~." 5"C. fA: [Nal'y] = 2·1 X 10 .. 2;11 and [Co" J ~e 
1·82 :-: lO·3M. B: [HPy] = 3'125 X 10-2M anti [Cu"] "" 
J·4i<O :< IO'M. c: [Na1'y]~, 2·625 >: /O-IM ane! [Co"] = 
3·086 7: 1O-·.III. D: [llPy] = 2·13 X 10-'M and [COI']~. 
3·01:16 ;( 1O··'ill. A and B, H.SO. medium; anti C and D, 

HNO.mcdiulIJ] 
.. . " -:.' - " 

reaction JIIay bed tic to pr~!clomil1U11 t~o01-P"'· pIllS 
sllhslratt: reaction in llNOa medium -andCoOIP·~ or 
C(jSO~ plus substrate in H 2S04 l11ediuin;~: In·View,of 
tlie acidity range (O'S-2'OM) ernpJoyed.itis unlikely 
t [,~ I tlw acid dependence is due to Co3+pJussubstratc 
;lnioll reactiolJ .. However, it is quite po~sibJe;that it 
~;IJJ:tJI pr!rCcJltagl: of L/wiollized organicnciil-also .is 
ac[ive as illdicated by the iri/Icl'eneciJl thcnttes DC 
oxidatioll of HPy aJld NaPy ancJalsp therctnrding 
df(·ct of iOlJic stn;ngth 011 the reaction rates, The 
acid independent rc;]ctioll in HgS04 mediulll .i~ 
evidently due to the direct reaction between Coa j. and 
pyruvic acid or its sodiuTll salt. 

For a six-fold increase in (J. (O·s-3'2M), the reaction 
rales decreased by abont 20 pcr cent ill J1NO~ 
JlII.'<iiuHI. In H 2S01 medium for a four-fold inc.rease 
ill II. (D'S-2'IM) , the rates wcre reducctlto half of the 
illitial reactiOIl rate. Fr01l1 this it may he inferred 
I It" J probably tile ionized form of the organic acid is 
;"~,, ael ivr: hne, since t.he JowesL ;I.cidity possible 
(II··ISM) I\';IS lISI'r.i in t.l1I· (!.'(periIlH'nt.s Oil varirlljrll) 
(If I'. 

Th,: re;,cl.io/J rates IV(;,.,: IIl1alJccl.cd by illcn:asing 
r:--;().,I al: Ct'1l51;lnt: :1.. This cxc.ludes Ihe pos;;ii,iJil.\' "f 
(:,,:-;0.; I",illg I.lte acli\'l.~ sl":ci,·s. Furl III;\" ~1.I1'IHII'1 f"r 
~lIcli (rJllc/usion was (:videllt by tiJe decrr·;/.~(: in 
reactiO/l rales obsl;rvcd with jn{:[easin~ lHSU.,J al 
cOllstant /I. - a [om-fold increase in IHSO:jJ reduced 
the rates by 30 pcr cent (equilibrium 2 below). 
The ohserved inverse dependence on acidity of the 
rates is also due to CoO/P'· being the active spcci(!s. 
Also it can be easily shown that if 

k""6 ~-:. /(.[CoOl f2 'J 

, . ., 

~ 
.;.,r 

-- ....... (,. 

).- ~ .... 

... 

.~' .. 



..... 

:.,. ..... 
• . 

.1
1

.1
11

' S. SY,T:\I'I';\: (lXIIl.\'!'I' 1\ \ IF I'VH\.1\'IC ,\(,11) II\' COII.\I,' \.", 

T,\II1Y HxrE l'AlI"",·.T"II;; FOr<. "111: •. ,:"".,',1<'" '.1' 
:111(\ (C":I'>",,, c'C rCn:!'}-l i(oC)II~:1·I·iC,,~O,;l 1\1(';1 

1/k .. \o" " Jf/i .• ; 111'://;)\'1 I·J\.) II SOil//\ 1/!;,.f \) 
\\'IW1<: 1;,,\0, c.c: ohserv!:d ra\.e (.l)l1s\.:lnl:, Ii •. ~c: :lclu;11 

1';1\1' C<IIl~;I:lIlt. J\., is 1\\1' 11y.!ro\v1i,' "'1uilihriulll 
.. 1111.;1:1111 (or 1\11: (or\1Ii1li(l\1 II( (,,,OIF' :\\1" J\~ i~: II", 

fulliialillil clliislall\. rill' «(It.;( )~, "i/ .. 
CO:!1 + 11 S(}~ I" (' nSO\! II' (2) 

lh\~ IT-acLiOIl ratrs \\'('11' \1\1;ilke"'.! I,,' i(·(I~'i i\1 
HNO:

1
llWdiu lll ",hi\!, ill 11 2SO., \1w(\illlll, 11;1':; \<:\1.["lcI 

increase in \C02+\ the rc':ldi,," ra.tes \\',:1'1: .",,,1 ,k<l. 
No r;ltiollal exlil:\\lal illn C;111 be ofl1:r"(\ f .. r I hi,; 
;1111)111;\111115 illcr('asl~ ill rc"C\.iOII rates wil h I<,,,·"'j il1 

11 2S04 )Iledium. .' lI-1cclllw £sm alld 1'111,: Itl7I's .... 1111: r('ac1.iOII \\';\-; 
f01lnd 10 he {\'(~c ladie:,] ill 11:11.111'<, I 1\'(':1 \lSI' (',':". 

pynrvic acid syslem I!lIh;III'Td llll' r,·:II··lioll r,d"~· "I' 
)l(lIYIIH'rizatinll I~I ;wryl(ll~il ri~(~. II has ~)('('II. \\·,·11 
,:st;l\J\blte1l t\1;1t 111 th(~ O)(\(I:tlIOII 01 pyrllvlC ;1<'.111 I,V 
1[/)/"\ the (issit'l\ (,ccurs ;t1. thf.'. ":Ir!,ollyl 1;1'0111' 
and thc Coon in the {onnel' is c"l\lplcl('ly om
ycrlrtl to CO

2
, Enolir.alioll is also sho\\'1\ t(~ be not 

involvc(P. In our system also. the 1';\1(: (If ('110-

liz<ltion (measured by brolllinat:ioll 01 pyruvic <lrid) . 
was about 1/5 of the rate of.o)(itlatioll \llIde r )(klll i· 
cal conditions and milch less with iJ\crca~i1\g i 111')']. 
The -following mcch:\1lis1ll, therdl)1:c, IS snggl'sl<.·d: 

k. 

ClfaCOCOOH-I-CoOHZ+ ';I-;;-~ CII}-:O' 
_!.Co2 '--\- 11/1\(.02 

CI r :,cn .. ICo() 112 > fn<',. Cli "COO II 
. \. (.02 " 

IINO. 
n\l'.,li\l;;\ 

I'VlIlI'H.: ,\""" A"" Stln1"~1 J'YIIUVATE II\' (0111.,.(111) 
,\;1" .IL ,~ 2'IM 

SIII,,;lr;!.I.: 

( i\'cra\ll,illl'tk -
I'ttla r r:ttl~ ,',1111-

...;l;l1l I. ... 

{, ,I., .': 111' 

('" :~ 10" 
1 III :-1 sec:" 

III'Y 

(1,2')74 
(S'c .. ) 
()'2l-\,;() 
(S C.); 
o·(,·lOS 
11 11'1.) 

N:d'y 

0·214'\ 
(5e.) 
1)'215') 
W'c.) t 
(HH5~ 
(I(J'C) 

25'S') 

II,SO. lItl.·.,lilllll 
" A' •••• ' ... , •• ' • ,-' 

III'Y 

()·071 5 
(5'( .) 
()'1'/45 
(lOL) 

>;·1 )'1 

IS I ·1 
S·I xl 
(S·T .. ) 
2H·H2 

N;d'y 

()·n41}2 
(S'C) 
0·\0')\ 
(lOC.) 

2. }\S i 
I.~ C.) 
J·.I l:l 
(S <.j 
2(,·').1 

,\I:',llcal./ IlI '·!.: 24·03 

'1.:,."1",,,1,,<1 "I 111 '1'- I·I),\( ill liN!), all d :11'j ,." 2·\).11 

t"""I",,!"'.! I ... "" I;' ';<'''''' "",,,,, 1/11' !,I"t;. in II,SI I,. 

---------------------------------
per )llole of l,yr\1\'ic :·,c.i<l in llNO" ·Jlli~ •. lii\l1l ail,1 
1 JIlole 01 Co:l+ (II' 2 l.'ijllivakllts o[ C,,'" pi:r Illnk "f 
pyruvic acid .in lJzSO" Tllclliu)ll. TII'-: In,:(''':llIi~ln 
su/!;gcsled ill holll acid 11l'~11i" is in conlllnllitv \\'illt tll\! 
observed sloichi()lllel ry of l he react j')I1. 

Jj;1)alu.at-ioJl. of rilte (OJl.sta/jI.~ -- The .)\'('r.dl "i· 
11lolc.cnlar nl\l: c()n~I~lIlls J\.'!.-2 ill .\1 :--;0;; 1I1,,<1ill111 ;111.1 

J\.lk2 plus !.-:1 ill I I "SO., l1ll'diul\l W('r,· ,:\·;dl\;1[.-d (1'<)111 

II sec." versUS \ 1II'y1 or i l\;d'y! pl"ts ;llld :d"o (1'",11. 

k' ;;ec:·1 \'crsl1~ l/ili'] pInts ill IIJ\();; 11l',(liIlIU. Till! 
illdivic\I1:t1 V:llllf.'S IIf 1\,1,'~ :lnd Ii" ill ll zS0 ., 1I1··.\illlll 
werl.! "l'alt)iI.1.<:d froil1 \111< :;Iol'cs ami illl(·r,·"p\>; III 

II;,~(). 
11 .... ·lilllll 

k' :-;I!c" \,1'1';:11;: I flll'J 1'1 II Is. TI1\' SIIIII of !i'I/;~ \.\w, ";" 
:d. 2.0M III' I i~; :';1"'111(11,,, in 1;1111'] :lgl\"'II\I'lti "il\1 ii,;'-
11""1':111 r:lll" CIIII:;\;\111 ".I. 2,IIM ill '.1 1'\';'\11,,1,''\ ':,';111 . 

k' versus tlll'y! plols (T:lhkl). '1'1,·; ;\cli";lIW II 

I'.ner/!;\' \':llues in bolh 1l\(!,li;\. ar<~ abo rcr<.,rr\,!·1 'In 
'1',,"1(: \. Tit ... I': \/:<1I1'-'S in \I}l()3 1I1,,<:1i\1I11 ;llT k;, 
Ilia 11 11\1.,::\' i II II ~SO.\ n)('d) 11111. Tltis is 1\I\\kr,;I;t 1111:1 \)1,' 
ill \'iew o[ : II.' \ti~:h ~I,il) 'Illel 1l111r<' n,;lc\i\": (,,,01 r·'· 
Iwin;.: til>' 0111\' ,,!'Ii,,(! sl,,'cil's ill II ~n, 1lI,·'\illl)1. 
:\1111:111'1' ~i:~l\iI·li.'ill". "h_,I,!" .. "li"'1 j., Illili \1:.; r,d". 

,:III);;I.;II'!.'-; rill' ",,,.\illlli jl\TII\''''''- '"1''' k'·.', il",;I' Ihii':;" 
"I' Ilw [1'1'1, ;wid ill,l)IIlh Ilielli·:\.. lbi: j .. \'1\,1,.,:.1:

.III'" til till.: ncCnrl't.llce IIf Co'\-' "I' CoUi F·' plus 
l,yrllvnte iOIl reaclion \0 sonl'" ""it'\11. ;1\\\1 i.I1\~ 
ciccl.rophilic. n;t!Url, or the c:lrb()i1yl i-iI(lIIj.111 \,vnl~'i\t',. 
iUII, 1;r<~velllii1l~ I.I\I~ ('a~,~.of dcc\:roll 11';\1\:';((;1' In Co"' . 

Tile )'<.'I(,v:ll1t ra.lc cxp'I:~ssi()IlS :.In: 

-I~c ... , .. , k~(CII3COCOOIIHCoOlF'] in UNO" ~ __ ](/illClI3COCOOH]\Co:!+J/II14 J(3) 

.. ;I{, .... ' rei r"cocOOlIHkJCnn II ~'II I.':,P·O'I' II . . ill ll)-j()., 

= rco:I'j[CflaCOCOOH](1\.\k,/PJ+J-I.h,,\ ... (4) 

Stnichiometry and prlullfcl analy~i.'i -- 011 additiol\ 01 
Co'" to pyrnvir. acid, a vigoroliS evolntion of ('.<1r!)(III
di'~xide was noticed. Acetic acid. the otlll'.r pnll.lnr!. 
was iclcntiticcl as cthytlcct;ltc and also by \:tnt.h:\\l111l1 
nitrate alld iodine test'; after removing cobalt ilS tlil' 
basic. carhonate. The nicl,el diall<yl glyoximc I,:S(' 

iur the presence o[ any l,2-dikdo\lC arising ollt .,( 
cnolizecl species was also founel to \.Ic·. neg:di ,,!!. 
The stoichiometry was fO\ln.~ to be 2 JJlo\cs of Co'" 
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