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A Kinetic Study of the Oxidation of Lactic Acid 
by Vanadium (V) 

R. I. Yadav and W. V. Bhagwat 

The "'nrtirs of oxirlnliun of ft"·tic ari•l hv quinqurvnlent van--"' · r d be r . . . . . . roumm Ill n>un to o first order with r t 
1·0 eutla Vllnndmm(~) and lnl'tiC ar.ul. Tile Arrhl'niWI l'ljURliun ill fi und ·- L_ I'd fi he . aspee •-• d .. -o Tl • u .,, ""vn • ur t reactJUn between 
:.. .• llll ••.• • ll'l VH.IUI'!I for ,l.ho ('DArjr\' of 8<'tivatinn rntrupy of ar.tJ'v t" If .. • - • · a mn, anr requency .actor are found to 
be 16-& k~:~~.l., -1:1.70 cnl./.!\lA ,•nnd fi.IJH7X 109 900-1 ri!PIIIAI'tivrly TL.. · • 1 fi eli · . r·· • ,..,...., cxper•men.a n ngs aro crmiiiHtent 
\I'Jt.h tht> po~tula~tl' tllnt- thl' rn.t.t--dotl'rmininp: Mtt•p in th~> renction invulv;... th fi t rd d' · · . . - e rs u er 111proport.unatJon 
nf a co-urdmotwn romplt>x brt\l't'('n lac·tic acid n11d vnnadium(v) alfi li od •- t.h h f · . , orr ng pr uo.. roug roe-ra.cbea] 
furmatl(ln. 

A re,·icw of the existing litemture rcve"ls that the kinetics of oxillation of 
oo<·hydroxyadcls hy quinquo\·alt~nt \'Rntulium ho.s been almost negleted, though West 

and ~kcmg' have shoun that lactic acid is quantitatively oxid.ised by acidic vanad.ium(v) 
solution. The pre!!<'llt investigation is therefore undertaken to elucidate the kinetics of 
laC"tic acid oxidation by \·anndium(v). 

E XPE RBI 10\ T .-\L 

The chemicals used were either of AnalaR or E. :\-Iorek's G.R. quality. Equal 
volumes (;')() ml) of ammonium metavanaduto (in aq. H,.SO.,) and lactic o.cid solutions, 
both of known concentrations, wore brought to tbe temperature of the thermostat 
and then mixed. The course of the reaction wo.s followed by withdrawing 10-ml portions 
of the reaction mixture at definite intervals of timl'r chilling by ico to check the reaction, 
aml by estimating tho amount of the unchanged oxidant \'olumotrica.lly by a. standard 
l!ohr'~ salt solution, using 3 to 5 drops of 0.066~Jf .N-phonylanthranilic acid' as an 
'indicator. The requisite quantity of sodium sulphate wo.s added to acidic vanadium (v} 
solut~un to maintain the ionic strength of the solution constant. 

DIECUSSION 

The reaction follows a simple kinetic order provided that the molar concentration 
ofvanBIMium(V} in the given concentrationofH,.S04 (in which the active species ofvanad.ic 

acid"•3 is well known) is not greater than that of lactic acid. 

I • • 4ntll. Claem., 1959, 31, 583. 
:.! • .La.sdJe o.nd Cobble, J. Pl&y11. Olle.m., 1956, 59, 519. 
3. Rossot.ti a.nd Rollsott.i, .Ada Okem. Sear&tl., 1956, 10, 957. 
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The reaction bn.s bocn fmmcl to be of first ord~:r with respect to vanadium(v). 'Phe 
values of tho first-order rate constant at difforont lactic ac.id concontlrations and 
tomperatnres aro rocordfld in Table I 

Lactic nd!l. 

0.5000J/ 
O.:!fofiO 
0.1250 
0.0025 

[l"v]=O.OJ.J/. [Ha~~04] = 0.5Jf 

t)r.D ....... 311° • 

3 .•• li.07 
1.811 3.23 
1.05 1.::!1 
0.411 0.79 

350. 

9.00 
4.31 
2.26 
1.32 

That tho real·tiiJn is also uf first nrdor wit.h mspoct to la.ctic add is Bhflwn by the fairly 
constant ,-a lues of tlte quoHt•nts ohta inecl whun k 1 is divided by lacti~ a(·id concontration. 

[I.actic ·&ciu] (.V) 
104 ~. aec-• 
k,f[I\Cid] 

TABU: II 

(Jrmstanrg of the qMtie11t k,j[lactic acid] at 35°. 

[VvJ = U.OUf. [H~S04] = 0.5M. 

0.500 
. 9.000 

0.018 

0,2rJO 
4.310 
0.017 

0.125 
2.:!80 
O.Ol!J 

0.062 
1.320 
O.U:!O 

Thus tho total order of the reaction comes out to 2 (nnity with respect to each 
reactant). Fairly constant values are obtained for the second order rate constant when the 
reactants a.ro taken in cqujmolar quantities, as shown in Table III. 

TABLE III 

[La.ctic acid] = .Ol.ilf. Other conditions same as in Tabla II. 

Time (Rile.) 0 900 6400 91100 10,980 12,780 
(11-z) (ml) o:• 0.:! 8.5 8.0 7,7 7.3 
z. (ml) o.u 0.2 0.9 1.-1 1.7 2.1 
kzX106 (litre moJo-• sec-1) 2.57 2.119 2.07 2.14 2.40 

Average lo&J:.2 = 2.25 litre mole-• sec-•. 

The rate of the rea.ctinn is found to vary with hydrogen-ion concentration, as is 
evident from Table IV. 

(H+) (mole ILre) 
104~.---· 

TABI.l<~ IV 

10• (Vv) = 0.89M. [Lactic acid]= 0.25M. Temp.= 35°, 

0.25 
4.80 

o.no 
7,4Q 

0.75 
10,05 

1.00 
12.70 
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It is observed thn.J. in the given. range of the concellltra.tion of H,.S0
4

, tho· reaction 
is inclepenc~mt of bisulphate-ion concentration, so that there seems no probability 
of formation of sulpho.to COinJllexos ofvanadium. 

No Jlljmn.ry salt effect ho.s been obscn•£'d on tho reaction velocity by Rcldition of 
ammonium sulphate, sodium sulphate, and ammonium chloride, as shown in Table V 

TAJU,E V 

Effer.t of neutral sall11 on the rear.titm ""lodty. 

10' [V"j "": 6.66.Jf. 10 [Lactic acid]=l .600M. 10 [H,.f!04] = 3.33.Jf. Ternp.=35°. 

~a.Jt COf'C, 

0.0000.11. 
fi.03:J3 
O.OIOR 

•Am. BnlphRto. 

4.02 
4.53 
4.64 

10 l-1 IK'o-•. 
Am. olLioride. 

4.112 
4.7r. 
4.67 

Sodium sulpllllte. 

4-.02 
4.67 
4.4,7 

The Arrlwniu~ equation iM founrl to he valid h~twccn ::!5° ancl 35°. The values for 
the nncrA"J'ofltf'th·ation. fr(l(]twm~y fal•tur, anrl entropy of al:ti-.·ation are found to be 16.4: 
keal., 6.0Hi X JOII SOl:-•, nnd -I:J.70 cal.jMA0

• 

An important fuct iA nwcnled hy tho negative entropy of activation4 and frequency 
fact·'r uf the orrlor le!ls than 10 111 see-r, which, besides tmimolecular nature of the reac­
tion, <"learl.v indicate some stahle adh•atf,d complt'X formation and alKo suggest thai the 
free radical iH involved in the reaction mechanism. 

The variation of rate with respect to lactic acid concentration can also be expres­
sed as: 

k' K [Acid] [Vv] 
- - -f-+ KTA-clcf]" 

where K and k' are the equilibrium ann decomposition constants for the formatio11 and 
docompositionofthe intermediate, ro1:1pectivcly (showing that the equilibrium is in favour 
ofthe intcrmccliatc complex:). Their values are obtained by the linen.r rclu.tionsb.ip observed 
by the plot of the reciprocal of rato constant against the reciprocal of la<"tic acid con­
centrtJ.tion. Tho solpo of tho curve provides tho value of 1/K as 0.055. 

Fur complete oxidation (carried out at about 60°) I m..-Jf of lactic acid has boen 
fuw1n. to consume nearly 4 m.e. of vanadate, corresponding to the formation of equimolar 
amounts of acetic acid and carbon dioxide: 

That the oxidation oflactic acid5•6 involves formationoffree radical has been cun· 
firmcd.lly tho polymerisation and mercuric chloride r~duction test'. 

4. Gla&~tone, "Text Book of Physical Chemistry", ll!o.omillaLD and Cu., Ltd., London, 2nd cd • .-1960, p. 1110. 
5. I.ovesley Wlt.l Wat.er11, J. 0/r.em. Soc., 1955, 217. 
6. Littler anrl Waters, ibid., 1950, 1:!99. 
7. Drummond Wid Waters, ibid., 1953, 2Y36. 
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Table IV shows that thl. rate ofthoro!l.cti::m varies with J;l+-ion concentration . ..It 
has also been obscn•od that the second ordor rato con~tant depends on H+-iolol. conr.entra­
tion. So it loads to tho conclusion that tho por\'anadyl ion as su~h iB not" involved in tho 
rate-determining stc)l. It scorns proha.blo thorcforo that innic spcC'ieR of pcnta.valent 
vanadium, formed by the r(la.ct.ion of pcn·andyl ion with H• ion, is irwolvcd. 

Further, the complex formation of monohydric alcoholHB with trihydryxy pcPV!Ill!-dyl 
ion (in acid medium) and also of lactic R(·id hy vunadic 11.cid0 lend to tho so.mc cont:luHion. 

Tho foregoing information thorofuro suggo11ts tho following reaction mechanism: 

\'O~+ + H,O+ ~ V(OH), .. 
H 
J 

V(OH)3a• + CH3 -C-C'OOH ~ 
I 

[TranKition complext• 

OH L~row 
,L. 

CHi-~H(OH) + COa+Ht + V(OH)3+ 

l•"ast I V(OH)3a+ 
,L. 

CH3CHO -:- H+ + V(OH),+ 

The pr.,sence of a.cetaldchydo in tho raaction mixture was confirmed by tho mmal 
tests. It has alr.:~ady been shown that la('tic acill on cam plato oxido.liun furnishes a.colic 
acid thrJugh the intormodia.te furmo.tion of a.cota.ldchydo. 

CHE!IICAL LADOBATOBlEB, 

HoLKAB SciEJICE CoLLEGE, 

brnoas (.M.P.). 

B, tit.t.let ,and Wa.ters, J. Chem. 8oc., 1959, 40441. 
9, Mullick etal., this Jaumal, 1963, 401 U7. 

Rereilied Jlay 31, 1003. 


