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In othor wordR. pyru,•ic R<'id will ho tho first oxidis.cd pr.">du~t. \Ve Jp.v:e, h'lW.:Jver, soon 
that pyruyic n.<'id in prr-SMJ['O of pcrox »dilmlt>hato anrl sih·or i•ms of the conce:-1tration used 
at the tom]_Xlatur<'s of thcso oxptlriml~ntM is oxitliii!W'l very slowly and it d')"S not yield 
a.ldllhyd~ easily. It mny t.hl'rnforo he l'onr:ludotl that nx.ichtion of lo.ctic a.cid occurs 
mainly, as shoWJJ hy equation (2), i.P.., tho COOH iH d'Jtn.tl:hod as cog and o.n OH group il 
substituted as shown in the equat-ion. 
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Kinetics of Oxidation of Glycerol by PotassiuiD. Perozodi­
sulphate in Presence of Silver Ions 

D. D. Mishra and S. Ghosh 

Oxidation of g1ycerol by pcroxodi .. u1phate by itse1f is M1cJw cv1•n nt 45°, but in presence of ailvcr iona 
it proceoda with a me&~~uro.ble velocity. Kinetic study revl'~~o]s that tho rate is proportions] to the COD· 

contration of the ca.tal)'llt (llilver ions) and tho.t its order i~:~ unity ''dth respect to the oxidant, but it ia of zero 
order with respect to the reducingeub~trate. The productll of oxidation of glycerol have been found to be 
formaldehyde, formic acid, acetaldehyde, a.n<l acetic a~i(l, deJJCnding on tho concentration of glycerol IIUid 
temperature of the reaction. A moc:h!l.nism for the co.t-a.lytic action of si1~Ver ions has been BUgget!ted and 
the vario11a oxidation eomponnd~ formed are aseribcd to two aido rea.ctiona. The energy llDd entropy of 
activation between 30° &nd 35a have also been determined. 

Kinetics of the oxith.tion of organic comp-:lun<h by poroxodisulpha.tc haa boon little 
studied. According to King and Steinbach' I the oxidation of oxalic acid by this oxidant 
is erratic and is susceptible to impurities. II\ the presPnt investigation, by the use of re­

distilled wa.tor as the mcclium, f&.irly roproduciblo results ha vc been obtained. Among several 
oxidising agents tried, tho kinotios of tho oxidation of glycerol by pcroxodisulpba.te, 
cata.lysed by silver ions, has beon reported in this communication. 

EXPERIMENTAL 

The oxporimontal procedure o.doptod was tho Barno u.s reported in an earlier paper1•. 

Moaaured volumes of the reaction mixture wero withdro."·n o.t different intorva.ls o.nd UJJ· 

1. J . .Amer. Olaem. Soc., 1930, 52, 4779. 
Ia. This iaaue, p. 3fi7. 
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con'!.umed ox:id'i.nh wa.s cstimateil according to Szabo et al•. In most of the experiments 
a fe\v culior first-o!'der constants wore found to vary and the rest; to fairly o.grce. Tho 
results are, however, reproducible. Thed!l.to. of one typical experiment ha.vo been recorded 
in Ta.hlo I. 

TABLE I 

Glycorol - O.lN. K,.S~08 = 0.02.-lf. AgN03 = O.OOlM. Ternp.=35°. 

Tim~.>. 

0 rnin. 
30 
60 
!10 

l:!ll 

Hypo. K/2.:J03X 104 min-•. Time. Hypo. 

r..oo ml IiiOmin. 3.06 ml 
4.46 14.71 180 2.78 
4.m• U.28 210 2.1i4 
3.7:! l.f..l7 240 2.30 
3.3R 14.12 270 2.08 

K~ 32.118 X 10-~ min-•. 

Effert rJj PeroxfJfliRulphate Cnnrentratir;n 

K/2.303X 104 min-•. 

14.15 
14.01 
14.04 
14.11 
14.16 

Av. 14.18 

Tn n.s!'crtnin tho orrler of tho ron.l'tion with rcRpor:t tn peroxodil!u]phate, the rate of 
oxirhtion was Rturlil'd with dillt•rt•J•.t conl'rntratior.s of this oxirlant. In all the cases the 
conc11ntrntinn. of gly<"orol WltK kr,pt high. The rosults on the reaction rate ha,·e boon sum­
marised in T~tblo II. 

InitiiLl l'onc. of the oxidant PI) 
KX104min-• 

TADJ.J~ II 

0.02 
32.68 

0.04 
29.3S 

Thus, with the increase in the conrontration of peroxodisulphate, the rate constants 
dorreasc. Similarly, Schimb and Huttner" n'>tcd the efiec•t of tho initial concentration of 
thisoxichnt on it!! !!elf-decomposition by sonic energy. This deerease ir. the rate constants 
may bo a.scribcd either to the increase in the icmic strength by the use of higher 
conce:1trations of pornxodisulphato or to the spel'ifi.c decreasing effect of the K• ions. 
If the former ia prominent, the rate con<Jtnnts for one particular reaction shou,]d 
have also decreasml with the progress of tho reaction, bora use the rE'duction of one bh•alent · 
pcroxodisulpha.tc yields two bivalent sulpha. to ions, leading to the increase in the ionic 
strength with tho progress of tho reaction. As we have not found this to be the case, the 
inhibiting a.ction of the increase in the initial concentration of peroxoclisu]phate maybe 
ascribed to the sllocific effoet of K• ions, as has been suggested by Gupta and Ghosh4 for 
the oxidation of oxalic acid by :pcroxodisulphate. 

Variation of Glycerol Conce11.traeion 

The kinetics of this reaction with different concentrations of glycerol was also 
st11d.ied to determine its total order. Tho results arc :.:ecorded in Table III. 

2. z. anal. OM.m ., 1952, 135, 209. 
3. J. Amer. Oh.em. Boe., 1940, &Z, 3410. 
4, Tt\i8 JoUTMl, 19G8, 35, 4S3. 
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Jnitia.l l'onc. of {llyc:erol (N) 
KX104 min-• 
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TABLE III 

0.8 
26.05 

0.4 
27.lli 

0.2 
30.42 

0.1 
32.68 

As the initial concontrntion of tho glycerol is very high, ApcciaUy where 0.8N and 
OAN gly('orol havo heon mmcl, in compnriAon to the roncontration of tho oxidant, the order 
\lit.ll rcRport to ~lyP-tlrol mny l10 cnknlnt.ocl from the rolation: 

lo~ K,/K, 
'II·= I I . ~~~ c, r, 

whore K,nnclK8 aro tho rnt.c ronRtnntRulrulatrd for thr.loRf! of the n:xidantfor the initial 
ronrPntrntion!'l of tho OTgunic Rllh!'lt.nmtl•, r, nml r •. The nrclc•r of the roaction with respect 
to glyrerol is tln11~ found to he -U.(J(i, i..t>.., fl:i,l!htly n(•gatiw·. If tho roaction is strictly of 
zero or~lf!r l~il.h roApo(•t tu J.l'iYI'Orol, tho valnnR of tho c:nnHtnntll 11hould remain to be the 
samo fur tho vnriouR initiul conf·<•ntrntiom• of l!ly1·mol. Tahlo HI shows that the reaction 
ra t-c dc<'.rNtAt•A with tlw im·roasing l'oJl('(mtrlttion nf gly(·orol, i.l'., the roa.ction is of zero onler 
with r('~lltll't t~1 gly('crul, p:1yrllrol luw it\<J; n. slight inhihitory ofioct on its oxidation by 
the o:xidnnt.. 

Table ITT alAn sllowl-1 that tht' firRt· orrh•r r-onRtnntA, c·nkulated from the loss of the 
concentration of pr.roxll(lisu.lllhato, slighty dorr<HJ.!«: with in(·reaso in the iJ".itia.l concentr&· 
tion uf glyrorol. Similar oxpcrim('ntR at difTorent t(lffiJlDraturos with diff(JrCJ1.t initial con­
contra tiona of glyrorol showed that in all the cases slightly negative values for its order 
woro obtained, as roportccl in Ta.blo III, ana that tho average order with respect to 
gly('crol tended to approach zero as the templlrature ,,ras 1n('rORf!t'd. Thus the inhibitory 
effed. of g\yrcrul nppoarR to he loss at higher tomporaturcFJ. 

EJJP.ct of Ouncentration of l~iltJer Nitrate 

Tltc catalytic effect of throo differont cnncontmtions of silver nitrato was investi­
gated. Table IV shows the avorago values of tho rate oonstonts for throo different 
concentrations of AgN03 at different temperatures. 

TADLE IV 

lt'ir11t-ordor consto.nts (KXI04) at 
Initial cone. 
of Agt innR. 30a, 3fi". 40". 4J:i•. 

O.OOUf 25.08 32.68 47.05 65.54 
0.002 48.Hri' liG.UO 93.85 127.7! 
0.004 93.1G lll.30 187.81 2.1,0.18 

Ta.blo IV shows that with increasing Agt ionFJ, tho ra.to constants increa.so a-nd beo.r 
a linear relationship. 

Energy a11rl Entropy of Ar-tivati~n 

o These valuos ho.ve boon calculated using the average ones of tho constants for 
the different ranges of temperatures for different concentrations of the catalyst, sliver ions. 
The average values of hoa.t of activation and thoir variation with differont concentrations 
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ofailvor nitrate appear to be negligible. Tho average value of energy ofo.ctiva.tion calcula.t­
od, when O.OOlM sHver nitrate has been used o.s catalyst, is found to be 12370 cal. mole-•. 
Th"' frequency factor and the entropy of activation, calculated from this average value 
of heat of activation, are fou:nd to be 3664 X 10" litres moie-r sec-• and -29.93 o.u. 
rcs1Jcrtivoly. 

DISCUSSIO~ 

Rm·oro.I oxidation products of glycerol containing the same number of carbon atoms 
hn-vo hoon rop·1rtod and 11uch compounds arc formed by the fission of one or both tho 
C-C hon(l of tho glycerol molecule. 

The oxidation of glycerol by peroxodisulphate yields formaldehyde, formic arid, 
ar,.t-a lll('h~·d.,, and al11o acetir. acid. The proportion of these oxidiscd products depends on 
tho (·un1lition11 of oxidation, viz., the C(lncentration and the temperature. The mpture of 
th" vuh•nc·y honclB of all the cnrlmn 1\tomR thu11 a.ppcars t«? occur during oxidation when 
~lyl'mnl c·mwt>ntro.tion is low nr t.Jw tr.mporature is high (above35"); but there ·are also 
tr,u·e~ of 1u·otalrlt>hyclo tUHlor those conditions. If, however, the concentration of glycerol 
i;: hi~h an•l tomporaturc is below 35", an appreciable amour.t of acetaldehyde is forn:.ed. 
Thl•so rmv·lmliol!s \\ c h1tvc 1t rri,·cd at hy tho estimation of acetaldehyde left aft~r the com­
}Jlf.\tc rodm·tion of JlOroxoclisulpha.te. Thus it is clear that the stop of Ol..idation of glycerol 
hy tho oxid·mt di:ffcres f,.JJ' llifferont concentrations of glycerol. 

Tho oxin<J.tirm of glycerol, loading to complete fission of the molecule, usually 
occurs under drastic conditions by the uso of strong oxidising agents at higher 
tcmJleratures. lt sooms that p9roX•)disulph~te with silver ion as a catalyst can lead to 
the bre:1king of o.ll the C -C b::md~ when tho concentration of glycerol is low and the 
tompcro.tnre is above 35°. 

Various mochanisims for tho catalytic action of Ag• ion for the oxidation 
of organic compounds by p3rox~Jdisulpha.te have been suggested in which the role 
of higherva.lentsilver, either bivalent or trivalent, has been emphasisod. Thus for tho 
Rilver-ca.ta.lyaecl rea.ctions of pornxodisulphate, tho loss of the oxidant may be expressed 
by the rela. tion: 

This indicates that order of the reaction withrcspoctto the reducingsubstra.teis zoro. Our 
experimental dda. revoal that the increasing concentrations of glycerol have a depressing 
effect on the rate of the reaction. Tho following mechanis-m of the catalysed oxidation 
of glycerol by porox:odisulphate is suggested: 

(I) 

This step involves two-electron transfers for the formation of AgS•. This is a.ga.inst the 
vie-.va of Hotber and Weiss'. The formation ofAg3"" in two steps of oxidation by 8,.08,...::.. 

may, however, be easily postulated. 

5. D~. Faratl41JBOC., 19~7, 2, 188. 
2 
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The results of our identifica.tion of the oxidation' products indicate that two side 
reactions occur concurrently. It is also cloa.r that in the oxidation of glycerol, yielding 
either formaldehyde and formic acid or acetaldehyde and formic acid, oxygen ia 
necessary for tho oxidation procoss. Thus 

CH110H HCOOH HCOOH 

bHOH 
0 

--+ + + (i) 

bH.OH 
0 

CH3(.:H0 ---+ CH3COOH 

CH~~.OH 
I 0 30 
CHOH ---+ 3HCHO + H10 ---+ 3HCOOH (ii) 
I 
(~H.OH 

It should bo noted hero that tho oxidation of tho aldohydcs by peroxodi!!ulphate is 
slow and hom·e tho oxi(htion 1h0R n'>t pro('.CO!l to completion, spetially beeause in most 
of our experiments concentrations of glycerol used are very high com11ared to the 
concentration of the oxidant present, majority of which being used up in the first step of 
oxidation. We are also of the opinion that oxygen is made available for the oxidation 
process by tho interaction of Ag (III} or Ag (n) and tho solvent water, yielding tho 
radical OH. 

Further work in this direction is in progress. 
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