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ABSTIOACT



The oxidation of fatty aclids is of fundarental
importance in many processes such gs the utilization of
fato in the animal bodys drying oil industry end in the
investigation of structure of fetty acids. Besides, the
outstanding difference between chemical and biochermieal
oxidation processes is best exemplified by reference to
carboxylic acides which can esnsily be oxidized to carbon
dioxide by living cells, but are inert to chemiceal

oxidizing sgents in necutrsl aqueous solution.

Chromic acid is an extremely importent oxident in
both organic and inorganic chemistry. It has occupied
an equally important position in the study of oxidation
mechanisms. 1t reacts alnost all types of oxidignble
groups. The reactions often may be controlled to yield
largely one product, and this nakes chromic acid oxidation
a useful synthetic tool. Althoush the knowledge of the
nechanisms of chronic aecid oxidation of orgenic compounds
is fragmentary, yet as a result of pioneerings work of
“estheimer, Rocel, Uiberys and "aters, thc nechanior of
some of the repctions is faeirly well understood. The
present work was carried out to elucidnte the mechrnism

of oxidation of lower frtty ecids by this oxidant.



The resction rate rae measured as g function of
concenirations of chromic acid, subsirates and hydropen
ions, In all the experiments the oxidsnt concentretion
was kep%jiow relative to those of substrates and hydrogen
ions that the laotter remeined essentially constant throughe~
out eny single run. Tven under these conditions, the
first order rate constaonts vary with changing chropic

scld concentration,

The order of the resction with respect to each
fetty acid wao deterzined by varyinpg the fatty acid
concentration and observing the effect on the rate keeping
chromic aeid and sulphuric acid concentrations conoctant.
The plots of rate constants against substrate concentra-
tions yielded straight lines passing through the origin.
It indicates that the order of the reaction with reference
to cubstrate is unity, and the self decomposition of
chromic acid is nepgligible under our experimental condi-

tions.

The dependence of rzte conotant on the hydropen
ion concentration was studied in the same way. The oxidant
end substrate concentration were kept constant and con-
centration of hydrogen ions was varied naintaining the

jonic strength conatant by usine sodium hydroren sulphete.



The quotients odbtained by Aividing peeudo first oxder
rate constants by hydrogen ion conocentration varied from
run to run. But the gquotients obtained by dividing first
order rate constants by tho square of hydrogen ion cone
eentration remnined recsonably osonstant showing second
order dependence on ao;dity.

The effoot of ionic atrength on tho oxidotion

rate was Ohgerved by varying the ionic etrangth by using
sodium perchlorates An overall acceleration with inoreage
ing ionfic strength was oboerved, Temparature dependence

of the rasotion rateo wan stulied and thermodynamic para-
meters were caloulated, The effect of acati:ffghe final
oxidation product, on the rate of oxidation wne measured

by adding various smounte of asetic moid, to the reaction -
mixture. The rate constants were found to increase with

inoreasing acetic acid conoentration.

Chromic aoid oxidation of fetty acldo was also
studied in the presence of manganous and cerous iong. It
was found that the emount of chromic acid consumed in the
absence of Mn** or 0e**" was more than in the presence
of thess ions,

The influence of chain length on the oxidation
rate 0f fatty acide was investicated, Tho oboerved order
or resotivity followed the segquence propiomnic < butyric <
valeric. The effeot of Dranching was sleo studied and it



was found that isobulyrio and isowvaleric acida were zore
rapidly oxidized than propionic and dutyrie acids, Pivelie
noid was unaffected, 70 determine the effeot of phenyl
group on tho oxidation rate, bangvic and phenylacetio
aoide were studied., Boncolc acid wae not oxidiced dut

the rate of oxidation of phenylncetio acid wes much higher
than that of propionic seid,

On the baeie o0f above results the following rate law
was obtained,
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CHAPTER I

GEUERAL IHTRODUCTION



G.TRIAL TOTWOTUCI0N

Tae oxidetion of fetty neids i one of the i-nortent
reactions in eheqistry of foto ond oilo. This io of funde-
rentol inportonce in ©ony processes such as utllicntion of
foto in the gnins) body; in the drying of filmci in the
renufpeture of various produets of drying oil industry agné
in tho inveatipations of‘the gtructure of fatty ceids ond
their dorivatives. '

Az vould bo expreted, the soturpted fatty oclds
gre cont resiotant %o chenicol oxidetion., Only the orxidentoe
which can attack saturated paraffins are eble to oridice
fatty acido. Tho ond produsts are nunecrouc chd dlverse
depending upon the oxidont and the conditions of orivation
such 08 tenperaturce, concentration, nolvent, npcriod of
oxrldaetion gnd crtalyct,. The orxidation pay ness Shrourh
a oerico of interncdirtos or gy dircetly be conv-rted to
spceific end productec. In neny inctances tho indtiel oxida-
tion prciucts are so trannitory that their fornetion ic
only a matter of snoculption. Uiriler other comnlicnticns

rey nrisce gnd the investiention of oxiidetion nechoniar 1o,

therefo~e, frau~ht vith vrorious iifficultics.



Inoplte of the gbove facts, some inventirntors have
attonpted to study She mecheniom, the nature of the intore
nedintcs gnd the end products of oxidation of fetty eoids

by different oxidirxiny orents.

jone oxidants are highly specific in their roace
tivity vhile othors are quite gencergl in both reactivity
oand anpliention. Thuo, potasciun permanganate, 0zZONS,
and organie perocids are widely used in inveotipoting the
ptructure of unsaturated fetty scids, whereas lend totre-
acetate and periodic ncid nro restricted to tho clesvare
of polybydroxylated or other partially oxidiccd fotty acida
of ecertain structural types. A nurchor of oxidrnte Jo not
ponsecs any special nerit in tho investipction of fatty
acide end concequently, they hove not cone into reneral
uses A few oxidonto liko culnhuric andéd nitric acids chich
arc of scoze value in certain incustricl proccascse, ere
aow lergely of hiotorical intcrest in the elucidation of

the structure of fatty acids,

Chromic ncid is onc of the few stron~ oridents
which hiee been widely uncd ond reacts with alrost ell
tynes of oxidicrble pgrouns. It hes rerulerly been used
for well over a cemtury brth 1n'vclumetric rnclysic and
in synthetic gnd de-radative organic chenlstry. (lthough

itho knowlcdge of mechanisn of chromic aciid oxidation of



orgunic compounds is only fragmentary, yet 8o a result
of pioneering work of estheinery Hocck and Dtoynrt the
mochanion of some of the renctions io fairly vell undew-
stood, A review of the literature on the chrcnic ocid

oxidntion 0f verious functionel grouns in given delow,

Tre Chromic acld oxidgtion of aleohols koo boom otudied
extensively beenuse of itn major use in synthetic chendotry.
Privory aleohols give eldecydes and goido in quantitative
yields while kotones nre obtained fron necondary aloohols.
The remction 1o lean satisfactory in presence of eaoily
oxidizable functionalzn;gz difficulty encountered ie duc
t0 thoe poonibdility of the clcavepge reaction, Phenyl terte
butyl cerbinol, for exmnple, gives bengeldehyde ond tert-
butyl elicohol as cleoavsrie products acconpanied by a snaller

quantity of the e¢xpected ketonc.

OH 0
] - opVi Il
Cqlly = fl,‘ - C (0lg)y w=Emd €l - C = C (Clg)y »

d ~
cﬁﬁﬁﬂﬂﬁ +* (u.ls)sCCH

Jhenylelkyl carbinolo rive renerally large coounto of
cleavi~ec products. estheimer and co-morzeral*® ohtained
6" cleavero with phenyl isopropyl carbinol and 60 elemveore
vith phenyl tert-butyl cardinol. Cuch types of clcavare

resctions sre nown o occur in vany other cnrbinole5'4.



Zhe cloavage reasction can be elininated by addition of

monganous fons,

Bowdcen and ca-workeraﬁ found theot the oxidation of

pocondary slcohols in ncotone mediun procecded rore rapidly
than in acctic acid. One of the advantapges was that
because of the lorge oncessp of scelone in the former ease
tho kotone produced woo protected apgainot furtheor oxide-
tion. Teter on, Bovrnan et al? found that potasoiun
dichromate end chronjun trioxide in acetic acid were tho
effoctive reapents for the oxidation of secondnry alcohcls.
Fiﬁaer? oxidiged cholestancl to cholestanono in zood yioeld
using dichronate in soectic neid, The difficulty cnoountered
in tho oxidetion of prirsry and veecondary aleohols vas

8 who visuslized that pyridine-chroniun

overcor.e by Jarett
triorzide coppley nipht not oxidige the other functionnpl
grouns. 7Tho reagent hno boen used successfully in the
oxidation of s group of nterocidel alconols. ﬁalumg

explored the utility of this rcagent for the oxidation

of o larege nucbor of alcohola.

Yringry alcohols are oxidized by chrorde seid to
nldehydes vhich are further oxidized to the corrcenonding
carbox;'lic ncids, The poor yield of aldehyde have been
attributed to the side reaction betveen aldohyde ond

unreactod alcohol to give horigeetanl which mey further be



oxidizoed to eate:lau
B CH, 03 ey B CHO
i
" M - -
R CH,Oi + RCHO R~ C - oCH, R
O
|
n-al:-.scx;.,:ucr“e—é B - €= 0,3
[ ‘ l -
ot : 0

Foter formantion io dininiched by sweeping off nldehyde
out of the reaction nixture with a strain of carbon dioxide
or nitroron. Opponoucr snd Gherrauchtl reported for the
firpt tine thet tert-butyl chromate in netroleun ecther
was a ropsricable oxidant for the oxidation of vrirary
alechols to aldehydes in oxeccllent yiclds. ‘lexcdocmnol,
for exnarple, vao converted to hexandecanal in 80-85" yiclds
goroniol %o gersnial fin 857 yirld and bencyl aleohol to
bencaldehyde in 94° yiolﬁll, It ©ap sghorn thet thio
reagent rescted by o ranid transe-esterification with
primary ond secondary aicohols, This cesterificotion ond
its reverse usually involved cvlectronpsir displecenents

et the chrociun aton f.c. noyl-oxyrsen bond fionion.

26 a result of oxtcnoive atudiees on the ehrunmie

gcl ' oxidntion of nlcohols, Teetheimerlﬁ propascd & rate fow

vak [P0y 7/70,C008 TLGYT o myLReru) T 0008 LR



which was found to be applicable to all the pricary and

23 obaserved

secondory aleoholes ntudiedla“gg 8o far. Nrouso
that it wes possible to prepure esters of chronlc acid
with prinary ond seocondary alcoholo and theso were
deconposed by pyridine to give the corrcspondineg earbonyl

coupounds according to the following echenmes

cH 0 on
| 3 I K
mas.-.f:«a-ﬁrao-:a-cas-—}
3 ¢ H
Bf)?
r:'ﬁg
CHy = C = 0 + (CH,), CHO Cr0j, + ns*

On this bhasio Vestheirer proposcd that the oxidation
of prirmary and oecondary alcohols proceeded vin the znedd

chromnto ester,

RyOHON & HOXOL + HY e R, CHO CrO H 4 0

N

. +
RGO CrOT + H* —— RCHO CrOgll,
k

070 Crdyd —t> e w0+ 02tV
. e By, 1V
25050 cmsua e Rl = O H

The data on the kinetico end isotope effect for isonropyl
elcohol oxidation could be cxplained eatisfaetorily by the



above roaction sequcnoc. ﬁlaninggé also dononotrated the
fornantion of geid chrocnte ester in the roection solution.
Later on,tne intermediney of the chromic anld coter vns
conflrmeﬁ by an invectigetion of the oxidetion of steri-
occlly hindered nlcobol 3Fb23-diace#oxyngﬁ-hydraxw-u%&?'

] 1S~oloanen25. Althouph the forcstion of eotor oo an
internedicto heo been confirced but ilts conversion %o
products 48 0till on unsettled prodlem., GCenoral baoe
estplycie by pyridine, ao sunposed oriprinally, wan confuted

iator nnﬁs’a?.

Rocelk and ﬁrngiehggﬁ phowed thot the loenritho of
the rato conotant 1o linearly deopondsnt unon tho Honmett's
aeidity function Ho’ “hey surrooted thot the ozxidation
nrooced.d by o noleoular cyclic eleotron owlitoh, involvin-
rolecular H?0264 at low aciditien, and ¢ protonrtcd epecice

11361'(}4* or HEr0.Y ot hirher peiditics,

3
\C:&"‘/?['ycruﬁ " :ﬁuO S!‘#ag
v “oLy'%” on, \
o1

“nls cyclic mechsniot nny provides a nore entisfeotory

exnlenntion of the relrtive rotes of oridetion of pare-

substitute? i-phenylethenols; the order of renctivity 5“‘"\3
¥YeO > NeC- 7 Hew 3 He 3 Cle 7 N0y~



¥leotron-donating sudbstituents favoured oxidatianas.

29

Grahan snd UVestheimer™™ gloe concede that in very strong

acid a cyelie mechandion such as pbove Lny opernto.

Chronic meid oxidation of large nunber of organic

corpounds oeens to procced hy the schone,

erl™ L5 —=> criv) 4 ?
Cr(1V) + Cr{VI) ~—=> 2 C2(YV)
26r(V) + 25 ~——3>20r(I111) < 2P,

Henowy the oxidetion with chronic acid is in fact an
oxidntion by Cr{V}. Thio vas eoncluded from the fact

that 6775 of cleavope products (bensnldehyde ond tert-

butyl slcohol) were obteincd from the chronic ncid oxide-
tion of phonyle-tert-butyl carbinel and the renainder was
the oxpected ketone. The degree of cleavage ves suppreesed
by cddition of corous und mengenous ions, indicoting that
cleavape wag affected by Cr(IV) or Cr(V} snd not by Cr{VI).
The cleavrge reaction does not involve the hydrogen attached
to the renction centre an 1e indierted by the lack of
isotopic fractionation in the corpetitive oxidntion of
lebelled and unlebelled elcohole. The date supsesttiwo

nosoible meehnniemaao.



on 0 -Lglr

5
4 L 4
11
€l = C = OC(CHg)y + CrT

\ngo

Cgllg ~ CHO + ({5115)3 oo8,

v
1. Ol = Cil = C(CHy) + Cr —=> €, = ??- csrms)s-é

v
2. Cgllg ~ O - C(CHy) g + Cr' =>C M, - o - c;cszs)s
o1 ¥ -[jr
* ”2“
> € JICHO 4 (CFig)y CF —~Sed> CH CHO + (CH4), COR

Lock of oxygen-18 in the tert-butyl alcohol formed in

the cleavage of the lebelled glcohol indicetes the unlikely-
hood of nmechanisnm{1). Lechanisn (2) vas oupported by the
obeervation that phonyl aprocacphyl cardbincl vac oxidiced

i thout elaavegesl.

Oxidation of tertiary alcohols 15 core 41fficult
than thnt of primnry Oy occondary alcohols, but ¢an be
affected in the preosence of sulphuric acid. The studiesn

32 33 on the wochenier of oxidation of

of Boper*™ and Pocek
tertiary alcohols showed that the reaction is first ordor
vith reapect to alcohol but independent of the concentre-

tion of the oxidant. It indicated that an olefin wao
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formed slowly which wae then repidly oxidized to & ketone.

Slack and ﬁater@3& for tho first tine investigotced
the chromic acid oxidation of diolo. They obscrved that
the cloavage of 2,3-hutylene glycol (20=-30%) wns nore
than that of ethylene glycol {1e2)). Chatterjee ond

Fukherjeso

carried out n dotailed inveotipgntion gnd
postulnted kinetlic rate lows for different glyeols, namely

for othylene pglyeol and pinacol the rate lews were as under:

vaic L8101 JLNCr0; LT o kol mat0d JLHCr0G TLWT
v = k [at03 J/Tueroy 70 7.

It seons that t-o repction courses mro poscibles In tho
first caco normol oxidation oceurs glving anolehydroxye
carbonyl compound. which ey be furthor oxidigeds In the
occond, cleavape uf corbon=corbon bhond occurg.

Cheng end ﬂéatheinersa

glno otudled the chronle

acld cxidation of pingeol ond found a solvent ieotope
offect kngc /kﬂea = 2,7, They observed that nonomethyl
ether of pinncol wrs oxidiged very slovliy. It indicates
that oxygen-hydrogen bond clcavege does not occur in the
rate deternining step and cyclic chronate ester is probadly

the intermediate. This ester is decomposed to the observed

products in a manner sinilar to that suggested for lead
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tetrancetatesv and periodic acidﬁs.
BE.C « OR By = C = 0 0
¢ - of Bp-C-0” Yo
Ul = O
2
+ (1-‘r‘."'V
R28w0

Cyeclic chromate formetion mechanlionm was further supported
by the obscrvation that cie~l,2«~dinethyl-i,2«cyclopontao=-
nedlol wep oxlidiged 17,000 tines faster than ito trans
1aomer39, The larpe difference in the rate of oxidetion
could not be explained by a non-oyclic mechanion. The
rate of ineresse of cleavarge with the nethyl sudstitution
wvag oxplained on the aspunption that alkyl oubstitution
stabiliged the sctivated complex for the deconposition of

the cycllie chronate ostor.

Although considerable work has been done on the
chronic reid oxidotion of diols yet the reason for a change
in meoheniem with increasing methyl substitution is not yel
clear. Aloo the sbility of chromic acid to effect both

nornal oxidation snd cleavage is not well understood.

Aldchydes are tho intermediate producto in chronic
acid oxidation of primory slecohols to the corr-opending
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40, for the first tine otudied

carboxylic«ae;ds. Lucehs
the oxidetion of aromatio sldchydes in acetic scid-sulphuric
acid pediuvn. He showed that the reaction wes firot order
in aldehyde and in Cr(Vl) mmd thpt the electron wvithdrawing
groups facilitated the reaction, He, however, did not

etudy the effect of sulphuric acid on the rate of the
reactions ¥iberg and m;114’ carricd out a dotniled kinetic
study of oxidation of benreldchyde mand formulated a rate

lar an

vek,/ROI0_TLRCe 0y JLWT + x, [TROEO_ 7/ HCe0] 70" 77

(in aqucous solution),
and vek /) mzo][’ncra‘; / B, (4n scetic ceid). ~

On the basls of the sirilarity in rate law and fcotope

offect in the oxidation of benzaldehyde by pexmanganate42

and by chromic neid, they suggrested thae following mechenisrs
- +
HCrO, + B ——— H,Cr0, .
e -
- - M - F
csﬁs C~1 » Hzct04 0635 ? o Crﬁsﬂ
il
on o
|

I
Cghg ..? = OCr0,H == CgHg ~ C = 0 + Cr{1V),
B
Bs
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The mechanionm 4o sirdlar to that proposed by Testhelner
for thc isopropyl aleoholxs.

Oxidation of aliphatic aldenydasas

has not received
ouch sttention. However, the rate laws found in some
casen are quite siniler to those obtained for tho aronetic
aldehydes. The rate low for fctualdenydeﬁq’és hes been

shown to bo

ek [7HC00_ 7/ eroy 7L _72/',+ afwt)

% founa thet inotic icotope effeet and

Eenp and Yaters
energy of activotion decrcascd in the solutionc of hinh
acidity. They suggested that it wes duc to tho effect of
acid concentration on the renotions of Cr{IV) and Cr(V).
At Bisher aciditios the retio Cr{IV)/Cr(Vi) incroeec?
more ropldly, and the oxidntion rtas offected mainly
cither by Cr{1V) or Cr(V). Chaterjec’® dotercined the
inductlon factor as 0.5 which indiceted that Cr{IV) wes

the product in the oxidntions by Cr{VI).

A number of atnble hydrates of sldehydes are
known46”48. It was reported by 'erg and ﬂnteraég that
in the oxidation of formoldehyde, the hydratod forr of
aldehyde was the roscting specics. The velue of P, for

erogatic aldehyden 18 + 1.0241 end that for sliphetic
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nldchyde 18 «1.2, The difforence betvoen the rcecction
conotants for the two types of aldehydes is epproyxinately
the roaction comnstent for the hydration equilidrium for

the arocatic aldehydes, $hus, AL tho aropatio aldehydes are
nsouned to rcact in the hydrated forn, the £ value for

the resotion would be about »1;eorreﬁgonéing to Zhe value
obtained in the oxiiation of aliphoatic aldehydeaAalechola.
The assunption that the renction involves the hydrete of

the aldchyde is in agrecment with the result obteined by
varying the water content of the acetic meld - water

pniztures.

The pein problem in the oxidation of sldehydes
by chromic ncid is to deternine vhether 1t 15 a oOne
electiron or a two clectron process. Uestheiner uged
induced oxidation as a dipgnostic tool to solve the
prodlen. Uiberp cnﬁ/ﬁiaaarﬁoango reported a very interest-
ing nonekinetic exnmple to deternine whether Cr(lV) or
Cr(V) was the nctive internodiates. They observed that
triphenylacetaldehyde was oxidiged by ehromic acid to
give approxinatoly one third tri-henylacetic acid and two
thirds triphenyloarbinol and carbon ponoxide., Tiue ester
vechenian might be expected to give edther triphenylacetic

acid or triphenylcarbinol and formic snocid.
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0 O3
1} )
- +
(06H5)3 Colasll « ﬂet04 + H ‘~—4>'(ﬂ6ﬂ5)3 Ga? - QCrﬁaﬂ
H
?H ' OR
|
(0655)3 0~ﬁ~0~0rﬂsﬂ uuud) (cﬁﬂﬂ}s Cal =« Cr(Iv)
H
Gr )
n ;
e i
(3635)3 C - ? -0 -Ct0$3 ‘~*ﬁ> (Céﬁﬁ)a € ¢ HaeC« 01 +00{1IV7)
H

flydride or hydrogen aton abetraction, however, night leed

to trivhenylearbinol snd carbon nonoxide.

4] _ 0

! v 'L+ 111
(caas)s CwCml ¢ lr > (QEKS)3 C~CasCr

0

iy -
(Caligly € = €7 > (CRg)g C 4 CO

(Cilghy & + 0 ——> (Cgllg)y COR o H*

Or 0 o
1 v ", v
(Cgllg)g € = € = H ¢ Cr' === (Cgll), € = C's Crf
0

i .
(Cgllgly € = O =3 (Cgllg)y € + €O
0
e i
CaNC e 5,000 CH e Cw O = Cr = O
(6”533 Hp 4"‘"‘""9(65)3 )

——> (Cglig)y CO1 + ce’
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The product ptudy suppests that one third of the reaction
procoeds via the estor nechanisn end two thirds vig either
hydride abatrection or hydrogen aton abelraction cechanian
Thio clearly indicntos that Cr(V) is the moin roacting
opeciod in the oxldetion of cldcohydesy but in pagt tho
renction proceeds with Ur{1V]),

The oxidntion of Lotonus by chrorie neid vao firat
studied by Petit®l, ile found that the oxidation rate
inereascd with inereacing ohedan length from agetono to
heptrl nothyl hkotono, and tho reaction took plnce throursh

-
raY® gprricé out

on enolliontion neohonion. Uceds ond Tar
the oxidation of eyclohexenono in preocnee of (L1, 8230&
and 3&10& cnd curpested a nechenien wvhich involved the
cnolizoticon of oyclohorzanone, addition of ¢wo tolecules
of 2090;. the fispion of tho double bond and oxidntion to
cdipic ecid of the resultiny pldchyde. Idttler rrd

53 otuiied the zincties of oxidation of cyclohexsnons

“aters
by three ¢lcetron, two elootron and one elegtron oxidonts
and conoluded that two ele~tron oxidant attachked the enol
form while ono electron oxidant nttacked the keto foro of
the substrate. Sut tho atteck of chranie acid (3 olcotron
oxidant) on the cyclohcxonone remainet undecided, The rate
controllin; step could bho the atileck of chromic ceid on the

fouble bond of enol forn or 1t could be the deeonposition
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of the chromic neid ester of the erol form. EBut es the
rote of oxidation of cyclohowanonc wees slowver than 1te
rate of enolization nt the cane ncidity it could not be
concluded whother the keto or enol forn was sttocked. It
merely indicatod that tho trancition etate of the rate
daternining proceps involved o ketone wolocule ond a

echronic neid nolecule.

TViborg and Gatake54 purpented tho poosidbility of

the free radiesl nceheniom for the oxidation of deoxyboncoin
by chromic secid on the bapis of their observation that 87
bidesyl wae obleined slons with the expected beneil.

%ocok ™ algo visunlized tho forration of some froe redicals

in tho oxidation of cyclohexgnones

The orxidation of oryl alkanco is particulnrly
ugeful fron synthetic point of view bovause of the forcoe
tion of aryl carboxylic oclde gnd aromatic aldenydes, 1t
ie pleso helpful in detegmlninr the orientation of nlkyl
grouns attoched to the eronatic nucleus, Wenseneﬁa io
resintrnt to oxideption but aromatie polyecyelic and hetero-

57-59 4re ensily orxidiced %o quinones.

eyeclic hydrocarbons
The ordor of the reactivity of these comnounds depends
upon their clectron availebility and is wholly conoiostent

+
with the attack by a cation fCrl,. “lectron donating
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rroups hove been found to aspiet the ring destruction,

The nlkyl grous of en nlkyl bensone, rojordlese
of ito lenpgth, 1o finclly oxidized to cardbozyl group with
the forontion of nn sronctie caorboxylic acid. Thus,
toluone pives bengolc scid and n & pexylenes rive the
corrcoponding diearbexylie ncias®l, Tith longor chaino
the initinl attack iz et tho A~pooition to the sronntie
ring. %hus, fron the producto obtained in the oxidation,
the nature of tho altyl groups attached 20 the ring can
be determined. Polynuclepr hydrocarbons are oxidiczod in

62 obtained hencophonone in good

the snte monner. Vaterg
yielde from the chroric peid oxidation of diphenylrothnne.
The onddntion of snthraccnc ond fluorone and their nitro-
horologuos wan studied by Cpnta and nkinot063 who found
thot eloctron withdrawins proupe (nitro) retarded the
reanction. It was noted that triaryl sudstituted nethones
fave the corresponding tortiasry aleohols which under
virorous conditionc led to the breakdomn of ono aryl group

with the forzotion of éicryl kotones.

Brandenberger and conwarxersa‘ reported that rinp
oxidation waas conpetitive with the side chain oxidetion
in thec chromio acid oxivation of alkyl benzones under
Fuhn-Foth condition: and that the ezount of ring oxidne

tion increased with increasing scid concentration. In
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order to suppress the attack on tho aronstic nuclevs and
to effect the oxidantion of nide chnin only, the uve of
potassiun dichrongte in water nt elevated tonpercture waes
noteworthy. I'riednsn ot al?ﬁ uased this reagent to obtgin
s nunber of oronatic nono and nolyearboxylic colide fron

nlkyl anino oxidation.

She firot cdotailed otudy of the owidation of aryl
alicnoo with chromie geid woo reported by Slack mnd tneereﬁa.
Ihrey ptudied the ovidotion of diphenylpethone ond teishenyle
nethene in rleecisl acotic peid. 1t wao oboerved that the
order of the renction with Pespeet to chroriun trioxide
in tho oxidgtion of diphonylnothone and triphonylpethenco
was -tiro and onc reapectively, while the order with respoct
to hydrocarhons vae one in both the enten. “hoy egloo
reported that chrociun cectochrorate érbxlxx(ﬁcrﬁé)(0303ﬁ3)9;7
formed in the reoaction retarded the rnate. In tho oxidation
of toluencs and ring subaotitnted toluenosaﬁ, thg order with
respect to the subetrato ves onc but two with roopect to
chroniun trioxidc. Later on, these studies rerc extonded
to nonvhthalene snd fluoesnen. The oboerved raton satige
fief thce previocus rate conation. It tas, therefore,
con~luded thot the asme rechnnisn was opereting: in these
oridations, i.e. the ptinck of two r0lecules of chrosdum

iriozide on onc rolecule of the subsirete.
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atudied the oxidation of diphenylnothane
sné. other compounds in 987 acetic ecoid using mincrnl acid
oo, catalyot. Product snplysis showed tho prescnep of

Ph?CHP and ?ngca. fhe propoved rate eguation was

v ek [Ph,CH, 7700, 7 by
&7

whors ho 1o the Uarmett neidity funotion™ + The value of
the kinetic isotape effeot (¥/ky) wao found to bo 6.4 at
30°C end 1t was noted that the clectron relcasins Frouno
facilitated the rccotion rodeorately. On the bnsic of
these data 1t wae conoluded that the inditiel otep was the
pbetraction of hydroren aton with the forration of ?agc:'
redical vhich wes further oxidiged to Ph 00 [a.

Chrozdc acld coxidation of alkaenes leads t0 carbone
carbon bond fiasion ot the clefinic link with the formation



21

of a variety of products. The rcaction 15 employed in
Tarbier-"ielend dcgradation gnd in the oxidation of tetrae-
phenylothylenes. ?etraphenylethyleneaseﬁ7c vith szallor
snounts of chromie acid give the corresponding opoxldes

vhile benzophenone is obtained with larger ancunts,

¢ ¢ o.R 0 o
66 _ %5 crog UL NN &
P Gt Q - P C e N
400
Collg Collg Cellg Cyllg
o

°r0s o_R g X

——-—-———> " - - c
BOAC 675 &'s

The study of oxidation of rany oteroidal double
bonds cupgeste thet the inltial compounds formed in the
renetion with chronic seid (vhatever its otructure)
deconnose 0 rive the epoxide ond the ketol in the tveo
scparate reactlons; and ot lecest port of ketol is forned
directly nnd not vian the opoxide. Barbler—ielend depra-
éation71’?a 18 of great irnortance in the degredation
end modification of steroids. o1
ECWR COR 633 * Céﬂs K~ Op -_4;§>. Rﬂﬁz - é - (OGHB)2 *-§E>

Crld
~ 3
N3H e ::(tzﬁuﬁ)2 -;0559 oo N

*:

The oxidation 0f alkenes by chronlic acid in
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sulphuric ncid is different from that in acetle acld
pediun. The initiasl reanction nay be the sene in the two
caoes but the ultinete products arc different. Iesrronge-
nont is posplble in the forper nolvcutvs. Hickinhottom

and ?oad74'?5

suggested that an epoxlde micht be an inter-
nediate in thooe reactions nnd the fornation of tho
rearronconent products could he accounted for by pasucing

en acid catalyzed pincceole type rearrgnrenents of the
internedinto cpoxide. Turther, Hickinbotton and co-rorkers’ &
gunrested that the ianitinl stop involved an eleetrophilic
addition of ﬁgarq¢ to the double bond forminsg an intere
nediate which nirht deconpose to epoxide by loos of Cr(IV),
or 1t oigsht lcad directly to the rearrangenent products
without involving the epoxide. The hypothesio wao hovevor,
diocarded by Zeise ond 3nenaiﬂ?? who found that in the
onidation of 1l-nethyl fenchene with chronic geid the
rearrangerent product fenchene ras obteined in very little

enount (67).

378 studies that an

it appears from Hickinbottom'
electron peir io donated by the olefin to 0 = Cr hond
producing en internedimto which rnpidly reacts uith water

to yicld the conjlureted aclid of an cepoxide,
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1:2 Diol forrntion ip coertainly a secondery reoamciion as
epoxides can be imolnted in high yields from olefins by
uge of chromium trioxide in ocetic anhydride diluted with
garbon dieulphide. Leiss and Zwanzig?? deternined that
the oxidation of ¢lefing by chromic scid vas of first
order with reaspect to doth olefin and chromic neide They
propozed that csrboniunm ion fovestion provided 2 nmore

gatiafactory exploangtion thaon the cyclic interneadigte.
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The nbove mechonisn orn be eppplied to the oxidation of

eonjurated dienes vhich ensily yield kaﬁo}ﬂ79.

I detolled study of oxidetion of hydrocorbons by
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chrooic neld has been carried out by Rocek and co~workerae o°
They determined the relative rates of oyidation of prirmary,
secondary ond tertinry carbon-hydrogen vonds as 1:110:7000,
It ic seen thet methyl proup is celdon oxidiped. The
oxidation of necondary eardon-hydrogen hond ylelds ketonce
vhich are rapidly oxldi-ed by chroric ncid. The yleld of

the Ietone,thorefore, depenﬁs upon the relative rates of
oxidation of kotone nnd hydrocarbon and upon the sbility

of the worker to check the reaction at the point of maxinum

yield of kclone. 1In aune.casee%?'ss

a reasonable yield of
ketone {3 obtained where 1to eonoclization decones dilfficult.
Tertiary carbon-hydrogen bond is oxidiged to corrssponding
tertinry nlcohol. 3-Dthyle3-pentanol (807 yield) io

obtained from the chronic scid oxidation of S-chylpentagg:87
nocek85 also showed that l=netayleyclohexenol vos o nzjor

intercediate in the oxidation of methyleyclohexnne.

The influence of ptructure on the rate of oxidation
of hydrocarbons ras nlso otudied by Nocek and ca-workera?a“ag
They showed that en increase in the chain length cpused o
euall incrense in the oxidation rate. Sterdc hindrence
was found to effect the recction rate in hirhly branched
chnin hydrocearbons. Phenyl subotitution at the renction

eite augnented the oxidation rate.
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A considorable number of data on the rechaenienm of
oxidntion of glkones by chrooic ncid in aquedﬁa ncetic
acid and ressonably largé kinectic lootone ¢ffect indlicate
thet the rote deternining step 1o the cleavoge of corbone-
hydrogen bond, Tho kinetic rate law hes been ahswnao"as
to be v =k [olkane JLCr0, 7 b, aond the hydride

abntraction nechanism,

1,0
2 ‘
Ry~ C = 1 + 0 & CrOyll, = R,C NOCrO N, ~> 0,008,
hns been postulated, But Tibverr end 1 genthal®? put

forvard arrunents erninet the above nechanion agnd surszected

the poseibvility of hydrogzen gton nbstrscetion-mechanion.
By = 11 4 Hy0r0, =——me> [, HEr0, 7
L 80 B0, 7 w=> 7y = C = 0 = Cr(I7)

Ry = C-0-Cr(1V) ---?—‘-—> 5008 + Ce(17).

In order to explain the rearrancenent in the
oxidation of neohexnne, the forration of orrrnic pcide
in the preecence of ncide fon rmd enorcous reactivity of

the tertinry hydrorenc, noeekgo

surpested thet the solventa
crne treppod-radicnl forred in the initirl otep should be

written an resonance hybrid of the structures

[ogcter’ 7 &> g etV
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The resonguce hybrid oould either decornose to the
cartoniun ion or underso combinmation to iive the Cr{1IV)
soter whioh i3 now generally reparded as the resction
internedinte leeding to aleohol forpation, The carbomiup
ion may be formed by the electron tremnsfer process or by
8 cleavage reaction of Cr{IV) ester with corvon oxyvgoen
hond. % As S3ffiolt to decide between the two possie-
b&litica?

Chromic aeld hat been used in the oxidation of
ctaturated, unoaturated, hydroxy, Loto and other types of
acide to preduse o varioty of oxidation products depondine
upon the reaction conditione and the nnture of substrates.
tlost of the published worlk describes the use of this
oxidont for anclytical purposes in the cleavone of fatty
ncid chain. It has slso beer applied to the disruptive
oxidation of unosaturated acido and to the further oxidation
of portinlly oxidized produsts such gs hydrozy ané keoto
acids. Iowever, little work hao been done on the controlled
and stopviae oxidation of unoaturated fatty ncids vith
chromic acid. The difficultien encountered in tiis hind
of study cre that the lorge nunhor of competitive renctions
trite vloce ond the interncdiste oxidation products are
nore readily oxidiged thrn the starting neterisl. The

najor reagction of saturated fatty sclde iec an oxidative
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derradation. The oxidation taltes place initinlly at
X=gorbon aton. Thie 16 ovidenced by the larpe emount
of shorter chain pcide which have beenn found amonp the

oxidation products,

-

91 studied the ovidation of oxalic acid

Snethlage
by chropdc pcid in concentrated culphurie ncid pediun.
He oboerved that the order of the reaction with recpect
t0 chropic meid voried between 1 - 1.5 while that of
oznlic acid between 12, [azirun rate wos found st 703
aulphuric acid concentration. Laoter on, Aznoree ond
Hagaga found that only 5075 of oxnlice acid wno oxidiged
in all oracs. Somo chromic ceid remained unchonrcd vhen
the reaction stopped even st the bdoilins point. Thay
postulated that a heat otable conplcx‘Lfbr(cgoa)(32054;7’
wns formed as aen intermedinte whioh was converted to
Zrbr{620¢)3(820)2_7r. A gseries of dicarboxylic acids

ware studied by Roecek and ?aresgs

who eslculated the
retardetion factor of enrboxyl group., The oxidastion rate
conrtant per methylene group hes been detercined to be
5.2 x 1072 mole~t sec™! which sgrees well with the value
5.73 x 10”2 1-nole”! cec™! establiched in the series of

n=paraffinc,

A detsiled otudy of the oxidation of formic acld
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in sulphuric cold mediun has been carried out dy scgversl
investigatorso -9, ae resction is found to be epproxi-
nately Tirst order with rospect to formic acid mnd Cx{(VI).
But it depends upon the square of the scid concentration
at low ecidity, and follows hn' the Harmett acldity
function at higher concentrations. ﬁaterﬂga deterrined
the lcotope cffect ( Xo,/lig = 7.2) and solvent isotope

ef feot (kneo/kﬂzo = 5.7) which indicated that the rcoction
involved tnme protons in the rote detercining oteps On

the Dnois of above results two mechenioms wero proposcd.

~

§ | 0 9
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(B) zs&-cwo-crosu —> 1l + co, + O
restheiner’? pointed out that the chromic seid

oxidation of hydrory socids was extremaly complex on

sccount of the wide differences in reaoction products.
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Por exarple lsotic acid vas oxidized not at the hydroxyl

but at the carboxyl grnuploo.

5CTI0R COGiH ——3> 3CH,CH0 + 300, + 20¢! 1T

+
BH + ZHCrO, + 3CH
' +8H20

L)

The above recaotion does not involve an oxidation of
laetic acid to pyruvic acid es en 1nteme&1mej§a§mvie
acid, under the exverinental conditions in question,
undergoes further oxidatinniﬂi nuch nore raopidly than

it undergoes decarboxylationiag. Batore end Shyan Harain

103
eloo studied the oxldation of lontic, nelic end nendelie
neids by chronic acid in porehloric acid cediun. Shoy

gurgented thet tho meechanlon

0

N + *

e Crogfy ——> R C0 + B,Cr0, + 150%,
oo

propoced by Ervart and Fran013104 for the oxidation of
cyclic secondrry slcochols was ploo appliceble to this

resction,

¥Yrom the above roview of the litorature regerding
the oxidntion of orgenie corpounds by chromic poid, it
way be concluded that althourh large anount of work has
been done on the use of this oxident but only scent

referencens pre svailliable on the oxidation of satureted
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105-107 which are reported

fatty ncids, The few reforences
are only of gualitative nature and no systenatic workt has
been done on the Rinotiocs end mechandan of oxidation of
saturated fatty aclids by chrormie acid. 5She vork described
in thio theois has boon carried out with a vicw to study
the kinetics under varioug oxporirmental conditions rmd

to throw 1isht on tho nocheniom of oxidation of fatty

aclido.
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KINETICS OF OXIDATION OF TIORMAL CHAIR FATTY ACIIS
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INTROLUCTION

Saturpted fatty ccids are quite resistent to
chemical oxidation. They are oxidized only by those

107,108 reported

oxidents which attack paraffins. Dnirin
8 serics of pioncerin-~ stulies of oxidation of fatty
acids by a mild orxldigine agent, hydroren peroxide.
Later on, he repeated experinents with a vievw to
detercine the nature of ketoniec oxidation productslﬂg.

Ile shored that there wns a close reserblance between

the oxidative processces in orpaniome gnd the oxidation
ronctions affected by hydropgen peroxide. It wos shorn
thot emch ecid fron bdbutyric to stearic ylelded a nethyle
~lietone (R.CO.CHS). havin~ one carbon atom less than

the perent acid. The first step presumcd by him was

the formation of o ketonic geid which undervent uecearboxy-

lagtion gecordins to the followinr schene,

R Ci1,Cily COCH =—=> 1 €O Cil, COCH ~—=> 1 COCil; + COp

110 carricd out the oxidation

Chutterbuck gnd Naover
of ernronium eclts of hi~her fetty acids by hysdroren

peroxide gnd arrived at the samne conclusion that the
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firgt stop in the oxidation of srturated fatty acids
woo the production of g sories of keto rather then the

hydaroxy acids.

Allen and Uitaemann111 found that certain buffered
oxidation gystems werce useful for the oxidation of
saturgted fatty secids by hydrogen peroxide. They used
three differont catalytic systeme (ﬂaZHPO4 - 3202 systen,
My - Hy0, system and (TH,), HPO, - 0,0, systen), and
obtained carbon dioxide as the mpjor product (50-800).
Acetic peid end acetone wvere gslso obteined in sipnificant
yields. The puthors intcrpreted the catalytic effcet of
the buffers ns the intensificrtion of the fceble oxidi-
ging pover of hydrogen peroxide by these subntances. It
wan assumed that they nronmoted the reduction of hyirogen
peroxide by sunplying hydrogen from the orgenic ceid
used. The finol oxidation of thce substratc to cerbon
dioxide vac o sccondary reaction dependin- on the addi-
tion of water and was not due prinarily to the pcroxide

itoolf,

The scid cotelyeeld forrcation of peracids from
aliphatic acids and hydroren ncroxide has been studied
kinetically by Ogets gnd Sawakillz. They obperved thet
the rate of perscid fornation together with equilidbrium
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conptents incressoed with increrasins concentrations of
sulphuric acid and wos correlated with the acidity of

modiun,

Sone further work on tho oxidation of cerboxylic
acids by hylrogen peroxide is reported in the literature.

113 studied the oxidation of propionic, nornsl

Hatcher
and isobutyric acids and surgested that they reacted in
the noleculpr forn, givin~ peracido as intermotiates,

After the formnation of peracids, hydroxylestion occurrecd

at the ~=carbon atom and keto acids vere fornmed.

114 pade 6 kinetic study of reections of

Berezin
hydrogen peroxide with carboxylic acids. It was shown
that the decomposition of hydrosen peroxide in presence
of propionic acid vas & first order reaction with the
rate constant equsl to that of the decomposition of
acueous hydrogen poroxide. They also observed that the
evolution of corbon diorxide ras a first order reaction.
The amount of carbon dioxide formed at 110-150°C was
a linear function of the derrece of hydrogen peroxide

deconposition. Tae results were interpreted by on ione-

rodical mechaniscn.

Osr.iunm tctroxiéclls is a remariznble contelyst for

the oxidation processcs beesuse of 1ts atability in geid,
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bnsic and neutral media. 3202 - 08 04 system oxidizes
acetic and propionic aecids to carbon dioxide quontita-
tively. TFoster and Pyneile found a relation between the
oxidiging metion nnd catplytic ﬂecéﬁposition of concen-
trated hydrorcen peroxide By osnium tetroxide. “helir
pmethod rwade poosidble the simmltaneous determinrtion of
Athe extent of oxidation, (indicated by the amount of
carbon dioxide forned) and the extent of decomposition
of peroxide (indicated by the evolution of oxyren).
P-oxidation of propionic acid by hydrogen pcroxide has

been reported on the baesis of nroduct etudyilv.

Other oxidants have also been used for the
oxidation of fatty acids. Dinitrov and Nutan118 studied
the oxidntion of fatty nonocarboxylic acids by potassiun
pernanganate in various nedia. Prper chromatorranidc
annlysis of the producto indicated that B-oxidation
occurred in nlkeline and acid nedia vhile both o end
B~oxidations took plece sirultoneously in acutral
solutions. T7he occurrence of,ﬂ—oxidation of fatty
acido by potas iun pernengannto in basic meiium vas

also shorn by Teunhoeffer and Path0119.

neuprel?o obtained pyruvic acid on oxidiging

nronionic acid by seleniuc dioride. TPerioedic ac16121
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wao however, shown to be incapable of oxidizing propionic
acid even at 100%C 1n ¢ sealed tube. The oxidizing action
of quinguevelent vanndium on some oxygennted compounds of
acylic series vas deternined by lorette and Gaudefrqylzg.
At hirh concentration of venadium in 9% sulohuric acid,
acetic, propionic, valeric, palnitic and stearic eccids
vere unattacked at temporatures upto 100°C, but isobutyric

and oleic acids remcted slowly.

faterslas

preacnted the evidence %0 prove that

the oxidation of carboxylic acids by Co(III) took place
by inner sphere mcchaniem. It involved the rapid rever-
5ible formation of a cobaltic complex breoking dovn slowvly
with liveration of free u£lkyl radicels vhich undervent
further reaction. The folloving nechenism wns pronosed

for the reaction.
1. R.COH + CO(N,0)5* J—-—-—é& £1.60,C0(1,0)5 72* + 0%+ HLO.
2. [R.cozt.:o(ugo)_f'-” -—-Ii?-& R+ CO, + Co®* . 5H,0
3. R4 oot ——3> R* 4 Co*
4. R* + H0 —> POl s+ W

Chromic zcid oxidption of cerboxylic acids has

been reported by several authcors, dbut none of thern has



cerried out the syotenatic kinctic investigation of
theoe reactions,., litchacl Polonovsk1124 reported thet &
strony sulfochronic mirxture rapidly oxidized the lower
fatty acids, but with weak cixture no ropction was

found to take place. The30105'1°6 acids are oxidiged

to ncetic acidé which renning unattacked under the experi-
mental conditions. Pet1f51 studicd the oxidiggbility

of a2 number of orpgenic compounds repistent to oxidation,
In the oridation of aliphntic acids he showed thnt oxidi-

zability incrense” with increasing chain lenpth.
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EXPTHRIITHOTAL

F'aterinls.

Sulshuric acids Sulshuric acid A.R. (B.D.il.) wee
diluted with double distilled water.p standardiged with
il sodium hydroxide.

Chronic acids Stoclt solutione of chromic gcid vere
prepared by dissolving weiphed amount of AnalaR (B.D.H)
potassiun dichronate in definite voluoes of double
distilled water. Chrormiun trioxide solutions decomnosed
slowly because of the gli~ht arount of the ncid preosent

and hence vere abandoned in favour of dichronote.

Acetlc acids feotic ecid (V. Terck) was uscd. The
solutions were prepared by dissolving mepsured volunmes

of the acid in conductivity water.

S50diun thiosulphate: Yhiosulphate solutions were rade
up by dissolving the requicite amounts of the solid
rearcnt followcd by standardicetion with potasaiun
@ichromate. The solution was glways freshly prepared

an” its concentration checked before use,
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Sodiun perchlorates Sodium hydrogen sulphate esnd all
other reagents used were either of B.D.H. AnnlaR or E.Ferck.
GeRe quality. The solutions were made up by dissolving
welghed amounts of the reasents in double distilled water.

Orgenic seides: Propiontc gnd butgﬁiﬁ (E. Nerek) wvalertic
(Iight), isobutyric ond isovolorio {Medel) wors used ns
supplied. Phenylacetic seid {Bush) wae used after recryse
tellisation,

Yeasurenents

Bxperiments wore aonducted in oil therroetat held
to within 0.1%C of the indicsted temperaturo. Solutions
of the dosired concentrationo for any partioculsar experi-
ment were nhade up fron stock solutions. The following
sequence was gdopted for cordining the resctonte: water
(to make up the volune 125 ml), sulphuric acid, substrate
and chromic scid. The resction vesscl containing ﬁater.
sulphuric acid and substrate and a flask containing dichrow
mate solution of required concentration werc immersed in the
thermostat for 15«20 minutes to attain the steady temperature,
The oxidption was commenced by adding the dichromate solution
to the resction vesarl. The time of half addition of the
oxidant eolution was taken as the gero tirce of the reaction.
The reaction vessel was vigorouely shaken to ensure the

thorough mizxins of the renctants,
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The progress of the reaction was followed iodo~-
metvieally. 10 nl asliquots of the reaction mixture were
withdrewn at suitable intervels of ti <e usurlly 10 pinutes,
Thio aliquot was then diocharged into 100 ol conical flask
containing 10 nl of boiled and cooled double distilled
water, 10 ml of 5% potaspium iodide and a catalyst for

dichronate-iodide renotiun.'

The flask wes covered with paver and kept in the
dark for 10 minutes. 1%t wee diluted with 20 nml of water
and titrated gith standard sodium thiosulphate solution
using freshly prepared starch aé?;ndicqtor. Zhe thio-
sulphate solution was restandardiged frequently during
the analysis due to the instability of the dilute solu-
tions (0.01ll). Every run was followed till at lecast

507 of the repnction wns corplete.

*# B,D. Sullym6 has renorted that copper is o very
poverful catalyst for the reaction between potassium
dichrorate and notgssiun 1odide. He showel that 1 ml
of /1000 cooper sulnhate liberated 907 of iodide in
4 pinutes and 10 nml of the same solution afforded 90;
of the lodine in 45 scconds without o catalyst this
derree 0f reaction requires 30 minutes.
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The error introduced by air oxidation of iodide
ion under theose experimentsl conditions was negligibdle.
The concentration of dichromate solution 41d not chenge
appreocliably in 5! sulphuric scid at the reaction tempera=-
ture. Hence,no corrcctions due to these factors were
applied. Scveral identical sets were run sinultaneously
in different vesasels to check the reproducibility of
the results. 1t vas observed that readingss were sccurate

to Q. ;:'u

Vatere has reported the uptalre of atmospheric
oxygen during chromic scid oxidations of organic compounds.
In order to atudy the effect of atrnosoheric oxygen, three
identical reaction pmixtures were teken and oxyren, carbon
dioxide and nitroren gnoes were bubbled throurh then.

Rate constants were found to gonroximate to the sene vaelue
in all these cases. The oridation, therefore, was studied

in open vessols,

The concentretions of unrcacted Cr(VI) in roles
ver litrec were calculated from the volume of thiosulphnte
used for cach Ttretion and have boen reported in the
tables. Determinntion of the specific ratc constant (k)
was accormlished by plottinrs log [Crvx] vo. tire which
in each cree yiclded very r~ood strairht lincs, whose

slonos niensured the first order rate constants.
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Identificotion of oxidation products.

Asctic aeid nnd cerbon dioxide were the main
products of ozidation of the fatty acids etudicd. They

were confirned in the following manner.

The orgenic acids, sulphuric acid gnd an excess

of potassium dichromnate were taken in the resction vesscl.

ifter the completion of oxidation (£4 hrs.), the
reaction mixture was transferred to & 200 nl distillation
flask with 2 side arn for the introduction of steam. The
flaskk was heated on a mantle. The temperature of the
diatillation flask and the rate of otean input were
regulated 80 that a reasoneble rate of distilletion wae
obtoined with e constant liquid lovel in the distillation
flask. The efficiency of the method was demonstrated by
distillation of 8 sauple of acetic acid from an aqueous
sulphuric acid - chronmic acid mixture vithout entrainment
of sulphuric acid. All distillates were tested with
bariunm chloride to establish the absence of sulphuric
acid.

The identification of acetic acid was accom»mlished

by the lanthanun iodine test127.
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A drop of thé teat solution was mixed on a spot
plate vith a drop of 57 solution of lanthenun nitrate
end a drop of 0,01N Sodinc solution. A drop of srmonia
(1)) wss added and in few minutes (in the precence of
acetate) a blue ring developed around the drop of armconia,

Benzoic ncid wao obinined in the oxidation of

phenylacetic acid, It wosn detected by ite usual test127.

The lime water test gave positive indication of

carbon dioxide forration,



SRPUDIES TITH PROPIONIC ACID
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Oxder in Chromio neid

2ho rote of oxiintion of proplionic acid by
chronic scld wos determined by following tho progross
of the reooction lodomotricnlly. It wno found thot
firet order cquation with respoct to chromic acid fits
well in the dats. 4 slipht dincreano in the rote conp-
tent wos oboerved vhen chrorie acid concentretion was
-docrenscd. Observations showing the influencce of
chronic neld concontration on the rate conotent are
recorded in the folloving tebleo.



FIG. 1
DEPENDENCE OF RATE CONSTANT ON CHROMIC ACID CONCENTRATION
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2abdle ~ I.

Dependence of rate conpotant on chronic aclid concentration.
vecpa782.1%3 [1,90, J= 5.01% L Propionic neid J= 2,00,

@hroﬁc 7 166.55 x 107%n 83.32 x 10™%n
aag

Hne(oinc.) 10%/TrV37(11) detog/Tes7 103371 GelogTrVi7

0 166.65 £.821 83,32 1.920
30 163,92 2.214 79.43 1.899
60 157,30 2,196 76,35 1,877
90 150,25 2,176 74.12 1.869

120 143,20 2,155 69.50 1.841
150 138,68 2.141 " 68.23 1.833
180 132,62 2.12p 65.94 1.819
210 127.583 2.108 65,05 1.812
240 122,43 2,087 62.76 1.797
nate constent 1.38 x 1073 1.30 2 1073

‘mnv*l)

T4gs 1. Curve 1. Corve 2.



Yable « Ii.
Popendence of rate concisnt on chromic geld ooncentration.

2enp.762,1%; [ 1,80, 7= 5.013 L Propionic ac1da 7= 2.0r%,

['Chboﬁc] 56.55 x 10~%. 41.66 x 10”1
an

fne(nine.) 10%/8eVI/(r) 4420p/Be"S7  10° BV I(1) 4010g/BeV7

0 56455 1.744 41.66 1.619
30 52.01 1.716 36.07 1.557
60 49,32 1.693 34,81 1.541
90 46.87 1.670 35.54 1.625

120 45,25 1.658 30.70 1,487

150 43,00 1.633 30.20 1.480

160 40,75 1.610 28,57 1.455

210 39.74 1.599 26,680 1.428

240 36.40 1,588 23,00 1.361

Rate conotant 1.50 x 105 . 1,52 x 105
(min.~1)

Fire %e Curve 3. Curve 4.



Table - Il1.
Dopendence of rate conotent on chronic acid concentrotion,
Lempa.75%.1%C; L8550, 7= 5,01 [ Propionic acid Je 2.00%

[cmmc,] 53.33 x 10”4 27.77 x 10~
a

2Ane{ ninoc. ) 104@1'@7( 1) ‘5*10&’@1’?5? 194ﬁr7_x_7( 1) 4slog/Bris

0 53.33 1.502 27.77 1.443
30 27,90 1.445 21.75 1,337
0 27,22 1,435 19.95 1.301
90 25,87 1.412 19.43 1.288

120 25,08 1.399 18.86 1,275

150 23,38 1,509 17.96 1.254

180 28,76 1.387 17.17 1,234

210 22.20 1.346 16,32 1.212

240 20.40 1.309 . 15.48 1.189

Sete constant 1.47 z 1070 1,66 x 10°°
(pin.~1)

¥ire 1. Curve H. Curvo 6.
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Order in Provionie aecid

$he order of tecction with roapoet to propionic
aoid was doternined by vorying tho proplonic acid cone
contration, koepine ehronic oeid and svlphuric aeld
coneantrations conatant. Tho rate conotento thue
obtoined at difforcat proplonic acid concentrations
wvore plotted ppeinst nroeplionie peid concomtrption. A
strotght line pansing throush the origin vao obtained
vhioh indicated that the order of tho reaction with
rogpoct to subotrate io unity. Tho plot of roto conotont

¥s conoontration in shorm in fipg. 3.



FIG. 2

DEPENDENCE OF RATE CONSTANT ON PROPIONIC ACID CONCENTRATION
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2able - 1V,

M?&enee o.f rate conatent on the concentration of propionic
ocide.

Temp.752,190; /6,50, J= 5,053 [Er'i7= 33,38 x 107°n,

frmﬁgmej 0,21 0.51
&

Hro{ming,.) 19%5;"’27{13) 4-&19@:?_1] 104@:'1?]( 1) mm@»"};’

0 33433 1,528 3533 1.522
30 324,36 1,616 31.98 1.505
&0 32,00 1,510 31.18 1.494
00 31.98 1.003 29,78 1.474

120 31.40 1,497 £8.84 1,460
150 31.04 1,492 £8.24 1.4586
160 30.62 1.488 268,92 1.430
210 30.20 1.430D £6.18 1.418
240 £0.78 1.474 25.11 1.400
fate constant 0.47 x 1079 1.15 x 1072

(win,~3)

Fige B Curve 1. Curve 2.
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Table « VY,

Dependonce of rate constant on tho conoemtration of
propionic ncid.

Porp 762,190 L Hp80, 7= 5.0 [Br'7a 33,33 x 10700,

vropionte 1,00 1.5
acid

tne(mns.) 104/8eY7(n) 40107 10%/8 VL7 dedog/Tr L7

0 33,33 1.522 33.38 1.522
%0 30,06 1.478 29,86 1.475
GO 27,80 1,444 26,70 1.426
90 26,42 1,422 24,68 1.390

120 24.16 1,383 22,58 1,353
150 23,23 1,367 21.17 1,325
180 21,62 1,538 19.60 1,292
210 20,32 1.308 17.51 1.243
240 18.83 1.275 16,66 1,221
Rate conotant 2,30 z 1072 3.22 z 10™°

(zin.~1)

Fip. 2. Carve 3. Curve 4.



FIRST ORDER DEPENDENCE OF RATE CONSTANT ON
ACID CONCENTRATION
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7able - VI,

Dependence of rate constent on the concentrntion of
Propionic oacid.

7e0pa752.1%C) [1,50, T 6,01 [Or' /= 33,53 x 1070

[ Propionic / 2,00 2,50
aeid

Tne(rine.) 10%/ErTi(0) sedog/Tr'i7 103/BeV37(r) 4edon/Te'Ls

0 33.33 1,522 33.33 1,522
30 29,62 1,474 28.53 1.465
60 25,41 1,405 24,96 1,597
90 22,30 1.331 18.78 1.273

120 10.67 1,293 17,22 1.236
160 17.77 1.250 16.65 1.221
180 15,88 1.201 14.54 1.162
210 14.34 1,156 12.96 1.112
240 13,14 1.118 11.68 1,067
Rote conatant 4,37 x 10~3 5.37 x 1077

(L’dn.'l)

I"i{;. Lo Curve B. Curve 6.
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Oydropgen ion concentration variation

The influence of hydrogen ion on the rate constant
wos deternined at constent chromic and propionice seid
concentration. Suiphuric acégwgggcentration wae varied
meintaining the ionic strengtndby using sodium hydrogen
sulphate. It was obscrved that the quotlients obtained by
dividing pseudo first order rate constants by corresponding
hydrogen fon concentration wvary fron run to run. However,
when the first order rate constants were divided by square
of hydrogen lon concentration, the values so obtained were
repsonably constant, showing second order dependence on

acidity. The data are presented in the following tables.



FIG. &
EFFECT OF ACIDITY ON RATE CONSTANT
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2able -~ 7VII.
y.éiéity depondonee of the oxldation rate.

Tenp.782.1°C) 1,80, 7 + L Naliso, 7= 8.0
/[ Propionie aeid_Ja 2,073 [Or'if= 33,33 x 10~%n,

Lus80, 7 3613 4,0

Tine(ming.) 104[5':1’57(&) m»log@xgi? m‘;&"ﬁ;’( ) 4+10g@rv§7

0 33,33 1.528 33,33 1,508
30 £0.43 1.468 29.51 1.481
60 27,24 1.435 27.60 1.441
90 26.35 1.420 26,28 1,419

120 25,66 14409 24,96 1,597
160 25,18 1.401 23,78 1.376
180 23,40 1.369 25,05 1.362
210 21.50 1,340 £1.58 1.354
240 21,42 1.330 20.11 1.303
270 20.80 1,318 18.96 2,278
ate constant 1,66 x 10™3 1,98 x 10~

{min,~1)

Fire 4. Curve 1. Curve 2.
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“adl e - VIII.
Aoidity dependence of the oxidotion rate.

2enpa763,1%C) 0,50, 7+ LHon180, T = 6,07
[Provionic ac1d Je 2.08; fBr' /e 33.33 x 10™%,

Lus0, 7 4,50 6.0

2ine(mne.) 10%/BrVi7(1) 4adop/Br™7 103/TeV N1 derog/Br'7

o 33.33 “1.522 33,33 1.502
30 29.14 1,464 28.25 1.451
60 26,70 1.426 25.18 1.401
90 24.82 1,394 22,90 1.360

120 23,56 1.372 £20.44 1.310
150 22,24 1,347 18.70 1.271
180 20.85 1,519 17.23 1,236
210 - 19.10 1,281 16.22 1.210
240 17.84 1.251 15.63 1.194
270 ' 16,60 1.220 18.23 1.182
300 - - - -

Nate constant  2.56 x 1070 3.65 x 1073

(man.~)

Fire 4e Curve 3. Curve 4.
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Table ~ 1IX,
Acidity dependonce of tho oxldation rate.

Rempe782.1%0; LH,p50, 7 ¢ LYens0, 7 = 6,00
[Propionic ncid_fe2.0r3 [Br'ifs 33.33 x 1079,

L1580, 5.50
FUnre(rine.) 104‘[&':-@7(%&) 441%46:"57

0 33,33 1,522
30 27.18 1.434
60 22,90 1.360
90 20.50 1.310
120 16.14 1.258
150 16,42 1.215
180 14.70 1.167
210 11.45 1,060
240 9.17 0.962
270 8.28 0.918
300 - -
“ate constant 4.61 x 3073

(min-"l)

Fir. 4. Curve 5.



Zadle ~ K.

Acidity dependence of the vxidation rote.

Terp. 762,19 L1,50, 7 + [Vailse, 7 = 6,00
[Proptonic po1d 7= 2.0t [Br 7= $3.33 x 10~4n,

Lhgs0, 7 B.00

fine(rine.) 10%/BrVi7(1) 44do/lr'os

0 33.33 1.522
20 28,00 1.447
40 24,20 1.383
80 £0.93 1.320
80 18,67 1.267

100 17.00 1,230

120 16,13 1,207

140 14,26 1.154

160 12,06 1,081

180 11.20 1.049

Rate constent 5,37 x 1075
(mdn,~ 1)

mf’. 4. Curve 6.



2adble - XX,

Effeot of acidity on the rate conatant.

L7 a7 xx10® x40 .
) (::n.“'") [hj?’xw n—-l?x:o

(4m o) (1%,m01 6" Fmin. ")
3.8 12,28 1,86 4,74 1,38
4.0 38.00 1,98 4,90 1,24
4.8 20,28 2.68 5.80 1,28
8.0 25,00 3.68 7.30 1,48
5.5 30.25 4,61 8,%8 1.82

6.0 36,0 b.37 B.U9 1.49

N e
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Toupornturg Gagggaaﬁhg

The wvariation of reaction rate with tecperature
weo utilized to obtaln the energy of petivation ond other
thermodynardc parametors. The repeotion under consideration
woes therofore,otudied ot five different temveratures et
conntant concentrations of the resctento. 5She plot of
log E Ve *%w cave a stroight line from the slope of which
the enorpgy of activation wno caloulanted and found to de
17.0 Kepl. %he heat of amotivetion { A ﬁ*) ond entropy
of activation ( & S¥) woro ealculated by mehing use of

the folloving cquationo.

—AF*
ke _%2, e /RT { Pyrine Pquation)

Aﬂq‘:a E - RT
+
As¥ o ARTF o AFF

Chere the sychols have theirp usual peaninge The values are
Ap¥Fa 16,3 Teal

AGTFw =30.8. eu.



FIG. 5
TEMPERATURE DEPENDENCE OF THE RATE CONSTANT
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Table - X1
Tespersture dopendence of the renction rate.
1,80, T= 5.085 [Propionte acid J= 2,28 [Or' /= 33,53 x 1074,

Tomperature 343% 348°%

tine(nine.) 10498rE7(1) dadog/Te' S 10%/8e 371 aslog/Br'T

0 33.33 1.522 33,53 1.522
20 30.20 1,480 30.06 1.478
40 28437 1.453 26.80 1,428
60 £6.66 1.426 23,70 1,375
80 £4.94 1,307 21.68 1,338
100 23,78 1.375 19.06 1,280
120 22,50 1.362 17.70 1.2¢8

160 20.04 1,302 16. 60 1,220

180 18.75 1.273 15,03 1,188

210 17.30 1.238 15.20 1.148

Bate conotent 3.10 x 1077 4,62 x 1073
(min."3)

5ice Be Curve 1. Curve 2,
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Tadble -~ XIlI,

Tenperature dependence of the reaction rete.
L 1y50, 7= 5,01 LProptonte eetd Jw 2,21 [Or'if= 33.33 x 1074,

fonperature 353%K 358%

fine{oins, ) m“@:”?{ 1) 44dopfBri7  10%/Br (1) 44log/BreT

0 33,33 1.528 83,33 1,522
10 £29.78 1.474 29.37 1,468
20 £27.92 1,446 26,92 1,430
%0 £5.82 1,412 24,10 1,382
. 23.67 1,378 £2.18 1,346
50 21,92 1.341 £20.80 1,318
60 20,55 1.313 19,10 1,281
80 18, 32 1.263 16,82 1,226
100 16,82 1,218 14,30 1.158
120 14.96 1,175 12.82 1.108

Rate conatant 6.70 3 10~° 9.23 x 10™°

(min,~1)

Fige 5. Curve 3. Carve 4.
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fable « XIV.

Reaporature dapendense of the reaction rate.
L1850, 7= 5.0 [ Proplonte o018 Ju 2,205 [Or' 7= 33.35 x 107%n.

Temporature 363%

Pive(nine.)  10%/ErV(1) 4eloc/BrVT o

o 33.33 1,822
10 26.84 1,460
20 25,40 1,408
30 22,70 1.356
40 20,74 1.317
50 19.10 1.281
€0 17.57 1.240
70 14,90 1.173
80 13.18 1.120
90 12,13 1,084

100 10.86 1.038

Rate congtant 11.98 x 1077
(min.~Y)

™g. Be Curve Do
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Influence of ionie otrength

The effecet of donic strength on the rate

constant ves erxoningd by pdéing varying awsounto of
sodiun perchlorate. %The othor fuctors such as the
concentrations of the rosctents ond tenperature were
kept identicel. A plot of /uif' 2 ¥s. log K does not

give any simificant informoation betnuce the ioanile
otrengthe are not in tho rengo in which Debyo=Huckel
thaéry 1o applicable, The results showing the influence
of fonle strength on tho rote constant aro teblod below.



FIG. 7
DEPENDENCE OF RATE CONSTANT ON IONIC STRENGTH
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2onable -~ XV,

T¥feet of ionic otrensth on tho rate conotant.
2orp.802, 1%¢; LH,50, 7= 4.6 [Propionic acid Je 2,000
e 7= 33.33 x 1w0™%n,

£ hecr0, 7 mi1 . 0.5M
ionie .50 5,00
strenrth

Are(rina,) 10‘3‘[(?19‘{}7( ) Mlop@rvf] 108/ V27(12) 4-.195489’57

0 41,66 1.619 41,66 1.619
S0 33.56 1.886 38.30 1.583
&0 37,08 1.569 37.35 1.572
80 36.86 1.564 37.10 1.569

120 34.80 1.541 35.88 1.554

160 33. 66 1.587 34.85 1.542

180 32,86 1.516 34.46 1.524

210 32,03 1.506 32.68 1.614

240 31.62 1.500 31.31 1.495

Tate constent 0.96 x 10°° 1.00 x 10~
{min.~1)

Fiﬂs 7. Curve 1. Curve 2.



Table = Xvi,

Iffect of i1onic stremgth om tho rote conetont.

Torp.802,1°C; LH,00, = .51% [Propiontc ecid J= 2,04
[Fr'3 7 s1.66 = 1074,

L hec10,.7 1,0n 1.81
_ "i onic 5.8 6.08
atrength

Time(nine.) 10%/8rTI7(1) 44lonBra7  10%/8:YI7() avlon/BeVY7

0 41.66 1.619 41.66 1.619
30 29,24 1.508 39.93 1.601
60 38,38 1.584 37.37 1.572
90 37.18 1,570 36.00 1,567

120 36.57 1.563 34.25 1.534

150 35.79 1.553 33.83 1.529

180 34,76 1.541 32,35 1.510

210 32.51 1.512 31.04 3.491

240 30.81 1.439 29.30 1.467

Rate constant 1,10 x 10~° 1.42 x 1073
(min.~ 1)

840s T Curve 3. Curve 4.
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Effect of ionic stron~th on the rete constent,

VIl

64

Fenp. 802, 1% [hzsﬂdn ~.8t /[ Propionic scid J=g.00;

7 = a1.06 x 10790,

LYecro, 7

_ fonic
etrength

?ine(nine.) 10%/8rV170:) ¢elog/Tr L7

0 41466 1.619
30 39.08 1.592
60 37.41 1.573
90 35.07 1.546

120 31.98 1.505
150 51.11 1.493
180 28,24 1.451
210 28,73 1.427
240 26,46 1.406
Rate conotant 1.59 x 10™3

(min." 1)

Fire 76 Curve S.



Effect of Acetie peid

Rate conotents with reference to chronic secid
wero determined for the resction in ebsonce and in
the presence of various anvunts of acetic geids It
vas found that the rato constants incroassed with the
increasing enounts of ecotic peid, Tho data are
prescnted bolowv.



FIG. 8
EFFECT OF ACETIC ACID ON RATE CONSTANT
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adle - XVIII.

Infivence of aocetis soid on the reate of oxidmtion.
erp.80%,1°; [ 0,80, 7= 5,013 [ Propionic acid 7= 2.0
376 26,68 x 10790,

L roetic /S NIL 0.21
acid

Pno(oins.) 10%Tr"37(11) aslog/Br"E7 1048V (1) Gel0a/Bra7

0 26.66 1.425 26466 1,425
20 23,92 1,578 24,14 1.382
40 £20.17 1.304 18.48 1.266
60 16.31 1.212 16.24 1,210
80 14.18 1,151 13.00 1.114
100 11.15 1,047 10,04 1,011
120 9.21 0.964 8.63  0.936
140 8.18 0.912 6,75  0.829
160 7.60 0,681 5.30  0.724
160 - - 3.80  0.579
Nate conotant 7.98 x 100 11.50 x 1075

(rin."1)

Tir. B. Curve 1. Curve 2.
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Table - XX,

Influence of aecetic geld on the rate of oxidetion.

Teup. 602, 1904 L1580, 7= 8,01 [Propionic actd Je 2,007
"7 = 26.66 x 1074,

Acetio ] 0.51 1,011
- aedd

Tine(nins.) 10%/FeV37(1) esdog/Br"s7 10%/CrV 2701 Gelop/BeVS7

Q 26,66 1.428 2E.68 1.425
20 23.70 1.374 £23.63 1.373
40 19,20 1.283 17.57  1.244
6 14.7¢ 1,163 13.25  1.122
80 12,36 1.092 10.13 1.0086
100 9.56 0.0880 7.69 0.886
120 8.34 0.921 5.80 0.763
140 7.18 0,866 6.00 0,699
160 .36 0.729 3.62 0.559
180 316 0.500 - -
Tate conotant 11.50 x 1073 14,04 x 10™3

(ran.”3)

Tir. 8. Curve 3. ‘ Curve 4.
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Table - XX

Influence of acetic neld on the rate of oxidption,

Perp.802.1%C; [0,50, 7= 5.0 [ Propionic neid Ja 2,003
[Br"17 = 26,66 x 10™%n,

L Acetio ] 1,50 2,01
acid

Moe({mines. ) iﬂééﬁbgi7tﬁ) 49on/Br'L7  10%/8 V17 (1) delog/Br'L7

0 26.66 1,425 26.66 1.425
20 22,62 1,356 19.00 1.278
40 19.90 14199 15.21 1.182
€0 12,52 0.97¢ 9.95 0.998
80 8.70  0.939 5.23 0.718

100 8.7 0.790 3.85 0.585

120 5.04 0.702 2.71 0,433

140 .90 0.590 2.40 0380

160 3.30 0.518 1.37 0.198

180 - - - -

Bate constant 14,73 x 10°° 17.04 x 10™7
{oin.~1)

Fir. B Curve H. Curve 6.
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Ordor in Chromic ncid

Tho rote of disopponrance of Cr{Vi) vas o first
order repetion in the presence of butyric pcid. Rowever,
ps the concentration of Cr(VI) vwas deersaced, the ragni-
tude of first order roto constnnts incroeased, but not
to en extent such thnt g hirhoer order ternm in ZE%?&?
nay be defined. The dato representing the varintion
in rote constanto with verying concentrationo of (?é?b"
are chown in the followins tobles.



FIG.9
DEPENDENCE OF RATE CONSTANT ON CHROMIC ACID CONCENTRATION
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Tabvle - XX1.
Dependonce of rate congtant on chironie acid concentration.
2erp.802,1%0; [H,80, 7= 5.013 [Butyric oetd J= 0.50

[onromie 7 83,33 x 1079 56,55 x 10~

Pdmolnins.) 10%/FeVI7(1) anonlCe"s7 1028 e /1) d1on/TrST

0 83.33 1.920 55,65 1,744
20 71.04 1.850 47.86 1.630
40 81.77 1.790 41.69 1.620
60 53.02 1,724 36.02 1,556
80 47.18 1,673 34.26 1,534

100 42,36 1.627 30.98 1.491

120 36440 1.561 27.33 1.436

140 31,71 1.601 22,17 1.345

160 26,26 1,419 17.38 1,240

180 22,08 1,343 - -

Rrto constent 6.90 x 10~3 6.50 z 10~3

(pin.™Y)

Fire 9s Curve 1. Curve 2,
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Tabdle = XXII.

Dopendcnce 0f rato conotant on ahromic acid concentration,
2e0p.802,1%C; [H,30, 7= 5.0 [Butyric acid Ja 0.5

[cnmgw 7 41.66 x 10”7 33.33 = 10™%
ocd

Sine(mins.) 10%/Fr /(1) 4+4don/Oe'o7 10%/8: V27 ) avlop/Fr'37

0 41.66 1.619 33.33 1.522
20 34,11 1.833 27.23 1.436
40 28.92 1.461 22,75 14357
€0 £5.39 1.404 19.32 1.286
60 22,38 1,340 16.98 1.230

100 20.45 1,310 14.26 1.104
120 17.86 1,252 12.01 1.079
140 15.27 1.184 10,00 1.000
160 13.42 1,128 8.373 0.922
180 - - - -

Rate constant 7.60 x 107 7.83 x 10°

(min.‘l)

I17. 9 Curve 3, Curve 4,
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Teble ~ XEIII.

spendence 0f rate constant on chromic acid concentration.
Toup.802.1%Cs [Hy00, 7= 64073 [ Butyric nc1d ] = 0.5

[’crmggie 7 27.77 x 10™%n £3.80 x 10”41
ac

Pime(mine) 10%/8r¥i7(1) 441opfBei7  10¥EeV37(1) dalopBr'7

0 27.97 1,443 £3.80 1.37¢
20 20,79 1.317 16.80 1.286
40 16,80 1.217 13,60 1.133
€0 13,18 1.180 10.97 1.040
BO 11.89 1.078 9.04 0.956

100 9.51 0.978 8,20 0.913
120 8.27 0.917 6.70 0.820
140 7.49 0.375 5.61 0.749
160 6. 67 0.824 4.358 0.642
. 180 - - - -
Kote constent 8.23 x 10”9 8.75 x 10>

(Mn,.“l)

I?ig; 2. Curve S. Curve 6.
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2able - X¥Xiv,
Tependonce of rate conntont on chronic acid concentration.
Penp,802,1%¢; L 8,50, = 5,003 [Butyric acid 7 = 04511

[‘cnmgmj 20.83 x 10™%n 18.51 x 10™%
acl

fine(ninc.) 10%/CrVi7(1) aalop/Brs7  10*/Er27(1) 44dop/Br'S7

0 20.83 1,318 18.51 1,267
10 18.50 1.267 14. 10 1,149
20 16.53 1.218 12,06 1.081
30 16.83 1.171 10,95 1.029
40 13,40 1,187 10,10 1,004
50 12,08 1,080 9.27 0.967
60 11.02 1,041 8.48 0.928
70 10.24 1.010 7.87 0,895
80 9.56 0.971 7.45 0.872
00 8.92 0.950 7,06 0.5¢8
100 8.33 0.920 6.32 0.800
“ate comstant  8.23 x 1070 8,23 x 1070

(uin.'l)

Tige 9 Curve 7.
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Order in Butyric neid

The order of the reaction with reopoct to
butyric ncid wos detercined in the semo foohion no
in the canc of propionic peid. Chromdce scid and
sulphuric scid concentraticns wore lopt constont
and dbutyric scid concontrotion ves veriod stopuwine.
The plot of rete conotent Vo concentration ponve o
stroirht line indicatins first order deopendonee on
butyric acid., The typicel plot io shovm in fifure 1i.



FIG.10
DEPENDENCE OF RATE CONSTANT ON BUTYRIC ACID CONCENTRATION
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Tabdl o - XXV,

Dopendence of rate conotant on the councentration of
butyric aecld.

Porp.802.1%C; LM 50, T 5.0t [Lr'i7 o 33.33 x 1070,

O Butyrt o7  B0.0 x 10~°n 33.0 x 10~2p
ne

PMoe{mno.) 109 cr?f?tﬂ) 4@105(§&YI 10® Grﬁz7tﬁ) dﬁlﬁ&(ﬁbvf7

0 33.33 1.6e2 3333 1.822
20 26.3% 1.40% 27.40 1.437
& 16,80 1.8226 23.86 1,377
90 11.77 1.071 21.11 1,324

120 P18 0.080 18,28 1.262
150 7.78 0.890 16,10 1.806
180 537 0.730 14.33 1.356
210 - - 12,36 1,091
240 - - 10.80 1.033
270 - - 9.74 0.088
300 - - - -
Pate constant B.44 x 10™9 4.60 x 10~3
(min,~1)

r. 10, Curve 1. Curve 2.
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Tabdl e - IXXVI,

Dependcnee of rate constnnt cn the concentrntion of
butyric acid. '

Penp.80%.1%C) [N 80, 7= 6.0 [Br'17 = 33.33 x 1070,

ﬁuggic] 26.0 x 10~ 20.0 x 1021
&

i

?ine{ mins.) 10'5@:?_1]( ) %lowrv}] 10&[,5}937'(&} f.solog@rvf]

o 53,33 1.528 33.33 1,622
30 £5.60 1.456 £0.51 1.471
60 24.94 1,397 27,05 1.4382
20 21.83 1,339 24,74 1,393

120 19.47 1,299 21,94 1,341
160 17.30 1,238 20,89 1,320
180 16,41 1.187 19,42 1.289
£10 13.71 1.137 17.72 1.248
240 12.03 1.080 16.76 1.224
270 10. 68 1.029 - -
300 - - - -
Nate constant 4.03 x 10™° 2,88 x 10™9

(min.~}) |

¥ixe 10, Curve 3. Curve 4.
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Teble - XXVII,

Dependence of rate conatant on the concentration of
butyric poid.

Tenp.802.1%; [H,80, 7w 6.0t [or'i/= 33.33 x 1070,

CButyric 7  1%.3 x 10720 10,0 x 10*°n
aecid

tne(nina.) 1048V I7(1) 4edop/Be"L7  10%EVIT0N) 44dopfBeTL)

0 33,33 1,522 33,33 1.5622
30 80,60 1.485 32,81 1.509
o £8,00 1,447 30.90 1,490
80 26.94 1.430 30.30 1.481

120 25,08 1.398 29,34 1,867
150 23,55 1.372 28,26 1.451
180 21,85 1.339 £6.71 1.426
210 20,16 1.304 25.56 1,407
240 19,24 1,264 24.42 1,367
270 17.89 1.251 - -
300 - - - -
Rate constent 2,30 x 10™3 1,38 x 10™°
(min."1)
4 10 Caorve 8§, Curve 6,

/h /\@65

Q4 &



FIRST ORDER DEPENDENCE OF RATE CONSTANT ON BUTYRIC
ACID CONCENTRATION
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2adlc - XXVIIL.

Dependonce of rate conotnnt on the concontration of
butyric acid.

erpe802.1°¢; [H,80, 7= 6.0t [r'i7= 33.33 x 10%,

outyric 7 6.6 x 107°n 4.0 = 10~

acid
Fine(mine.) 19§Z§ENEZTE) 4*103{§b?§7 10?£§}?E7Tﬂ) 4419g£§§%£7

0 33.33 1.522 33,33 1.522
30 31.10 1.492 31.65 1.5C0
60 29.82 1.476 30.64 1.4086
90 29.44 1.469 29.88 1,475

120 28,30 1.451 29.51 1.471
160 27,92 1,445 29.01 1.462
180 £6.82 1.426 28.51 1.4855
210 26,32 1.400 28,13 1.449
240 25,56 1.407 27.82 1.444
270 24,85 1.395 27.51 1.439
300 - - - -
fate conotent 0.96 x 1077 0.46 x 10™°
{ntn,~1)

Pire 10. Curve 7. Curve 8.



79

llydroson fon concentrntion wvaristion

For otudying the offcet of hydrogen ion on the
rate, caporinments were performed with Gifforent concens
traticono of sulphuric ecid. Ionic otreonpth and sulphote
contient of the resction nirture wee ceintained conotant
by adding requisite smounts of sodiun hydrozen culphate,
The concentration of hydrogen ion wps ealculnted on the
sosunption that first dionoeistion of nulphuric peld

0g30, wm=> WY+ 0507
is complote ond the sccond dlenoeliantion ic ncrliprible.
HB0] === " 4 307

Oboorvations at varione hydragscen ion concentrations
are tabled haolow,



4+log[crw]__.,
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Tahble - XiIX.

Acidity dependonce of the oxidation rate.
Temp.70%,1%; [ 1,50, 7 » [1ei50, 7= 6,01
[utyric aeid T 0.5U3 [Or /= £6.66 x 1074,

L0, 7 3.0t 34811
Time(mins.) 108/8eV17(1) 4+20p/Br" 7 104/BrVi7(1) Galog/BrVi7

o £6.66 1,405 26.66 1,425
20 26,32 1,403 24,98 1.397
40 £4.18 1,303 23.76 1,376
60 22,67 1,355 £2.87 1,369
80 £1.70 1.336 21.81 1,338

100 £1.43 1.531 20.76 1.317
120 £20.90 1,320 19.13 1.281
140 20,34 1.308 18,23 1,260
160 19.88 1,208 17.60 1.245
180 18.90 1.276 16.18 1,209
200 18,22 1.260 16.28 1.184
Rete comstant  2.92 x 1070 3,70 x 1073

(min.~1)

Fips 12 Curve 1. Curve 2.
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able « XXX

heidity dopondence of the ozidoation rate.

Perp702,1%3 [ Hy50, 7 + LTais0, = 6.015 [ Butyric neid J«0.58
5eY7 - 26.66 x 107%n,

L[Hy80, 7 4,003 4,80
Tine(rdne.) 10%/BrVI7(11) 4elog/Be"s7 10%/ErVi/(1) 4elon/Br L7

0 26, 66 1,425 £6.66 1,425
20 22.51 1.362 21,42 1.350
40 20.24 1.306 19.24 1.284
60 18,30 1.262 17.01 1.250
80 17,22 1.236 14.62 1,168

100 16,11 1.179 13.64 1.135
120 14.36 1.157 11.63 1.065
140 13,50 1.130 10.00 1,000
160 13.06 1.116 8416 0.911
180 11,82 1.072 7.28 0.862
200 - - - -

Pate constent 4.90 x 1075 6.83 x 1079

(ﬂino.‘i)

Fige 12, Curve 3. Curve 4.
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fable «~ XXXI.
Acidity dopendence of the oxidation rato.
Pezps?02.1%0; [1,80, 7 + L Tels0, J= 6.01;
[ Butyrie acid = 0.5 [Fr'i7= 26,66 x 10”4,

L{8a80,.7 5.0H . 5.50

fine(eins.) 10%/8r737(1) 4e20afBeS7  103/C"EN(r) 49dop/Cr LT

0 26.66 1.426 26.66 1,426
20 19.94 1,899 18,80 1.274
40 17,00 1.230 17.37 1.240
60 14.88 1.163 14.81 1.170
80 12.35 1.091 P.12 0.860

100 11.50 1,060 6437 0.804
120 7.92 0.898 5.11 0,708
140 £.88 0.837 3.30 0.518
160 6,02 0.779 .74 0.439
180 5.20 0.716 1.92 0.204
200 - - - -
Rpete conotant 8.6¢ x 1073 11,06 x 1073
(min.~1)

Fio. 12, Curve 5, Curve 6.
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Tabdble - XXXII.

Effect of acidity on the rate constant

+ 3

a7 (WP ks 107 k__ ;103 ko 108

(1) (min,~ %) MY 7 YA __7'!2

(1. mote Lnind) (1%.mo1c™%min.~1)

3.0 9.00 2.92 0.97 3.26

Jeb 12.26 3.70 1.05 3.02
4,0 16,00 4,90 1.22 3.06
4.5 20.26 6.83 1.51 3437
5.0 25.00 8.64 1.72 Sedd

5.6 30.28 11,06 2.01 3.685
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Temperature denendicnce

Undor identical conditions of repctanto concenw
trationo and at constant lonie strength, the repnction
tao boen etudied at fivo difforent tenperatures. 7The
reaction ao&ld not be studicd at lover tenperature
becausce the rate 15 to0 olow to be kineticelly studied,
RHowever, tho sctivntion onerpgy and other thernodynace
functions of the process wore calculated fron throe
equationg given aearlicr. %The cnerpy of asotivotion vwas
Jound to be 18.4. Eenl and the values of An¥ang-

AS¥F gre 17,7 Keol and -26.1 eu respectivaly.



FI1G.13

TEMPERATURE DEPENDENCE OF THE OXIDATION RATE

1.6
(
[« = i
\g\“ S . o )
e | N3 S
I \ 3 ° 1
1 o ) Q : ) - S, 2
5 12} PN S
5 © 0 Q
—_J 0 > @
o o 8
3 L O > © 3
3 1.0 L 0
. ©
1.8 r 10] o 4
5
0.6 1 - 1 s - 1 A 1 L 61
0O 10 20 30 40 50 60 70 80 90 100

TIME(min) ——»



Ta b’l o =« ZXEXXIXI.

Teuporature dependensne of the roastion rate.

L 0,580, J= 6.0 [Butyric acid Je 0.504

[Br%7 = 33,35 x 100,

Yerporoture 343% 348%

Tine(nmine.) 1048V I7(1) 4slogfBrTI7  10%/8TINN) delop/Be"7

0 33,33 1.592 33,33 1.522
10 32,61 1,516 50.11 1.478
20 31,40 1.497 £8.01 1,447
30 50.31 1.481 25,98 1,414
40 29.41 1.463  25.19 1,401
50 28,44 1,484 £3.03 1.362
€0 27.84 1.461 21,92 1,340
70 28,00 1.417 20, 60 1,514
80 24,28 1.387 19.91 1.301
50 21,23 1,327 19,28 1,285

100 - - 18.50 1.267
Rate constant 3,60 x 10”5 6.08 x 10™3

(can.™ )

Mre 13. Curve 31, Curve 2.



2able -« XXXV,

Panperature dopondonse of the rosetion rate.

L8,50, 7= 5.0t [Dutyric eeid f= 0.51%
@rvff e 33,33 2 10‘-4[30

fenporature 363°¢ 358%K

fine(mina.) 10%/8rVA/(1) 24don/BeVi7 10*/BeVA7(1) 44don/CroS

[+] 33.33 1,522 33.33 1.522
10 30.086 1.478 £68,01 1.047
20 287.24 1.455 23.50 1.372
20 24,80 1.3594 20,64 1,314
40 2. 62 1,364 17.28 1,257
80 20,51 1.312 14.20 1,152
60 18,67 1.272 12,94 1.112
70 17.40 1.240 11.22 1.060
80 16.28 1.211 9.16 0,982
a0 15.20 1.161 8,23 0.915

100 13.97 1.145 7.50 0.8786
Fate constent 9.00 x 10”2 13,82 x 10™°
(nan.~1)

}»‘15‘, 13. Curve Je Curve 4.
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Tadle « JXXV,

Tenporature depondence of the renpction ratce.

L8,50, 7 = 5,01 [ Butyrie neid J = 0.6l
[Br'17 = 33,33 x 10~%,

fenpornture 365% 368

Pine{pine.) 10%/8xV37(10) a+log/Te"iy 1048717t 1) dslop/Ce"7

0 33453 1.522 33,33 1.522

10 26.75 1.427 26.32 1,420
20 22.13 1.345 23.71 1.374
30 17,90 1.248 16.15 1.208
40 14.97 1.175. 18. 60 1.133
50 12,10 1,083 11.53 1.061
60 10.43 1,018 10,72 1.039
70 8.98 0.953 8.07 0.907
80 7.80 0.892 6.78 0.831
90 6451 0.813 5.42 0.734

100 B.72 0,758 4.06 0.608

Rete constant 17.66 x 10™° 24,00 x 1072

(min.~1)

Fire 13, Curve D Curve 6.
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Iffect o t h

By vorying the concentration of sodinn perchlorate,
thae fonie otreagth of tho resctlion sixture uwas rogulatod,
The other resetion conditions were malntained idontiesl.

A 8light incrense in the yaote conotont wvith increasing
ionic strength wap obsorved and is shown beiom



FIG.15

DEPENDENCE OF RATE CONSTANT ON IONIC STRENGTH
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T8 lc - XXXVI,
Effent of tomin eftvenath on the rote of oridotion,
Cenpa782.1%Cs [11,80, 7 = 4.5k [Butyric acid 7= 0.813

Lor17 = 26,66 x 10740,

LVec20, 7 0.0k 0,5
Tonie 4.50 540N
strength

Sine(nins.) 10%/Br"E7(11) 2410a/Cr'L7 10%/TeV A1) deloglBr'i7

0 26. 66 1,426 26,66 1,486
10 £5.48 1,406 £6.23 1,402
20 24.36 1,386 23.72 1,375
50 23.5% 1,371 22,80 1.368
40 22,64 1.354 21.28 1.328
50 21,36 1,329 19,77 1.296
60 £0.06 1.302 18.88 1.276
70 18,76 1.273 18,23 1,263
80 17.78 1.250 17.70 1.248
90 17.38 1.240 16.06 1.206

100 16.60 1,220 15.41 1,188
Rate conotant 4.8 x 1079 5.75 x 1070

(min.™})

Tir. 156. Curve 1, Curve 2,
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Tadle = XIXVII.

Tffect of tonic ptrongth on the rata of oyiﬁ&tiom

Pemp. 753, 1°0; L[Hy80, J = 4.5 [ Butyric acld_/ = 0.5
LGN = 26.66 x 10740,

L oacr0, 7 1,08 1.5
Jonic 5.60 6,0
gtrangth

Mne(nins.) 1048 (1) 4etog/frny 10%/8:"17(1) | a01og/CrL7

0 26.66 1.425 26,66 1,426
10 25.41 1.405 25,00 1.398
20 23,44 1.370 23,44 1,370
30 21.67 1.336 21,72 1.337
20 20,60 1.314 19.67 1,294
50 19.50 1.290 18, 62 1,270
60 18,32 1.9263 17.62 1,246
70 17.06 1.232 16, 60 1,220
80 15,63 1,104 14.96 1.175
90 15.92 1.174 14.32 1.156

100 13,67 1.136 12,88 1,110
Rate conctent 6,32 x 1070 7.10 x 1070
(r4n,"%)

Flz. 18, Curve 3. Curve 4,
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"oble = XERVIII.

Effoat of ionic otrength on the rato of oxidation,

Qerps782.1°C; LH,50, T 6,595 [Butyric acid = 0.50%
e & 26,66 x 20700,

Loec10, 7 2.01
Ionie 6.80
ptrensth

Tine{ning.) 104[5:?37( ) é&loc@’tvy

0 26,66 1.488
10 £5.,00 1.388
20 2B.E2 1.366
20 20,£0 1.314
40 18,83 1.278
80 17.50 1.243
€0 16,60 1.221
v0 14.90 1,175
80 13,33 - 3.185
90 12.86 1.109

100 10,13 1.005
Rate constant 8.22 x 10™°
(min.~3)

Fir. 1B, Curve S.



FIG.16
EFFECT OF ACETIC ACID ON THE OXIDATION RATE
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2able = XXXIX.

Influence of pootie nold on the rate of oxidntion,

Penp.762,1%; [1,50, Tw 5.0 [Butyric acid J= 0.8%
[Gr%7 = 26.66 x 1079,

»
fﬁeaﬁej NIL p.2n
ae

2tro{mine,) 10%/Tr /(1) aadopfBra7  10%/BxAN(1) 4elop/Be 7

4 26,66 1,425 £8,606 1.425
10 24,14 1.382 21,90 1.340
20 £1.77 1,358 20.58 1.313
30 10.44 1,288 18.48 i.266
40 17,57 1.240 18.76 1.824
80 15,76 1,197 i5.30 1.1684
60 14,15 1,180 14,00 1,145
70 13.44 1.128 13.26 1.122
80 13.02 1.134 /12.88 1,109
20 12,566 1,000 12,00 1.080

100 11.86 1.074 11.26 1,051
ate conatant 9.06 x 10~ 9.70 x 10~
(min.~1) '

Fire 18, Curve 1. Curve 2.



Table ~ X

Influonce of acetic scid on the rate of oxidetion.

Porp.70L,1%; /[ 8.2804] e .00 / Butyric actd / = 0.6
[or'i7 » 26.66 = 107%,

L heatic ] 6.0% 0.7
acid

Tne(nins.) 10%/TeV3A(1) 4e20p/Tx7  10%/0:517 avdop [OeV7

o £6.66 1.426 P6.66 1,425
10 24.65 34355 23.48 1,370
20 20.57 1.311 £0.20 1.308
30 18,08 1,057 19.08 1,279
40 16.81 . 1.225 16.64 1.221
50 15.44 1.188 15,20 1,181
60 14.80 1.170 13.42 1.197
20 13.44 1.127 12,18 1.085
80 11.87 1.074 11.66 1,068
90 10,92 1.038 10.78 1,032

100 10,34 1,015 10.04 1.001
Tate constant 10.20 x 1075 10.52 x 10”7
(zin."1)

Flge 18, Curve 3. Curve 4.



Teble = Xii,

Infiucnee of geetic neid on the oxldation rate.

Penpa?0%.1%; 4,80, 7 = 6,013 L Butyric acid Je 0.6
LBr37 w 26,66 x W00,

L aeotic 3.01 1.8
acid J

Pemo(mins, ) 30%BrVI7(1) sedogffr o7 10°/6277 swron BT

0 £8.66 1,425 26,66 32475
10 23.34 1.368 21,98 1,342
20 20.71 1.316 20,66 1,313
30 18.51 1.267 18.28 1.261
40 16,42 1.216 15.98 1.203
50 15,02 1.176 13,81 1,140
80 15,36 14125 12.55 1,098
70 12,18 1.085 11,59 1,064
80 11.48 1.060 10.52 1.022
80 9.87 0,994 9.32 0.969

100 9.12 0.960 8.41 0.925
Rato constant 11,18 x 10° 11.84 x 1073

(min.,~1)

Fi~s 16, Carve B. Curve €,



STUDI®S UITH VALRHIC ACID



Order in Chromie poid

Yhe progrese of tho resction wss followed by
an 1dentionl nmothod desceibed for prqyianic and
butyric acids. The plot of log chronic geid conconw
tration Vs tine gave goud otreight lines oud tho
siopos were used for the dctorminotion of first
order rate constents. Sables given bolow roecord the
first order dopondence of thoe repction on chrooie

ecid concentraotion.



FIG. 17(A)
DEPENDENCE OF RATE CONSTANT ON CHROMIC ACID CONCENTRATION
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Tedle - Xl

Depondence 0f rete constaat on chrorde gedd conecentretion,
Perp.762.1°%Cs L1 80, T 5,013 L Valeric actd Je 0,11

Chronio 166.67 x 10~%n 66,66 3 10™%u
L o
2]

Pane{edns.) 10°/Fe 1) 4+10ales7 1081 dadog/Br'L7

0 166.67 2.B21 66,86 1.823
10 166,04 2,220 63.80 1.805
20 167.62 2.397 6£.82 1,798
30 162.68 2.183 61.94 1,791
40 149.72 24175 659.42 1.773
&0 142.80 2,164 56410 1.749
€0 137.76 2,139 52.32 1.718
70 129.87 20113 49.48 1.694
80 123,88 2,003 - 48.08 1.681
90 118.820 2.071 46,17 1.664

100 112,88 £.0562 44,60 1,649
Pate constant 4.%8 x 1013 4.3 x 10™3
{(mn.~1)

Fir. 17(al). Curve 1. Curve 2.



FIG. 17 (B)

DEPENDENCE OF RATE CONSTANT ON CHROMIC ACID CONCENTRATION
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Table - XILIIXI.

Pependence of rate constant on chromic nelid concantretion,
Tenp.762,1%C; [ 850, Ta 6,003 [ Veleric ncid Js 0.10.

(,"cngﬁxcj 41.66 x 107% 33.33 x 30™%n
| 23

2ino(mine,) 10°Be I/ 4elopfBe's/ 1088V IA(0) aslonlEr’i7

0 41.66 1.619 53.33 1.502
10 40,24 1. 604 31.74 1.601
20 38,37 1.583 8030 1.481
30 37.62 1.573 £9.47 1,469
40 35.34 1.548 28,17 1.449
50 53.65 1.526 26.95 1,430
60 32.07 1.506 25,25 1.402
70 51,06 1,402 23.46 1.370
80 £9.74 1.473 22,15 1,346
80 £8.92 1.461 21,08 1.324

100 27.22 1,435 19,93 1,298
Bate constant 4.23 x 10™° 5.12 x 10”3
(rdn.”d)

Tige 17(a). Curve 3, Fip. 17(b) Curve 1.
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Table - XLV,

Dependonce oY rate constent on chronic acid comecentration.
Terp.762.1%C; [H,50, F= 8,013 [Veleric acid 7= 0.1%,

lchromte ] 27.77 x 10™%n 20,83 x 107%n
aeld

inolmine.) 10%/Br 570} ae1onfBrY7 10%/5rVIT(1) aelop/Fr'7

0 27.77 1.443 20.83 1,318
10 26,86 1.425 19.92 1.299
20 25,78 1.411 19.05 1.280
30 £5.35 1,403 18,87 1.269
40 23.76 1.376 17,15 1,234
50 20.94 1.360 16.45 1.2186
50 22.19 1.346 15.59 1.102
70 20,87 1.319 14.82 1.171
80 20,05 1.302 14.09 1.149
90 18,67 1.271 13.37 1.126
100 17.92 1.953 12,61 1.008

Rate constant  4.47 x 10”5 8.25 x 10™3

(man."1)

Fire 17(%n). Curve 2. Curve 3.
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able ~ XLV,

Dopendonce of rate conptant on chromio aselid concentration
Toops762.1%C; L11,50, Te 6,01 L Valoric acld Je 0.1,

[onronse_ 7 16.66 x 10~%n
aoid

?4ne(nins. ) 104[5?:”37{ il «&410@[5:357

G 18,66 1,221
10 15.9¢8 1.203
20 15,38 1,186
30 14.76 1.170
40 14.00 1.146
50 13.27 1.122
60 12.44 1.094
70 11.53 1.062
a0 10,583 0.022
a0 D.87 0.994

100 9.14 0.961
Rete conatant 5,22 x 10™°
(min.~2)

ﬁgo 17(b). Curve 4.



Order in cubntrate

Rate constanto at 4i fferont subptrate
conoontrations were obtatned by varying valerieo
pcld concentration kcoping‘cthar faotors conotant.
The firct order dependesice on subotrate wgs inferred
from the plot of rote conntant Vs, subntrate concenw
tration vherae a otraight lino paosing through the
origin wos ohtnined., The plot io shovn in firure g



FIG. 18(A)
DEPENDENCE OF RATE CONSTANT ON VALERIC ACID CONCENTRATION
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2able - XILVI.

Dependence of rate constant on tho concentration of
valeric acid.

Terp 762,190 1,80, T 6,01 [Or' /= 33.33 x 1074,

[Waleric 7 4.0 x 1077 5.0 x 10™%n
acdd

Pime(mine.) 10%/8r"37(11) asdog/Te's7 10%@e"37(11) 4edog/Br iy

o 33,33 1,822 $3.33 1.822
15 31.90 1.503 1.98 1,504
20 51,43 1,497 31,03 1.491
45 30,54 1,485 £9.95 1,476
60 29,87 1,475 28.62 1.461
75 28,86 1,460 27,97 1.446
90 28,45 1,454 27.18 1.433

105 27,77 1,443 £6.84 1.423

120 £7.23 1,435 £6.97 1,413

138 26,55 1,424 25,17 1.401

150 26.04 1,415 24,48 1.388

Sate constant 2,03 x 10°° 2.66 x 10”3
(win.~Y)

Fire 18(8). Curve 1. Curve 2.



FIG.18(B)
DEPENDENCE OF RATE CONSTANT ON VALERIC ACID CONCENTRATION
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"zﬁ.le,” XLVIX,

Dapendence of rate conmstant on thoe consentration of
volerie ancid.

emp.76%,1%0; [ 1,80, 7= 5.0 Lr'e/ = 33.33 x 10”0,

[‘vmﬁu] 6.6 x 1072 10.0 x 10~
8¢

Cime(mins.) 10%/Br"37(1) 4elegBe"s7 108/8:VI7(0) 4adop/Cr'iy

33.33 1.522 33.33 1.522

o
16 31.16 1,493 3374 1.501
30 29.74 1.473 29,29 1,466
45 28,80 1.459 28.47 1,454
60 27 .59 1441 2737 1.434
75 25,96 1,414 £5.95 1.414
90 24,94 14307 4,25 1,384

108 23,99 1.360 22,48 1.351
120 £2.98 1361 £1.08 1,323

138 22,02 1.342 19.93 1,299
150 21,28 1.326 19.02 1.279

Rate constant  3.80 x 10™3 5.30 x 1070

( mno-i)

Fig. 18(s) Surve 3. Fig. 18(b) Curve 1,



FIRST ORDER DEPENDENCE OF RATE CONSTANT ON VALERIC ACID
CONCENTRATION

FIG. 19
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Table - XLVIII.

Dependcneo of rato constant on the cencentration of
valeric neid,

2erp.782,1°0) L 4,50, Jw 6,014 [Br' 7w 33.55 x 1074,

[mgm] 20,0 x 10~%n 40.0 z 102
ad

Pipe(mine.) 10%/8c37(n) Mlogr;@'rv? 10%/8e"I7(1) as0p/BrVi7

0 33,33 1.502 33,33 1,602
10 30,72 1,457 30.25 1,480
20 £8.68 1,457 27.19 1.434
30 26.84 1.428 25.23 1.402
40 24,56 1,391 23.16 1,364
50 22,07 1,343 20,56 1.312
80 20.35 1,308 17.64 1.246
70 16,25 1.261 16.43 1,188
80 16,21 1,210 13,28 1.121
90 14.50 1.161 11,70 1.068

100 12.34 1.001 10.56 1,023
Rate constant  9.87 x 10”7 18.60 x 10™°
(nin.~1)

Fig, 1«8(‘))0 Curve 2. Curfe 3.
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Varintion of rate constont with acidity

The effect of hydropgen ion concentration on
the oxidation rate wan studied exactly in the sare
nanner as in the oxidatién of éropionic and butyric
acid. 1t 13 seen from table LII that at lower acidi-
ties the oxidation refte veries glmost exactly as the
square of hydrogen ilon concentration but in solutions
of high lonic strength agnd high acidity, the reaction
velocity chenges at a rate somewhat rreater then that
required for second order dependence. However, the
plot of losarithr of rate constent against modi fied

L3

20 yielded a strairht
aHA
line but the slope was quite high.

peidity funntion He + log



FIG.20
ACIDITY DEPENDENCE OF THE OXIDATION
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Table »~ XLIX.

Avidity dependence of the oxidation rate.

Terp.762.1%) [H,50,. 7 + [Heliso, 7= 6,01
[Veleric acid Ju 0,21 [Or'a/= 26,66 x 10741,

L0, 7 3.08 - 8.8

ne(mins.) 10%/FeVI7(1) aedog/Brs7 108/Be I/ 1) asloelir's7

0 £6.66 1.428 26466 1.425
10 £6,03 1,416 26.66 1,409
£0 25,56 1,407 25,40 1,404
30 26.87 14396 24,56 1,390
40 24,85 1.391 24,18 1,383
50 26,45 1.388 23.86 1. 377
&0 24,08 1.380 23.12 1.364
70 28,18 1.365 £2.60 1.354
80 22,92 1.361 21.90 1,340
90 £2. 65 1,355 21,17 1,325

100 2,33 1.349 20.16 1.304
Nate constant 2,04 x 10™3 2.60 x 10™°
(min.~1)

Fir. 20, Curve 1, Curve 2,



Tadlo = In
fesdity dependence of the oxidotion rate.

Pop.782.1%; [R50, 7 + [HaHs0, 7= 6,00
[olerdc noid Ju 0421 /B S 26,66 x 1074,

Lugs0,7 4,01 4.5
Moe(ing.) 10%FV (1) aedogfBes7 1038V 4slog/Br iy

0 26,66 1,425 £6.66 1.425
10 28.71 1.411 26471 1.410
20 26,45 1,388 24.44 1,388
30 £3.93 1.378 23,28 1.368
40 23.14 1.364 21,47 1,331
60 21,782 1,336 20,30 1.307
60 20,76 1.317 19,05 1.279
70 20,37 1.309 17.67 1,252

19.77 1,996 16.58 1.239
20 18,72 1.272 15.85 1,183
100 17.62 1,246 14.18 1.510
Iate congtent  3.88 x 1077 6.25 x 10™%
{tn,~1)

Fig. 20, Curve 3. Curwe 4.
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Tad®»lo - L.

Aeidity dependence of the oxidetion rate.
2enp.782.1%Cs 6,50, 7 + LHonso, 7= 6,01
[Veloric actd s 0.21 /Bt i/« 26,66 x 107%n,

1,50 540N 5,601
Ly80, 7

fnc(oins.) 10TV /(1) 4elog/Brss 10 FeVL7(n) a4dop/Tr'a7

0 26.66 1.428 26,66 2.405
10 25.57 1,407 24.26 1.385
20 23,44 1,370 21.20 1.326
30 20,76 1.317 16.30 1.212
40 18,73 1.272 12.10 1,083
50 16.83 1.226 .92 0,998
60 14.53 1,162 8.07 0,906
20 13.00 1.114 6.76 0.630
80 11,42 1,057 5.01 0,700
90 10,25 1.011 3,68 0.566

100 9.28 0.968 £.18 0,359
Eate constant 9,02 x 10~ 11.32 x 1073

(mdn.-l)

Fire 20. Curve 8. Curve 6,
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fTable - LII

Effecet of acidity on the rate constant

a8t 7 [t 7% e x 103 . £ 10%
(11) (min.~ 1) w7 [-Hyz
. (meum;)(i?.mole 2131:1'1)

3.0 9.00 2,04 0.68 2.26
3e5 12,25 2.80 0.80 2.28
4,0 . 16.00 3.88 0.95 2,42
4.5 20,25 6.25 1.38 3.08
5.0 25,00 9.02 1.80 3.60

5.5 30.25 11,32 .58 3.74




184

Tocporaturs dcopendence

Ronction was studiod undor identicnl conditions.
Activation enorgy wan caleulated graphicslly - end
other thermodynanmic parsnotoers were caloulated fron
the fornulac montioned esrlior. The vglunes of T,

AR¥ and  AST were founs to ve 20,7 Eeal,
20,0 Eeel end -19.1 en reopectively. The oboorvew

tiono nt various temporatures are presontod bolow:



FIG. 21

TEMPERATURE DEPENDENCE OF THE OXIDATION RATE
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Table -~ 1217,
Temperature dopendence of tho ropction roto.

LT8,50, J= 5.003 [ Voleric neid /= 0.20
[5e'57 » 26,66 x 10701,

Lenporature 543%; 348%

?ine(zins.) 10%/FV37(n) dudop/Br'y 108/ A1) asloglBe sy

0 26.66 1,420 28.66 1.425
10 26,06 1.416 26.66 1,407
20 24.68 1.392 24,885 1. 390
30 £3.91 1.378 £23.58 1,372
40 23,38 1.388 22443 1,380
50 21,92 1.340 21.22 1.326
60 20.48 1.313 19.68 1.284
70 18,32 1.206 18,14 1.268
80 17.78 1.249 16.44 1.216
80 16,95 1.829 13.30 1.124

100 15.84 1.200 11.38 1.056
Rate conotant .14 x 10™3 6.14 x 1077

(Mﬂt‘l)

Fire. 21, Carve 1. Curve 2.



Tadble - IV,

Terparature dependince of tho reaction rate.
L[11,50, 7w 5.0H; [Voleric noid Jm 0.203/Cr /= 26.66 x 10™%x,

111

Tenporature

353%¢

356°

Mne(nine.) 10%/EeI(1) aedopfBrs7 10%ET /(1) sedogllr'i7

0 26,66 1.485 26.66 1,426
10 25,35 1,404 25.18 1,403
20 24,04 1,981 21.22 1.326
30 23.09 1.363 18.86 1,275
40 £0.98 1.321 15.67 1,195
50 19.89 1,208 12,48 1.006

. €0 17.95 1.258 9.64 0.993
70 15.88 1. 200 7.31 0.654
80 13.83 1.141 5460 0.748
90 11.97 1.078 4.61 0.664

100 9.92 0.996 3.76 0.572

Rato constant 11.51 x 10°° £0.34 x 107>
(nin.~1)

Fige 21, Carve 3. Curve 4.
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Peaeble « LV,

Tanporature depondence of the rosetion rate,
L5,50, 7= 6.0 [Ualeric acid Tm 0.2 [Or' F= 26.68 x 10”0,

Fenperaturoe 383% 368

nol(mine.) 109/8:17( E!)n s+1op/Br V7 10°/8e VL) adoglBr T

0 26.66 10485 26.66 1.425
5 £5.32 1,403 24,68 1,502
10 28,11 1,382 22.05 1,543
15 22,46 1,381 18.63 1,275
20 20.51 1.312 16.29 1.184
£5 19.08 1,280 11.96 1,078
30 17.02 1,231 7.19 04856
38 15.28 1.184 6.27 0.797
40 15,16 1.119 B.00 0.707
a5 11.52 1.061 4,02 0.604
50 9,77 0.990 3.28 0.520
Rate constant 27,63 x 1070 40.68 x 10™°
(rin."3) '

Tige. 21, Curve 5. Curve 6.
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e foct © nrt

Jonto strength 0f the nediur wae varied by
sdéing veriouns emounts of sodiuvm perchlorate. 4
slipght increass in the rete conctant with inorensing
ionic¢ otrength was found. The dato are glven in the
folloving tables.



FIG. 23

DEPENDENCE OF RATE CONSTANT ON (ONIC
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Yable «~ LV,
Bffeot of ionic etrength on thoe rote constant.
Tenp.76%+1°Cs L1180, 7w 4,514 [ Valerie acid Js 0.1

[ 7 26,66 x 1074,
L vacro, 7 125 31 0,61
Tonie 4.5% 5.0

strength
Pimolmine.) 10%/CeV27(m) se1opflry 10%/8:I7(0) 4elopfi7

0 26.68 1.425 28,66 1.425
15 24.61 31.391 24.50 1.389
S0 23+14 1,364 22,71 1.366
45 22.40 1.380 21.62 1.333
680 21,18 1,326 £0.82 1307
75 19.74 1.298 19.20 1.2689
80 17.80 31.250 17.80 1.280

105 16.60 1.217 16.08 1,205

120 15.46 1,189 14,87 1.272

135 14.44 1. 159 13.46 1,129

150 13.20 1.120 12,11 1.083

Rate constant 4.82 x 107° 5,37 x 10”3
(uin,"1) -

Fire 23, Corve . Carve 2.
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Tavliles « ILVII.

Effect of fonic atrength on the rate constant.
Penp.762.1%Cs L1180, T 4,513 [Valerio acid /= 0.4

827 ve.68 x 107%n,
L0010, 7 1,000 1450
tﬂﬂi!‘ S50 8,04

ptrength
Ploe{mine.) 104/TeVI1) 2+dog/Trs7 10%/8eV37(1) 4s10p/Be'37

o 26,66 1,425 26,66 34425
15 £4.36 1,386 £3.51 1,885
30 22,91 1.360 22,52 1,352
45 21,15 1,328 £0.43 1.310
60 19.54 1.£91 18,74 1,272
75 15,10 1,257 17.36 1,239
90 17,08 1,232 15.83 1.199

103 18,57 1.192 14.55 1.163
120 14,04 1,183 13,53 1.138
135 13,00 1,114 12,30 1,090
160 11.56 1.063 10,82 3,034
Bate constant  5.48 x 1073 5.80 x 10~°

( ntn.'x)

Fig. 23, Curve 3. Carve 4.



Table = IVIM.
Effpet of ionic strengih on tho rote conotmnt.
Tempe782.1%s 0,80, To 458 [Volorie scid J= 0,18

L8 7w p8.66 x 1070,

L ecro, 7 2.00M
- ! onic " 6 <508
atrength

Time(mins,) 16“@3'?,{?’(&3') édag@rvf?

0 26.68 1.4286
15 24.43 1.7388
30 £2.38 1.349
485 20.22 1.306
60 18.35 1.263
5 16,73 1.283
B8O 15.40 1,167

105 14,04 1.347
120 12,72 1.104
135 11.40 1.08Y
180 10.20 1.008

Rate conptant 6,28 x 10™°
(l‘ln.”“)

Fig. 23, Curve 5.



FIG. 24
EFFECT OF ACETIC ACID ON THE OXIDATION RATE
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Table - LIX

Inflummce of acetic acid on tho orxidntion rate.
2empa 762, 1% [H,50, Tw 6,08 [Valoric notd 7w 0.21%

[ 7w 26,66 x 1074,

Laeotte S 0o 0.21
nold

Pme(ming, ) 105Fr 1) 4dog/Te's7 108/FrV (1) 4edoglBe Ly

AN

o £6.66 1.425 26466 1.428
15 24,39 1.387 24,90 1.306
30 23,48 1.370 £8.08 1.863
46 21.60 1,834 £1.04 1.523
60 19.56 1.291 19,22 1.283
75 18.02 1.265 17.50 1.043
90 16.70 1.283 15.92 1.208

105 15.24 1.183 14.10 1.149

120 13,63 1.131 12,00 1.078

135 12,48 1,008 10.52 1.022

150 11.20 1.049 9.26 0,967

Nate constant  6.26 x 10~ v.82 x 10™°
(min.~?)

ﬁ3¢ 24, Curve 1. Curves 2.
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adle = LX,
Infiaonce of acetic sold on the oxidaotion rete,.
Perp.782.1%Cs [ H,50, 7w 5,01 [Valeric nold J= 0.2i%

17 26,08 x 10%,

fﬁggﬁe] 0.8 0.718

Stze(mins.) 104/ I7(8) 4020g/Br"7  10%/B"IT(1) dsdog/TrVeT

26466 1.428 28.86 14428

0
15 24,11 1.582 £3.98 1.379
50 £2.40 1.350 £1.68 1.336
45 20.08 1,300 19.00 1.278
60 17.70 1.248 16,84 1.221
v6 16,11 14207 16.45 14160
90 13.67 1.135 12,45 1,094

105 12,08 1,082 11,17 1.048

120 10.66 1,028 9.52 0.978

135 8.96 0.952 8.43 0.928

160 .81 0.893 7.44 0.872

Rate conotant  B.44 x 1070 8.82 x 1073

(min.~})

ﬂgc 24, Curva 3. Curve 4.



119

Tabdle -~ LXX,

Influence of acetic goid on the oxldation rate.
Renp.762.1%Cy [H,80, 7= 5.015 [ Valorie acid Je 0.213

Eftﬁ?ﬁ P8.86 x 10*‘2}0

fmgﬁaj 1,01 1.2
2

ime( mingd } m‘*&é’fﬂn} $41og/Br' 7 m‘@rvf?(ﬁ) aedop/Br"i7

0 26,66 1,425 26.66 1.425
15 23, 58 1,368 23,05 1.363
50 20,91 1.320 20. 64 1.314
45 18,24 1.262 17.90 1.253
60 16,20 1,209 14.51 1,161
78 13,90 1.143 12,45 1,094
80 12,10 1.082 11.28 1,052
105 10.51 1,021 8,91 0950
120 9.03 0,955 8.03 0.905
136 8.26 0.917 6,40 0.806
160 6.80 0.832 4.81 0.682
Rate constant  B8.056 x 10°° 9.97 x 10™3

(ulh:”:')

Meg. B4, Curve 5, Cuarve S.



CHARPTER ITIX

FINEPICS OF CXIDATION OF BRAUCHED CHAIN PAT?Y ACIDS
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IUTRODUCTION

e

The knowledge of the influence of structure on
reactivity 1s not only importent from synthetic point of
vicr but also represcnte en inportent tool in the study
of reaction mechanierm. <he dependence of the oxidetion
rate on carboxylic acid structure has not been investi-
gated systematically. It was;therefare. thourht worthe
while to study the effect of branching on the rate of
oxidation of fatty scids. Yor this purpose, ntudies on
the oxidation of isobutyric, isoveleric gnd pivalic
aclds by chromiec acid were cerried out under different

experimentel conditions.

’

The oxidation of carboxylic acids containing
tertiary carbon aton was studied hy Synmons and Qenyonlga.
They obtained hydroxy carbozxylic acids from the corres-
pondin~ branched chein carboxylic acids by using

potassiun permanranate in concentrated ikalinc oolution,

/ Vs
R? CH(Cily), COH ———=> 7 1 C(0i)(CH,), COLl.

The recction wes slow in dilute alizoline solution even

gt clevated temperatures and resulted in the demradation
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" of acids In concentrated alkaline solution, the rcaction
was faster and proceeded gt roonm temperature leading to
hydroyxy acids which were not further sttacked, They
interpreted it by postulsting that for recactions with
permangenntc, the active oxidant was the free hydroxyl

radical or the B'radioal ion.

A survey of oxidetions of organic compoundc by
alkaline solutions of potassiun manpganate as well as by
stronzly alkeline sclutions of potassiun hypomanganate

has been rcported by Pode end ~atersi??,

They observed
that 8 slight reaction occurred wvith isobutyric and
isovnleric acids in 107 potassium hydroxide. Inspired

by the above gtudies Beckiwith and Goodrichlso carried

out the detailed investigation of oxidation of various
branched chain carborylic acids by (a) Koim0, in dilute
alkeli; (b) KIn0, in concentrated alkalij {c) RpSp0g 4n
dilute alkali; (4) K5S5,05 in dilute acid. They suggested
that the reaction proceedcd vin free hydroxyl radicals

according to the following schene:

LA - Pt > -, ] . T8

R R
! |
L]
R - ? '(CHE)n COQH + 0l —>0~-C u(Gﬂa)n 002H + H20
H
R

—a

. l
a [0
I~ G =(Cl,), COH ——=i>R - <I: -(CH,),, CULH,

ol
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Persulphote was belicved to provide hydroxyl radicels
on thernel decomposition in the folloving way?

O

0

8  em— L

52
c—-. - & »
$0; + H,0 ———=> 50 + H* +"CH

Rvidence for hydroxylation as the mnjor offect
in the persulphate oxidation of organic conpounds hae
sleo been reported by Baneon and Bottlal. They found
that equcous colution of sodium persulphate contalning
1ittle amount of oilver nitrate 2o catalyst, converted
the branched chain fatty acids into alcohols with loos
0f carbon dioxide. Pivalic acid gave tert-butanol and
ioobutyric geid, g mixture of isopropanol and mothyl
acetate in the ratio of 20:1. The followins neochsnisn

was proposeds

R COH + 507 R €00
R €00° R'e co,,

R e sosodgﬁs .7 §65 + S04

by

no §5§ + 1,0 ROT « HSO,

In the cese of isobutyric aecid, tho <=hydrogcn atonm
wao attacked followed by dccarboxylation to pronenc.

A qunlitative study of oridation of ifsobutyric acid
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end its ester has been roportod by Fichter and Heerlaz.

Oxidative degradation by chromium trioxide in
acetic acid was developed as an effective nethod for
the location of a branch in hirsher caturated carbon
chain 30163135. Detection of end producte by pgep chro-
matography indicnted that the oxpected cleavnge products
vere dbfained fronm tﬁe branched chain acids. Tho oxida=
tion of a series of branched alkyl carboxylic ceids by
Cr{V1) oxide wns studied by Rocek®> vho'determined the

retardation factor due to inductive effect of the carboxyl

group.

Besides permanpenste, persulphate and chromic
acid other oxidonts have also been used. A slipght
attack on foobutyric acid by venadium in concentrated
sulphuric acid has been reportedlzz. The oxidation of
carboxylic ncids by Co(IXX) was studied by Clifford and
Catarslea. Thoy shoved that the rate of oxidation of
isobutyric end pivelic acids were of the first order with
respcct to the concentrations of the orgenic pcid and
inversely proportionsl to the concentration of the pere
chloric acid. Acetone weo detccted to bo the oxidation
product of isobutyric acid while t—butanol was found in

the oxidation of pivelie acid.



STUDIFS WITH ISUBUTYRIC ACID
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Order in Chronic geid

The oxidation rete wan neasured g8 a function
of chromic acid concentration., In ail the experinents
the concentration of chronmic acid was kept 50 low in
corparigon to those of substrate cnd sulphuric acid
concentretions that the latter reneined essentially
conotant during any onc run. A slight increasc in the
rate constant wno observed vhen chromic geid concentre-

tion was decreased. The datn are given in tho tableso.



FIG. 1
DEPENDENCE OF RATE CONSTANT ON CHROMIC ACID CONCENTRATION

4+|.Og [ Crz] —_—

1'0 i 1 1 1 1 2 A 1 1

0O 10 20 30 40 50 60 70 80 90 100
TIME (min) —
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Qable"’xo
Dependonce of rate conetant on chrormic acid concentration.
Qerpes 75 2 .1°Cg[rh2304 /e G053 [/ isobutyric ceid /= 0.11

[ chronic 7 66.66 x 10% 33.33 z 10~%n
acid

?ine(rane.) 10°/7CrVi7(1) 4slog/Ce's7  10%/CrVi(1) 44dop/Br'i7

0 66.66 1.823 33.33 1.522
10 64.30 1.808 31.70 1.501
20 62.86 1,798 30.78 1,488
30 61.94 1.701 29.65 1.472
40 60.68 1,784 £9.02 1.462
50 60,24 1,779 28.60 1,456
60 59,45 1,774 28.51 1,452
70 58,93 1.770 28.03 1,447
80 58,24 1,765 27.46 1.438
90 57.75 1.761 26,90 1,429

100 56,96 1.755 £26.20 1,418
‘ate congtant 1.98 x 10™° 2,00 x 1072
(can,™ %)

Fig. 1. Curve 1 Carve 2



2adble -1,
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Dencndence of rate constant on chromic acid@ concentration.
Tenpe= 76 £ ,1%03 1,80, 7= 5.0 [Tsobuiyric ectd Ja 0,10

[ ohronic_/

necld

29.77 x 107%

20.83 x 107

Hne(nins,) 104/FeI7(11) 4sdop/fr'i7 10%/Cr

v?]( ) é&log@'rvf]

0 27.77 1.443 20.83 1,318
10 26,85 1.429 20.12 1,303
20 26,10 1,416 19.53 1.290
30 25,64 1,409 19,08 1.280
40 25,18 1,401 18,70 1.272
60 24.77 1.393 18.28 1.262
60 £4.18 1.383 17.83 1.25%1
70 23.72 1.375 17.45 1.242
80 23.26 1.366 17.16 1,234
90 £2.64 1.354 16,53 1.218

100 22.00 1.342 16,00 1.204
Rote conptant 2,17 x 10”0 2.43 x 1070

(rin,~1)

Mr, 1, Curve 3. Curve 4.



Tabdble - IIl.
Dependence of raote constant on chyomic aeid conceniration,
Terpes 75° X 103,80, 7= 4,003 [Toobutyric acid = 0.1

Cenromic ] 18.51 x 10™%n 16,66 = 10~

Tane(nins.) 10%/CeVI/(1) 4+dog/Br's7 10%/8eVI/(0) 4aslog/Br'7

0 18,51 1.207 16,66 1.221
10 17.77 1,249 16.94 1.202
20 17.37 1.239 15.51 1.190
30 16466 1,221 15,18 1.161
40 16430 1.212 14.70 1.167
50 16.04 1.205 14.33 1.1566
60 16.70 1.196 13.97 1,245
70 15.33 1,185 13,58 1,133
80 16,00 1.176 13.24 1.122
90 14.45 1.160 12,94 1.112
100 14.32 1.155 12,52 1,097

Rate constant 2,37 x 103 2,63 x 10™2

(mn.~1)

Fi. 1. Carve 5. Curve G.
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Order in Isobut eid

To doteormine the order uvith refercnce to
igobutyric aecid, expcerinomte vere performed with
different concentrationo of the substrate keoping
the othor factors constant. The order wae dnferrcd
fron the plot of rate constant Vo.ioobutyric acid
concentration, %he otrairsit line paseing throurh
the orlgin indicaiod the firot order dependence on
the substirate.



FIG. 2
EFFECT OF RATE CONSTANT ON ISOBUTYRIC ACID CONCENTRATION
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HSwro—

4+log [ c,’”] —
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Popendence of rate constant on the concentration of isodbutyric
aoid.

Zacpes 70 2 ,1°C;/H, 80, 7= 5.0 L Cr 7w 33,33 x 10740

[‘xeobu;:yrio] 4.0 x 10”21 5.0 = 107211
seld

Sine(mine.) 10%/CeV27(1) 4elogffr'7  10%/Be"IN(1) 4slog/Br'i/

0 33,33 1,502 33,33 1.522
10 31.84 1.503 31.27 1.495
20 31.45 1,497 30,63 1,486
30 31.20 1.494 30, 24 1,480
40 31,00 1,491 29.86 1,475
50 30.81 1.483 29.73 1,473
6o 30.54 1,485 £9.54 1,470
20 30.30 1,461 29.00 1.462
80 29.97 1.476 28,90 1,460
90 29.71 1.472 28, 64 1,457
100 29.46 1.469 28, 25 1,451

Nate constent 0.85 x 10”3 1,06 x 10™3

(man.~1)

Tipe 2. Curve 1. Curve 2.
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2able -V,

Dopondence of rate constant on the concentration of
ipobutyric acid, s

Tenp.= 70 £ 1% [H,50; = 8.0 [0r' /= 33.33 x 107°n.

[Isob;ltytic] 10.0 x 105 25,0 = 10720
aelid

Mno(rdne.) 109/FeV57(1) 44dog/Br's7  104/BrVo7(11) 4edog/Cr'a7

0 33.33 1.522 33.33 1,522
10 30,67 1,486 31,60 1,499
20 30.28 1.481 30,41 1.483

- 30 £9.62 1,471 28,82 1,459
40 20,02 . 1,462 £27.63 1.441
50 28,23 1,450 £7.00 1,431
60 27.56 1,440 £6.40 1,423
70 27.93 1.435 25,84 1,412
80 £6.76 1.427 24.90 1.396
90 2630 1.420 24,31 1.385

100 £5,90 1.413 23,98 1.381

Date conotant 2.07 x 1073 3.94 x 1075
(edn.~1)

Fire 24 Curve 3. Curve 4.
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Table - VI,

Dependence of rate constant on the concentration of
isobutyric acié.

Tempes 70 2 41%03 L850, = 5,005 £Cr)7 » 33.33 z 1074,

ﬂsohngydc] 50.0 x 10%1 75.0 x 10™°H
acl

fime(nins.) 10%/8rV37(11) Gelop/TeL/ 10%/8r"57(1) 4slog/Tr'S7

0 33,33 1,522 33.33 1.622
10 30.28 1,461 28,08 1.448
20 28,08 1,448 £4.28 1.385
30 26.13 1,417 21,10 1.324
40 24,67 1,390 18,88 1.276
50 23, 14 1,364 16.90 1.228
60 21,98 1,342 16.59 1,193
70 20,87 1.319 12.69 1.103
80 19.84 1,207 11.25 1,053
90 18,28 1.262 .93 0.997

100 17.06 1,231 - -
Rate conotont 6.50 x 109 12,15 x 109
(min.~1)

Tir, 24 Curve 5. Curve 6.



FIRST ORDER DEPENDENCE OF RATE CONSTANT ON [SOBUTYRIC ACID
CONCENTRATION

FIG. 3
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“able - Vi,

Dapendcnee 0f roto constont on tho concentrotion of
icobutyrio nolid.

Yerpes 70 2 196/ H,50, T 0,003 L0r o7 33,33 x 10”4

Teotutyric 7 100.0 x 101
acid
HUne {cdnoc.) w“‘*[ an_?'m) 4 + log [ i}vﬂ]
0 33433 1.502
16 28,60 1.408
20 £1.24 1,327
0 36.61 1.193
40 15.83 1,40
50 12,086 1.070
60 0,83 0.002
70 7480 0.86%
80 G.88 0,977
g0 B.20 0,718
100 2.84 0.634
Rate constent 15,86 ® 10”0
(min.~1)

Flie 2e Curve 7.
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At high acidition 4t is difficult to atudy the
influence of hydrogon ions on the reaction valooity by
varying the pH of the medium, Nevertheless, hydrogen
ione as euch heve bBeen varied by wvarying the sulphurio
acld content of the reaction mixturs, The ionlc strength
was adjusted by sodium hydrogen sulphate. The rate

constante at various concentrations of sulphuric acid
are reglstered bvelow, The rate constants obtained dy
dividing pseudo first ordcr rate constants by correp-
ponding hydrogen ion concentration and by the square of
hydrogen ion concentration are shown in table XI, It fe
soen thet the order of the reaction is two with respoot
to hydrogen sons,



FIG. 4
ACIDITY DEPENDENCE OF THE REACTION RATE
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Zable « VIIl.
Acidity depandence 0f the oxidation roto.

Terpes 78 & .19 M 00, 7 + LNeas0, T 6.01%
[Toobutyric cotd Te 0.00/7Cr s o £6.66 x 10730,

L1807 5401 B8
Pire(wine.) 10°/0r 70 402oefrB7  10%/70r"27 4elog/r'a7

0 £6.66 1.425 26.66  1.428
15 24.74 1,393 £3.95  1.360
30 23,20 1,368 22,26 1,347
45 £0.20 1,346 21.20  1.326
60 £1.00 1,322 20,26  1.306
75 20.12 1.300 19,12 1.781
50 19.13 1,081 18,17 1.260

105 18.45 1.266 17,16  1.230
120 17,50 1,948 16.50  1.217
135 17.10 1,033 18,70 1.196
160 16,68 1.290 14,93 1,174
Rate constent 3.18 x 10™2 3,70 z 103

{mm,“lj

P‘lgq 4e Curveo 1. Curve £,




2adlec - 1%,

ecpew 76 ¥ .1%/ 0,50, 7 + LHans0, T 6.0
[iecbutyric ecid_Ja 0,253 £Cr't T 26,66 z 10~%n.

L[580, .7 4,01 4.5
fine(mne.) 10%/8r"27(1) 4+locffrs? 10%/CeI/) 4slon/Cr 57

0 26,66 1.4256 28.6C 1.4256
18 22,38 1,349 21,58 2242
30 20.60 1.31% 19.46 1,209
45 18.86 1.275 18.04 1.2566
60 17.70 1,247 16.28 1.21%
75 16.58 1.219 15,20 1.182
90 15,40 1.198 14.83 1.163

105 15.12 1,179 13.08 1.116

120 13.68 1.142 11.80 1.072

135 12.90 1.110 11.086 1,043

150 12,10 1.0462 10.15 1.006

Rate constant 4.70 x 1073 5.60 x 102
(min.~1)

Fir. 4. Curve 3. Curve 4.



Tabloe - X

Acdidity dependenco of the oxidation rate.

Sempem 76 X 1%L Hy80,7 « [Tiatiso, T 6.0
[tocbutyric aoid = 0421 [Br /= 26.66 x 104,

LB,80, 7 8.0 | 8,511
Pino(ming.) 10%/TeVi7(1) aedop/Br's7  10%/CxTI7 (1) 4+420pCr sy

0 26.66 1,425 26, 86 1.425
15 21.46 1,331 £0.63 1.314
30 15.£0 1.983 17,70 1,248
45 17.00 1.230 15.63 1.194
€0 15,80 1.198 15.68 1.136
75 © 14.30 1.155 12.64 1.101
90 13.33 1,125 11.32 1,053

105 11.97 1.078 9.54 0.979

120 11.00 1,048 8.16 0.911

135 9.83 0.992 7.12 0.882

150 8.98 04953 5457 0.746

Nato conotont 6.47 x 1077 9.65 x 10™°
(mn.~)

Fipe 4e Curve B. Curve 6.
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Table <« Xl.

Effect of ecldity on the rate constant.

[8Y 7 [ 7% xox10° 5 10° K 108
(1) (min.~1) [‘n X et

-]
(’1"7”"&"'”‘”") (1Z.mole“min~1)

3.0 2.00 J.18 1.06 3.53
3.5 12,25 3.72 . 1.07 3.03
4.0 16,00 4.70 1.17 2.93
4.5 20.26 5.80 1,28 2.86
5.0 25.00 6.47 1.25 2,58

5.5 30.26 965 1.75 3.19
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2ecnerature dependcnee

The oxidation of icodbutyric oeld vno studied
ot s8ix dif€ferent tempeoratures uvnder fdentionl conditions
of ropotants concentrations cnd ionte otrength. The
plot of log &k VB.“;%;” yielded a otrairht line and the
energy of notivation oo celeulated froom tho plope. Zhe
value wos found to 14.7 Hesle The othoer therpodynonic
parptietors 1.¢. ABTF ona AS¥F were colculated
fron the equotione given in Chapter I end the values
are 14,0 ¥eel and «37.56 2 eu. roopcotively.



FIG.5
TEMPERATURE DEPENDENCE OF THE REACTION RATE
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2a5ble - Xii.

Tomnorpture dopendenes of tho opidetion roto.

L1550, T 5,015 [Toobutyrie oetd Ja 0,21 [oriofwc0,66 x 10700,

Comporatare 338%: 343%

fino (mins.} 108/Fe i7(n) 4edon/Brol7 10°/8:Vi7() 4elop/TeV 7

0 26,66 1,425 26.66 1,425
10 25,74 1,410 26,72 1.410
20 24,92 1,290 24.80 14394
0 24,10 1.568 23,00 1.878
40 £3.18 1.865 25,28 1.367
50 20,28 1,347 20,50 1,362
60 21,64 1,338 21,77 1.338
70 21.03 2822 ' £1.20 1,526
80 £0.46 1.311 £0.53 1,312
90 20,06 1,302 19,90 1,299

100 19,60 1.202 19,23 1.284
Aate constent 2.32 x 10™3 3.10 x 1070

( ﬂino“ 1)

Fice Ba Curve 1. Carve 2.
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Teble- I11X.

Tomporsture dopendence of thoe orddation rato.
L1150, 7o 5,00 L Toobutyric cotd = 0,25 L% 26,66 x 30™%n,

Permerature 348% 353

ime(rdng.) 10%/Fr /(1) 4elopFres 10° rﬁ?’(t‘f) selog/Be LS

o 26,66 1,425 £6.66 1.426
10 25,50 1.406 24,94 1.397
0 24,42 1.537 23.23 1.566
30 23462 1.373 22,15 1.845
40 22,98 1.256 20,97 1.221
oo 21,65 1,325 19,65 1.837
0 £0.74 1.316 18.72 1.272
20 19.50 1,099 17.86 1.262
80 19,03 1.279 16,64 1.206
90 18,23 1.261 18.97 1.197

100 17.12 1.0353 14,90 1.173
Rate constent  4.00 x 19™9 B.60 x 1075

( ﬂina‘I)

Fire De Curve 3, Curve 4.
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able « XIV

Torperature dependence of the oxidation rote.

L1180, 7= 5.0, [Ysobutyric gc1d Je O.20.
[Br' T 26.66 x 10~%0,

L2emporature 358"2{ 363°%

?ine (mins.) 109" 17(n) selogBrs7 104 /Eei7 1) aelop/Br Ly

0 26466 1.425 26,66 1,425
10 24,77 1,394 24.74 1,393
20 22,77 1.357 22,50 1,352
30 21410 1.326 20.94 1.321
40 19.60 1.292 10,23 1,284
50 18,35 1.268 17.51 1.243
€0 17.25 1.236 16.80 1.198
70 16,10 1.206 14.40 1.158
80 14.35 1.157 12.63 1,101
90 13.36 1.125 10.70 1,029

100 12,25 1.008 9.66 0.984
Fete conatent 7.56 x 1070 9.37 x 103
(min,~1)

Fire B Curve b. Curve 6.



The method of calouletion applicd to ovalunte
the ionic otrennth hao doon deseribed earlior. OCtudiss
with Soobutyric meld show @ positive salt effoets [fop
evare tho plbt of ,ul/ 2 Vo.lop & do not pgive ony inforcoe
tion sbout tho ropotion nechanien. $he tableo delow
rocord tho obsorvations at vorious ionig otremptho.



FIG. 7
DEPENDENCE OF REACTION RATE ON IONIC STRENGTH
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Table - XV.

Effeot of fonio otrength on tho =ote constent.
Cerps 78 2 .1% L1007 40505 [Isobutyric noid J= 0.0

LB 7w 26,60 2 107%
k[ﬂaﬁmﬂ : 7% 1 0.5
/ fonio 4.51 5.0

strenrth
Pinolming,) 10%/827(2) as100/Ce 7 10387 astoglBe VY7

L+ 26.68 1.485 286.66 1,420
s £6.30 1,403 2b.68 1.410
30 £4.,18 1,888 25.83 1.377
45 28.88 1,369 22,87 1.359
€0 £2.18 1,348 22,00 1,342
75 £1.48 1.332 £1.18 1,328
20 20,97 1.337 20.20 1.308

108 20.07 1.30% 19.28 1,286
120 19,48 1.£88 18.42 1.288
139 18,90 1.278 17.66 1.245
160 18,40 1.264 16,70 1.228

Rate constant 2.86 x 10™7 3.00 x 10™°

(man.~1)

Fire 7e Curve %, Curve 2,



144

atle « XVi,

Pffect of 1onde strenpgth on the ratc conotent

Tempe 75 X ,1%¢ LBy50, 7= .50 [Ynobutyrie cotd Te 0.00
[Br' 7w 26,66 x 10741

[ﬁaﬁl({ﬂ 1,07 1,502
onto BeSH 801
gtreacth

Mra(mine.) 10%/0eVA(n) 402on/Br'i7 108/TeV7(12) 44doa/Tr sy

0 26,66 1,425 26,66 1.425
15 £5.53 3,407 24.86 1.395
30 £3.36 14368 23,36 1.368
45 £2.34 1.840 22,05 1.543
60 £1.20 1.326 £0.50 1.320
75 20.10 2.303 19.44 1,888
90 19.07 1.+280 18.30 1,262

105 18,32 1.262 16.90 1.887
120 17.47 1.042 16.84 1.199
135 16,62 1.200 14.68 1,166
150 15.50 1,190 13.63 32.131
Bate constant 3,38 x 1070 4,60 3 10~°
(min.~1)

Fire Te Curve 3. Carve 4.
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Table - XVII,

nffent of fonie strength on the rnte conctemt.

Terpe 78 2 41%C LM,80, = 4.58; LYoodutyric actd Je
0.2 f0r" e 26,66 x 10700

[nacm;‘] \ 2,01
- Jondc . €.811
strenpth

Tine(mins. ) m‘.{é’»"}?(r:f} 4+ log ﬁrvf}'r

0 26,66 1,428
16 24.00 1,398
B0 B3.32 1.367
48 21.90 1.340
G0 10.57 1.887
7o 17,33 1.262
80 16.00 1,204

105 18,62 1.193
120 14,12 3.100
135 13.04 1.315
150 12,34 1.0091

Rate constant 8,80 x 10™7
(Mn."i)

Fipe 7a Curve 5.



FIG. 8
EFFECT OF ACETIC ACID ON THE OXIDATION RATE
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fabdle -~ XIVIII,
Infiucnce of gootic geid on the rato of oxidation.
o
Cenp. 76 £ «170 1:%504] e 5,01 / lacbutyric aocid J= O.2M%

L' e 26,66 x 1079,

LRoetic acta /] NI 0.11
Tine {mina.) 10T A2} selogfle's7 10%/8TVIE) 4edog/Te 7

0 26466 1,408 26,66 1,426
15 25,50 1,406 24,34 1,386
30 24.43 1.307 22,65 1.358
45 £3.62 1,373 £1.28 1.3587
60 £2.72 1.366 19,99 1,300
75 21,65 1,356 18,95 1.877 -
90 20,74 1,516 17.63 1.246
105 19.98 1.30% 16.26 1.211
120 19,03 1,279 15.10 1.179
135 18.24 1.261 14.52 1,162
150 17.12 1,233 13.57 1.132

Rate conetant 4,00 x 10™° 4.98 x 10~

(min.~1)

Fioe Bs Carve 1. Curve 2,
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Tabhle - XIX.
Influence of acotic nold on the vate of oxidation.
Temp. 78 T ,1% L0,80, = 5,075 [Ioobutyric ecid J= 0.214

[Br% 7. 26.66 x 1070,

Lfootic eotd ]  Ou2 0.50
ino{nine,) 109/ i7(1) aslogfBeVY7  1wWETIN delon/TrVT

0 26,66 1.425 26.60 1,426
15 24,03 1,380 23,44 1.370
50 22,14 1545 £1.80 1,359
45 20,50 1.512 20,34 1.306
80 19.03 1.280 18,34 1,263
76 18,20 1.260 17.07 1,282
90 16.68 1,207 15,33 1,185

105 15,78 1.198 13,96 1,136
120 14,62 1,165 12,88 1,093
135 13.40 1.127 10.86 1,036
160 12,38 1.002 9.90 0,995

Rate constant B5.68 x 10™5 6.90 2 10™7

(nsn.~d)

Pioe 8. Curve 3, Carve 4.
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Table -~ XX,
Inflvence of poetlic acid on the rete of oxiduation.
Tempe 78 £ 1°0 z'ﬁeﬁﬁJn 8.0 [ Yeobutyric acid /m 0.2M;

(& e 26,06 x 1074,

L hoetic ectd J 0,78 1,00

fire(mne.) 10%FrVAN) 402007 1055 EN) 4420a/0T

0 26.66 1.420 26.66 1.428
10 22.78 1.357 £1.84 1,535
20 20.38 1.508 19.23 1.284
80 18.14 1.068 17.36 1.259
40 16,82 1.8028 15.97 1,208
850 18,33 1,485 14,26 1.154
60 13.73 14137 12,66 1.102
70 12,50 1.097 11.00 1.041
80 11i.44 1,085 .03 0.9982
20 10.18 1,007 B8.44 0.926

100 8,88 0.904 6. 80 0,838

Rate conotant  7.50 x 10™° 8.94 x 10™°

(mtn."Y)

Tirs B Curve 5. Curve 8,
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» ¢ g neid

In oror to dotrroing the order of ropction
with reforence to onident, cxporimente wore perforned
varying the concentration of chronie eold at conotent
isobutyrie end oulphuric acid conccentrotions. Thio
plot of log [_ﬁ’rv? Vo. tine yleldod good oiraisht lineo
in all tho cosen. Tho roto conotonts wore dotormdnod
fron tho slopes of theooo linco ond were Lfound to bo
olnooct conotent indiceting firot onder depondones on
ozxidont concentration. The rate deta oro chom bholows



FIG. 9
DEPENDENCE OF RATE CONSTANT ON CHROMIC ACID CONCENTRATION
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2ab) o - X¥I.

Dependence of rate conotant on chrorie scid concontration.
Rerme 76 % 1% LW,50, Je 5,00 L icovalordc ecad Je 0,11,

@xz;ﬁu 4 66,66 x 1070 33,33 x 107
f8C

Mmelzanes) 1038 I Sedog/frS7  10%/8I7(1) 4edon/BriZ

0 66,66 . 1.008 33.33 1,622
10 68,12 1,000 51,74 1,501
20 0o 33 1,789 30,20 1,480
0 57,26 1,757 £9,10 1,463
40 53.96 1.732 27.56 1,840
60 50,00 1,698 26,28 1,419
60 44,90 1,698 25410 1,399
70 41,23 1,615 23,83 1,377
80 37.14 1.569 22,16 1,345
o0 32,62 1.513 20.46 1.311

100 © 28,90 1.461 18,98 1.278
Rate constant 6.80 x 10™3 6.40 x 10™3
(min.~1)

Tie O. Curve 1. Curve 2.
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Tabdld Q_" XXIle
Dopendence of rate conotant on chromie acid concentrotion.
Terpe 75 = .1%0y M, 00, 7= 5.0 L icoeveleric actd Je 0.11,

ﬁnrgiméc] 23.80 x 1074 18,51 x 10™%
a

pre(nine,) 10°FI7(0) 4o /BrS7 10%Tr Ny telon/Br'a7

o £3.60 1.376 16,61 1.267
10 £3.26 1.568 17,97 1.254
20 52,03 1.343 16,87 1,227
30 21,22 1,326 16,10 1.206
40 £0.46 1.510 14,77 1.169
50 15,43 1.288 13. 60 1,188
60 19,86 1.268 12.56 1.099
70 17.14 1.234 11.33 1.054
80 15,60 1.193 10,20 1,008
90 14.89 1,173 9.10 0.959
100 13,77 1,139 7.96 0 .901

Nate conotant 6,40 x 30™° 7.22 x 1077

‘mnﬁ..l)

7 Be Curve 3. Curve 4.
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Toble - XXIXI
""" Dependence of rElé constent on ehrtmlc pcid concentration.
Pemps 78 2 1903 LH,80, T= 5.0i [Tso-valeric eddd J= 0415,

[hrocte oadd 7 16.66 x 10™%n 13,53 = 10™%n

Mne(nino.) 10%LeVIA(L) Selogle's7 10%FeIN0) aedogle"7

0 16,66 1,001 13,33 1.124
10 16.18 1,200 12,40 1.003
20 16,40 1.168 11.86 1.07
50 14,74 1.168 11,22 1,050
40 13.84 1.141 10.50 1.021
80 12,90 1,111 9.83 0.998
60 11,63 1,068 8.16 0.962
70 11.02 3.048 8447 0.928
80 10,00 1,000 7.74 0.809
90 9413 0,960 7.10 0.085%

100 8420 0.914 6.57 0.517

Rate constent  7.566 x 1077 7.56 x 10™%

(mno‘-l)

Fire 9 Curve 5. Curve 6.
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The order vith recpect to isovnleric acid vase
fiotornined oxaoctly in the same way as $n thoe oxldotion
of doobutyric ancid and found to be unity. The plot
of rato congtant Vo foovalevic aeld concentration is
phoen in tho figure 11 énd the dato are given in the
folloving tablaon. .



FI1G.10
DEPENDENCE OF RATE CONSTANT ON ISOVALERIC ACID CONCENTRATION
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Tadle « XXV,

Dependence of rate oonstant on the concentration of
isovaleric acid.

Torp. 98 £ 4395 L 1,50, Tm 6,003 [Fr'ofw 33,53 x 1070,

VA zmmigr&a] 4.0 x 10°% 8.0 x 10”1
2o

Tino{pins.) 109Te2/1) tedopfBe'e7 109/ 4elonlleViY

0 33.33 1,582 33.38 1.822
15 33.06 1.519 33.06 1.519
& 32,80 1,615 S2+38 1.509
48 32,34 1.509 3i.70 1.001
60 31.88 1.003 30,98 1,491
78 31.50 1.488 30,45 1.48%3
80 351.03 1,491 £9,860 1.471

106 20,50 1.484 2h.15 1,464
120 30,04 1.477 £28.37 1,462
136 £9.,38 1.4068 27.60 1.440
150 28,60 - 1.408 £6.87 1.429
Nete constant 1.08 z 109 1.64 x 10~°
(pin."1)

0. 10, Carve 1, Curve 2.



Tabdble = XXV,

Dependence of rate conotant on the concentrontion of
Soovaleric geid.

Tezps 70 2 01%; LH,80, 7 5013 [Be' 7 33,35 x 1079,

Lcovelertc ] 10,0 = 10~% £20.0 x 10~
ae

Tirelmino.) 108871 elog/Br'e7  30%/EVIN 1) Salog/BeTEy

4 3333 1.622 G333 1.522
15 52.13 1,507 31.00 1.401
30 31.28 1,498 28450 1.454
45 29,56 1.470 26,98 1.431
60 28,37 1,402 £5.40 1.404
78 27.17 1.434 23.10 1.363
20 26.12 1.417 £0.83 1.318

105 24.40 1.087 15.17 3.282
120 23 38 1.368 17.82 1.239
158 £21.70 1,338 18,67 1.198
1560 19.64 1.293 14,08 1.148
Rate constant 3,00 x 10™° 5.44 x 103
(min.~Y)

Firme 10, Caurve 3. Curve 4.



FIRST ORDER DEPENDENCE OF RATE CONSTANT ON ISOVALERIC ACID
CONCENTRATION
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Table - XXV]I.

Dependence of rate constant on the concentration of
isovalerio noid.

Terp. 75 £ 1903 [ 1,80, J= 5,015 [Or' T 33,38 x 10740,

['Iamigrinj 25,0 = 10770 35,83 x 10”2y
ac

Mrolmne.) W/FeINE) dslon/Te 37 10%/8:Y ) aog/TeT

0 33,33 1,502 53.33 1.820
15 30.03 1,490 30,54 1,485
30 28,67 1.460 28,10 1,48
45 26,67 1.426 25,70 1,410
P 24,34 1,382 £2.13 1,348
75 22,28 1.348 19.63 1.291
90 £0.22 1,305 17,29 1,036

105 17.43 1.241 14.30 1,168
120 18.63 1,194 12,25 1,088
135 14,03 31,147 10,27 1,013
150 12.44 1.034 8.87 0.948
Rate constent 7,93 x 107> 10,50 x 10™°

(mn'*l}

:‘2’15’5‘ 10. Curvo Da Curve O,
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gulphuric acid wno vorted from 3,08 to 50,
The rote was found to fnorenne with incoressing sule
phuric cold contemt of the regotion rmiztare. Bince
gulphuric peid 1o considored to dlasocliate into IISG‘;
ions only, sodiur bisulphete wes used to componoate
for the chonpge of ionie strengibs The vomulto of
poldity wvariation awo reported in tho tables dolov.



FIG. 12
ACIDITY DEPENDENCE OF THE OXIDATION RATE
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Tadle = XIViI.

Acidity dependence of the oxidntion rote.

Terps 76 T 11% [H,80, + UalS0, T« 6,00 L Isovaleric
2018 T 0,27 [8r" 7= 26.66 x 10™%,

LBy80, 7 3.00 3,50
Mne(mine.) 04T 4ntogBr'y 10%/Te (1) s4log/Te'i7

0 26466 3,425 26,66 1,405
15 25,90 14419 £5.80 1.411
) 26446 1.406 24,70 1,383
45 24.63 1,391 £3.50 1,371
60 25,74 1.376 22,00 1,842
75 22,70 1,356 20,30 1,307
80 £1.23 1,387 18.95 1.277

105 £0.10 1,303 17,40 1,240
120 19,30 1,288 15.53 1.191
135 18.37 1,266 14.18 1.151
150 17,06 1.232 12.43 1,094
Bate conctent  3.37 x 1070 4.82 x 10™°

(min.~})

Fige 18, Curve 1. Curve 2.
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fTable - XIXVIIl.
Acidity dopendence of tho oxidation rate.
Pempe. 78 2 .1%01 [H,80, » HalB0, 7w 6,025 [isovalerio

ootd Tw 0.2 /" 7 26.66 x 10740,

Lugs0, 7 4,01 4.5
Pine(rine,) 10%FrVI7tr) 4620087 10° N 4n10ge"T

0 26,66 14425 26,66 1.425
15 95,45 1.408 24,20 1.383
50 24,34 1.386 23.80 1,576
45 03,23 1,366 21.64 1.335
60 21.64 1.535 19.80 1,206
7% 19.84 1,297 17.63 1.243
90 17.57 1,084 15,15 1.180
105 15,60 1.193 13.10 14117
120 14.40 1.158 11.20 1,040
135 12.12 1,083 942 0.974
160 10.42 1.018 7.86 0,898
Gete constant  6.14 x 1077 8.37 x 10°°

(min."1)

Pir, 12, _ Carve 3, Corve 4.
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2able - XXIX,

heidity dopendence of the oxidotion rote.

terpe 78 3 .1%3 L1550, « 0390, 7w 6,013 [ Xecvoleric
acid_Je 0,21 [Or 7w 26,66 = 1070,

L8p50,.7 5,00
Tino{rins. ) w“(p‘n”fﬂ 1) 4+leg @rwj
0 26.66 1.428
A5 24.57 1.390
30 22443 1.330
48 18,7¢ 1.294
€0 17.20 1.235
75 13.94 1.144
80 11.40 1.086
105 10.27 1.011
120 7.47 0.573
135 8.38 0,731
180 4,18 0.821

Late constant 10.28 x 1077
(min,~3)

ipg. 12, Curve B,
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Table - XXX,

Rffect of acldity on the rate constants,

[8°7 [w 7% xx 1{1)3_3____1 0% K 2 108
(1) (min,” %) w7 Ve e

-1 T __J .
(pmeemim:y (12 pole~Zmin,~1)

3.0 . 9.00 3.37 1.12 3.74
3.5 12,26 4.82 1.37 3.93
4.0 16.00 6.14 1.53 3.83
4.5 20,26 8.37 1.86 4.13

5.0 25,00 10.28 2.05 4,01
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Reaction vas otudled ot pix diffsrent teonorow
tures under fdenticel rvcmotion conditionn, Activotion
onerny end other thermodynanio paraspeters werc cnloules
tod fron etondard equntion descrided emrlicr. The
velues found ares

Activation cnoryy e 11.8 Real
Hont of potivation = 10,0 Ked/
Intropy of sctivotion = «4G,9 ou.

The rste constonts ot varionn tenperoturen
ore siven in the follovins tables.



FIG. 13
TEMPERATURE DEPENDENCE OF THE OXIDATION RATE
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Tadle - IXX.

Tomperature = dopcndence of tho reastion rato.

0,50, 7= 6,013 [Isoveleric actd J= 0.113
LB 7w 26,66 x 107%,

Yerworature 245%: 2aa%

fime(minn.) 109/Fr (1) asdog/Be"s7 10° Er37(r) aelogflr oy

0 26.66 1.0856 26.66 1,428
10 25,63 1.408 26,03 1,418
20 258.04 1,590 20.28 1.402
30 24,50 - 1,359 24,40 1,387
40 23.74 1,376 22.80 1.367
50 £3,04 1.362 21,90 1.340
60 22.28 1.348 20,70 1.316
70 21.657 1.334 19,65 1,293
80 20,87 1.319 18,43 1.266
80 10.84 1.2807 17.33 1.238

100 17,96 1.254 18.12 1.207
Pate constant 3,32 x 1070 4.70 x 1072

(mncﬁi)

Ml~, 13, Curve 1. Curve 2.
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7able -~ XXXIX.

Termperaturs dopendence 0f tho oxidation rate.

L1480, T 5,01 [ Isovaleric ecid ] = 0,114
[Er%T & £8.66 x 10™%n,

fenperature 383% 368°%

Pino(mine.) 10%/Ce /(1) 4elog/Tre7 10/ 4edoglfrVy

0 26. 66 1,425 26,66 1,425
T 25,70 1,410 25,58 1,408
20 23.98 1,580 23,87 1,378
30 23.12 1.364 22,50 1.562
40 21,87 1.540 20,41 1,510
50 19.95 1,500 18,70 1.272
60 19.23 1,284 17.30 1,258

70 18,03 1,258 15.64 1.200
80 17.14 1.234 15.13 1,180
90 16.14 1.208 14.32 1,166
100 15,34 1,186 12,76 1.106
Bate conntent  5.52 x 1070 7.6 x 1079
(min,~?)

¥z, 13, Curve 3. Curve 4.



FIG. 14
ACTIVATION ENERGY
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2able - XXXIIl.

Sormerature dopondence of the rosction rate,

LHg80, 7 = 8,073 [Yoovnlerie acid ] = 0.11%
[Br"L7 = 26.66 x 107,

Senperature 363%% 368°¢

ne{rinc.) I10%/TeViF(m) 4+log[5'rv:_[7 10%/CeV 7)) delog/Te"L7

0 £6. 66 1,426 26466 1,425
10 26.20 1,385 28,70 1.375
- 22,13 1,348 20,90 1,320
30 20,51 1,318 17.98 1,255
40 18,88 1.276 15,48 1,190
60 16,74 1.226 13,67 1.136
&0 15.13 1,180 11.56 1,063
70 13.98 1.146 10.35 1,018
80 12,20 1,006 9.03 0.656
90 11,27 1.052 - -
100 10.30 1.013 - -
Rate constant 11,50 x 1070 16.12 x 1073

{zin, 1)

Fiﬁt 13. Curve D. Curve 6.
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Pffect of Ionic Strensth

o S —
e

By verying the concentration of nodiun popre
chlorate, the ionie strensth of the resction mizture
wap resulatod. A pooitive influence 1o oboorved. The
plot of O ml‘/ 2 ¥o.log® foils to give any eonclusive
resulis, %he rate conotontn at various fonic otrengths
ore rogietored delow,



FIG. 15

DEPENDENCE OF RATE CONSTANT ON IONIC STRENGTH
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Tabdle - XIXIV,
Lffect of 1onie strength on the oxldation rate.
Terp.75%.1%0s [ 1,50, 7= 4.5 [Isoveleric acid J= 04113

e « 26.66 x 10°%1

Jlevr0, 7 iEh) 0,511
_Ionic_ 2.51 54011
otrensth

?4ne({rina,) 10%/Er"37 (1) 420/80"Y7  10%/8: A1) aedop B VAT

0 26.66 1,485 26,08 1.428
15 26,20 1,418 26,54 1.420
30 28,46 1.408 26.50 1.406
46 24,67 1.392 24,33 1,386
60 £2.83 1,377 23.17 1.365
786 22,90 1.360 22,02 1.342
80 22.16 1,347 20,90 1,320

105 21.53 1,333 19.64 2.203
120 20,70 1.315 18.66 1.271
138 19,67 1.204 17,73 1.248
150 18.9¢6 1.278 16.73 1.223
Nate conatent £.50 x 1070 3.77 x 105
{(min,~1)

Pire 18. Curve 1. Curve 2,
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Tadle =~ XXXV,

Lifect of ifonte strength on the oxidation rato.

Perp.762.1%s [11,50, 7 w 4,60 [Isovaleric sedd = 0,11
(51T » pe.se = 1074,

Lhecro, 7 1,00 1.6
_lomnic_ 5.5 6,01
otrenpth

Tino(mine.) 10%/8r"7(1) 4elop/Tr'i7 10%/BrVIAL) 4edop/Be'7

0 £26.66 1,428 26,66 1.425
15 28,35 1.404 2550 1.406
80 24,46 1.388 - 24,20 1,363
48 22,95 1.360 22,84 1,358
L) 21,38 1,330 20,86 1.319
75 19,65 1.293 19,23 1.284
90 18.00 1.256 17.16 1.23¢

105 16,90 1,227 15,60 1.193
120 15.80 1,198 13.44 . 1.128
135 14.668 1.165 11.83 1.073
150 13,38 1.126 10.23 1,010
Nate constant 5,56 x 10~ ?.25 x 10™°

( mln..i)

¥4, 15, Curve 3. Curve 4.
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T"Table ~ ¥YXXVI,.
ffeot of Lonlc strength on tho oxidation rate.

Temm.752.1% /7 Ho80, J= 8,51 [Teovaleric acid Je0l1ry
[Er¥17 = 26,66 x 1074,

Lhecr0, 7 2,08
_ionie 6.511
otrength

Tine( m:m@.) mgﬁrvf]( 1) é«@lﬂg@'x‘vff

0 26.66 1.425
15 24,80 1.394
30 £23.80 1.365
46 21.13 1.324
60 19.28 1.2842
75 17.20 1,235
20 15.20 1.181

106 13,08 1.116
120 11.06 1.034
135 8.90 0.950
150 6.80 0,832

Date constant 8.46 x 107°
(min,"1)

Fioa 15, Curve D.



FIG. 16
EFFECT OF ACETIC ACID ON THE OXIDATION RATE

4+1l0g [Cr I]_____’

16

14 |

12

1.0

08

06

TIME (ml'n) —_—

.-
\;\0
E Q (2
L Q Q
Q : A
S 0
° °°
[ o O 3
4
5
0 15 30 45 60 75 90 105 120 135 150



170

Tabtle - XXXVIIi.

Influoence of acotio cold onm the oxidntion rate.

Pemp.752,1%) [1,60, J= 5.0m [isovaleric acid Js 0.1%;
[Be7 = 260,66 x 1074,

['Ace?éc 7 0.1H ' 0.2
as

2ano{nine.) 10%ETIN1) 46do/Tr's? 1040 I d61onl"T

o 26, 66 1.425 26,66 1,425
15 25,07 1.999 £24.00 1.594
50 23,34 1 .3¢8 22,70 1.356
45 £1.17 1.528 20.96 1.321
€0 19,57 1,267 10.00 1,078
75 17,16 1.254 16,94 1,229
90 14,98 1.175 14,52 1.162

105 13.14 1.118 12,67 1.102
100 11,60 1,065 11,08 1.044
135 10,03 1.003 .02 0,955
150 8.34 0.921 7.12 0.853
Peto comstant — B.22 x 1670 8,94 x 1070
(edn,~1)

I4~. 16, Curve i, Carvo 2,
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Tadle « EXXVIXI.

Influence of acetio acid on the oxtdation rete,

Terips785.1°C) [H,80, J» 5,013 [Ycoveleric actd e 0,17
[Bx17 = 26,66 x 10™%n,

L heotse J 0,51
acid

Sine(mine.) 10% rvf]'( b} 4#105@»737

0 26.66 1,426
15 £2.,85 1,309
20 £0.83 1,512
45 18,38 1.263
&0 15,92 1,202
76 14,02 i.146
20 12.10 1,083

1086 .94 0.997
120 7.83 0.883
136 €.34 0.802
150 4,50 0.653

Batc constant 10.40 x 10>
(min.~Y)

Fire 18, Cnrve 3.
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ablo =~ XEXIX.

Influence of acetic ancld on the oxidstion rote,

Tenp. 762, 1%Cs L0550, Je= 5,003 [Toovaleric aeid Jw 0.1
L5e"Y7 « pe.08 x 207D,

f“"gﬁ” 4 0.78 1,01
a

Pne(ming.) 10%FeV37(1) delog/lr'7 1% /537 @4103@1-757

0 26.66 1,425 £6.66 1.425
10 23,57 1.572 22,18 1.346
20 21,10 1,324 19.78 1.296
30 19,50 14800 18.60 1.269
40 17.96 14264 16,16 1.208
50 16,57 1,219 14,82 1,171
60 14,87 1,172 12,60 1,107
70 15.38 1,106 11,38 1,087
80 12,25 1,088 10,20 1,008
90 31.06 1,046 9.54 0.931

100 9.57 0,983 7.10 0.851

Ratc constant 11,18 x 30°> 12,17 x 10™°

(nin. ")

Figr. 16, Curve 4. Carve §.



Shaptex IV
Kinetico of Oxidntion of phenylasetio geid
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The oxidation of phenylated fatty ccido is
inportant fron the blolopical point of view since it
throws light upon the mode of oxidation of fatty ncids
of rolated structures in the ani=al body. Dak1n134'135
studled the cxidatlon of phenylated fatty aclide in vivo
and in vitro by hydrogen peroxide. fis resulto afforded
the moat convincing evidence of the occurrence of}?-ox1~
dation in both the cases showing a close analogry between
then. The use of copper as a catzlyst in the oxidation
of phenyl derivntives of gliphatic acids has been reported

by dones snd UacLeanlss. They observed that the erne of

oxidation wns increessed with the increase in the side

chain. The specisl susceptibility of phenylacetic acid
to oxidation was ascribed to the fect thet f-oxidation
"took place st the nuclear carbon aton to which the side

chein was attoched.

Bacterinl oxidation of benzoic and phenylecotic
acids by Vibr10157 wes reported to take place by differcnt
netabolic routes, but a section of tricarbozylic cycle
vhich enters throuchf -ketoglutaric acid was shoun to be
corron to both.lockenhul11%® gemonstrated that the

initinl oxidation of phenylacetic ecid by "enicilliun
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chrysogenun took place in the side chein as dehydropgene-

tion process with the fornation of bensaldehydce Phenyl-
gcetaldehyde gnd hydroxyphenylacetic acid were envisaped

as intermediates. [‘ercuric end 1odoccotate ione were

139 suprested

observed to inhibit the oxidation. Spiro
that « -oxidation of fatty acids in the organiem was

not duec to o peculipr oxidation mechanism, but it was
linited by the properties of the oxigikln comnouné which

determinced the peculiar poasition of attac&.

The oxidation of phenylsted fatty acids by hot
allialine pormengsaante was 1nveatigéted by Przhevnlskiilﬁo
who rcported thrt the oxidation took plance at the cardbon
aton next to phenyl groun. The hydroxyl group was intro-
duced which was then further oxidized to a corbonyl
conpound and finally to benzoic scide The renninder oside
chain was oxidized to carbon dioxide or to a dibasic acid.
Oxicdative dcgradation of cerboxyllic ecids by potassium
nermancanate hos 8lac been reported by Skraup et 611410
Zhese workers obtainced beonsolce acid from phonylacetic acidg
benczolc and bvencoylformdce acid from hydrocinnaric and
phenylbutyric acids by oxidizin~ then with one riole of
acid snd 0.1 role of potpssiun pernangenste in presence

of two equivelents of potassiunm carbonete. Permanrennte

oxidation of phenylacetic and phenylpronionic ecids in
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acid, basic and neutrsl media vas carried out by Dimitrov

and Stefanovalag. Formation of pyruvic acid, as identified

by gas chromeioprephy, vas attributed to the brealking of
bengene rinzg. Use of solid manpanene dioxide as en

oxidant for the oxidation of organic compounds vas reported
by Fl-Sadari®3 pno obtained benzaldehyde (8075 yield) and

carbon dioxide from phenylacetic acid.

The usuanl oxidative degradation process in lipnin

chenistry to vanillin by nitrobenzene was epplied to model

componndalqé. It ras shown that phenylacetic ageid was

oxidiegcd to bencoylformic acid. Perculphate oxidaticnléb
of phenylacetic acid gave dinhenylmethanc (367 yield)

146 used argentic picolinnte

ond boncaldehyde. Bacon gnd Henne
as o sultnble oxident for orgenic compounds in aquecous
suspensions. They found thet phenylacetic acid vwao

oxidiced to benealdehyde by this rearent. Cﬁtersles
obtalned 1little benraldehyde from the oxidation of phenyl-

9147 obpervations

ocetic acid by cobaltie palts. Fieser'
on the alkyl side chain by chromic enhydride strongly
surgest thet the derradation of an acid side chain proceeds
by en initialﬁ-oxidatian followed by decarboxylation to
ﬁ-ﬁmto accid. The lower honolomous acids orise by the
sirilar processes. MHence they concluded that the phenorena

of'ﬁ‘—oxiﬂation was not lirdtcd to biolorical oxidations.
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only. The schenatic reprcocntation is ss follows:

~(Ci1,)gCOH ~———=> =(CH,),COCHLO0,H >
~(CH,,),C0 CH, —— CHy)y g COLH.

Recently148

oridative decarboxylation of phenyle
acetic rcid has been shoum to proceced through ionic
nechenion end not via free radical ome. Beazoylfornic
acid has been postulated no the key internediate, the
formation of which has been illustrated by either radical

or ionic mochanion. The resction hes bheen shotm scchematice

ally ass
i o

Cuv,0 | =z
Cgllg Clly COH —=> C.H. - ? - G\\ —

+ LR
Cu

"o - /
Csﬂscjz Ceﬂsaﬂﬂz - ﬁ - O
4]
g 9 H 0
| |l i l [
I |
+A Cu Cu

CGHS Cﬂz cozn

0, ~CO
() —E> cgty - @ - o —> [gts - ¢ - oog1] —5
£ ) 0

GGH c10
, 5
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2 gligCloCOH
2° v
csaa-gx-c\o csns-c\;\-co\o "
00 N\ | cH 000"
Cie 65 N
Gl CL,COH € gl CH,COT
CHeCells
°s”s"‘i'”‘l""“°aﬁs csﬂs‘fn“l"'ceﬁﬁ
¢ c- % on c. ¢
20\ /N\T T ve's N\ N
oZ o’ “on o? ol o
ceﬂsuflﬁcfc-csﬁs
c ¢
2
0Z Vo’ CHC gl
" {11)

In the present chapter otudics on the oxidation
of phenylpcetic and boncoic aclds were conducted in order
to ret an insight into the mechenisn of oxidntion of fatty
acids by chromic acid.
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Order in Chronie scid

The disoppenranco of chromic acid folloswed
opparently first order kinotics. vhon it wes oxorined
s ploto of 165.{5%#57 VYa.tino. The typicnl plot is
ashorm 4n figure 3. It ip to bo noted thot decroase
in chronice acid 16 gocorpenied by increrse in rate
conantanto. Tihe oboervations at various chronie acid

concentratione arc tabled Belows



FIG. 1
DEPENDENCE OF RATE CONSTANT ON CHROMIC ACID CONCENTRATION
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Poble - I,
Dopendence of raie constant on chrooio acld concentretion,
20zp.782.1%C; £3,80, Jo 0,00 [ Theny) scotic aeid 7w, 6x1077n,

[chrggic] 66,66 x 10™% 33.93 x 10™%n
aclé

Pine{rino.) 10’*@:“_7( ) éalap@rvf] 10487 ) é&og@rﬂj

o 66466 1.625 33,33 1.522
10 650 13 1,034 30.00 1,505
20 63,72 1.804 20,97 1.451
50 62,53 1.906 29,72 1,473
40 560,40 1.731 28,62 1,456
B8O 67.73 1.761 27,98 1.435
&0 55405 1,700 26,52 1,425
70 50,06 1.710 24,95 1,397
80 50,58 1.703 23,64 1.371
90 48.40 1,684 3,34 1.368
100 46,26 1,665 £1,80 1.338
Ante comatant 4.20 x 10™° 4,27 x 1077

(zin.~ Y

Fire 1 Curve 1. Curve £,
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Yable - Il.

Jependence of ente ponsisnt on chrozic acid concentration.
Cape?0%419Cs L7880, Ju 5.003/ Phenyl acetic acid /=G, 6x10~n,

fchmméej £3.80 x 10™% 16,81 » 10~%
agg

oime{rine,) 10%/TeV /(1) 4sloglfr a7 10%/BVIT(n) 44dog/Bre7

0 23,80 1,376 18,51 1.267
30 22,65 1,355 17.70 1,248
20 £1.82 1,339 16,95 1.224
30 £1.20 1.506 16,19 1,200
40 £0.52 1.310 16,58 1.192

B0 £0.20 1,308 14,68 1,166
EO 18,80 1.274 14,00 1.146
70 18.18 1,259 13,28 1.103
a0 17.36 1,230 12,60 1,100
90 16.68 1,202 13,03 1,080

100 16,53 1.191 11,32 1,054

Yate conatant 4.14 x 16“3 4,60 % 1ﬁ'3
( min.'l) ’

¥ipe 1. Curve 3. Surve 4.
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zobdle - 1Iil.

Sepondence of rate conotent on chronde scid concentration.
2erp. 782, 1903 1,50, Je 5.0 Phenylacetio nold Je 66210771,

[’cngiogsa] 16.66 = 10~ 13.33 x 1070
f

Tine(oine.) 10%/8rTI() 4410e/Br"7 0YCeVi70) anropglfr7

0 16,66 1,221 13.33 1.12¢
10 15.87 1.£00 12,66 1,009
20 15,10 1.178 11.90 1,075
30 14.24 1,189 11,46 1,089
40 13,90 1,136 10,78 1,033
80 13,25 1,121 10.33 1.014
60 12.70 1.103 0.74 0,908
70 12,03 1,080 8,12 0.060
80 11.36 1,065 8.68 0.938
90 10.66 1,008 8.14 0.910

100 10,03 1.001 ?.¢0 04880
Date conatent 4,73 x 1070 4.88 x 107

(Ma.”xl

Iire 1. Curve 5. Curve €.



Table - 1V,

Beopendence of rete conotant on chronic acid eoncentration.
Tonp.762. 1°0; L 1,50, J= 8013/ Phenylocetio ee1d Jut.6x1070m,

[ohromie ] 11,30 x 1070
aeld

Ticel nins. ) <10¢£§&ﬁ272n) 4w1¢gzﬁﬁ;?5’

0 11.10 1.045
10 10.68 1.028
20 10.23 1.012
30 9.88 0.994
40 9.59 0,077
80 9,06 0.956
a0 Bu57 0.933
70 2.03 0,908
a0 7485 0,678
80 708 0.848

100 6456 0,816
Rate constant 4,73 x 10™°
(min.~})

ig. 1 Curve 7,
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Order in cid

Yhe oxidotion of phoenylacotie acid dy chronic
aneld was ptudied at low ocudbatrate concentration and
eouldé not bo variced cueh bocause of 1t poor colubie
lity. BHovover, firnt order depondence on cubatrato
vas ostinntod froo the plot of rate constant Vo. phenyle
acetic neid concentrntion. A otreisht lino paosing
throuch the origin wes obtoined.. The rate at various
concentrations of phenylecotie peid are given $n the
folloving tables:



FIG. 2
DEPENDENCE OF RATE CONSTANT ON PHENYLACETIC ACID CONCENTRATION
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Deopendence of rate conotent on the concentration orf
phonylocetic acdde

Terp.708,1%C; [H,80, J= 5.0t [Fr'o7w 33,33 x 10740,

[’thyzgﬁeun] 4.0 x 10~°n 5.0 x 10771
ec

Time(nine.) 108/8r"57(1) astogflr 7 10%ciN(1) Selop/fr'7

0 33435 1.622 33.33 1.622
15 $1.89 1.508 32,20 1.507
30 30.93 1.490 30.86 1,469
45 30.10 1.478 £9.98 1.478
80 29.47 1,470 28,97 1.462
75 08,53 1,485 £8.16 1,450
90 27.77 1.443 26.95 1,430

105 27.08 1,432 26.20 1.418

120 26,26 1,419 26,25 1.402

138 £5.56 1.407 24,50 1,390

150 24.67 1,398 £3,60 1,372

Tiate constant 1.06 x 10”3 2,52 x 109
(ztin. ")

Pig. 2. Curve 1. Curve 24



Table - VI,

Dependonce of rato conatant on the conoontration
of phenylacetic acid.

2enp702,3%03 Li,50, Ja 5.0 [Br' Jw 33,35 x 1070,

[?hcnyiﬁaetiaj 8.6 x 10”7
B

Tice(rdns.) mgﬁrvfﬂ ) 4*10@@33?,!7

0 38.33 1,522
15- 31.62 1.500
30 | 30,17 1,486
45 | 28,92 1.458
60 27,09 1.432
76 25,44 1.405
90 £3.98 1.380

105 £3410 1.383

120 22.10 1,364

136 21,14 1.325

150 20.13 1,301

Rate constant 3.97 3 1073

(zin,~3)

TApe 24 Curve 3.



Table - Vil

Depondence 0 rate conatent on the concentration of
pheaylacetice acid.

2ecpa?02.1%; LH,50, Tm 6,01 [Or e 85,33 x 106707,

4f?nen§§g¢eex¢;7' 8.0 x 10™"n 10,0 x 10~
il

Pime{otrn.) 10%/BrV7(0) aedopBV27 108877 (1) 4stop/Br's7

0 33.33 1.522 33.33 1,522
10 32.24 1,508 $1.86 1.503
20 30,90 1.490 30.46 1,483
30 29,70 1,472 £9.06 1,463
40 28, 67 1,457 £7.66 1.441
50 27.53 1.440 25,67 1.412
60 26.44 . 14282 24033 1,390

" 90 P85, 28 1,402 23,32 1,267
80 23.98 1,850 22,08 1.343
90 22,68 1,354 20,70 1,316
100 21,64 1.333 19.43 1.288

“ate constent 4,28 x 1073 5.72 z 10”3

(min.~1)

Tige 2. Curve 4. Curve S.



FIRST ORDER DEPENDENCE .OF RATE CONSTANT ON PHENYLACETIC ACID
CONCENTRATION

FIG. 3
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No sultable buffor could be preparad for atuly
ing the influwnce of pH on the reaction rate. leverw
theleus, hydrogen ion concentration waas changed ae
puch by werying the sulphuric acid -« sodium bisulphate
ratio in the roaction mixture, The concentration of
hyGrogen done waes ¢sloulated on the assumption that
the first dispociation of sulpburic goid 4is complete
and seoond dissoclation is negligible, The effect of
various conosntrations of sulphurio acid on the rate
oonistants are given in the tables. It is oboarved
that the gquotients obtained by dividing pseudo first
order rate constants dy hydrogan ion concentration
vary but by the square of hydrogen ion concentration
remain constant in esch run, It indioates that the
resction is of second order with respeoct to hydrogen
ions,.



FIG. &4
ACIDITY DEPENDENCE OF THE REACTION RATE
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Yable ~ VIII,

pclaity dependence of the oxidation rnto.
Recp.70%.1%0s [11,80, 7 + LTe180, 7 = 6401
L Phcenylacotie neid Ja 6.6 x 107 T

BV 26,66 = 107%,

L[u80, 7 4.0 4,51

Mne(pine.) W0%FeVI(1) aa1opBei7 1088 T7(0) 44100/Br17

0 16,66 1.221% 16,66 1.221
1 15.%5 1.197 15.48 1. 189
30 15.128 3. 180 14,70 1.167
45 14.46 1.160 13,906 1. 144
€0 15.64 1,136 13.00 1,118
70 15.05 1,118 12,88 1,088
90 12,58 1,093 12.10 1.083

108 11.80 1.071 11.36 1,055
120 11.13 1.048 10.70 1.024
1386 10,66 1.023 0.93 0.9
150 10,20 1.012 0o 34 0,970
Eate constant 5,33 x 1073 3.77 x 10™0

(mn¢~1)

Fire 4. Curve 1. Curve 2.
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Tedle - XX,

Acidisty dependence of the oxidation rate.

Qerp.?02.1%; 1,80, 7 + [ais0, J = 6,01
[Phenylacetic noié s 6.6 x 1077y
27 o 16,60 x 107%,

L8,50, 7 6. 0L e8I
TAmo(mine.) 10%/Be370) 4edorBr'sy 1088V aelop/Te'7

4 16.66 1.221 18,66 2.8221
15 15,30 1.384 16.40 1.187
30 14.84 1.162 14,13 1.180
45 13.67 1.136 12.87 1,109
€0 12.83 1,028 11,60 1,060
78 11.58 1.063 10,862 1.022
20 10.93 1.038 9.72 0.887

105 10,43 1.218 8.80 0.944

120 9.58 0,081 V.87 0.896

135 8,80 0,944 7.10 0.851

150 7.97 0.901 6,17 0.730

Hate constant 4.82 x 107° 6.47 x 1070
(min.~3)

Fors 4. Curve 3. Curve 4.
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?able*xn

Acidity dependence of tho sxildation rate,
o 3 .
Penpa 702,170 L1480, 7 ¢ L HeaNs0, J = 6.00%
L Phenylaootio neid e 8.8 x 19’31?;
827 « 16.66 x 107%,

Bys0, 7 64001

tinc{mins, ) m‘[&'ﬁ’f?’( m é«v}ag@r?f?

0 16.C0 i.221
16 15.10 i1.180
50 33.38 1.22¢
45 11.67 1.067
60 10.40 1,017
76 Bu16 0.981
80 7.87 0,096

1086 ?.00 0.B46
120 6.20 0,792
135 D30 0.724
150 4.04 0.627
Rate conatent 8.05 x 10™%

‘mﬂonz)

Pire 4a Carve Ja.
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Effect of acidity on the rate constant.

[ 70872 xx10° 3 4 0

(m) (min."Y) /07 7R

(1 mittminty (1%.m01e™%min, 1)

4.0 16,00 3,33 0.83 2.08

4.5  20.25 3,97 0.88 1.98

5.0 26,00  4.82 0.96 1.92

5.5  30.25 6,47 1.17 2.13

6.0  36.00 8,05 1.34 2,23
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Lerperature doprndonce

The effect of temporature on tho oxldotion
rote wne dotercined undor oitilar reaetion conditions.
Activation energy, heot of activntion and entropy of
nctivation were deteorcincd from the formulee meontioned
alrendy. Oboervations reeorded under $dentical condle
tiono but warying tomporature ere presented in tho
folloming tables. Phe volues of notivation porproters aire:
-« Pnorgy of acctivotion = 17,8 Heol
dest of ectivation e 17.2 Kead
ntyropy of activation = -28,0 oeu.



FIG. 5
TEMPERATURE DEPENDENCE OF THE REACTION RATE
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*>able ~ Xil.

Pemperature dependence of the oxidation rote.
L1580, 7= 5.0E; [ Phenylacetic acid 7 = 6.3 ¥ 10771
57 « 26066 2 10740,

Temperature 338%% 343%

Pane(mino.) 10%LeVI7(n) 4etopfBeiy 10%9/8:"I(1) 4sdog/Br"L7

0 26,68 1.426 26. 66 1.426
10 26,35 1,420 £6.15 1,417
20 26,10 1.418 25,34 1,404
50 £5.90 1,413 £4.73 1,393
a0 25,36 1,408 23.76 1.376
50 24,87 1.395 28,30 1.367
60 24,40 1,387 22,90 1.360
70 £4.05 1.381 22,40 1.350
80 23. 65 1.373 21,83 1,340
90 £3.30 1,367 21,38 1,330

100 £2.98 1.361 20.72 1.3186
Rate constent 1.53 x 103 2.43 x 10™°
(min.~Y)

47. be Curve 1. Curve 2,
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2able « Xill.

Farporsturas dependence of the oxtdation rate,
[%igan, 7= 5,08 [ Phenylncetic acld / = 5.3 x 10™%g
7 « £6.68 x 107%0.

Terperature 348% 353%

Tire(nine.) 108/ aslog/lr's 1088 (1) asdog/Br iy

o 26,66 1,425 £6.66 3.428
10 26,98 1.014 25,56 1.407
20 £5.45 1,405 24.62 1,391
30 24,67 1.992 23,32 1.367
40 23.7¢ 1,375 £1.90 1.340
50 £3.20 1.365 £0,60 1.313
60 22,50 1,362 10,25 1.284
20 21,52 1,332 18.10 1,259
a0 £0.584 1.319 17,10 - 1.235
90 £0.06 1,302 16,28 1.211

100 19.20 1.283 15.30 1.184
Rete constant 3.66 x 105 5.33 x 10™°
(min." 1)

Tire Ba Carve 3. Curve 4.
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Tebdble - XIV.

Rocperature dopandence of tha oxidation rate.
L 4,80, 7= 5,07 [Phonylacetic seid T = 6.3 x 1077y
(&7 » e6.86 x 107,

Focperature 358%: ) 3639

oime(rdne.) 108877 SelogfBer'7  10°/82V1700) 4aroglCr7

0 26,66 1.425 26.66 1.428
10 25,53 1.407 25,14 1,400
20 24,20 1.383 23,67 1,374
50 22,90 1.350 £1.69 1,336
40 21,10 1,32¢ 19,70 1.£94
60 19,57 1.201 16.13 1,258
€0 17.62 1,851 16.10 1.206
20 16.44 1.215 14,37 1,157
8o 15,32 1,185 13.35 1,186
90 14,07 1.148 12,08 1.082

100 12,90 1,110 10.66 1.023
Hete comstant  7.73 x 1070 9.53 x 1070

(ﬂn.-l)

¥ice & Curve 5. Carve €.



PLe of fonie ot

The lanic otrenpgth of the renction minture
hae been controlled by adding wnrious apounts of codium
porchlorate. IYonio ptroogth of the mediun hes been

oaleulated on the following sesunpitions.

{(a) The firat dissocintion of sulphuric ceid 4s
conplete and vecond Gicsocintion fc nopligiblo:

(b) Pheaylacetic acid and chromie npeid do not contrie
ute signifieantly to the totnl donlo oftrempgth.
The data appoar in the following tabloos



FIG. 7
DEPENDENCE OF OXIDATION RATE ON IONIC STRENGTH
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7able -~ XV,

Iffeot of Londie atronsth oa the renction rate.
2erp752,1%05 L[ Hy50, 7w 4.655 [Phonylacetic acid Je 6.3x107Cn;
(577 16,66 x 10741,

[ Nacrog? 7P 0,80
) Ionic 4.6 5.0
& t:rengtﬁ'

Mre(mine.) 10%/8"37(1) aetog/lr a7 1048V Gedos/BrYi7

0 16.66 1,223 16.66 1.221
15 16,20 1.200 15.28 1,182
30 15.82 1,199 13,80 1.140
48 16,40 1.187 12,88 1.110
€0 14.92 1,173 12.08 1.082
75 14.46 1,160 11.76 1.070
0 14.04 1,147 10,82 1.035
108 13.72 1.157 10,23 1.010
120 13.33 1.125 9.00 0.996
135 12.94 1.112 . 9.60 ' 0.982
150 12,50 1.006 .25 0.966

Jate constant 2,03 x 105 3.00 x 10™°
(sin."})

Fip. 7 Curve 1. Curve 2,
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2able - XVIi,

Effect of ionic strenpgth on tho reaction rete.
Zerp. 752,103 80, = 4.5t [“Phenylocetic acid f= B+32107%1;
Lr¥ 7. 16.66 x 10%%n,

Lhnc10, 7 s.om 160
_Iomic B.50 6,017
strength .

Time(nins.) 10%Gr"I7(1) selog/Br 27 10%/Er /D) 4sroglir T

o 16,66 1.201 16,66 1,221
15 14.58 1,163 12,27 1,166
30 13,36 1.126 13,00 1.114
45 12.30 1,090 11.92 1.076
60 11,42 1,058 10.84 1,038
75 10.85 1,038 10.29 1.012
90 10.03 1,001 .54 0.979

1086 9.24 0,968 8,40 0.924

120 8.74 0.941 7497 0.901

135 8.08 0907 7.22 0.858

150 7.50 0.874 6.70 0.826

Ratc constant  5.48 x 1070 6.52 x 10™°
(nin.~1)

Plr. 7» Curve 3. Curve 4.
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Podble - ZVii.

Effeat of ionic strength on the resction rote.
Penp. 765, 19C3 L850, 7 = 4.8
L Phenylacotic ncid 7 = 5.3 x 16"41.1:
L5r37 o 16,68 x 1075,

-

[‘zzacx%J 2.0
_donde 6,51
atrengih

2ine(ming.) 108370 éélowrvf?

¢ 16.66 1.221
15 13,90 1.143
30 11.34 1,054
45 10.46 1.020
60 0e44 0.978
75 8.50 0.930
80 . 7.98 0.902

105 6.86 0.836

120 8.08 0.784

1386 5,72 0,758

150 4.90 0.690

hate constant 8.86 x 1079
(ztn.~3)

Fire 7. Curve 0.



FIG. 8
EFFECT OF ACETIC ACID ON THE RATE CONSTANT
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Table -~ XVIIX,

Influence of ascetic acid on the remction rato.
Tonp. 752,10 [B,50, 7= 8,013 Phenylacetic netd Je 603210771y
&7 - pe.oe x 1070,

F Meﬁ o7 S LS | 0.2
ac :

Pino(cino.) 108/8r27(1) aslog/Fes7 1045371 AelogTeY7

0 26,66 1.425 26466 1.428
18 £4.90 1.396 £4.98 1.397
50 28,03 1.362 22,96 1,361
45 21,66 1.335 £21.46 1,351
60 20,23 1.306 19.95 1.300
78 19.13 1,281 18,72 1.072
90 17.42 1.261 17.66 1,247

105 16,38 1,214 16,43 1.218

120 14.78 . 1,170 15.03 1,177

135 14,07 1.148 13.80 1.140

150 12,73 1,104 12.18 1.085

Rete conatant 5.20 x 1077 .44 x 1072
(mn.~})

Fire. B Curve 1. Curve 2.



2able =~

Influence of ncetio ancid on the resoction rato.

XIX,

Porpa782,1%0s LH,80, 7 = 5,01

Phenglocetic scid T 8.3 x 10
L8257, 26,66 x 10”4,

L hootic ]

acld

fine(nins.) 10%/FrV37(1) Gedog/Br'ay

0 26,65 1,426
15 24,57 1.390
30 22,28 1,347
45 £0.12 1,304
) 17.80 1.263
75 16,50 1,217
90 15,02 1.176

105 13,33 1.124

120 10,37 1,092

135 10.96 1.039

150 9.62 0,982

Rate constant 6.90 x 1073

(min.~1)
Fiee 8o Curve 3.
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P2abvle - XX,

Influvenos af acotic aold on She reaotion ratso.
Recp.762.1%) L1,50, 7= 5.0Us/ Phenylacetic acid Ja 5.3x107 my
[Br' 7 26,66 x 1074,

L hoetic S 0.7 1,00
acid

Mnmelpino,) 10%/8rVIN1) selog/Br'i7 10%/FeV() aelog/Er'i7

0 26,66 1,625 26,66 1,425
10 23,38 1,568 23.54 1.371
20 20,12 1,346 20,32 1,308
30 £0.25 1,308 16.26 1.261
40 18,88 1.276 17.35 1.240

80 16,08 1.257 16,04 1,205
£0 18,80 1,825 14,486 1.161
70 16,86 1,200 13.08 1,116
) 14.64 1,165 11.77 1,070
90 13.33 1,128 10.70 1.030
100 11.82 1.072 9230 0.968

Hate constent  7.73 x 1077 9.20 x 107

(min.~1)

Fig. B, Curve 4, Carve 5.
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The kineticos of oxidation of lower fatty aclds
by chroric aecid clooely reserbles that of hydroearbons
by the sene oxident. The trend in reactlivity of tho
nothyl, methylenc and methine groups has been found to
be sinmiler in both tho reastions. The introduction of
phenyl group has the seme effeet as in the case of hydroe
carbons, From the sinilerity in the rates of oxidation
of hydrocarbons and fatty ancids, conclusion ie drewn
that the renction possessces icportent fepgtures of carboniun

jons.

Iron the prelininary experinents it 4o obocrved
that acctic and pivelic aclids are not attacked by chroride
pcide It indicates that ncithor methyl proup nor carboxyl
group 1o oridized by this orident. The reslstivity of
these groups tovards chromic acid oxidation hro 8150 boen
denonstrated by uickinbottoml4g and Rocekgs. This clesrly
indicntes thnt methylene and methine groups of the sliphatic

acide are oxidiged.

The recction rate depcnds upon the first npover of
Cx{Vl), the first pover of substrates, but the dependence

of rote constent on hydro~on ion concentration is of
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second order. It 1s oeen thot ns the concentration of
Cr(Vi) is decorcased, the first order rate constant
incr=agses. But the incrcase is not to an extent such
that o hirher order tern in Cr{V1) may be defined.
Sinilar effcet wao observed by llovick and ﬁeatheimerla
in the oxidation of isopropyl alcohol and by Kemp and

98 4n the omidation of formic acld and formplde-

Taters
hyde. The explonantion put forvard by Uestheimer that it

is due to the hydrolysis of the dichronate ion

-3
Cr,0;, + 0,0 —— Hcrﬁ';

geerns $to bha the corregct onoc.

Rocelt and Rrupiek326

ghowed thnt in stron~
sulphuric scid solutions, the rate of chromic acid oxide-
tion of isopropyl nlcchol follows “o' since the wotor
moleculce does not participante in the transition otatc.

weatnaimer41

shoved that “o is not the correct ncidity
function to be used in dooeribing the protonation of the
gcid chromate ion gnd the . function should be used.

The latter increases more repidly with decreacins uvater
concentrotion in the solvent than does Eo cince both
proton and pcid chromatc ion —ill be hydrated wheorens

the neutrel product chroric ncid will have a considcrable

150

degreec of hydration. Loe end Stewart introduced a ncw
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function - « log 3H2Q/aﬂA and showed that 1t gave a
much better fit to the ionization datae then the sirple
acidity functiono Ho or H=, Dy comperins the volues of
these functions, it is geen that thc value of new function
decrcases nore ropldly then li=, The values of these
functions at higher tecporptures ere not reportoed in

the literature but it hes been determincd67 that a very
sniall but pystematic drift is found in the relaotionship
botvecn acidity function snd deid concentration with
changing tecperature. However, the plots of logarithm
of rate constants ocgeinst new acidity function ylelded

a stroisht 1line but tho slope vas quite high. The high
slope nay be due to the use of unvalid aciéity functions,

It hes beon shovn thot the oxidation of orgenic
subotrates by Cr(VI) depends upon 1ts psrticular species
whose otability and structure depends upon the acidity
of the medium. Chromic ncid is a fairly strong acld

(ky = 0.18, ky = 3.2 x 10™7) and in dilute aqucous

colutions the followins equilibrir heve been reportedoi=193

(e) Ha0r0, ——==> a* . fCroy
(v) LCro, — Y cro,’
(e) 2ACr0, s Crzo.'; + 0,0
(a) {Cry0, a—— Cr,0;

Ll -
(e) HyCry0, oI S HCr,07
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The dimerization equilibrium (C) is of pgrent
irportance. In dilute aeidic nqueocus solutiono, at con-
centrations greoater than 0,051, the dichromate don (and
its protonrted species) is the orodominent specien and
gt lower concentrations,the nmonomer {and its protonated
epecles) predominateslsz. It has also bcen confirmedlg
that dichromate ion io a far weak oxidiging agent than
acid chromate ion. Very little, hovever, 18 known about

the chronium species in the strong acidic medium,

1t has been ourgested by meny workeore that electron
+ +
deficlent cations such as ncros and 35Cr04 are the mogt

probable epeciesas'lsé'lss.

Since the concentration of
sulphuric acid used is comparable to that used forcerly,
1t can snfely be concluded that tho protonsted species

as showm sbove are the effeetive oxidizine agent in our

ayeten. ,

It 10 seen that increasse in lonic strength
increases the rate of oxidation. Interpreotation of theoce
datn seens %o be difficult as thore cay be neny factors
which gy cause a chan~e in rate with chenging ionio
strenpth. The acid chronntaz-dichromagte eguilibriun is
a function of ionic strensth for two reassons. Tilret,

increasing ionic strength will favour the formation of a
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divelent ion and secondly, s divelent lon will have a

highar ion palr asscciation constent thon a univalent

ion. Both of these effeots cnuse the equilidrium .

to shift townrds the dlchromete 1on as the ionle atrenpth
inorepses, This would correspondingly decrease the rate

of renction., It 15 contrary %o our findings aend henee

this explanation ig untensble, The doorense in rate
eonotant with incronsing lonle strength indicates g renction
vetween oppositely shinrged loas. Jut Incrense in rate with
incressing foniv strength is consliatant with o reaction

156. It socmp

batwean neutral moleoule snd charged species
roasonable decause tho wonoting gliphotic pold molecule 4o
undoubtelly ¢ neutral mslecule 2rd hexavalent chrouium s

a cotlonte epecien HCr0I. Tharefore step (2) of the rocction

nechenion 1o favoured by tncwensing iomioe  afrength,

The influende of ohein lemgth on the rate of oxidntion
of fatty esolids was deternined end the observed crder of
renotivity followed the sequence propionicldutyric valeric,
Thie is the order of reasctivity exvectsd on the baeis of Nooek

and Krupicaka's mechaniamgs

+ The incresse in the rate constrnt
with inersaeing carbon chsin may be due to the greater number

of pethylene groups or 1t may be due to the nucleophilicity of
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larrer alkyl groups, a situetion sicilaer to that found
earlier for the chromic acid oxidation of aleohols®o,
It 1o glso known51'133'147'156, that carboxyl group
greatly inhidits the chromie acid oxidation of eanrbon

chain. Rocekgs

carried out the qualitative 1nvecticat19n
of the carboxyl group effect and attenptod to express this
influcneeo on the basis of his kinetic date. TUe @lsne found
that the order of reactivity of fatty scids 15 in egroe-
nent with Hocek's observation. As the carbon chein
increeses, the inductive effect of carboxyl group dimi-
nicsheoc and henece the increance in oxidation rate with

increasing chein length tokes place.

It 15 well known thet bronching in thef -position
to the reaction centre hes a very pronounced effect on the
repction velocities ond can cause changes in the rote
conatanta of nany orders of magnitudelsv. The results
on the oxidation of brenched chain aclds show that the
replacenent of one hydrogen by one methyl gsroup increascs
the rate by 20 times. Thisp ie consistant with thce fact
thct methyl proups which are elcctron releacing pske tho
wethylene group pore negative and thus focilitate the
attechk by electrovhilic species HCrOl., The hi~h rates
of oxidation of dbranched chein acids can aloo be sccounted

in the sane way.
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In order to follow the effect of bensenc ving on
the oxldation ratc of gliphatic acids benzoic and
phenylacetie acid were takhon. Benzoic aclid was hardly
oxidized but phenylacetic acid was oxidized gbout 20
times faoter than oropionic ncid. The incresse of the
reaction rate connot hovever, be attributed to the oxidg-
tion of benzenc ring vhich ie hardly affceted by chronic
ecid sp evidenced by the unresctivity of benzoic acid:
which ie formed as the cnd-product.

The rate of chromic acid oxidation of fatty acids
in the prescnce of pangmmous or ceroua ions wvas found
difficult to ncesure. However, experinents werc performed
with various concentrations of mangonese {(II) end ceriun
(11X) ions. The retes wore hiphly irregular and,therefore,
no satiofectory conclusion could be drawn. %The fact is
that therc are many complications which are reoponsidle
for these irregular results. TFirstly,various nanpanese
oglts obscures the end point of en icdometric titration
(perhepo by catalysin~ the rir oxidation of I"), Secondly,
the enalytical procedure deternines both the Cx(VI)
concentration snd the concentration of mangancsc gpecies
of oxidation stetes hirher than two., Severrl pttenpts
werc made to find an anrlytical procedure which would

diotinguish between Cr(Vl) and higher oxidation otates
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of mangenese and cerium. But no such procedures could de
evolved, - 3t was however, found that the smount of
chromio s0ild conzumed in the remotion mixture to which no
sanganese (II) or ocorium (1XI) dono had been added, was
more than thet to wiich thoee ilons had been added, It
indicpted that some retardntion by theas ione was cansed,

On the basis of the results which have boon obtmined
the rate lav may be written as

vi
- UgE) ok ratty sot T LR,
The following mechanisn which is consistant with the above
rete lawy, involves the direct transfer of methylene hydrow

gens as hydride ions to the oxidiring egent.

»
- *
(1) HCrOy + £H o — HCrOy ¢ HnO

B ¢ | " %
>

8) BeCuwB+ 0000 «OHRES R u 0w 0w Or = OH ¢ B
(&) | P i

CO H co R

8 % o

»

(3) a-?uo-cr-m&!} R=C-0-0r=o08

CO B cogH

R . B
0 o OH ox

D

* | I |
(4) a-o'-o..cx-_-cnma.g~o-cr~ou+n"

COH COH
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m ou
I i "

(8) R~ €« 0« Or «0u-f28) 5 oG = 0O + Cr = 0 4+ B*
Q0gH ol

" +* * 0
(&) Warost B Oroy « it ER8ED oy ofo,

S 0 ™ 0
(?)}usﬂeuo&cuax*-anméauc‘+aoe‘
HSCroa
i ®,0 ?I
(8) R = C*-gt Re 0= 08 « B*

fares and Rocokl®® reported that the oxidation of
motbhylene group was a two stage prooess, In the firat
sinre r partislly developed corbonium ion is forme?
{by hydrids ion transfer); the second step is the renetion
of this species with Cr(IV) compound alremdy formed in
the first stnge. In our reaction meohgnisp equations’2)-
snd (3) show the formation of carbonium ion from the
fatty nold molecule., The formation of carbonium ions in
the chromic acid oxidntion of orgenic compounde has baen
confirned by Neeaoiulﬁg. It i» reascngble tc mesunme
equation (2) ae the rnte determining step since it involves
the abetraction of hydride ion.(genernlly hydride shifs

 re relatively ohow processes)., /. mcchaniem very
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similar to this has been postulated by Foster and
ﬂiekinbottom149 for the chromie acid, oxidation of

mothylene pgroup in the naturnted hydrocarbons.

H H
l ‘ |

a-T.-n + H,Cr0, ———> n-?-o-crogn-—-}
R R

-
R - (i - 0 = Cr(0H), —> R,CO.
R

The intermediate {>c.o.cr02ﬂ postulated as conmpon to

these oxidations wae aspuned to arise by abaetraction of

a hydride ion to give & carbonium ion capable of corbin-

+*
ing with HCran’It is ouggeoted that the intermediate
- EC-O.CrOSH mey aleo be formeé by direct attack of

chromiun trioxide on the carbon.

QCrl

Sy

é(///// 2
_/}c-u-—-—>->/c —-?-‘;C-O. 01‘0211.

Then the carbonium ion has been formed it picks

up & water molecule from the solvent to give the complex

cormpound shovm in equation (4). This complex subsequently

brenks down to give keto scid snd a compound of tetravalent
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chroniun. The fate of this intermediate (as shown in
eqn.6) is sinilaer tp that previously postulatedl'gg'lso

. The hydride sbstraction mechanism in our systen
is strengthened by the fact that groups which releasse
elecctrons, would be expected to facilitate such a resction

and are observed to enhance the oxidation rate. %The keto

Q 0

acid is cleaved to give R - C* and carbon dioxide. R - %*
reacts with water rapidly forming the lowor acid. The
cleavage of keto acid can not be caused by direct atteck
of chromic acid on the lIeto acid molecule but must result
from the action of some unstable intermediate containing
chroniulr in an unusual valence state. The evidence for
it was obtalned by adding naoneanese or cerous ions to

the reaction nixture. These fons are not oxidized dy

160

chronic acid itself but the earlier work shows that

these ione react rapidly according to the egquations

crIV + EnII = GrIII + i?nIII
etV o et — el 4 celV,

Furthermore, an unstable intermediate containing penta-
valent chromium also occurs during chromic acid oxidationslso
but erises only from tetravalent chromium by way of reaction
(6)« Therefore, when I!n** or Ce*** sweeps away totravalent

chroniun from solution, it removes pentavalent chronium
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as well, Hence no cleavage of keto acid tekes place.

As the reaction under ptudy is very complicated,
no sirnificance can he atteched to the thermodynanic
paronetera. However, these functions have beon calculated

and are tabulated below.

AFP¥ AR¥ AS¥
Acid (Knal/aole) (Kcal/mole) (Keal/mole) (  eu.)
Proplonic acid 17.0 27.2 16,3 - 30.8
Butyric acid 18,4 26.9 17.7 - 26.1
Valeric acid 20.7 26.7 20,0 - 19,1
Isobutyric ncid 14.7 27.3 14,0 - 37.5
Isovaleric ecid 11.5 27.2 10.8 - 46,5
Phenylacetic scid 17,9 27.3 17.2 - 28.4

It 15 seen that the value of AF¥41s the sanc in
all the acids. But the values of ecnergy of activation E
and A Hf however, increase with the increase in chain longth,
Theso vilues are conparntively low for branched chein acids.
It is well known that if AS* is positive, the formation
of activated complex 18 more probable and the reaction is
fest while negative entropy of activation indicantes slow
reactions. A comparison of A S¥ values for straight
chain acids jJjustifios the Obaerved order of reactivity,

valeric > butyric > propionic,
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Thé high rates of oxidation in the presence of
acetic acid cen be explained by assuming that in the
solvents conteining acctic acid, moot of the chromic acid
is present as an acetyl derivative GHSOOOCrOSH or ite
conjugate acid Cil,C00 crosng . with an oxidizing pover
considerably higher than that of even chroric acid or
chromacidium ion. It 4s evident that the replacement of |
a hydroxyl hydrogen by an acetyl group would consideradbly
decrease the electron denoity on the central chroniunm
atonr and increase its electrophilic reactivity and hence

the grester oxidizing power.
-

Another explanation which sceme attractive is that
the resction mechaniem involves the transient formation
of carbonium ions. Tho length of the life of a carbonium
ion depends upon the nucleophilic propertics of a solvent.

It has been reportedm1

that incressing acetic acid
concentrations stabllice a carbonjium fon. Thus a greater
concentration of acetic acid should favour a mechanien
that leads to such en intermedinte. It has eleo been
reported (Hall and Spengeman, reported at the Kensas City
meeting of the A.C.S. April, 1936) on the basis of more
extensive data, that o solution of sulphuric acid in
glacial zcetic acid is much riore acidic than that of the

sane sulphuric aseid concentration in water.
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The high rate of oxidation of phenylacetic acid
is also consistent with our mechenism bdecausc phenyl

group stabiligces the carbonium ion due to rosonance.

H H
! { = | .

@-g-coon _— \/ae-cooné-jé
H +

+©u C - COoOH

The reaction which 1o the subjeet of the present
study had to be followed in & medium of considorable
complexity. It ip, thercfore, unlikely thet eny suggested

reaction schene will be susceptible to rigorous enslysis.
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