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ABSTRACT

Thekineticsof the silver(l) catalyzed oxidation of Leucinewith cerium(IV)
has been studied in perchloric acid medium. A decreasein rate with increas-
ing concentration of cerium(1V) is observed and the detailed quantitative
analysis of this behaviour is presented on the basis of dimerization of
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cerium(1V). Thereaction exhibitsfractional dependence on Leucine and that
has been accounted for the formation of an adduct with silver(l). A plausible
reaction mechanismisgivenand theratelaw isderived: K =k K [Leu][H*]/
([H*]+Kh)(1+K [Leu]) (Wherek is observed second order rate constant.)

© 2009 TradeSciencelInc. - INDIA

INTRODUCTION

Amino acidsplay asignificant roleinanumber of
metabolic reactions. Specific metabolic rolesof amino
acidsincludethe biosynthesisof polypeptidesand pro-
teinsand the synthesisof nucleotides. Amino acidscan
undergo many types of reaction depending on whether
aparticular amino acids contains non-polar groupsor
polar substituents. The study of oxidation of amino ac-
idsisinteresting asthe oxidation products are different
from different oxidants*3. Thusthestudy of amino ac-
ids becomeimportant because of their biologica sig-
nificance and selectivity towardsthe oxidant. L-Leu-
cineisanessential amino acid classified asnon-polar. It
formsactivesitesof enzymesand hel psin maintaining
their proper conformation by keeping them in proper
ionic states. So oxidation of L-Leucinemay helpinun-
derstanding some aspectsof enzymekinetics.

TheKineticsof oxidation of leucineby anumber of
oxidantshavebeen reported. Aqueoussolutionsof amino
acids have been oxidized by Mn(VI1)#4, KMnO,-
MnSO,5, Os(V 1), Ce(IV), Ag(l11)® etcin vari-
ousacid and dkalinemediainthepresence of different
caayds.

Ce(1V) metd ion, being astrong oxidant, iswidely
used in the oxidation of organic substances, aswell as
of severd inorganic substances®. Thebasic advantage
over other oxidantsisitsreductiontoasinglesubstance,
cerium (111) without any intermediate reactions. The
standard potentid of the cerium(IV)-cerium(l11) couple
changeq 10] depending onthe complex formation prop-
ertiesof theligand and it isuseful to know thedistribu-
tionof ceriumspeciesinagiven mediumtoexplanmore
clearly thereaction mechanismin kineticinvestigations.

Inrecent years, theuseof transtionmetalssuch as
Os, Ru, Ir, Ag etc either doneor ashinary mixtures, as
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catalystsin variousredox processes hasattracted con-
siderableinterest™. Theroleof Ag(l) asacataystis
discussed in the studies of M.Adinarayana and
B.Sethuram!*?. Metal ions act as catalysts by one of
these different paths*? such asformation of complexes
with reactants or oxidation of the substrate itself or
through theformation of freeradicals. In order to un-
derstand the active species of oxidant and catalyst, and
to propose the appropriate mechanism, thetitle reac-
tionisinvestigatedin detail.

EXPERIMENTAL

The kinetic studies of oxidation of Leucine by
Ce(1V) in perchloric acid medium has been studied by
monitoring Ce(IV). Theceric perchlorate solutionwas
prepared by dissolving cericammonium nitrate (B.D.H
AndaR) inperchloricacid (E.Merck) and the solution
was standardized by titrating aiquot of thetest solution
againg standard ferrousammonium sul phate (E.M erck)
solution employing ferroin asan indicator. Sincethe
solubility of Leucineinwater islow, the solutionwas
therefore prepared inthe presence of 0.1 mol dm per-
chloricacidfor thehigher amino acid concentration. All
other reagentswere of AnalaR or GR Merck quality.
Doubly distilled water was empl oyed throughout the
study. Thetitration wasawaysdoneinthe presence of
1M H_,SO, to obtain clear and stable colour change at
theend point.

Thereactionswerecarried out in stoppered Erlen-
meyer flasksimmersed in awater bath thermostated at
50+ 0.1°C. All the components of thereaction mixture
except Ce(1V) were taken in the flasks and then al-
lowed to obtain the bath temperature. Thereactionwas
initiated by adding the known volume of temperature
pre-equilibrated ceric perchlorate solution. Thekinet-
icsweremonitored by estimating Ce(1V) inan aliquot
(5 cm®) withdrawn at different intervals of time by ti-
trating againg ferrousammonium sul phate sol ution em-
ployingferroinindicator,

Initial ratesweremeasured employing planemirror
method*¥. Pseudo first order plotswere constructed
wherever reaction conditions permitted. Triplicaterate
measurementswerereproducibletowithin+ 1%.

Soichiometry
The stoichiometry was determined under experi-
Phq sical CHEMISTRY o

mental conditionsof thereactionkinetics.

Thereactionwith an excessof leucineover Ce(1V)
in 1.0 mol dm® perchloricacid at afixed concentration
of dlver(l) wasalowed to occur inathermostated water
bath for 24 hours. The product wasextracted with di-
ethyl ether from theagueous solution. Thel. R.

Spectrum of the extract indicated the product to be
adehyde, but 2,4,dinitrophenyl hydrazinederivative of
a dehydewas not obtained. Since decarboxylationand
deamination of leucinetakesplace, aldehydeisnot de-
tected. It appearsthat NH, formed in deamination of
leucine reacts with a dehyde and thus remove as an
ammoniaadduct. So 2,4,dinitrophenyl hydrazinede-
rivativeisnot obtai ned. The stoichiometry of thereac-
tion based on the formation of aldehyde can berepre-
sented by equation (1).
R-CH(NH,)COOH +2Ce(IV) M2,
RCHO + NH, + CO, + 2CE(l1)+2H*
R-(CH,),CH-CH,

Theliberated CO, was detected by thelimewater
test.

@

RESULTS

Variation of cerium (1V)

The concentration of cerium(IV) wasvaried from
7.5x10%10 4.5x10° mol dm™ at three different con-
centration of Leucineviz 1.0x102, 1.5x102and 2.0
%102 mol dm respectively at[H*] = 1.0 mol dm=,Ag(l)
=1.0x10° mol dm and temperature 50°C. Thefirst
order rate constant decreaseswith increasing concen-
tration of Ce(IV). (Figure 1)

Variation of lysine

The concentration of Leucinewasvaried from 1.0
x 10210 6.0 x 102mol dm- at fixed concentration of
[H*] =1.0 mol dm?3, Ag(l) = 1.0x10® mol dm™ and
temperature 50°C at three different concentration of
Ce(1V) viz 7.5x104, 1.0x10° and 1.5x10° mol dm.3
Therateof reactioninitially increasesand then tends
towardsalimiting va uewith further increasing concen-
tration of Leucine.

Variation of hydrogenion

Hydrogen ion concentration wasvaried from 0.5
to 2.5mol dmemploying perchloric acid at fixed con-
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Figurel: Pseudofirst order plotsfor TheVariation Of
Cerium(lV); [Leu]=1.0x102 mol dm=3, [Ag(l)]=1.0x103
mol dm=,[H*] = 1.0 mol dm®, Temp.=50°C, [Ce(1V)] = (1),
0.75x10° mol dm=, (2), 1.0x10° mol dm?3, (3), 1.5x103
mol dm?, (4), 2.0x10° mol dm?, (5), 2.5x10° mol dm3, (6),
3.0x10° mol dm?, (7), 3.5x10° mol dm?, (8), 4.0x103
mol dm3, (9), 4.5x10° mol dm
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Figure2: APlot of (k*)*vs[Ce(lV)]; [H] =1.0mol dm3,
[Ag(1)] = 1.0x10° mol dm, Temp. = 50°C, [Leu] = (¢),
0.75%10 mol dm=, (W), 10x102 mol dm?, (a ), 1.5x10°
2mol dm=

centration of Ce(lV) = 1.0x10° mol dm[Leu]
=1.0x102 mol dm3, Ag(l) = 1.0x10* mol dm3 and
lonic strength[1] = 2.5mol dm3at threedifferent tem-
peraturesviz 45°C, 50°C and 55°C respectively. lonic
strength was adj usted by employing NaCIO, First or-
der rate constantsinitialy increases and thentendsto-
wardsalimiting valuewith further increasing concen-
tration of hydrogenion.

Effect of lonic strength

Theeffect of lonic strength ontherate of reaction
was studied employing sodium perchlorateat fixed con-
centration of[Ce(1V)] = 1.0 103 mol dm3, [Leu] =
1.0x 102mol dm3, [Ag(l)] = 1.0x10°*mol dm=and
[H*] = 1.0 mol dnmr at 50°C. Therate of reactionin-
creaseswithincreaseinionic strength.

== Py Peper
Variation of silver (1)

Silver(l) concentration wasvaried from 5.0x10
to 3.0x10° mol dm=at constant concentration
of[Ce(1V)] = 1.0x10° mol dm3[Leu] = 1.0x10 mol
dm=and[H*] = 1.0mol dm=at 50°C. A plot of pseudo
first order rate constant (k*) vs[Ag(I)] yields a straight
linepassing through theoriginindicating order withre-
spect to silver(l) to beone.

DISCUSSION

Kineticinvestigationsof cerium(lV) oxidetionin per-
chloric acid did not i ndicate complexes'¢9 dthough
Ce*, Ce(OH),*, Ce(OH)** (Ce-O-Ce)**and (HOCe-
O-CeOH)* speciesof cerium(lV) arewel | established
.Thepolymeric species® even of molecular weight more
than 40,000 are also reported. The presence of such
polymeric speciescertainly lead to complicationsinki-
netic analysisof therate datd??. Thespeciesof cerium
(1) depend upon both the concentration of cerium (1V)
and perchloric acid. The concentration of polymeric
speciesissgnificantly lessthan that of thedimeric spe-
cies. Baker et al.[?® estimated that 90% of cerium (1V)
was present as the monomer in 0.85-2.5 mol dm3
HCIO, McAuley and Z Amzad™® showed spectropho-
tometrically that cerium(1V) was present asamono-
meric speciesupto concentration of ~1.5x10° mol dnr
*of cerium (1V) in 1.0 mol dm® HCIO, Sofar asthe
titlestudy isconcerned, concentration of cerium (1V) is
higher than the concentration limit reported*® by
McAuley et a. Thusthe presence of both dimeric and
polymericformsof cerium (1V) withtheformer beingin
larger concentration cannot beruled out. Sincethefirst
order rateconstant decreaseswithincreasinginitial con-
centration of cerium(1V), such behaviour accountsfor
theinvolvement of dimeric and polymericformsof ce-
rium (1V). Theplot of 1/Kk’ versus[Ce(IV)] (where k’
Ispseudofirst order rate constant) yieldsastraight line
with non zero intercept (Figure 2).

Had polymeric species been in appreciable con-
centration, the experimental pointswould have devi-
ated from such alinear relationship. Thusthedimer of
cerium (V) appearsto be primary cause of decrease
inratewith increasing concentration of cerium (1V) .
Such asituation has earlier been observed? bothin
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suphuric acid and nitric acid media. Thedimerization TABLE 1: Pseudofirst order and second or der rateconstants
constant has been reported®! to be 20.0 at 25°C. Since for the reaction of leucine and cerium(lV) in HCIO,
enthalpy change of dimerization of cerium (IV)isnot  MeumMIAG()] =10 10*mol dm[H'] =1.0mol dm, 50°C

known, thereported valuehasbeenemployedincal- ~ 107Ce(V)l,  10(Leu],  10°k? 10°k,
culation of monomeric cerium (IV) usingtherelation mol drm™ mol dm” s’ dmmol’s®
u using 0.75 10 1113 8.1
[Ce(IV)],, =[(1+8K [Ce(IV)])1]/4K , ) 1.0 1.0 8.29 8.0
These estimated monomeric cerium (1\V) concen- ;g 1-8 2-22 g-?
tration werefurther employedin ca culation of thefirst o5 10 379 87
order rate constant. The second order rate constant 3.0 1.0 3.18 8.6
werethen derived from thesefirst order rate constants 35 1.0 2.8 8.7
(TABLE 1).Thedeviationsin second order rate con- j'g 1'8 g'i’g g'g
stant can be.accounted for theuncertainity invalue of 075 15 1458 106
K d employedintheca culation of monomeric formsof 1.0 15 10.9 10.4
cerium(1V) 1.5 15 7.59 10.7
Theamino acidsareknown to exist in aqueous so- gg ig 451'38 ig'g
Iutionsinthefollowing equilibria(3). 30 15 3.99 108
RCHNH,COOH (RHNH,COO+H*)RCHN'H,COO"  (3) 35 15 3.45 10.7
. L 4.0 15 31 10.8
Thedissociation of theseacidsispH dependent. 45 15 58 106
. 0.75 2.0 17.84 13.0
RCHN*H3COOH RCHN*H4COO 12 2-8 é‘gg ig-g
C?tion +H* Zwitter ion (4) 20 20 729 136
N ReH NH,COO" 25 2.0 5.98 136
o . 3.0 2.0 4.98 13.4
Anion 35 2.0 4.4 136
WhereR=(CH,),CH-CH, j-g 3-8 3\1_3864 ig-g
_ Hovve\{er, t_hehygirt_)gen i on concent_rati on e_mpl oy_ed 109C é(| VI, 102[L o, 0 K2 105'k'
inthereactionissufficiently high, leucineinview of its mol dm™ mol dm sect dm®mol?’s?
pK’s should predominantly be in the cationic form. 0.75 10 11.13 8.12
Therateof reectionincreaseswithincreasing silver(l) 0.75 15 14.58 10.6
tration conforming to afirst order dependence 075 20 17.84 130
concen _ g cpen 0.75 3.0 21.49 15.68
withrespect tosilver(l). However, the order with re- 0.75 4.0 238 17.37
Spect to leucine changes from unity to zero. Such an 0.75 5.0 25.33 18.49
amino acid dependence can be ascribed to complex- 01-765 ?-8 362-3 1793355
ation either with Ce (1V) or Ag(l). Ami no acids are 10 15 109 10.40
reported® to form an adduct with Ag' owingto avail- 1.0 20 14.0 13.40
ability of eectron pair on oxygen alom®l. Therefore, it 1.0 3.0 16.8 16.12
appearsthat an adduct between Ag' and leucineisini- i-g ‘5‘-8 21(?-324 18-12
tldlyformedthaonf_urther |nteract|_onW|th _Ce(IV)_yleIds 10 6.0 21 4 20.54
another adduct of higher valent silver asisconfirmed 15 1.0 5.90 8.37
spectrophotometricaly by theaddition of 2,2-bipyridyl 15 15 7.59 10.77
in the reaction mixture that yielded abrown orange 12 5-8 192-52% ﬁ%
sorption maximum at 454 nmi?”, Furthermore, the ad- 15 5.0 15.35 21.79
duct formation between Ce* andleucinewasruled out 15 6.0 15.73 22.33

on the premise that the absorbance of Ce** did not
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change at the addition of excessof leucine.

Congderingd| thesefactsalongwith experimentd
results and the complex hydrogen ion dependence, a
reaction mechanism consisting of steps(4) to (8) can
be proposed.

Kh_ CeoH™ +H* (5)

Ce*+H,0

K
HN*(CH3),CH.CH,.CH.COOH + Ag'—=

—~—————

6
[H3N*(CH3),CH.CH, CH.COOH + Ag'][Adduct] ©

[Adduct] + Ce*™ —¥1 5[Adduct]* + Ce>* 7

[Adduct]* —@% 5 H N*(CH),CH.CH,.CHCOO"

8
+Ag +H? ®

H3N*(CH3),CH.CH, CH.COO H20,
fast
NH3*(CH3),CH.CH,.CHO+CO, +H"] ©
The] Adduct]* undergoesanintramol ecular ectron
transfer yid ding product of theoxidation of leucine. The
proposed mechanism leadsto theratelaw (10) or (11)

—d[Ce™] _ kyKy[Ce(IV)][LeuJ[H*1[Ag(1)]
dt ([(H'1+Kp)(A+Ky[Leu™])

(10)

_ kqKy[Leu*][H*][Ag()]
(H*1+K )@+ K [Leu™])
Where k> and[Leu*] are for pseudo first order rate constant

and free equilibrium concentration of leucinerespectively. Since
the order with respect to silver(l) is one, the rate law (11)

further changesto (12).

or (1)

_ kiKy[Leu"][H"]

(H*]1+Kp)(@+Ky[Leu™])
Where k is an observed second order rate constant.

A plot of 1/k versug[Leu*]** was made from the
equation (12) at constant hydrogen ion concentration
that yielded agtraight linewith non zero intercept (Fig-
ure3). Theratio of intercept and dopeof thelineyiel ded
thevalueof K, tobe30.3. Thevalueof K obtainedin
thetitlereactionin comparisonto K, = 20for the Ce'V-
glycerol complex®® in 0.5 mol dm*HCIO, K, =18
and 29for CeV-cis-1,2-cyclohexanediol and CeV-trans-
1,2-cyclohexanediol complexes®! and K, =22.7 for
Ce'V-glysinereaction respectively indicates strong
complexaioninHCIO, medium.

Further, rearranging rate equation (12) to (13) when

(12)
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Figure3: A Plot of (k)*vs[Leu*]*[H*] = 1.0 mol dm,
[Ag(1)] =1.0x10°mol dm3, Temp.=50°C, [Ce(IV)] = (o),
0.75 x10° mol dm®, (W), 1.0x10° mol dm™, (&), 1.5 x
10°*mol dm?
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theleucine concentration was
kept constant.

Ka[Leu ][H"] _[H'] +Kn
kKA+K[Leu]) Ky ky
Theleft hand side function of equation (13) was
plotted against[H*] that yielded astraight linewith non
zerointercept at threetemperature (Figure4). Thevaue
of K, was calculated from the ratio of intercept and
dopewhich cameout to be 0.462, 0.488 and 0.528 at
45°C, 50°C and 50°C respectively at[1] = 2.5mol dm
3 However, thereareavailableintheliterature severa
valuesof hydrolysis constant of cerium(1V) inHCIO,
Amzad and McAuley™™ calculated K, tobe0.2+0.02
mol dmat 25°C that compared well with K, valuesof
0.18 (25°C) and 0.11 (5°C) obtained by Offner and
Skoog*?. Moreover, these values of K, are much
closer to the value determined for other M*" agua
iong®Y,
If these values aretaken into account, the val ue of
K obtained kinetically inthetitlereactionisan agree-
ment when the enthal py changesfor cerium(1V) hydro-
lytic step aretaken into account. k, wascalculated to
be4.03x10*4, 5.68 x10* and 8.13x10* at 45°C, 50°C

(13)
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H o) H 0
| II | + ” | Ce4+
H—III*—(llH—C—(l) + Ad [H—IT -cl:H—c—cl)—Ag] =
H R H H R H
H o) H 0
| l | fast l + I I 3+ _fast
H* + H—N*—CH—C—O0 + Ag' «—— [H—N —CH'C—?—AQ ] +Ce F»
e
J| Flz H R H
+ + — + fast
CO,+Ce* +H*'+ R—CH="NH, R—CH="NH, =5 RCHO +NH;
2
SCHEME

and 55°C respectively.

Thereisadistinct possibility of el ectron transfer
fromleucineto cerium(IV) in presenceof silver(l) which
can be envisaged from SCHEME 1.

Sincethe adduct has been consideredin scheme,
thereisno evidenceto support theformation of free
radicas
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