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ABSTRACT
The kinetics of the silver(I) catalyzed oxidation of Leucine with cerium(IV)
has been studied in perchloric acid medium. A decrease in rate with increasing concentration of cerium(IV) is observed and the detailed quantitative
analysis of this behaviour is presented on the basis of dimerization of
cerium(IV). The reaction exhibits fractional dependence on Leucine and that
has been accounted for the formation of an adduct with silver(I). A plausible
reaction mechanism is given and the rate law is derived: K = k1K1[Leu+][H+]/
([H+]+Kh)(1+K1[Leu+]) (Where k is observed second order rate constant.)
 2009 Trade Science Inc. - INDIA

INTRODUCTION
Amino acids play a significant role in a number of
metabolic reactions. Specific metabolic roles of amino
acids include the biosynthesis of polypeptides and proteins and the synthesis of nucleotides. Amino acids can
undergo many types of reaction depending on whether
a particular amino acids contains non-polar groups or
polar substituents.The study of oxidation of amino acids is interesting as the oxidation products are different
from different oxidants[1,2]. Thus the study of amino acids become important because of their biological significance and selectivity towards the oxidant. L-Leucine is an essential amino acid classified as non-polar. It
forms active sites of enzymes and helps in maintaining
their proper conformation by keeping them in proper
ionic states. So oxidation of L-Leucine may help in understanding some aspects of enzyme kinetics.

Valine;
Cerium(IV);
Silver(I);
Perchloric acid.

The Kinetics of oxidation of leucine by a number of
oxidants have been reported. Aqueous solutions of amino
acids have been oxidized by Mn(VII)[3,4], KMnO4MnSO4[5], Os(VIII)[6], Ce(IV)[7], Ag(III)[8] etc in various acid and alkaline media in the presence of different
catalysts.
Ce(IV) metal ion, being a strong oxidant, is widely
used in the oxidation of organic substances, as well as
of several inorganic substances[9]. The basic advantage
over other oxidants is its reduction to a single substance,
cerium (III) without any intermediate reactions. The
standard potential of the cerium(IV)-cerium(III) couple
changes[10] depending on the complex formation properties of the ligand and it is useful to know the distribution of cerium species in a given medium to explain more
clearly the reaction mechanism in kinetic investigations.
In recent years, the use of transition metals such as
Os, Ru, Ir, Ag etc either alone or as binary mixtures, as
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catalysts in various redox processes has attracted considerable interest[11]. The role of Ag(I) as a catalyst is
discussed in the studies of M.Adinarayana and
B.Sethuram[12]. Metal ions act as catalysts by one of
these different paths[13] such as formation of complexes
with reactants or oxidation of the substrate itself or
through the formation of free radicals. In order to understand the active species of oxidant and catalyst, and
to propose the appropriate mechanism, the title reaction is investigated in detail.

mental conditions of the reaction kinetics.
The reaction with an excess of leucine over Ce(IV)
in 1.0 mol dm-3 perchloric acid at a fixed concentration
of silver(I) was allowed to occur in a thermostated water
bath for 24 hours. The product was extracted with diethyl ether from the aqueous solution. The I. R.
Spectrum of the extract indicated the product to be
aldehyde, but 2,4,dinitrophenyl hydrazine derivative of
aldehyde was not obtained. Since decarboxylation and
deamination of leucine takes place, aldehyde is not detected. It appears that NH3 formed in deamination of
EXPERIMENTAL
leucine reacts with aldehyde and thus remove as an
ammonia adduct. So 2,4,dinitrophenyl hydrazine deThe kinetic studies of oxidation of Leucine by rivative is not obtained. The stoichiometry of the reacCe(IV) in perchloric acid medium has been studied by tion based on the formation of aldehyde can be repremonitoring Ce(IV). The ceric perchlorate solution was sented by equation (1).
prepared by dissolving ceric ammonium nitrate (B.D.H
R-CH(NH2)COOH + 2Ce(IV)
AnalaR) in perchloric acid (E.Merck) and the solution
(1)
RCHO + NH2 + CO2 + 2CE(III)+2H+
was standardized by titrating aliquot of the test solution R-(CH ) CH-CH
3 2
2
against standard ferrous ammonium sulphate (E.Merck)
The liberated CO2 was detected by the lime water
solution employing ferroin as an indicator. Since the test.
solubility of Leucine in water is low, the solution was
therefore prepared in the presence of 0.1 mol dm-3 perRESULTS
chloric acid for the higher amino acid concentration. All
other reagents were of AnalaR or G.R Merck quality.
Variation of cerium (IV)
Doubly distilled water was employed throughout the
The concentration of cerium(IV) was varied from
study. The titration was always done in the presence of
-4
7.510
to 4.510-3 mol dm-3 at three different con1M H2SO4 to obtain clear and stable colour change at
centration of Leucine viz 1.010-2, 1.510-2 and 2.0
the end point.
The reactions were carried out in stoppered Erlen- 10-2 mol dm-3 respectively at[H+] = 1.0 mol dm-3, Ag(I)
meyer flasks immersed in a water bath thermostated at = 1.010-3 mol dm-3 and temperature 500C. The first
50 ± 0.10C. All the components of the reaction mixture order rate constant decreases with increasing concenexcept Ce(IV) were taken in the flasks and then al- tration of Ce(IV). (Figure 1)
lowed to obtain the bath temperature. The reaction was Variation of lysine
initiated by adding the known volume of temperature
The concentration of Leucine was varied from 1.0
pre-equilibrated ceric perchlorate solution. The kinet-2
to 6.0  10-2 mol dm-3 at fixed concentration of
ics were monitored by estimating Ce(IV) in an aliquot  10
+
-3
-3
-3
(5 cm3) withdrawn at different intervals of time by ti- [H ] =1.0 mol dm , Ag(I) = 1.010 mol dm and
0
trating against ferrous ammonium sulphate solution em- temperature 50 C at three different concentration of
Ce(IV) viz 7.510-4, 1.010-3 and 1.510-3 mol dm.-3
ploying ferroin indicator[14].
Initial rates were measured employing plane mirror The rate of reaction initially increases and then tends
method[15]. Pseudo first order plots were constructed towards a limiting value with further increasing concenwherever reaction conditions permitted. Triplicate rate tration of Leucine.
measurements were reproducible to within ± 1%.
Variation of hydrogen ion
Stoichiometry
Hydrogen ion concentration was varied from 0.5
to
2.5
mol dm-3 employing perchloric acid at fixed conThe stoichiometry was determined under experi-
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Variation of silver (I)

4 + log[Ce(IV)]t

Silver(I) concentration was varied from 5.010-4
to 3.010 -3 mol dm -3 at constant concentration
of[Ce(IV)] = 1.010-3 mol dm-3,[Leu] = 1.010-2 mol
dm-3 and[H+] = 1.0 mol dm-3 at 50?C. A plot of pseudo
first order rate constant (k’) vs[Ag(I)] yields a straight
line passing through the origin indicating order with respect to silver(I) to be one.
DISCUSSION

(k’)-1, sec

Time (min)
Figure 1 : Pseudo first order plots for The Variation Of
Cerium(IV); [Leu]=1.010-2 mol dm-3, [Ag(I)]=1.010-3
mol dm-3,[H+] = 1.0 mol dm-3, Temp.= 500C, [Ce(IV)] = (1),
0.7510-3 mol dm-3, (2), 1.010-3 mol dm-3, (3), 1.510-3
mol dm-3, (4), 2.010-3 mol dm-3, (5), 2.510-3 mol dm-3, (6),
3.010-3 mol dm-3, (7), 3.510-3 mol dm-3, (8), 4.010-3
mol dm-3, (9), 4.510-3 mol dm-3

103, [Ce(IV)]
Figure 2: A Plot of (k’)-1 vs [Ce(IV)]; [H+] =1.0 mol dm-3,
[Ag(I)] = 1.010-3 mol dm-3, Temp. = 500C, [Leu] = (),
0.7510-2 mol dm-3, (), 1010-2 mol dm-3, (), 1.5102
mol dm-3

centration of Ce(IV) = 1.010-3 mol dm-3,[Leu]
=1.010-2 mol dm-3, Ag(I) = 1.010-3 mol dm-3 and
Ionic strength[I] = 2.5 mol dm-3 at three different temperatures viz 450C, 500C and 550C respectively. Ionic
strength was adjusted by employing NaClO4 First order rate constants initially increases and then tends towards a limiting value with further increasing concentration of hydrogen ion.
Effect of Ionic strength
The effect of Ionic strength on the rate of reaction
was studied employing sodium perchlorate at fixed concentration of[Ce(IV)] = 1.0 10-3 mol dm-3, [Leu] =
1.0  10-2 mol dm-3, [Ag(I)] = 1.010-3 mol dm-3 and
[H+] = 1.0 mol dm-3 at 500C. The rate of reaction increases with increase in ionic strength.

Kinetic investigations of cerium(IV) oxidation in perchloric acid did not indicate complexes[16-19] although
Ce4+, Ce(OH)22+, Ce(OH)3+, (Ce-O-Ce)6+and (HOCeO-CeOH)4+ species of cerium(IV) are well established
.The polymeric species[20] even of molecular weight more
than 40,000 are also reported[21]. The presence of such
polymeric species certainly lead to complications in kinetic analysis of the rate data[22]. The species of cerium
(IV) depend upon both the concentration of cerium (IV)
and perchloric acid. The concentration of polymeric
species is significantly less than that of the dimeric species. Baker et al.[23] estimated that 90% of cerium (IV)
was present as the monomer in 0.85-2.5 mol dm-3
HClO4. McAuley and Z Amzad[18] showed spectrophotometrically that cerium(IV) was present as a monomeric species upto concentration of 1.510-3 mol dm3
of cerium (IV) in 1.0 mol dm-3 HClO4. So far as the
title study is concerned, concentration of cerium (IV) is
higher than the concentration limit reported[18] by
McAuley et al. Thus the presence of both dimeric and
polymeric forms of cerium (IV) with the former being in
larger concentration cannot be ruled out. Since the first
order rate constant decreases with increasing initial concentration of cerium(IV), such behaviour accounts for
the involvement of dimeric and polymeric forms of cerium (IV). The plot of 1 / k’ versus[Ce(IV)] (where k’
is pseudo first order rate constant) yields a straight line
with non zero intercept (Figure 2).
Had polymeric species been in appreciable concentration, the experimental points would have deviated from such a linear relationship. Thus the dimer of
cerium (IV) appears to be primary cause of decrease
in rate with increasing concentration of cerium (IV) .
Such a situation has earlier been observed[24] both in
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suphuric acid and nitric acid media. The dimerization
constant has been reported[21] to be 20.0 at 250C. Since
enthalpy change of dimerization of cerium (IV) is not
known, the reported value has been employed in calculation of monomeric cerium (IV) using the relation
[Ce(IV)]m = [(1+8Kd[Ce(IV)])1/2-1]/4Kd

(2)

These estimated monomeric cerium (IV) concentration were further employed in calculation of the first
order rate constant. The second order rate constant
were then derived from these first order rate constants
(TABLE 1).The deviations in second order rate constant can be accounted for the uncertainity in value of
Kd employed in the calculation of monomeric forms of
cerium (IV)
The amino acids are known to exist in aqueous solutions in the following equilibria (3).
RCHNH2COOH (RHNH2COO-+H+) RCHN+H3COO-

(3)

The dissociation of these acids is pH dependent.
-H+

RCHN+H3COOH
+H+
Cation
-H+
+H+

RCHN+H3COOZwitter ion

RCHNH2COOAnion

(4)

Where R=(CH3)2CH-CH2

However, the hydrogen ion concentration employed
in the reaction is sufficiently high, leucine in view of its
pK’s should predominantly be in the cationic form.
The rate of reaction increases with increasing silver(I)
concentration conforming to a first order dependence
with respect to silver(I). However, the order with respect to leucine changes from unity to zero. Such an
amino acid dependence can be ascribed to complexation either with Ce (IV) or Ag(I). Amino acids are
reported[25] to form an adduct with AgI owing to availability of electron pair on oxygen atom[26]. Therefore, it
appears that an adduct between AgI and leucine is initially formed that on further interaction with Ce(IV) yields
another adduct of higher valent silver as is confirmed
spectrophotometrically by the addition of 2,2'-bipyridyl
in the reaction mixture that yielded a brown orange
coloured AgII-bipy complex with its characteristic absorption maximum at 454 nm[27]. Furthermore, the adduct formation between Ce4+ and leucine was ruled out
on the premise that the absorbance of Ce4+ did not
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TABLE 1: Pseudo first order and second order rate constants
for the reaction of leucine and cerium(IV) in HClO4
medium.[Ag(I)] = 1.0  10-3 mol dm-3,[H+] = 1.0 mol dm-3, 500C
103[Ce(IV)],
mol dm-3
0.75
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
0.75
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
0.75
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
103[Ce(IV)],
mol dm-3
0.75
0.75
0.75
0.75
0.75
0.75
0.75
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.5
1.5
1.5
1.5
1.5
1.5
1.5

102[Leu],
mol dm-3
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
102[Leu],
mol dm-3
1.0
1.5
2.0
3.0
4.0
5.0
6.0
1.0
1.5
2.0
3.0
4.0
5.0
6.0
1.0
1.5
2.0
3.0
4.0
5.0
6.0

105 k?,
sec-1
11.13
8.29
5.98
4.68
3.79
3.18
2.8
2.39
2.18
14.58
10.9
7.59
5.98
4.79
3.99
3.45
3.1
2.8
17.84
14.0
9.59
7.29
5.98
4.98
4.4
3.84
3.6
105 k?,
sec-1
11.13
14.58
17.84
21.49
23.8
25.33
26.1
8.29
10.9
14.0
16.8
19.2
20.34
21.4
5.90
7.59
9.59
12.28
14.20
15.35
15.73

105 k,
dm3mol-1s-1
8.1
8.0
8.5
8.7
8.7
8.6
8.7
8.4
8.3
10.6
10.4
10.7
10.8
10.8
10.8
10.7
10.8
10.6
13.0
13.4
13.6
13.6
13.6
13.4
13.6
13.4
13.6
105 k,
dm3mol-1s-1
8.12
10.6
13.0
15.68
17.37
18.49
19.05
7.95
10.40
13.40
16.12
18.40
19.48
20.54
8.37
10.77
13.62
17.40
20.16
21.79
22.33

PCAIJ, 4(1) June 2009

Ashu Rani et al.

25

change at the addition of excess of leucine.
Considering all these facts along with experimental
results and the complex hydrogen ion dependence, a
reaction mechanism consisting of steps (4) to (8) can
be proposed.
Ce4+ + H2O

Kh

CeOH3+ + H+ (5)

H3N+(CH3)2CH.CH2.CH.COOH + AgI

K1

[H3N+(CH3)2CH.CH2.CH.COOH + AgI] [Adduct]
k

1
[ Adduct ]  Ce 4 
[ Adduct ]  Ce 3 

104( k-1), mol dm-3sec

Full Paper

[Leu+]-1
Figure 3 : A Plot of (k) vs [Leu+]-1 [H+] = 1.0 mol dm-3,
[Ag(I)] = 1.0 10-3 mol dm-3, Temp. = 500C, [Ce(IV)] = (),
0.75 10-3 mol dm-3, (), 1.010-3 mol dm-3, (), 1.5 
10-3 mol dm-3
-1

(6)
(7)

H3N+(CH3)2CH.CH2.CH.COO. H2O
fast
NH3+(CH3)2CH.CH2.CHO+CO2 +H+]

(8)

(9)

The[Adduct]+ undergoes an intramolecular electron
transfer yielding product of the oxidation of leucine. The
proposed mechanism leads to the rate law (10) or (11)
 d[Ce IV ] k 1 K 1 [Ce(IV )][Leu  ][H  ][ Ag(I )]

dt
([H  ]  K h )(1  K 1 [Leu  ])
or k ' 

k 1K 1 [Leu  ][H  ][Ag(I )]
([H  ]  K h )(1  K 1 [Leu  ])

(10)

(11)

Where k’ and[Leu+] are for pseudo first order rate constant
and free equilibrium concentration of leucine respectively. Since
the order with respect to silver(I) is one , the rate law (11)
further changes to (12).

k

k 1K 1 [Leu  ][H  ]


([H ]  K h )(1  K 1 [Leu  ])

(12)

Where k is an observed second order rate constant.

A plot of 1/k versus[Leu+]-1 was made from the
equation (12) at constant hydrogen ion concentration
that yielded a straight line with non zero intercept (Figure 3). The ratio of intercept and slope of the line yielded
the value of K1 to be 30.3. The value of K1 obtained in
the title reaction in comparison to K1 = 20 for the CeIVglycerol complex[28] in 0.5 mol dm-3 HClO4, K1 = 18
and 29 for CeIV-cis-1,2-cyclohexanediol and CeIV-trans1,2-cyclohexanediol complexes[29] and K1 =22.7 for
CeIV-glysine reaction[30] respectively indicates strong
complexation in HClO4 medium.
Further, rearranging rate equation (12) to (13) when

k(1+K1[Leu+])

 Ag I  H 

103 K1[Leu+][H+]/

fast

[ Adduct] 
1  H 3 N  (CH 3 ) 2 CH.CH 2 .CHCOO.

[H+], mol dm-3
Figure 4 : A plot of (K1[Leu+][H+]/k(1+K1[Leu+]))vs[H+],
Temp. = () 450C , () 500C , () 550C

the leucine concentration was
kept constant.
K 1 [Leu  ][H  ]
k (1  K 1 [Leu  ])



[H  ] K h

K1
k1

(13)

The left hand side function of equation (13) was
plotted against[H+] that yielded a straight line with non
zero intercept at three temperature (Figure 4). The value
of Kh was calculated from the ratio of intercept and
slope which came out to be 0.462, 0.488 and 0.528 at
450C, 500C and 500C respectively at[I] = 2.5 mol dm3
.However, there are available in the literature several
values of hydrolysis constant of cerium(IV) in HClO4.
Amzad and McAuley[18] calculated Kh to be 0.2 ± 0.02
mol dm-3 at 250C that compared well with Kh values of
0.18 (250C) and 0.11 (50C) obtained by Offner and
Skoog[19]. Moreover, these values of Kh are much
closer to the value determined for other M4+ aqua
ions[31].
If these values are taken into account, the value of
Kh obtained kinetically in the title reaction is an agreement when the enthalpy changes for cerium(IV) hydrolytic step are taken into account. k1 was calculated to
be 4.0310-4, 5.68 10-4 and 8.1310-4 at 450C, 500C
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O
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H

O

[H

N+ CH C
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H

H
O

N+ CH
H

I
O + Ag

C

fast

[H

R

CO2 + Ce3+ + H+ + R

CH

+

NH2

[1] D.Laloo, M.M.Mahanti; J.Chem.Soc.Dalton Trans.,
311 (1990).
[2] K.B.Reddy, B.Sethuram, T.N.Rao; Ind.J.Chem.,
20(A), 395 (1981).
[3] M.Yousuf Hussain, Firoz Ahmad; Transition Metal
Chemistry, 15(3), 185-190 (1990).
[4] Vijay R.Chourey, Shakuntala Pande, L.V.Shastry,
V.R.Shastry; Asian J.Chem., 9, 435-441 (1997).
[5] Niranjan Nalwaya, Kallash Chand, B.L.Hiran;
Afinidad , 60(503), 55-60 (2003).
[6] Veeresh Seregar, T.M.Veeresh, Sharanappa T.
Nandibewoor; Journal of Molecular Catalysis A:
Chemical, 271, 253-260 (2007).
[7] B.L.Hiran; Journal of Indian Chemical Society,
83(2), 145-150 (2006).
[8] Changying Song, Lei Chen,, Jinhuan Shan; Research
Letters in Inorg.Chemistry, 4 (2008).
[9] S.Nagarajan, K.S.V.Srinivasan; Journal of Macromolecular Science, Part A, 38(1), 53-76 (1998).
[10] E.Wadswarth, F.R.Duke, C.A.Geotz; Anal Chem.,
29, 1957 (1984).
[11] Asim K.Das; Coordination Chemistry Reviews,
213(1), 307-325 (2001).
[12] M.Adinarayana, B.Sethuram, T.N.Rao; J.Indian
Chem.Soc., 53, 877 (1976).
[13] P.Veerasomaiah, K.B.Reddy, B.Sethuram; T.N.
Rao; Indian Journal of Chemistry, 26A, 402 (1987).

Physical CHEMISTRY
An Indian Journal

Ce4+

N+ CH C

O

H

H
fast
H2O

SCHEME

REFERENCES

AgI]

H
O

R

and 550C respectively.
There is a distinct possibility of electron transfer
from leucine to cerium(IV) in presence of silver(I) which
can be envisaged from SCHEME 1.
Since the adduct has been considered in scheme,
there is no evidence to support the formation of free
radicals

O

CH

R
+

NH2

AgII] + Ce3+

fast
Ce4+

RCHO + NH3

[14] G.H.Walden,L.P.Hammett, R.P.Chapman; J.Am.
Chem Soc., 55, 2649 (1933).
[15] M.Latshaw; J.Am.Chem.Soc., 47, 793 (1925).
[16] W.H.Richardson; ‘Oxidation in Org.Chemistry’,
Acad.Press, NewYork, 4 (1965).
[17] T.J.Kemp; Comprehensive Chem Kinetics, Elsevier,
7, 274 (1972).
[18] Z Amzad, A.McAuley; J.Chem.Soc.Dalton Trans.,
1, 252 (1974).
[19] H.G.Offner, D.A.Skoog; Anal.Chemistry, 38, 1520
(1966).
[20] M.G.Adonson, F.S.Daintion, P.Glentworth; Trans
Faraday Soc., 61, 689 (1965).
[21] K.P.Lawrier, T.Steemers; Inorg.Nucl.Chem.Lett .,
12, 185 (1976).
[22] A.Samuni, G.Czapski; J.Chem.Soc.Dalton Trans.,
487 (1973).
[23] F.G.Baker, T.W.Newton, M.Khan; J.Physical
Chem., 64, 109 (1960).
[24] S.Prasad, R.K.Prasad; Ind.J.Chem., 17A, 491
(1979); P.S.Shankhala, R.N.Mehrotra; Ind.J.
Chem., 9, 663 (1976); A.Prakash, P.Dwivedi, M.N.
Shrivastava, B.B.L.Saxena; Ind.J.Chem., 26A, 960
(1987).
[25] A.V.Usha, B.Sethuram, T.N.Rao; Ind.J.Chem.,
15(A), 528 (1977).
[26] A.D.E.Pullin, J.Mc.Pollock; Trans Faraday Soc.,
54, 11 (1958).
[27] J.D Miller; J.Chem.Soc.(A), 1968 (1978).
[28] G.G.Guilbault, W.H.McCurdy; J.Phys.Chem., 67,
283 (1963).
[29] H.L.Hinz, D.C.Johnson; J.Org.Chem., 32, 556
(1967).
[30] V.Devra, S.Agarwal, I.Sharma, P.D.Sharma; Oxidation Communications, 17(4), 245-254 (1994).
[31] B.Naren; Acta Chem.Scand., 27, 1369 (1973);
H.A.C.Mackay, J.L.Woodhead; J.Chem.Soc., 717
(1964).

