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NOTE

Mechanism of Ru(III) Catalysed Oxidation of Alanine by
Ceric Perchlorate in Perchloric Acid Medium

P.N. RAM and JANAK PRASAD*
Department of Chemistry
Magadh University, Bodhgaya-824 234, India

A kinetic investigation of Ru(lII) catalysed oxidation of alanine
by ceric perchlorate in perchloric acid medium has been made and
the results indicate first-order dependence on each of [Ce(IV))],
[alanine], [Ru(III)] and [H*). These kinetic features have led to the
conclusion that Ce(IV) first converts Ru(III) to Ru(VIII) quantita-
tively and Ru(VIII) reacts with protonated alanine to give an inter-
mediate which is attached by Ce(IV) in a slow and rate determining

step.

Amino acids have been reported to be probed extensively'™ by hexacyanofer-
rate(III), dichromate, periodic acid and other oxidants from kinetics viewpoint.
Chloramine-T* and N-bromosuccinimide’® have also been used in oxidation of
amino acids. Amino acids have not been involved in Ru(IIl) catalysis by ceric
perchlorate in acidic medium and the kinetic features are unknown. Keeping this
in mind, an attempt has been made in the present communication to study the
kinetics and mechanism of oxidation of alanine by ceric perchlorate in perchloric
acid medium.

Aqueous solution of alanine (Fluka AG) was prepared by dissolving its desired
quantity in distilled water. Ceric perchlorate solution was prepared by dissolving
a weighed quantity of ceric ammonium nitrate in known strength of perchloric
acid (E. Merck) solution. All other reagents were of available pure quality (A.R.
Grade). A 1 g sample of ruthenium trichloride was dissolved in HCI solution of
known concentration.

The kinetics of the reaction was followed by estimating the unreacted ceric
perchlorate by adding it to excess ferrnus ammonium sulphate solution and
thereafter by titrating the unreacted ferrous ammonium sulphate solution with
standard ceric sulphate solution. The reaction was initiated by quickly adding
desired volume of ceric perchlorate in the reaction vessel (containing requisite
volumes of alanine, perchloric acid, ruthenium(Ill) chloride and other reagents)
maintained at a desired temperature in a thermostatic water bath (30.1°C). The
progress of the reaction was monitored by estimating unconsumed ceric
perchlorate as described above at different intervals of time.

First-order kinetics with respect to Ce(IV) was observed for different initial
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concentrations of ceric perchlorate. The first-order rate constant was found to be
directly proportional to the concentration of each of alanine, Ru(III) and H*. This
indicates first-order dependence on each of alanine, Ru(IlI) and H*. The reaction
was found to be independent of ionic strength of the medium which was
maintained by addition of suitable amount of sodium perchlorate. Table-1 records
the reaction velocity constant at different concentrations of various reactants. The
reaction has been studied in the temperature range 30-45°C and energy of
activation has been computed as 27.6 kcal/mole.

TABLE-1
EFFECT OF VARIATION OF [REACTANTS], IONIC STRENGTH OF MEDIUM (u)
AND TEMPERATURE ON REACTION RATE AT 35°C

Ce(IV)x 10°M 1! 1.00 1.25 2.00 2.50 4.00 5.00
ky.x 10% sec™! 2.24 2.16 221 2.26 2.18 2.32
[Alanine] = 1.00 x 1072 M, [HCIO,4] = 2.00 M, [Ru(Il)] =4.00 X 10°M, p=1.55 M
[Alanine] x 10*°M T 0.33 0.40 0.50 0.80 1.00 1.34
ky x 10% sec™! 0.75 0.88 1.14 1.79 221 3.02
kyx 102 M~ 1 sec™! 227 2.20 2.28 2.4 221 2.25
[Ce(IV) =2.00 x 10 M, [HCIO,) =2.00 M, [Ru(lll)) =4.00x 10°° M, p=2.55 M
[HCIO M 1! 1.00 1.50 2.00 2.50 3.00 4.00
Ky x 10% sec™! 115 1.80 221 2.95 3.60 4.64
kpx 10 M 1 sec”! 1.15 1.20 1.15 1.18 1.20 1.16
[Ce(IV)] = 2.00 x 107> M, [Alanine] = 1.00 x 1072 M, [Ru(Ill)] =4.00 X 10°M, p=2.55M
[Ru(D] x 10°M 1! 1.00 2.00 2.50 3.00 4.00 5.00
k; X 10 sec™! 0.58 1.10 1.36 1.62 221 2.70
kpx 102 M 1 sec”! 0.58 0.55 0.54 0.54 0.55 0.54

[Ce(IV)] =2.00 x 107> M, [Alanine] = 1.00 X 1072 M, [HCIO4] =2.00 M, p=2.55M

The real reactive species of ceric perchlorate in perchloric acid is reported® as
[Ce(Hp)sl** which is written as Ce(IV) here for the sake of simplicity.
Ruthenium(III), when mixed with an excess of Ce(IV) is oxidised’ ™ rapidly and
quantitatively to ruthenium(VIII) as shown in Eq. (1).

Ru(III) + 5Ce(IV) ﬂ) 5Ce(III) + Ru(VIII) 1)

Ruthenium(III) shows the same catalytic activity as ruthenium(VIII) when
initially added to the reaction mixture'® and the rate of ruthenium(III) catalysed
reaction was also found to be in good agreement" with that of ruthenium(VIII)
catalysed reaction for the same ruthenium content. Therefore, in the present
investigations the active species12 of the catalyst may be regarded as
ruthenium(VIII).

Considering the kinetic features of the present investigations, the following
reaction steps are suggested where S is alanine.
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K,
S+H'—=(SH" @
K,
SH*+Ru(VIH = (X) (010)
Intermediate
N!
(X) + Ce(1V) -—:1) Products + Ru(VII) ((119)

rate determining step
Ru(VII) + Ce(IV) — Ce(III) + Ru(VIII) av)

Considering above reaction steps the rate of reaction in terms of rate of loss
of [Ce(IV)] may be written as Eq. (2)

=d [Ce(IV
S _ i Ky Ceav IS RuH @
The rate law agrees well with the kinetic observations.
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