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Palladium(I1) catalyzed oxidation of methyl amine and ethyl amine
by Ce(1V) in perchloric acid has been found to be acid dependent. The
reaction exhibited first-order kineticsin each of Ce(IV) and Pd(I1). First
order kinetics in amines in lower concentration range shifts to zero
order at their higher concentrations. Negative effects of [H*], [CIT] and
u (ionic strength) variations on the rate of reaction were observed. Pd(11),
catalysisof Ce(IV)-aminereactionisexplained intermsof al:1 complex
formation between Pd(I1) species and amine. The complex formed is
hydrolyzed and the hydrolyzed species |ater reacts with Ce(IV) to give
the products, namely, ammonia and the corresponding adehyde.
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INTRODUCTION

Thekinetics of oxidation of aminesby chloramine-T*?, Ce(1V)** and N-bromo-
succinimide® in acidic medium and by hexacyanoferrate(l11)” in alkaline medium-
incorporating certain transition metal ions viz. osmium(V111), ruthenium(l11) and
palladium(11)®° as homogeneous catalysts have been investigated from amechanistic
point of view. However, the palladousion as homogeneous catalyst in Ce(1V)-amine
redox reaction has not been studied mechanistically. Therefore, it wasthought worth-
whilethat the studies in this direction may be useful in understanding the catalytic
activity of palladousion. The present communication reportsthe kineticsand mechanism
of Pd(I) catalyzed oxidation of methyl amine and ethyl amine by Ce(1V) in perchloric
acid medium.

EXPERIMENTAL

The reagents employed were methyl amine and ethyl amine (AR quality), PdCl,
(AR, Ranbaxy) and perchloric acid (E. Merck). All other chemicals used were of
AR quality and their solutions were prepared in doubly distilled water. A stock
solution of PdCl, (0.0225 mol dm™®) were prepared by dissolving the samplein dil.
HCI (0.01 mol dm®) solution and stored in black bottle to prevent photochemical
decomposition. Thekineticswasfollowed by estimating unreacted Ce(1V) at definite
time intervals volumetrically.
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Stoichiometry and product analysis: A reaction mixture containing aknown
excess of [Ce(1V)] over [amine] were kept in the presence of HCIO, and PdCl, at
35°C for 72 h. After completion of the reaction, the remaining Ce(IV) was estimated
in different sets of the experiment. The results showed that one mole of amine
consumed two moles of Ce(1V) according to the stoichiometry egn. 1.

RCH,NH, + 2Ce(IV) + H,0 __Pdinii* . RCHO +NH; + 2H* + 2Ce(lll) (1)

where R stands for H and CHs is methyl amine and ethyl amine, respectively.

The presence of corresponding adehyde and ammonia as end products was
detected by spot test® and the presence of aldehyde was confirmed by converting it
into 2,4-dinitrophenyl hydrazine and comparing it with an authentic sample (CO-TLC).
The results are in agreement with earlier works.

RESULTSAND DISCUSSION

The reaction were studied at various initia [reactants]. At fixed [Pd(I1)], the
order in [Ce(IV)] was found to be unity as observed from linear plot of (-dc/dt) vs.
[Ce(IV)] (Fig. 1). The order in [amine] obtained from the plot (Fig. 2) of log k; vs.
log [amine] was found to be fractional. (0.76 for methyl amine and 0.68 for ethyl
amine). At low concentration of amine, k; (first-order rate constant) increases linearly
but it increases non-linearly at high concentration of amine, showing thus shifting
first order in amine to zero order (Table-1). The value of k; increases in direct

TABLE-1
EFFECT OF VARIATION OF [C&(IV)], [AMINE] AND [PdCl,]
ON RATE CONSTANT AT 35°C
[HCIO,] = 1M, [KCI] = 1.00 x 10° M, pu=4.05M

. k, x 10° (sY)
[Ce(IV)] x 1°M  [Aming] x 1PM  [PdCl,] x 10° M ey amne@  Efy e ®
0.50 2.00 464 4.00 7.78
0.80 2.00 464 412 7.64
1.00 2.00 464 3.98 7.80
1.25 2.00 464 4.06 7.60
1.67 2.00 464 4.08 7.76
2.00 2.00 464 3.96 7.68
1.00 0.50 464 1.02 2.06
1.00 1.00 464 2.06 3.92
1.00 2.50 464 4.76 8.96
1.00 3.00 464 5.40 10.06
1.00 5.00 464 7.56 15.60
1.00 2.00 1.16 1.04 1.96
1.00 2.00 2.32 210 3.86
1.00 2.00 3.48 318 5.80
1.00 2.00 5.80 5.62 9.78

1.00 2.00 6.96 6.42 12.02
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Fig. 1.  Plot of (-dc/dt) vs. [Ce(1V)] at 35°C Fig. 2. Plot of log ki vs. log [Amine] at 35 °C
(A = methyl amine and B = ethyl amine) (A = methyl amine and B = ethyl amine)
(conditions mentioned in Table-1) (conditions mentioned in Table-1)

TABLE-2

EFFECT OF VARIATION OF [HCIO,], [KCI] AND IONIC STRENGTH [}
OF THE MEDIUM ON THE RATE CONSTANT AT 35, 40, 45 AND 50°C
[Ce(IV)] = 1.00 x 10° M, [Aming] = 2.00 x 102 M, [PdCl,] = 4.64 x 105 M

Temperdure oo M (Kol x 168 Onie Strength kx10°(s)
(°C) (v Methyl amine  Ethyl amine
35 0.75 1.00 4.05 4.68 8.36
35 1.50 1.00 4.05 3.62 7.48
35 2.00 1.00 4.05 3.24 7.02
35 3.00 1.00 4.05 2.78 6.42
35 4.00 1.00 4.05 2.36 5.92
35 1.00 0.50 4.05 4.38 8.32
35 1.00 150 4.05 3.74 7.56
35 1.00 2.00 4.05 3.38 712
35 1.00 3.00 4.05 3.00 6.64
35 1.00 4.00 4.05 2.64 6.08
40 1.00 1.00 4.05 5.48 11.72
45 1.00 1.00 4.05 8.06 16.04
50 1.00 1.00 4.05 11.08 23.86
35 1.00 1.00 105 5.56 10.08
35 1.00 1.00 2.05 498 9.16
35 1.00 1.00 3.05 4.42 8.28

proportionality with [Pd(I1)], indicating first-order kinetics in Pd(Il). Increase in
[H*] or [Cl7] decreased therate of oxidation. Increasein ionic strength of the medium
showed negative effect on the rate of reaction, indicating interaction of dissimilar
changed speciesin the rate determining step. Induced polymerization was observed
when acrylamide was added to the reaction mixture. Corresponding aldehydeswere
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identified as oxidation product by TLC analysis of their 2,4-dinitrophenyl hydrazone
derivatives and further confirmed by melting points of these derivatives.

The kinetic runs were also made at 35, 40, 45 and 50 °C and the energies of
activation obtained from Arrhenius plots were 68.92 and 58.40 kJ mol™ for the
oxidation of methyl amine and ethyl amine, respectively (Table-2).

Palladium(I1) chlorideis quite solublein HCI and exists' primarily as[PdCl,]?.
The formation of 1:1 complex of paladium(ll) chloride species with amines has
aready been reported’. The oxidation kinetics of both amines by Ce(1V) in presence
of paladium(I1) chloride are smilar and therefore, acommon mechanism is proposed
(Scheme-l). Thefast equilibriasteps (i)-(iii) are already reported in earlier studies.
Considering above statements and other kinetic data, the reaction mechanism can
be written asin Scheme-1.

[PACl]% + RCHNH, ki _ [PACIs(NH,CH,R)]* + CI- ()
(&) ()
[PACIs(NH,CH,R)™ + H,O _K: _ [Pd(NH,CH,R) (H,0)Cl,] + CI- (ii)
(C) (%))
[PAd(NH,CH,R) (H,0)Cl;] + H;O _Ks . [Pd(NH.CH,R) (OH)Cl]~ + H:O* (i)
(%)) (Cy)
[PA(NH,CH,R) (OH)CI;]~ + Ce(1V) ——> [Ce(ll1)] + R-CH-NH, + H,0 + PdCl, (iv)
. +
R-CH-NH, + Ce(IV) —=— Ce(ll) + R-CHNH; v)
H
+ + :
RCHNH, + H,O ———> R—C—NH, + H (vi)
fast
OH
H
R_C_NHZ _— RCHO + NH3
- fas (vii)
:OH
PdCl, +2CI" —— [PdClL? (viii)
Scheme-|

Scheme-| |leads to the rate law (1).
d[Ce(1V)] _ Kk;K K 5[ Pd(I1)];[Ce(1V)][RCH,NH, ]
Td K [HIIC T+ kK[AIHT+Ky) @)
Therate law (1) clearly explains al the observed kinetics.




862 Singh et al. Asian J. Chem.

REFERENCES

S. Gupta, V. Ali and S.K. Upadhyay, Int. J. Chem. Kinet., 21, 315 (1988).

A. Shukla, S. Gupta and S.K. Upadhyay, Int. J. Chem. Kinet., 23, 279 (1991).

N.N. Rao and M.A. Rao, Indian J. Chem., 30A, 620 (1991).

A. Singh and R.A. Singh, Oxid. Commun., 29, 110 (2006).

R.A. Singh and A. Singh, Asian J. Chem., 18, 2868 (2006).

R. Saxena, A. Shuklaand S.K. Upadhyay, Transition Met. Chem., 19, 91 (1994).

A. Shuklaand SK. Upadhyay, Indian J. Chem., 34A, 120 (1995).

R.A. Singh, V.K. Srivastava, J. Vermaand M. Kumar, Asian J. Chem., 19, 1482 (2007).
Ashish, C. Singh, A.K. Singh and B. Singh, Indian J. Chem., 44, 476 (2005).

F.A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, Wiley, New York, edn. 2, p. 1026
(1967).

APONPE

BoOoxo~NoO

©

(Received: 21 May 2007; Accepted: 9 September 2008) AJC-6846

INTERNATIONAL CONFERENCE ON HYDROGEN AND HYDRO-
GEN STORAGE - METHODSAND MATERIALS

3 — 6 JANUARY 2009
BANGALORE, INDIA

Contact:

National Science Seminar Complex, Indian Institute of Science,
Bangalore 560 012, INDIA

E-mail: h3iisc09@ipc.iisc.ernet.in

Web Site: http://ipc.iisc.ernet.in/~H3_2009




