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Kinetics and mechanism of Ir(ll1) catalyzed oxidation of methyl
amine (MA) and ethyl amine (EA) by KBrO; in acidic medium have
been investigated. Zero-order dependence in [KBrO;] was observed,
whilefirst-order with respect to both methyl amine and ethyl amineand
Ir(111) was observed. Variation of ionic strength () of the medium and
addition of Hg(OAc), (used as Br~ scavenger) had an insignificant
effect on the rate of the reaction. Positive effect of addition of [Cl7] on
the rate of reaction were observed. A suitable mechanism consistent

with the observed kinetic data has been suggested and related rate law
deduced.
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INTRODUCTION

Potassium bromate is known to be apowerful oxidising agent with redox potential
1.44 volts and it has been used as oxidizing agent for a variety of compounds in
acidic medium®® and alkaline medium?®*°. Although catalytic role of Ir(111) hasbeen
studied in N-bromosuccinimide™ and N-bromoacetamide oxidation of sugars, but
to date catalytic activity of Ir(111) towards potassium bromate has not been studied.
The prompted us to study Ir(111) catalyzed oxidation of methyl amine and ethyl
amine by an acidic solution of potassium bromate.

EXPERIMENTAL

An agueous solution of potassium bromate (E-Merck)was prepared by dissol-
ving aweighed samplein doubledistilled water and standardized iodometrically. A
solution of iridium(I11) chloride (Johnson & Matthey) was prepared by dissolving
its1 g samplein 0.01 M solution of HCI. Standard solutions of methyl amine and
ethyl aminewere prepared by dissolving their weighed samples (E-Merck) in double
distilled water. All other chemicals used were of AnalaR grade.

All reactants except solution of amines were mixed and thermostated at 30
0.1 °C for thermal equilibrium. The reaction was initiated by adding the requisite
volume of pre-equilibrated amine solution to the reaction mixture and the progress
of the reaction was monitored by estimating the amount of unreacted potassium
bromate at regular time intervals iodometrically.
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Stoichiometry and product analysis: Various experiments were performed
with different [KBrOs]: [Reducing amine] ratios. Estimation of unreacted potassium
bromateindicated that 3 moles of each of methyl amine and ethyl amine consumed
one mole of potassium bromate and accordingly stoichiometric equation can be
written as.

BrO; +3RNH, —"™M_, By~ 3NH, +3R'CHO
The end productsidentified were NH3 and corresponding a dehydeswhich were

identified by spot test™®. Here R stands for -CH3 and -C;Hs group and R’ stands for
-H and -CH; group in methyl and ethyl amine, respectively.

RESULTSAND DISCUSSION

The kinetics of oxidation of methyl amine (MA) and ethyl amine (EA) was
investigated at several initial concentrations of the reactants. The reactions were
carried out by varying the concentration of KBrOs, methyl amine and ethyl amine,
Ir(111) and H* (perchloric acid was used as source of H*) ionsin turn while keeping
the concentration of rest of reactants and other conditions constant (Table-1).

TABLE-1
EFFECT OF VARIATION OF [REACTANTS] ON THE REACTION RATE AT 30°C

[KBrOg x 10* [Aming] x 107 [Ir(111)] x 10° [HCIO,] x 10 [(-dc/dt)] x 107 (mol dm®s™)

(mol dm®) (mol dm™®) (mol dm®) (mol dm®) MA EA
4.00 2.00 1.17 0.50 1.56 1.25%
5.00 2.00 1.17 0.50 1.58 1.26%

10.00 2.00 1.17 0.50 1.58 1.28"
12.50 2.00 117 0.50 152 123
20.00 2.00 117 0.50 1.58 127
25.00 2.00 1.17 0.50 1.55 1.25%
10.00 0.50 117 0.50 0.41 0.317
10.00 1.00 1.17 0.50 0.80 0.66°
10.00 1.50 1.17 0.50 1.23 1.03*
10.00 2.50 1.17 0.50 2.06 1.64%
10.00 3.00 117 0.50 241 1.88"
12.50 2.00 0.59 0.50 0.74 0.64°9
12.50 2.00 2.34 0.50 3.00 2.52%9
12.50 2.00 351 0.50 458 3.76%
12.50 2.00 4.68 0.50 6.16 5.08%9
12.50 2.00 5.85 0.50 7.68 6.289
10.00 2.00 117 0.50 1.58 0.88"
10.00 2.00 117 1.00 1.98 1.28"
10.00 2.00 1.17 1.50 2.46 152"
10.00 2.00 117 2.00 2.92 2.02"
10.00 2.00 117 250 3.22 2.34"
10.00 2.00 1.17 3.00 3.72 2.56"

[Hg(OAC),] = 4.00 x 10° mol dm?, [KCI] = 0.25 x 102 mol dm?®,
a=[lr(ll1)] = 1.96 x 10° mol dm® and [HCIO,] = 1.00 x 102 mol dm?®,
[Ir(111)] = 0.98 (b), 3.92 (), 5.88 (d), 7.84 (€) and 9.80 () x 10° mol dm’,
g=[HCIO,] = 1.00 x 102 mol dm?® h=lr(lI1)] = 1.96 x 10° mol dm*
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Initial rates were measured while varying the [KBrO;] insignificant changesin
reaction rate (-dc/dt) at various[KBrO;] indicates zero order dependenceon [KBrOs].
The rate of reaction increases linearly with the increase in the concentration of
methyl amine and ethyl amine, showing first-order kinetics with respect to each
amines. Theincreasein [Ir(111)] increased the rate of the reaction linearly, indicating
first-order dependence on [Ir(111)]. The rate of the reaction increases non-linearly,
showing the positive effect of [H*] on the reaction rate. Successive addition of KCl
decreases the reaction, showing negative effect of [CI7] on the rate of reaction.
Addition of NaClO, and variation of [Hg(OAc).] did not bring about any significant
changein the rate of reaction, indicating zero-effect of ionic strength of the medium
and negligible effect of mercuric acetate. Thisindicatesthat mercuric acetate functions
here only as Brions scavenger. The reactions were carried out at 30, 35, 40 and 45°C
and the rate measurement at these temperatures led to computation of energy of
activation (E). The value of E, are 16.16 kcal/mol (methyl amine) and 18.32 kcal/mol
(ethyl amine).

The results of Ir(I11) catalyzed oxidation of methyl amine and ethyl amine,
recorded here have reveal ed that the reactions have identical kinetics and thus appear
to have common mechanism. Negative effect of chloride is favoured to right side™
in acidic solution of iridium(l11) chloride.

[IrCIG]} + H,O [IrC|5.HQO]2_ + CI-

It may, therefore, be assumed that [1rCls.H,O]* isthe active speciesof iridium(l11)
chloride.
In acidic and alkaline medium, potassium bromate isionized as:

KBI’03 — K"+ BrO3_

The BrO;™ species has been reported to act as an oxidant in acid* aswell asin
akaline’ medium. The parallel oxidation of amines by Br, formed due to interaction
of Br~ (reduction product of BrOs") with BrO5~ isdiminated by using Hg(OAC), as Br-
ions scavenger™. Therole of Hg(OAC),* ascatalyst or oxidant in the present investi-
gation is absent i.e. neither hereit isinvolved as catalyst or co-catalyst or oxidant.

Considering reactive species of Ir(111) and KBrOs in acidic medium and other
kinetic result of probable mechanism is suggested below:

[II’C|5]3’ + Hzo Ki [IrC|5H20]2> + CI_ (|)
(Cy) (C)
A+ H & (A'H) (ii)
(Amines)
k:
[IrClsH,0]% + (A"H) =~ Complex (C;) + H0 (iii)
Cs+BrO; _ka_y [IrCls.H,O]* + Products (iv)

The rate of reaction may be written in terms of rate of loss of [BrO;] asegn. 1
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B dBrO;]

e k,[C5][BrO;] (1)
On applying steady state approximation of [Cs], we have
Ao fctaHI- kiCil -k CBrO]
_ K3[C,][AH"]
or [Csl K .+ k,[BrO,] )
On applying law of chemical equilibrium to steps (i) and (ii), we have
[C] =Ky [Cy] #[CI] (©)
[AHT] =K [A] [H7] (4)
Considering egns. 2, 3 and 4, we have
_ kKiK[CIANH]
=, Kk, [BrO DT ] ®
Thetotal concentration of Ir(ll1) i.e. [Ir(111)]r can be written as
[Ir(1D)]r =[Cd +[C] + [Cy] (6)

By egns. 3, 5 and 6, we have

KilCil | KoK KICITATIH']

ety =[G+ S om vk [Bros)Cl ]

[Ir(111)]7 (ks + K, [BrO3])[CI ]
(K 5+ Ka[BrO; (K, +[C1 )+ kK [AIHT ()
Considering egns. 1, 5 and 7 and on solving with assumption ks [BrOs])>>k 5
and (k4 [BrO3_]) + k_3)
(K1 +[CIT] >> ks K; K2 [A] [HY], we have

_dBrO;] _ ksK,K,[Ir(lID][AI[H"]

or [C,]=

dt K, +[Cl ] )
Further, total concentration of A i.e. [A]+ can be written as
[Alr = [A] +[A™H] )
By egn. 4 and 9, we have
[Alr
Al=——7"—"—
[A] 1+K,[H*] (10)

By considering egns. 8 and 10, we have

_dBrog] _ kK K, [Ir(l1N];[Al[H']
dt (K +[CI D@+ K,[H])

(11)
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TABLE-2
EFFECT OF VARIATION OF IONIC STRENGTH (1), [Hg(OAGc),] AND
[KCI] ON REACTION RATE AT 30°C

[KCI] x 10° [Hg(OAQ),] x [1] x 20? (mol [(-dc/dt)] x 107 (mal dm® s™)
(mol dm®) 10° (mol dm™®) dm?) MA EA
0.10 4.00 355 3.08 2.86
0.25 4.00 355 241 1.88
0.50 4.00 355 2.06 1.62
1.00 4.00 355 154 0.98
1.50 4.00 355 102 0.44
0.25 1.00 430 0.822 1.88
0.25 3.00 430 0.812 184
0.25 6.00 4.30 0.80% 181
0.25 8.00 4.30 0.79 1.87
0.25 10.00 4.30 0.81% 1.83
0.25° 4.00 2.55 2.10 1.64
0.25° 4.00 5.05 2.01 161
0.25° 4.00 9.05 2.05 1.64
0.25° 4.00 12.05 2.04 1.62
0.25° 4.00 355 108 0.76
0.25° 4.00 355 152 1.28
0.25° 4.00 355 2.28 2.08
0.25° 4.00 355 3.44 2.86

[KBrO,] = 10.00 x 10 mol dm*, [MA] = [EA] = 3.00 x 10% mol dm?,
[Ir(11N] = 1.17 x 10° mol dm* [MA] and 1.96 x 10° mol dm®[EA],
[HCIO,] = 0.50 x 102 mol dm* [MA] and 1.00 x 102 mol dm* [EA],
a=[MA] =1.00 x 10% mol dm?® b =[MA] = [EA] = 2.50 x 10* mol dm’®
c=[MA] =[EA] = 2.00 x10? mol dm*

Theratelaw (11) explainsall the kinetic results. Hence proposed mechanismis

valid.
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