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INTRODUCTION

It is known that many processes occurring in heterogeneous systems with nanoscale objects
are characterized by some specific features due to size dependence of parameters describing
processes in question. This can in particular affect nanoparticle formation. Some problems related to
the trapping of impurity molecules by nanoparticles were considered in (Levdansky et al., 2009).
Here we study the influence of the size effect on chemical reactions inside nanoparticles.

RESULTS AND DISCUSSION

Let us consider the size dependence of chemical reaction occurring in the nanoscale particle.
The rate of bimolecular chemical reaction j can be written as (Keizer, 1987)

j=k'nyng, (1)

where n, and ng are the number densities of reactants A and B, k" is the effective rate constant for
bimolecular chemical reaction that is given by

k' =t ()

where k,;=4nDR,, D is the sum of the diffusion coefficients D, and Dy for the components A and B,
Ro is the effective radius at which the reaction can occur, k, is the rate constant for intrinsic
bimolecular chemical reaction (without the diffusion effect).

The values of D and k, for nanoparticle D, and k,, are given by

p E,\d . E..(d
, E,(d)
ky, = k7, exp(— :T J (4)

Here k is the Boltzmann constant, T is the temperature, E4, and Egs, are the activation energies for
diffusion of components A and B in the nanoscale particle, £, is the activation energy for intrinsic
bimolecular chemical reaction in the nanoparticle. Pre-exponential factors D'y, D', and k', are
assumed further for simplicity to be constant and equal to the values for a bulk matter.

The influence of the size effect on the value of D, is related to a decrease in the activation
energy for diffusion of reactants with a reduction in the particle size due to size dependence of the
cohesive energy (Vanithakumari and Nanda, 2008). It leads to an increase in the value of kg
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A decrease in the cohesive energy in the nanoscale particle with a reduction in its size can lead aiso
to an increase in K,

Taking into account the relation between the activation energy for diffusion of components in
small particles and their melting temperature by analogy with (Vanithakumari and Nanda, 2008) and
allowing for size dependence of the melting temperature according to (Rekhviashvili and Kishtikova,
2006), we can obtain equation for the size-dependent rate constant of chemical reaction in the
nanoscale particle. Figure 1 shows the dependence of the dimensionless rate constant of chemical
reaction for the diffusion controlled regime k'=ky/ks, Were ks is the value of ks without
considering the size effect, on the dimensicnless particle diameter d'=d/5, were d is the particle
diameter, & is the Tolman length. For simplicity we assume that Eya,=Eqs, (€.8., Such condition takes
place in recombination of atoms inside the nanoparticle}. It is seen from Fig. 1 that k" increases with
a decrease in the particle size.
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Fig. 1: Dependence of k'on d" in the diffusion controlled regime of chemical reaction; 1: £4../kT=17,
2: E,../kT=7, E,. is the activation energy for diffusion of reactant molecules in a bulk matter.

CONCLUSIONS
Thus, it is shown that the influence of the size effect on chemical reactions in nanoscale
particles can be related to a dependence of the activation energies for diffusion of atoms (molecules)
in the nanoparticle and for intrinsic chemical reaction on the particle size.
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