
 
 

 

 

Size dependence of incorporation of gas molecules into aerosol nanoparticles 
 

V.V. Levdansky1, J. Smolík2, V. Ždímal2 and P. Moravec2  
 

1A.V. Luikov Heat and Mass Transfer Institute NASB, 15 P. Brovka Str., 220072 Minsk, Belarus 
2Institute of Chemical Process Fundamentals AS CR, v.v.i., Rozvojova 135, 165 02 Prague 6, Czech Republic  

Keywords:   aerosol, nanoparticles, size effect. 
Presenting author email: vlev5@yahoo.com 

 
The influence of size effects on the physicochemical 
transformations and transfer phenomena in the 
heterogeneous systems with nanoobjects attracts 
increasing attention of researchers. These problems are 
of interest for nanotechnology and atmospheric physics. 
Size effects can influence the cohesive energy as well as 
the activation energies of vacancy formation and 
diffusion of atoms in the nanoscale particles 
(Vanithakumari and Nanda, 2008). Phase transitions in 
aerosol systems with nanoscale particles (clusters) also 
depend on the nanoparticle size (Levdansky et al., 2010). 
Hear we discuss the size dependence of the mass 
accommodation coefficient in the aerosol system with 
nanoparticles.  
 The equation for the mass accommodation 
coefficient γ can be written as (Hanson, 1997; Crowley 
et al., 2010) 
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where αs is the sticking coefficient, kabs is the rate 
constant for absorption, kdes is the rate constant for 
desorption.  
 The sticking coefficient αs is related to the rate 
constant for adsorption kads (Hanson, 1997). The values 
of kads, kdes, kabs in the general case depend on the 
nanoparticle size due to the size dependence of 
adsorption and desorption of molecules (Murzin, 2009) 
and absorption of adsorbed molecules (Levdansky et al., 
2009). The melting temperature and surface tension also 
depend on the nanoparticle size (Rekhviashvili and 
Kishtikova, 2006). Taking into account the above-
mentioned, we can write the following equation for the 
mass accommodation coefficient for the nanoparticle γp: 
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where v is the mean thermal velocity of gas molecules, 
kads,∞, kdes,∞, kabs,∞ are respectively the rate constants for 
adsorption, desorption and absorption for bulk matter, 
αads is the Polanyi parameter for the adsorption rate 
constant (Murzin, 2009), d is the particle diameter, δ is 
the Tolman length (it is assumed that d >> δ), λ = 
σ∞Vm/(RT), ψ = Qabs,∞/(RT), ω = 1 – 4δ/d, σ∞ is the 
surface tension for bulk matter, Vm is the molar volume 

of the substance forming the nanoparticle, R is the gas 
constant, T is the temperature, Qabs,∞ is the activation 
energy for the transition of molecules from the 
adsorption state to the absorption state for bulk matter. 
 Let us consider the limiting case when kdes >> 
kabs. Figure 1 shows the dependence γ* = γp/γ∞, where γ∞ 
is the mass accommodation coefficient for bulk matter, 
on the dimensionless diameter of the nanoparticle d

* = 
d/δ at different values of the parameters ψ and φ = 
σ∞Vm/(Qabs,∞δ). It is seen that γ* increases with a decrease 
in d* and φ and with an increase in ψ.  
 

30 40 50 60 70 80 90 100

1

2

3

4

5

6

7

8

9

10

 

 

1

2

4

3

3

 
 

Figure 1. Dependence of γ* on d*; 1, 2: φ = 0.2; 3, 4: φ = 
0.5; 1, 3. ψ = 20; 2, 4: ψ = 15.  
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