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Introduction:  In  the  Martian  atmosphere  dust 
and other types of aerosol particles (most  importantly 
carbon dioxide and water ices) scatter and absorb both 
short-  and  longwave  radiation.  This  affects  the 
thermal  structure  of the  atmosphere  and  flow fields 
therein.  Flow  patterns  affect  the  aerosol  particle 
distribution  by saltation  and  advection,  which  again 
modifies  the  thermal  and  flow  structure  of  the 
atmosphere. This feedback between aerosols and flow 
patterns may have a great influence in giving rise to 
Martian dust storms. For understanding this feedback, 
both the boundary layer processes [1,2] being involved 
in  lifting  and  advecting  dust  particles  and  creating 
atmospheric  circumstances  favorable  to  the  onset  of 
nucleation,  and  the  aerosol  processes  themselves 
[3,4,5] should be studied in  detail.

On one hand, Martian aerosol processes are 
simpler  than  the  Terrestrial  ones,  since  there  are 
practically  no  organic  vapors  or  anthropogenic 
emissions  influencing  the  processes.  On  the  other 
hand,  the  Martian  atmosphere  is  nearly  pure  CO2 

vapor, which takes part in the processes of nucleation 
and condensation. In a near-pure situation, nucleation 
becomes nonisothermal and strong coupling of fluxes 
arises in multicomponent condensation. These effects 
need to be taken into  account in the theories used.

So far studies on Martian clouds have been 
focusing  on  clouds  formed  of  only one  component, 
either  water  or  carbon  dioxide.  Our  work  has  been 
focusing  on  testing  the  possibilities  for  binary 
nucleation.

Two-component nucleation:  We have used a two-
component  heterogeneous nucleation  model  to study 
binary nucleation in the Martian atmosphere [7].

The  water  -  carbon  dioxide  system has  not 
been  modelled  before.  The  Martian  atmosphere  is 
95.3% carbon dioxide, and there is no liquid phase for 
the  nucleating  substances.  Clouds  are  presumed  to 
form from either water or CO2 ice crystals, and this is 
the first study of binary nucleation on Mars. There is 
no thermodynamic data available for the ice mixture 
properties. The non-isothermal coefficient (important 
in  nucleation  occurring  in  a  near-pure substance) is 
calculated using the formulation [8] as was also done 
in [5].

Figure 1.  Activity plot for the Martian binary system: 

the  critical  activities  required  for  nucleation 
probability to reach or exceed 0.5. CO2 activity on the 
y-axis  and  H2O activity  on  the  x-axis.  The  dots 
describe the  behavior  for  the  ideal  mixture  and  the 
lines the non-ideal mixture in temperatures of 140 K 
and 285 K.

We calculated,  as  a  first  approximation,   the 
thermodynamic data (surface energy, ice density) for 
the mixture assuming ideal mixing. For ideal mixture,
the solid phase activities equal  the mole fractions of 
the respective species. We tested the behavior  of the 
system by using the activity coefficients of water - n-
propanol  mixture  for  the  water  -  carbon  dioxide 
mixture.  The  activities  of  the  water  -  n-propanol 
system are  thought  to  realistically mimic  the  H2O - 
CO2 system  since  both  CO2 and  n-propanol  are 
nonpolar molecules. The results show (Figure 1) that 
the  ideal  mixture  is  more  favorable  for  nucleation 
compared to the non-ideal non-polar system of water 
and n-propanol.

We tested the  possibility of nucleation  in  the 
Martian  near-surface  conditions  (temperature  range 
and  pressure,  condensation  nuclei,  CN,  size)  taking 
realistic  temperature  and  vapor  amount  values,  and 
our  results  show (Figure 2)  that  the onset  of binary 
nucleation happens at slightly lower activities than the 
onset of unary nucleation of water. 
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Figure  2.  Critical  water  activity  for  nucleation 
probability of P=0.5 in  unary and binary nucleation. 
The two cases represented are for 1 ppm and 300 ppm 
of water.  The dots are for binary nucleation and the 
lines unary nucleation. Especially in the leftmost case 
of 1 ppm of water it  can be clearly seen that  binary 
nucleation  requires  lower  activities  than  unary 
nucleation to start.

We  looked  at  the  numbers  of  molecules  in  the 
critical  cluster  in  these  cases,  and  noticed  that  the 
cluster  is  mainly  composed  of  water  molecules.  In 
some cases with low amount of water vapor (1 ppm), 
the number of CO2 molecules stays fairly large (tens of 
molecules)  in  a  larger  range  of temperatures  (about 
one degree), but for 300 ppm of water even in the first 
critical (binary) cluster the number of CO2 molecules 
is only 2-3 and after that drops to less than one (which 
implies  unary  water  nucleation).  So  theoretically  at 
the onset  of water  nucleation on Mars  it  seems that 
binary nucleation might have a role in facilitating the 
process,  but  the  number  of  CO2 molecules  in  the 
critical  clusters  is  so  small,  that  particle  formation 
process is nearly pure water nucleation. 

Figure 3.  Number of molecules in the critical cluster 
as a function of temperature for the case of 1 ppm of 
water.

Summary:  We have modeled binary nucleation in 
the  Martian  water  -  CO2 system.  According  to  our 
results  we can  presume that  in  the  present  Martian 
atmosphere  ice clouds do form one  component  at  a 
time, as described in our earlier paper [5]. and several 
other authors [9-12]. However, we can not completely 
rule out the possibility of binary nucleation of the CO2 

-  H2O  mixture,  possibly  at  the  very  first  stages  of 
unary  water  nucleation.  This  result  is  naturally 
dependent  on  the  assumptions  made  for  the  system 
(for  example  the  ideal  mixture  assumption)  and 
validating the results will have to wait until there are 
data  or  experiments  for  the  real  thermodynamic 
properties of the system.
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