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old 
loud 
ores with time-independent physi
al 
onditions. In this model, we use thefull OSU gas phase network, whi
h involves 458 gas phase spe
ies and more than 4000 rea
tions, and treat it by rate equations whi
h istotally deterministi
. A small surfa
e rea
tion network a

ounts for the produ
tions of stable mole
ules su
h as H2O, CO, CO2, H2CO,CH3OH, NH3 and CH4. The surfa
e rea
tions are treated by a hybrid method of moment equations (Barzel & Biham 2007) and rateequations: when the abundan
e of a surfa
e spe
ies is lower than a spe
i�
 threshold, say one per grain, we use the sto
hasti
 momentequations to simulate the evolution; when its abundan
e goes above this threshold, we use the rate equations. A 
ontinuity te
hnique isutilized to se
ure a smooth transition between these two methods.We have run 
hemi
al simulations for a time up to 108 yr at three temperatures: 10 K, 15 K, and 20 K. The results will be 
omparedwith those generated from (1) a 
ompletely deterministi
 model that uses rate equations for both gas phase and grain surfa
e 
hemistry,and (2) modi�ed rate equations (Garrod 2008) that partially take into a

ount the sto
hasti
 effe
t for surfa
e rea
tions. At 10 K, ourmodel results agree with the above two methods, while dis
repan
ies appear at higher temperatures and smaller grain sizes.


