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During t h e  p a s t  several  years  i t  has become apparent  t h a t  homogeneous 
gas-phase r eac t ions  o f . p o l l u t a n t s  i n - t h e  troposphere,  i . e . ,  the  formation 
of photochemical smog and the  oxidation of SO2, occur  t o  a g r e a t  ex ten t  by 
elementary r eac t ions  involving chain carrying f r ee - r ad ica l  s (HO, HO,, RO, 
KO2, KcUU~) whose concentrat ions a r e  governed . by . the  concentrat ions of 
t r a c e  molecular cons t i t uen t s  including NO, NO2, CO,  03, and organics ,  a s  
well a s  sunl ight1r3 .  Some of the important r eac t ion  paths  and products of 
these chemical transformations a r e  shown p i c t o r i a l l y  i n  Figure 1 .  The re- 
ac t ion  k i n e t i c s  of such a mu1 t i - spec i e s ,  mu1 t i  - reac t ion  system is  commonly 
modeled by a s e t  o f  coupled ordinary nonlinear d i f f e r e n t i a l  equations in  
the concent ra t ions  of  the  species ,  and such t reatment  has been r a t h e r  
successful i n  modeling these  concentrat ions a s  measured i n  "smog chamber" 
experiments. However, f o r  the  purpose o f  modeling chemical.transformations 
i n  t he  ambient atmosphere, which.requires  incorporat ing a reac t ion  mecha- 
nism wi th in  an atmospheric t r anspor t  model., i t  i s  necessary t o  develop a 
mechanism t h a t  includes a minimum number of chemical spec i e s ,  s ince  the 
computational time and cos t -  involved i n  so'lving the  s e t  o f  p a r t i a l  d i f f e r -  
e n t i a l  equat ions descr ibing the  d i f fus ion-advec t ion- reac t ion  problem in-  
c reases  dramat ica l ly  w i t h  the number of species  modeled. Although photo- 
chemical mechanisms employing fewer than 15 spec i e s  have been developed 
previously f o r  use within urban airshed  model^^'^, those  reduced, o r  surro- 
ga te ,  mechanisms do no t  include s u l f u r  chemistry and do not  appear appl i -  
cable  t o  t h e  more widely varying condit ions poss ib le  a s  gases become chemi- 
c a l l y  depleted.  while  being t ransported away ,from emission sources.  There- 
fo re ,  i n  o r d e r  t o  meet the time and cos t  c o n s t r a i n t s  of an atmospheric 
t r anspor t  model, we have constructed a .12-species  Surrogate  CHEmical 
MEchanism (SCHEME) incorporating react ions.  f o r  t he  homogeneous gas-phase 
oxidat ion of  SO2. A prel iminary but much' more d e t a f l e d  and comprehensive 
ATmospheric Model f o r  Sul fur  (ATMOS) has been used t o  genera te  SCHEME and 
t e s t  i t s  a p p l i c a b i l i t y  t o  a broad range of chemical condi t ions .  

ATMOS i s  a 30-consti , tuent react ion mechanism i.ncluding generalized 
hydrocarbon chemi s t r y  based la rge ly  upon the  ~ e c h t - ~ e i  nfe l  d-Dodge7 model 
f o r  NOx-hydrocarbon mixtures; however, .ATMOS incorpora tes  revised r a t e  con- 
s t a n t  values and addi t iona l  reac t ions .  This model t e s t  q u i t e  well aga ins t  
reported smog chamber data8 f o r  the  NOx-propylene system. ATMOS has been 
used t o  s imu la t e  t he  six-hour i r r a d i a t i o n  of a t yp ica l  urban pol lu t ion  mix- 
t u re  conta in ing  NO, NO2, SO,, o l e f i n ,  and CO a t  i n i t i a l  concentrat ions of 
75, 25, 10, 100, and lo4  ppb, r e spec t ive ly .  For b r i  h t  sun conditions t ( z  = 40") and an ambient H20 concentration of  2 x 10  ppm, the model pre- 
d i c t s  NO, NO2, and O3 p r o f i l e s  c h a r a c t e r i s t i c  o f '  photochemical smog as 
shown by t h e  curves i n  Figure 2. The SO2 oxidat ion r a t e ,  a f t e r  the f i r s t  
10 minutes o f  i r r a d i a t i o n ,  i s  t yp ica l ly  1-4% hr'l and i s  cont ro l led  pr inci-  
pa l ly  by r eac t ions  with HO, H02, and R02 r ad ica l s ;  a s  t h e  r eac t ive  system 



ages the r e l a t i ve  importance of these reactions .to the to ta l  oxidation ra te  
s h i f t s  markedly from the HO reaction t o  those of the H02 and R02 radicals. 

Using t h e  simulation resul ts  of ATMOS, we have analyzed the time de- 
pendence of species concentrations and reaction r a t e s  to develop the 12- 
species surrogate mechanism SCHEME which models the concentration profi les 
of 4 i n i t i a l  reactant  species (NO,  NO2, SO2, o l e f i n ) ,  4 intermediate species 
( O 3 y  HONOy H202, aldehyde), and 4 free-radicals  ( H O ,  HO,, RO,, RCOO,). The 
reduction i n  the number of modeled species has been accomplished without 
loss i n  the chemical in tegr i ty  of the system by: 1 )  removing from the me- 
.chanism those reactions and species which do not appreciably influence the 
chemistry 0.f the remaining species, 2) ' incorporating the essent ia l ly  con- 
s t a n t  concentrations of s table  species (e -g . ,  02) i n to  the appropriate ra te  
constants,  and 3) using r a t e .  1 imi t ing reaction s teps  and steady-s t a t e  re- 
. lat ionships to  formulate surrogate reactions and r a t e  constants. SCHEME 
accurately reproduces the. resul ts  of. ATMOS, as  indicated by the comparisons 
in Figure 2, and does ,so w i t h  a 5-fold decrease i n  execution time. For a l l  
12 species modeled by SCHEME, the close agreement..wi t h  the concentration 
p rof i l e s  predicted by ATMOS continues even when t h e ,  i n i t i a l  ' concentrations 
of NO4, SO2, o r  o lef in  are  changed by an order of magnitude. Additionally, 
the k?netic.  relat ionships used i n  the construction of SCHEME may be used.at  
1 i t t l e  addit ional  computational cos t  to  a lgebraical ly  determine concentra- 
t ion p ro f i l e s  f o r  many of the deleted species. Specific methods ut i l ized 
in the construction of SCHEME will be presented. 
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Figure 1.  Reactions represen ted  by t h e  p r e sen t  models. 
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Figure . 2 .  . Comparison o f  simulation results obtained 

with ATMOS (turves) and SCHEME (points). 




