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The computer program aimed at the realization of a stochastic model of com- 
plex chemical r e a c t i o n s / 1 / i s  described. Two applications of the program are 
given: (i) a reaction taking place on an adsorbent surface, and (ii) a reaction 
occurring under plasma conditions. 

OHECHBaeToH HporpaMMa ~nH 9BM, COCTaB~eHHaH C ~e~ 
pea~Eaa~H~ CTOXaCTE~6CEO~ MO~6~H EOMH26KCHMX XHMEY6C- 
E~X peaE~E~. HpEMeHeH~e nporpaMMSr ~22~cTp~pyeTcH Ha 
~ByX np~Mepax:l) peaE~MH npoTeEaeT Ha a~copd~py~e~ 
HOBepXHOCTE ~ s peaEUEH HpOTeEaeT B yC2OBEHX H2aSMN. 

COMPUTER REALIZATION OF THE MODEL 

In Part  I / 1 / a  stochastic model of the chemical reaction - a Markoff chain - 

has been described. As mentioned there, the exact solution of the equations describ-  

ing the model is usually impossible, so recourse has to be made to simulation ex- 

periments.  In these experiments a reaction takes place with a probability proportion- 

al to the quantities of the reactants and to the reaction rate constants. To produce 

this probability a pseudo-random number is generated by the computer. After the 

reaction, which is to take place, ha been selected, the changes described by eqs '  / 4 /  

a n d / 5 / o f R e f . / 1 / a r e  accomplished. Essentially, this procedure is equivalent to 

observing directly the behaviour of a small  fragment of the system. 

The program has been written in PL/ I  language, the computer used is an IBM 

360/40 model. 

The output functions provided by the program are as follows: 

- concentrations of all required component as functions of time I~ ( t )1, 

- ~electivity curves or t r a j e c t o r i e s / ~ i  (~ ] )  / '  

- entropy and its f irst  and second derivatives as functions of time. 
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APPLICATIONS TO REACTION KINETICS 

THEORETICAL CONSIDERATIONS 

The resul ts  of the simulation experiments can be used either to support or to 

re ject  hypotheses concerning the mechanism of complex chemical reactions.  To 

verify a conception based upon measurements  is just possible as to investigate ab- 

s t ract  chemical reactions (especially those of biological interest ,  e .g .  reactions 

exhibiting oscillation, multivibration or a hysteres is  loop} by the aid of simulation. 

Simulation experiments permit  to eliminate simplifying assumptions such as "the prin-  

ciple of steady state", "rate  determining step", " negligible reaction rate" ,  etc. 

As for checking the model, the reader  is r e fe r red  to p a p e r / 2 / .  

REACTION ON AN ADSORBENT SURFACE 

Consider the reaction 

k 
A +  B _ *R  

k 
111 

taking place on a solid surface. The mechanism of this reaction may be as follows 

a /adsorp t ion  of the reagents:  

k 1 
A + s ~ As / 2 /  

k 2 
B + s ~ Bs 131 

-2 

b / adso rbed  component A reacts  with component B, the latter being in the 

fluid phase 
k 3 

As + B ~  Rs /41 
"-3 

c /deso rp t ion  of the product: 

k 4 
R s ~ 4  R + s /5 /  

In e q s . / 2 / - / 5 / ,  A, B and R are components in the fluid phase, s is a free adsorp- 

tion site, As and Bs are  adsorbed reagents and Rs is the adsorbed product. 
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When studying this reaction, it is often assumed that one of the steps is " ra te  

determining", i. e. its rate is smal ler  than those of the o t h e r s / 4 / .  

By simulation the effect of the rate of the elementary steps on R / t / c a n  be investi-  

gated without this a ssumpt ion /F ig .  1 / .  

REACTION UNDER PLASMA CONDITIONS 

In the last decade it has become especially important to investigate p rocesses  

taking place at plasma temperature.  Simulation may prove to be a useful method for 

studying reactions of this type. 

Let us consider a relat ively complicated hypothetic model s imi lar  to that p r e s -  

ented in Ref. / 5 / :  

REACTION TYPE OF REACTION 

AB --~A + B neutral  dissociation / 6 /  

A + B --~AB neutral association / 7 /  

AB + C ----AC + B neutrsl exchange /8/ 

AC + B ----AB + C neutral exchange /9/ 

B --~B + + e-  formation of PAI /10 /  

B++ e----~B neutralization of PAl / 1 1 /  
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AB ---~AB + + e -  f o r m a t i o n  of PMI  / 1 2 /  

A B + + e  - ,. AB n e u t r a l i z a t i o n  of PMI / 1 3 /  

A ----A+ + e -  f o r m a t i o n  of PAI  / 1 4 /  

A + + e - - - ~  A n e u t r a l i z a t i o n  of PAI / 1 5 /  

A + + BC ----A + BC + a t o m - m o l e c u l e  c h a r g e - t r a n s f e r  / 1 6 /  

A+BC + - - ~ A  + + BC " " / 1 7 /  

AB - - ~ A B  + e n e u t r a l i z a t i o n  of NMI / 1 8 /  

AB + e -  - - - A B -  f o r m a t i o n  of NMI / 1 9 /  

AB + + CD- - -~AB + CD m u t u a l  n e u t r a l i z a t i o n  / 2 0 /  

AB + CD - ~ A B  + + CD- co l l i s iona l  ion iza t ion  / 2 1 /  

B+ e -  --~ B -  f o r m a t i o n  of NAI / 2 2 /  

B -  ~ B+ e -  n e u t r a l i z a t i o n  of NAI / 2 3 /  

A + B---~AB + e -  a s s o c i a t i v e  d e t a c h m e n t  / 2 4 /  

AB+ e -  --~ A + B-  d i s s o c i a t i v e  ion iza t ion  / 2 5 /  

Abbrev i a t i ons :  N=negat ive ,  P--posi t ive ,  A=a tomic ,  M = m o l e c u l a r ,  I=Ion 

oc, 

Tak ing  a l l  the  r a t e  cons t an t s  equa l  to uni ty ,  one ob ta ins  the  fol lowing cu rve  for  

i. e . f o r  the  d e g r e e  of d i s s o c i a t i o n  of the  s y s t e m  (Fig.  2 / :  

(15 

(14 �84 . 

Q3 �9 

0 . 2 -  

0.1 

0 i 
0 1 X 5 

t 

ACKNOWLEDGMENTS 

The  s u t h o r s  a r e  indebted to P r o f e s s o r  P .  Benedek  fo r  s t imu la t i ng  and helpful  

d i s c u s s i o n s  d u r i n g  the  e n t i r e  work .  

I t  is  a p l e a s u r e  to acknowledge va luab le  d i s c u s s i o n s  with M r .  J .  L~z~r .  

212 



SIPOS et al.: SIMULATION OF RF.ACTIONS 

REFERENCES 

1. T. Sipos, J .T6th,  P. ]~rdi: Reaction Kinetics and Catalysis Letters, 1 (in press)  

2. P. ]~rdi, T. Sipos, J .T6th:  Magyar K~m. Foly6irat (in p_ress) 

3. J .H.  Perry :  Chemical Engineers '  Handbook, McGraw-Hill Book Co., New York- 
Toronto-London 

4. Z.G. Szab6: "Comprehensive Chemical Kinetics" Ed. Ch. Bamford, and C. F. H. 
Tipper, Vol. 2, Elsevier  Publ. Co., Amsterdam-London-New York 1968 

5. A.Q.Erschenroeder: Reaction Kinetics in Hypersonic Flows, Advances in Chem- 
ical Physics, Vol. 13, J.  Willey & Sons 1969 

213 


