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ABSTRACT 
Q,, v a l u e s  a r e  u s e d  t o  make s t a b i l i t y  p r o j e c t i o n s  

from k i n e t i c  d a t a .  A program t o  f a c i l i t a t e  t h e  computa- 
t i o n  of  Q l 0  v a l u e s  u t i l i z i n g  t h e  Hewle t t -Packa rd  HP-67 
c a l c u l a t o r  i s  p r e s e n t e d .  I n  a d d i t i o n ,  t h e  program may 
be  used  t o  compute i n c r e m e n t a l  changes  of  Q l 0  a s  a 
f u n c t i o n  of e i t h e r  t e m p e r a t u r e  (dQl0/dT) o r  a c t i v a t i o n  

ene rgy  (dQ1 ,/dEa). 

I N  TRO DU C T I ON 
The u s e f u l n e s s  o f  Q l 0  v a l u e s  i n  s t a b i l i t y  s t u d i e s  

h a s  l o n g  been r e c o g n i z e d  (1,2). C a l c u l a t i o n  o f  Q l 0  
va lues ,  a l t h o u g h  n o t  d i f f i c u l t ,  may be cumbersome. 
Estimates o f  8, v a l u e s  a t  v a r i o u s  t e m p e r a t u r e s  and 
f o r  v a r i o u s  a c t i v a t i o n  e n e r g i e s  a r e  a v a i l a b l e  ( 2 ) .  We 
wish t o  p r e s e n t  i n  t h i s  p a p e r  a program which, u t i l i z i n g  
a Hewlet t -Packard HP-67 c a l c u l a t o r ,  f a c i l i t a t e s  t h e  
computat ion o f  Q,, v a l u e s .  

v a l u e s  a r e  a f u n c t i o n  of b o t h  t e m p e r a t u r e  and a c t v a t i o n  
energy.  The program p r e s e n t e d  h e r e  may a l s o  be  used  f o r  
t h e  computa t ion  of  dQIO/dT and dQ,,/dEa v a l u e s .  

I n  a d d i t i o n ,  i t  h a s  been p o i n t e d  o u t  ( 2 )  t h a t  Q,, 
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DISCUSSION 
Q l 0  v a l u e s  a r e  an e x p r e s s i o n  of  t h e  change i n  r e a c -  

t i o n  r a t e  c o n s t a n t s  w i t h  a t e n  d e g r e e  change i n  a b s o l u t e  
t e m p e r a t u r e :  

where k i s  t h e  r a t e  c o n s b a h t  a t  T°K and k 1  i s  t h e  r a t e  
c o n s t a n t  a t  T t 10 OK. C l e a r l y  any t e m p e r a t u r e  i n c r e m e n t  
cou ld  b e  u t i l i z e d  and a c o r r e s p o n d i n g  "Q v a l u e  c o u l d  
be c a l c u l a t e d .  However, i t  h a s  been shown ( 2 )  t h a t  any 
such  v a l u e s  a r e  e a s i l y  computed from Qlova lues .  

Q1o = k ' / k  Eq.1 

From t h e  A r r h e n i u s  r e l a t i o n s h i p :  
-E  / R T  k = A e  a Eq.2 

where A i s  a c o n s t a n t ,  Ea i s  t h e  a c t i v a t i o n  ene rgy  and 
R i s  t h e  u n i v e r s a l  gas  c o n s t a n t  (1.987 cal /mole-deg)J  i t  may 
be demons t r a t ed  t h a t :  

Eq.3 
where T 1  = T t 1 0  

S u b s t i t u t i n g  T t 10 f o r  T I  and d i f f e r e n t i a t i n g  
e q u a t i o n  3 w i t h  r e p e c t  t o  t e m p e r a t u r e  y i e l d s ,  a f t e r  
expans ion  and s i m p l i f i c a t i o n :  

P. 

3 e i ~ ~ a / ~ ~ '  -dQlo/dT = (20Ea/RT ) 
S i n c e  t h e  v a l u e  of t h e  ga8 c o n s t a n t  i s  1.987, 

when t h e  a c t i v a t i o n  ene rgy  i s  measured i n  c a l / m o l e ,  
e q u a t i o n  k s impl i f ies  t o :  

2 
-dQIO/dT = (lO.lEa/T ) e5*OEaJT Eq.5 

A t  a c o n s t a n t  t e m p e r a t u r e  Q l 0  i s  a f u n c t i o n  of  
a c t i v a t i o n  ene rgy .  T h i s  r e l a t i o n s h i p  may be  o b t a i n e d  
by t a k i n g  t h e  d e r i v a t i v e  of  Q l 0  w i t h  r e s p e c t  t o  Ea 
which, from e q u a t i o n  3 y i e l d s :  

2 
dQIO/dEa = (5.O/T 2 e5 .0Ea /T  Eq.6 

It may be n o t e d  t h a t  Q,, v a l u e s  d e c r e a s e  w i t h  
c r e a s i n g  t e m p e r a t u r e  , b u t  i n  c r  ea s e w i t h  i n c  r ea s i n g  

i nr  
a c t i v -  

a t i o n  energy.  T h i s  i s  due t o  t h e  f a c t  t h a t  a t  e l e v a t e d  
t e m p e r a t u r e s  a small change i n  t e m p e r a t u r e  w i l l  h a v e  a n l y  
a small e f f e c t  on r e a c t i o n  ra tes .  On t h e  o t h e r  hand, 
small changes i n  t e m p e r a t u r e  w i l l  p roduce  more d r a m a t i c  
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TABLE I 
Prouram S t e p s  f o r  C a l c u l a t i n g  Qlo  a l O / d T  a n d  dQlO/dEa 

001 f LBL A 0 2 3  9 045 1 
002 STO 1 024 8 046 0 
003 h RTN 025 7 047 . 
004 f LBL B 026 + 048 1 
005 STO 2 027 g ex 049 X 
006 h RTN 028 h RTN 050 RCL 4 
007 f LBL C 029 f LBL D 051 X 
008 RCL 1 030 RCL-1 052 h RTN 
009 h l / x  031 g x2 053 f LBL E 

011 RCL 1 
010 STO 3 

012 1 034 X 056 h l / x  
013 0 035 5 057 5 
014 t 036 X 058 X 
015 h l / x  037 g ex 059 STO 5 
016 CHS 038 STO 4 060 RCL 2 
017 RCL 3 039 RCL 1 061 X 
018 t 040 3 062 g ex 
019 RCL 2 I 041 h yx 063 RCL 5 
020 x 042 h l / x  064 X 
021 1 043  RCL 2 065 h RTN 
022 . 044 x 

032 033  RCL h 17x 2 ;;; iC:2l 

d i f f e r e n c e s  i n  ra tes  of  r e a c t i o n s  w i t h  h i g h e r  a c t i v a t i o n  
e n e r g i e s .  T h i s  c o u l d  be  i m p o r t a n t  when e s t i m a t i n g  s tab i -  
l i t y  p a t t e r n s  based on Q,o  v a l u e s .  

T a b l e  I p r e s e n t s  t h e  program s t e p s  r e q u i r e d  f o r  t h e  
computa t ions  d i s c u s s e d  above. S t e p s  001 t h r o u g h  006 a r e  
g e n e r a l  s t e p s  f o r  a l l  t h r e e  computa t ions .  S t e p s  007 t h r o u g h  
028 c a l c u l a t e  Q l o ,  029 t h r o u g h  052 c a l c u l a t e  dQlO/dT and 
053 t h r o u g h  065 c a l c u l a t e  dQ1 O/dEa. The t e m p e r a t u r e  (OX) 
i s  s t o r e d  i n  r e g i s t e r  A and t h e  a c t i v a t i o n  e n e r g y  ( c a l /  
mole) i s  s t o r e d  i n  r e g i s t e r  B t o  i n i t i a l i z e  t h e  program. 
Then Q l o ,  dQlo/dT Rnd dQIO/dEa a r e  found  by p r e s s i n g  t h e  
k e y s  C ,  D and E r e s p e c t i v e l y .  
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