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KINETICS AND MECHANISM OF THE THERMAL DECOMPOSITION 

OF DIMETHYLNITRAMINE A T  LOW TEMPERATURES 

S.  A .  L loyd,*  M. E. Umstead, and M. C. L i n  

Chemis t r y  D i v i s i o n  
Code 6105 

N a v a l  Research L a b o r a t o r y  
Washington, D.C. 20375-5000 

ABSTRACT 

D i m e t h y l n i t r a m i n e  (DMNA)  was p y r o l y z e d  between 466 and 524  K 

a t  abou t  475 T o r r  p u r e  DMNA p r e s s u r e  i n  s t a t i c  c e l l s .  A r a d i c a l  

mechanism was proposed end computer-modeled t o  accoun t  for  t h e  

d i sappearance  o f  DMNA and t h e  p r o d u c t i o n  o f  (CH3)zNNO and 

CH3N02. The r a t e  c o n s t a n t  for DMNA d e c o m p o s i t i o n  i n t o  (CH3)2N 

and NOp, bssed on t h e s e  l o w - t e m p e r a t u r e  r e s u l t s  and o t h e r  

h i g h - t e m p e r a t u r e  shock t u b e  d a t a ,  c o v e r i n g  460-960 K ,  c s n  b e  

g i v e n  by k l  = 1 ~ 1 5 . 9 ' 0 - 2  exp(-22,000*200/T)  s e c - I .  

l e a d s  t o  v a l u e s  f o r  t h e  N-N bond energy o f  43.3k0.5 k c a l / m o l e  and  

t h e  h e a t  o f  f o r m a t i o n  o f  t h e  (CH3)zN r a d i c a l ,  55k2 k c a l / m o l e  a t  

298 K. K i n e t i c  m o d e l i n g  o f  t h e  CH3N02 and (CH3)zNNO p r o d u c t i o n  

p r o f i l e s  has  been c a r r i e d  o u t .  

T h i s  r e s u l t  

+ F e d e r a l  J u n i o r  F e l l o w ,  1980-1985 

Journa l  of Energe t ic  Mate r i a l s  vo l .  3,  187-210 (1985) 
This  paper i s  not  s u b j e c t  t o  U.S. copyr ight .  
Publ ished i n  1985 by Dowden, Brodman & Devine, Inc.  
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INTRODUC T I O N  

D i m e t h y l n i t r a m i n e  (DMNA) i s  t h e  s i m p l e s t  s t a b l e  

n i t r a m i n e  mo lecu le .  A l t h o u g h  t h e  d e c o m p o s i t i o n  o f  DMNA 

has  been s t u d i e d  p r e v i o u s l y ,  t h e  s k e t c h y  mechanism 

p roposed  by F l o u r n o y l  i n  1962 and adop ted  by  l a t e r  

r e s e a r c h e r s  does n o t  account  f o r  t h e  p r o d u c t i o n  o f  any 

s t a b l e  p r o d u c t s  o t h e r  t h a n  d i m e t h y l n i t r o s a m i n e  (DMNSA): 

(CH312NN02 -> (CH3)zN + NO2 ( 1  1 

(CH3)zNNOz + NO2 -> NO + o x i d a t i o n  p r o d u c t s  ( 2 )  

( C H 3 ) z N  + NO -> (CH3)zNNO. ( 3 )  

I n  t h e  above mechanism, r e a c t i o n  (2) was p roposed  

t o  q u a l i t a t i v e l y  p r o v i d e  t h e  needed NO m o l e c u l e  f o r  

DMNSA f o r m a t i o n .  DMNSA i s  t h e  m a j o r  l o w - t e m p e r a t u r e  

p r o d u c t  wh ich  a c c o u n t s  f o r  more t h a n  BOX o f  t h e  decom- 

posed DMNA. The v a l i d i t y  o f  r e a c t i o n  (2) i s ,  however, 

t h e o r e t i c a l l y  q u i t e  q u e s t i o n a b l e .  On t h e  b a s i s  o f  t h e  

measured DMNSA y i e l d a ,  F l o u r n o y l  o b t a i n e d  t h e  r a t e  

c o n s t a n t  f o r  t h e  u n i m o l e c u l a r  d e c o m p o s i t i b n  o f  DMNA: 

k l  = l o z o  exp(-26,700/T) s e c - l  (I) 

The A r r h e n i u s  pa ramete rs  g i v e n  by Eqn. (I), p a r t i c u l a r l y  

t h e  A - f a c t o r  ( w h i c h  is q u e s t i o n a b l e  for  a gas  phase 

r e a c t i o n ) ,  d i f f e r  s i g n i f i c a n t l y  from t h o s e  r e p o r t e d  b y  

K o r s u n s k i i  e t .  a1293 

k l  = 1014s1 exp(-20,500 f 900/T) s e c - l  ( I 1  

k 1  = 1013.7 exp(-19,60D/T) see-1 (111 
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e v a l u a t e d  f rom t o t a l  p r e s s u r e  change measurementa. By 

v e r y  l ow-p ressu re  p y r o l y s i s  M c M i l l e n  a t  a l . 4  o b t a i n e d  

t h e  e x p r e s s i o n  

k l  = 1016.5t0*8 exp ( -24 ,400300 /T )  sec-1 

kHONO = 1012*4'0.8 exp(-16,600'900/T) 8eC-l 

( I V )  

and f o r  a aecond channe l  i n v o l v i n g  HONO e l i m i n a t i o n :  

( V )  

I n  t h i s  work t h e  r a t e  c o n s t a n t  f o r  t h e  u n i n o l e c u l a r  

d e c o m p o a i t i o n  o f  DMNA was c a r e f u l l y  measured by d i r e c t  

p r o d u c t  a n a l y s i s ,  and a r a d i c a l  mechanism a c c o u n t i n g  

q u a n t i t a t i v e l y  f o r  t h e  p r o d u c t i o n  o f  DHNSA and CH3N02 

was proposed and computer modeled. 

EXPERIMENTAL 

DMNA was p r e p a r e d  by t h e  d e h y d r a t i o n  o f  d i m e t h y l -  

amine n i t r a t e 5  and r e c r y s t a l l i z e d  f o u r  t i m e s  from 

d i e t h y l  e t h e r  u n t i l  no t r a c e  o f  t h e  ma jo r  b y - p r o d u c t ,  

DMNSA, c o u l d  b e  d e t e c t e d  by gaa chromatography.  Four  

Pyrex b u l b s  (app rox .  5 9  m l )  were f i l l e d  w i t h  70-90 mg 

c r y s t a l l i n e  DMNA t o  y i e l d  a p r e s s u r e  o f  abou t  475 T o r r  

a t  t h e  p y r o l y s i s  tempera tu re .  The b u l b a  were degasaed 

r a p i d l y  ( t o  m i n i m i z e  l o a a  o f  DMNA) and reweighed.  The 

b u l b s  were immersed i n  a s t i r r e d ,  t e m p e r a t u r e - c o n t r o l l e d  

o i l  b a t h  (Thermialemp Model  63 t e m p e r a t u r e  c o n t r o l l e r ,  

Dow C o r n i n g  210H s i l i c o n  o i l )  f o r  p e r i o d s  o f  15 min. t o  

f i v e  hours.  A f t e r  p y r o l y s i s  t h e  b u l b s  were c o o l e d  

r a p i d l y  t o  room t e m p e r a t u r e  w i t h  t a p  wa te r  and t h e n  t o  
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1 9 5  K i n  a n  i s o p r o p a n o l / d r y  i c e  s l u s h  t o  f r e e z e  o u t  t h e  

n o n v o l a t i l e  p r o d u c t s .  S t a b l e  g a s  p r o d u c t s  (CHq,  CO a n d  

CO2) were a n a l y z e d  o n  a Beckman GC-4 g a s  c h r o m a t o q r a p h  

e q u i p p e d  w i t h  a l o w - p r e s s u r e  g a s  s a m p l i n g  l o o p . 6  

g a s e s  were s e p a r a t e d  o n  2 - m e t e r  P o r a p a k - T  a n d  M o l e c u l a r  

S i e v e - 5 A  c o l u m n s .  C O  a n d  Cop,  a f t e r  s e p a r a t i o n  f r o m  

o t h e r  c o m p o n e n t s ,  were r e d u c e d  o n  a N i  c a t a l y s t  t o  CHq 

F o r  d e t e c t i o n  by a f l a m e  i o n i z a t i o n  d e t e c t o r .  E t h a n e ,  

e t h y l e n e  a n d  a c e t y l e n e  w e r e  n o t  d e t e c t e d .  T h e  b u l b s  

were t h e n  warmed t o  room t e m p e r a t u r e  a n d  t h e  c o n d e n s e d  

p r o d u c t s  d i s s o l v e d  i n  1 0  m l  H20. D M N A ,  DMNSA a n d  CH3NO2 

were s e p a r a t e d  o n  a 2 - m e t e r  5 %  tris(cyanoethoxy)propane 

o n  Gas-Chrom R Z ,  6 0 / 8 0  m e s h ,  c o l u m n  a t  393 K .  Two v e r y  

s m a l l  p e a k s  w i t h  s h o r t  r e t e n t i o n  t imes  were t e n t a t i v e l y  

i d e n t i f i e d  a s  CH30H a n d  CH3ONO. M e t h y l s m i n e ,  d i m e t h y l -  

a m i n e  a n d  t r i m e t h y l a m i n e  were n o t  d e t e c t e d  i n  t h e  l i q u i d  

s amp1 es. 

T h e  

RESULTS 

The d i s a p p e a r a n c e  o f  DMNA a s  a f u n c t i o n  o f  time i s  

p l o t t e d  i n  F i g u r e  1 f o r  six t e m p e r a t u r e s  b e t w e e n  4 6 6  

a n d  5 2 5  K .  From t h e  s l o p e s  o f  t h e s e  f i r s t - o r d e r  p l o t s ,  

we o b t a i n e d  t h e  u n i m o l e c u l a r  r a t e  c o n s t a n t s  f o r  t h e  

i n i t i a t i o n  r e a c t i o n ,  

(CH3)zNNOz -> (CH3)zN + NO2 
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A l e a s t - s q u a r e s  a n a l y s i s  o f  t h e  v a l u e s  o f  k l  f o r  e l e v e n  

t e m p e r a t u r e s  summarized i n  F i g u r e  2, t a k i n g  i n t o  accoun t  

d e v i a t i o n s  i n  t e m p e r a t u r e  r e c o r d e d  d u r i n g  t h e  i n d i v i d u a l  

exper imen ts ,  l e a d s  t o  

k l  = 1016-45+0.45 exp(-22,R50k550/T) s e c - l  ( V I )  

for  t h e  t e m p e r a t u r e  range  466-525 K. T h i s  r e s u l t  ag rees  

r e a s o n a b l y  w i t h  Eqn. ( I V )  o b t a i n e d  by M c M i l l e n  e t  a1.4 

I t  s h o u l d  be n o t e d  t h a t  t h e  v a l u e s  o f  k l  o b t a i n e d  

f rom t h e s e  low- tempera tu re ,  h i g h - p r e s s u r e  e x p e r i m e n t s  

were found  t o  bs i ndependen t  o f  p r e s s u r e .  The a d d i t i o n  

o f  881 t o r r  o f  t o luene ,  f o r  example, d i d  n o t  a f f e c t  k l  

( see  t h e  s o l i d  p o i n t  i n  F i g u r e  2 ) .  T h i s  o b s e r v a t i o n  

a l s o  sugges ts  t h e  absence o f  l o n g - c h a i n  r e a c t i o n s  a t  

t h e s e  low t empera tu res .  Toluene has l o n g  been used as  

an  e f f e c t i v e  r a d i c a l  scavenger  i n  p y r o l y t i c  systems. 

This f i n d i n g  was f u r t h e r  s u p p o r t e d  by t h e  r e s u l t s  o f  o u r  

k i n e t i c  m o d e l i n g  wh ich  showed t h a t  t h e  p resence  o f  CH3 

and  CH3O r a d i c a l s  i n  t h i s  system s h o u l d  have a 

n e g l i g i b l e  e f f e c t  on t h e  u n i m o l e c u l a r  decay o f  DMNA. 

The l i n e s  shown i n  F i g u r e  1 a r e  t h e  k i n e t i c a l l y  modeled 

va lues .  A more d e t a i l e d  d i s c u s s i o n  o f  k i n e t i c  m o d e l i n g  

w i l l  be made l a t e r .  

The msjor e a r l y  p r o d u c t s  o f  DMNA d e c o m p o s i t i o n  i n  

t h i s  t e m p e r a t u r e  range a r e  DMNSA and CH3N02.  The y i e l d s  

o f  DMNSA a r e  t y p i c a l l y  abou t  5 -10  t i m e s  h i g h e r  t h a t  

t h o s e  o f  C H ~ N O Z ,  depending on t h e  tempera tu re .  F i g u r e s  
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5 and 4 show t h e  y i e l d s  o f  t h e s e  two e a r l y  p r o d u c t s ,  

t o g e t h e r  w i t h  t h e  c o n c e n t r a t i o n s  o f  DMNA, a t  490 and 

5 1 3  K .  The c u r v e s  shown i n  t h e s e  f i q u r e e  a r e  t h e  

computed ones. 

I n  a d d i t i o n  t o  t h e s e  two o r g a n i c  p r o d u c t s ,  s m a l l e r  

amounts o f  CH4, CO and C02 were a l s o  d e t e c t e d ,  a l o n u  

w i t h  t r a c e  amounts o f  o t h e r  o r g a n i c  p r o d u c t s  ( p o s s i b l y  

CH30H and CH3ONO). No a t t e m p t s  were made t o  i n t e r p r e t  

t h e i r  f o r m a t i o n  because o f  t h e i r  l o w  y i e l d s .  The 

measured y i e l d s  o f  CO and C O P  ( w h i c h  a r a  much h i g h e r  

t h a n  t h e  c a l c u l a t e d  ones)  a r e  b e l i e v e d  t o  be u n r e l i a b l e  

due t o  p o s s i b l e  l o w - t e m p e r a t u r e  r e a c t i o n s  t a k i n g  p l a c e  

b e f o r e  t h e  p r o d u c t s  c o u l d  be ana lyzed .  A t  t h e  end o f  

each p y r o l y s i s  e x p e r i m e n t  a red-brown gas, p resumab ly  

NO2, was observed  i n  each o f  t h e  r e a c t i o n  b u l b s  and was 

n o t e d  t o  d i s a p p e a r  w i t h i n  a few m inu tea  a f t e r  t h e  b u l b s  

were c o o l e d  t o  room t e m p e r a t u r e .  B o t h  CO and C O P  c o u l d  

b e  formed by t h e  r e a c t i o n  o f  NO2 w i t h  CH2O o r  CH3OH i n  

t h e  l i q u i d  phase o r  h e t e r o g e n e o u s l y  on t h e  c e l l  w a l l .  

DISCUSSION 

U n i m o l e c u l a r  D e c o m p o s i t i o n  o f  DMNA 

The t h e r m a l  d e c o m p o s i t i o n  o f  OMNA i s  b e l i e v e d  t o  

t a k e  p l a c e  p r i m a r i l y  by N-N bond b r e a k i n g ,  g e n e r a t i n g  

(CH3)2N and N 0 2 : 1 ' 4 , 7 1 8  

(CH3)2NN02  -> ( C H 3 ) z N  + NO2 
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I n  a s e p a r a t e  s tudy  a t  h i g h e r  t e m p e r a t u r e s  u s i n g  a shock 

t u b e  we have r e c e n t l y  measured t h e  i n i t i a l  r a t e s  o f  DMNA 

d e c o m p o s i t i o n  by UV a b s o r p t i o n  a t  254 n ~ n . ~  The r e s u l t s  

o f  t h i s  s t u d y ,  a f t e r  a p p r o p r i a t e  c o r r e c t i o n s  f o r  

p r e s s u r e  e f f e c t s ,  a r e  i n  P u l l  agreement w i t h  t h e  p r e s e n t  

l ow- tempera tu re  da ta .  Bo th  s e t s  o f  d a t a  a r e  summarized 

i n  F i g u r e  5 f o r  comparison. A l e a s t - s q u a r e s  f i t  o f  

t h e s e  d a t a ,  c o v e r i n g  t h e  460-960 K t e m p e r a t u r e  r a n g e  

w i t h  t h e  magni tude o f  k l  v a l u e s  changed by e l e v e n  

decades, gave r i s e  t o  t h e  e x p r e s s i o n ,  

k l  = 1015-9to*2 exp(-22,200+200/T) s e c - l .  ( V W  

The absence o f  c u r v a t u r e  i n  t h e  A r r h e n i u s  p l o t  and 

t h e  reasonab leness  o f  t h e  A - f a c t o r ,  i n  compar i son  w i t h  

t h o s e  g i v e n  by Eqs. ( I ) - ( I I I ) ,  sugges t  t h e  absence o f  

o t h e r  c o m p e t i t i v e  decompos i t i on  channe ls ,  such as  t h e  

one l e a d i n g  t o  HONO f o r m a t i o n , 4 ~ l O  

(CH3)2NN02 -> CH3NCH2 + HONO 

which r e q u i r e s  a much s m a l l e r  A - f a c t o r .  The r e s u l t s  o f  

a r e c e n t  IRHPD ( i n f r a r e d  m u l t i p h o t o n  d i s s o c i a t i o n )  

exper imen t ,  c a r r i e d  o u t  i n  a m o l e c u l a r  beam system, 

u n e q u i v o c a l l y  s u p p o r t  t h i s  c o n c l u s i o n . 1 1  

The a c t i v a t i o n  enerqy f o r  r e a c t i o n  (11, 44.1 t0 .4 

kca l /mo le ,  a f t e r  a m i n o r  t e m p e r a t u r e  c o r r e c t i o n  t o  298 

K ,  g i v e s  r i s e  t o  

D(>N-N02) = 43.3 * 0.5 k c a l / m o l e  
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and  

*Hf ' ,2913 [ ( C H 3 ) z N I  = 352  2 k c a l / m o l e ,  

assuming A H p 0 , 2 9 8  ( D M N A )  = -  0 . 2 2 1 . 2  k c a l / m o l e 1 2 ,  and 

t h e  a c t i v a t i o n  energy f o r  t h e  r e v e r s e  a s s o c i a t i o n  

r e a c t i o n  t o  b e  n e g l i g i b l e .  The h e a t  o f  f o r m a t i o n  o f  

( C H 3 ) z N  g i v e n  above ag rees  c l o s e l y  w i t h  t h e  recommended 

v a l u e ,  3 4 . 7 2 2  k c a l / m o l e . 1 3  

K i n e t i c  M o d e l i n g  

The q u e s t i o n  o f  t h e  c o n v e r s i o n  o f  (CH3)zNNOz i n t o  

(CH3)2NNO,  t h e  m a j o r  l ow  t e m p e r a t u r e  p y r o l y s i s  p r o d u c t ,  

i s  m e c h a n i s t i c a l l y  a v e r y  i n t e r e s t i n g  one. F l o u r n o y l  

was c o r r e c t  i n  n o t  i n v o k i n g  t h e  d i r e c t  p r o d u c t i o n  o f  

OMYSA by N-0 s p l i t  wh ich  is e n e r g e t i c a l l y  t o o  endo- 

t h e r m i c  t o  b e  i m p o r t a n t .  F l o u r n o y ' s  assumpt ion  o f  

r e a c t i o n  (Z), however, i s  t h e o r e t i c a l l y  unsound and 

p r a c t i c a l l y  g r o u n d l e s s .  E x p e r i m e n t a l l y ,  we found  t h a t  

m i x t u r e s  o f  DMNA and NO2 a r e  s t a b l e  o v e r  a l o n q  p e r i o d  

o f  t i m e  a t  room t e m p e r a t u r e .  S i m i l a r i l y ,  m i x t u r e s  o f  

DMNSA and NO2 a f t e r  l o n g  s t a n d i n g  d i d  not appear  t o  have 

undergone r e a c t i o n .  A c c o r d i n g l y ,  we p r o p o s e 7 * 8  t h a t  

t h e  p r o d u c t i o n  o f  NO as  w e l l  as t h e  CH3 r a d i c a l ,  wh ich  

i s  r e q u i r e d  t o  accoun t  f o r  t h e  obse rved  CH3N02  p r o d u c t ,  

o c c u r s  v i a  t h e  f o l l o w i n q  e x o t h e r m i c  r e a c t i o n :  
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(CH3)2N + NO2 -> (CH3NO)z ->2CH3NO 

h H O z a  = -11 k c a l / m o l e  

The e n e r g e t i c  d i a g r a m  a s  w e l l  a s  t h e  m e c h a n i s m  o f  t h i s  

r e a c t i o n  is shown i n  F i g u r e  6. A t  l o w  t e m p e r a t u r e s ,  t h e  

o c c u r r e n c e  o f  t h i s  r e a c t i o n  may b e  a i d e d  by t h e  f o r m a -  

t i o n  o f  t h e  (CH3N0)2 d i m e r ,  w h i c h  i s  s t a b l e  w i t h  r e s p e c t  

t o  C H 3 N O  by a b o u t  2 3  k c a 1 / m o l e l 4 .  

m o l e c u l e  f o r  DMNSA p r o d u c t i o n  v i a  r e a c t i o n  ( 3 ) :  

T h e  n e e d e d  N O  

(CH3)zN + N O  -> (CH3)2NNO, ( 3 )  

C H 3 N O  -> CH3 + N O .  (4) 

c a n  b e  f o r m e d  by t h e  u n i m o l e c u l a r  d e c o m p o s i t i o n  o f  C H 3 N O :  

T h i s  i s  e x p e c t e d  t o  b e  f o l l o w e d  b y  t h e  r a p i d  b i m o l e c u l a r  

r e a c t i o n s  i n v o l v i n g  C H 3  a n d  N02: 

CH3 + NO2 -> CH3N02 (5  

-> CH30 + N O .  ( 6  

A l l  t h e  d e c o m p o s i t i o n  a n d  r e c o m b i n a t i o n  r e a c t i o n s  g i v e n  

a b o v e  c a n  b e  shown t o  t a k e  p l a c e  a t  t h e i r  h i g h - p r e s s u r e  

limits u n d e r  t h e  p r e s e n t  c o n d i t i o n s  by m e a n s  o f  t h e  R R K M  

t h e o r y .  

T h e  v a l u e  of  t h e  r a t e  c o n s t a n t  f o r  C H 3 N O  decom- 

p o s i t i o n  was c o m p u t e d  by u s i n g  i t s  r e v e r s e  r a t e  o b t a i n e d  

by B a s c o  e t  a l . 1 5  T h e  c a l c u l a t e d  e x p r e s s i o n  by m e a n s  o f  

t h e  R R K M  t h e o r y  is s u m m a r i z e d  i n  T a b l e  I ,  t o g e t h e r  w i t h  

o t h e r  r a t e  c o n s t a n t s  e m p l o y e d  i n  t h e  p r e s e n t  m o d e l i n g ,  

i n c l u d i n q  t h e  m o d e l e d  v a l u e s  f o r  k g a ,  k 3  a n d  k 5 .  T h e s e  

t h r e e  r a t e  c o n s t a n t s  f o r  t h e  r a d i c a l - r a d i c a l  c o m b i n a t i o n  
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p r o c e s s e s  were t a k e n  t o  b e  i ndependen t  o f  t e m p e r a t u r e s  

i n  t h e  range  o f  466-525 K .  The r e s u l t  o f  an R R K M  

c a l c u l a t i o n  f o r  k z a ,  f o r  example, s u p p o r t s  t h i s  assump- 

t i o n .  

The computed DMNSA and CH3N02 p r o d u c t i o n  p r o f i l e s  

ove r  t h e  whole r a n g e  O F  t e m p e r a t u r e  s t u d i e d  aq ree  

c l o s e l y  w i t h  t h e  obse rved  ones u s i n g  t h e  v a l u e s  o f  t h e s e  

t h r e e  r a t e  c o n s t a n t s  as  g i v e n .  The r e s u l t s  o f  490 and 

514  K a r e  shown i n  F i g u r e s  3 and 4 ,  r e s p e c t i v e l y .  I t  

s h o u l d  be men t ioned  t h a t  t h e  v a l u e  o f  k3 f o r  (CH3)zN + 

NO, 2 x l D l l  cc /mole.sec ag rees  c l o s e l y  w i t h  t h a t  

e s t i m a t e d  by Gowenlock and S n e l l i n q ,  ' ' ' 1 ~ 1 0 ~ ~  

cc/mole.sec.16 I t  i s  a l s o  i m p o r t a n t  and r e a s s u r i n g  t o  

n o t e  t h a t  t h e  v a l u e s  o f  t h e  k5 o b t a i n e d  f rom t h i s  

mode l i ng ,  as summarized i n  Tab le  11, f a l l  w i t h i n  t h e  

range  o f  2.2t0.5 x 1012 cc/mole.sec.  T h i s  v a l u e  i s  i n  

s a t i s f a c t o r y  agreement w i t h  t h e  l i t e r a t u r e  v a l u e s ,  

1 - 1 2 ~ 1 0 ~ ~  cc/mole.sec ( s e e  f o o t n o t e  o f  T a b l e  11). The 

c o r r e c t n e s s  o f  t h e  v a l u e  o f  k5 f rom t h i s  m o d e l i n g  

s u p p o r t s  t h e  reasonab leness  o f  t h e  mechanism proposed.  

I n  t h e  l o w - t e m p e r a t u r e  mechanism summarized i n  

T a b l e  I, t h e  d e c o m p o s i t i o n  o f  t h e  CH3O r a d i c a l  p r o d u c i n g  

CH20 + H was n o t  i n c l u d e d .  I t  was found  t o  be un- 

i m p o r t a n t  under  t h e  c o n d i t i o n s  employed. I t  i s ,  however ,  

a key c h a i n - c a r r y i n q  p r o c e s s  a t  h i q h  t e m p e r a t u r e s  i n  

shock -hea ted  DMNA d e c o m p o s i t i o n  r e a c t i o n s 9 .  
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The key c o n c l u s i o n s  reached  f rom t h e  p r e s e n t  

m o d e l i n g  

a .  

b. 

C. 

d. 

are summarized as f o l l o w s :  

A t  low tempera tu res ,  t h e  d i sappearance  o f  DMNA 

occurs  p r i m a r i l y  v i a  t h e  u n i m o l e c u l a r  decom- 

p o s i t i o n  p r o c e s s  (1) .  I t s  d e s t r u c t i o n  by 

b i a o l e c u l a r  r e a c t i o n s  i n v o l v i n g  CH3 and CH3O 

are u n i m p o r t a n t .  

B o t h  CH3 and CH3O d i s a p p e a r  m a i n l y  by r a d i c a l -  

r a d i c a l  t e r m i n a t i o n  p rocesses .  

H and OH a r e  n o t  i m p o r t a n t  c h a i n - c a r r i e r s  under  

t h e  p r e s e n t  c o n d i t i o n s .  

The ( C H 3 ) z N  r a d i c a l  i s  r e l a t i v e l y  s t a b l e  a t  

t h e s e  low  tempera tu res .  I t s  r e a c t i o n  w i t h  NO2 

produces  CHjNO, wh ich  i n  turn p roduces  NO f o r  

DMNSA f o r m a t i o n  v i a  r e a c t i o n  ( 3 ) .  

The a l t e r n a t i v e  mechanism f o r  t h e  r e a c t i o n  o f  

( C H 3 ) z N  w i t h  NO2 d i r e c t l y  p r o d u c i n g  NO: 

( C H 3 ) z N  + NO2 -> (CH3)zNO + NO 

c o u l d  n o t  account  f o r  t h e  obse rved  DMNS’R and CH3NO2 

p r o f i l e s ,  i f  t h e  s t a b i l i t y  o f  t h e  (CH3)zNO.  r a d i c a l  i s  

assumed t o  be s i m i l a r  t o  t h a t  o f  ( C H 3 ) z C H O * ,  t h e  

i a o p r o p o x y l  r a d i c a l l 7 .  The above d i r e c t  a b s t r a c t i o n  

p rocess  was, however, f ound  t o  be e s s e n t i a l  f o r  t h e  

i n t e r p r e t a t i o n  o f  e a r l y  NO y i e l d s  i n  t h e  shock-heated 

DMNA d e c o m p o s i t i o n  r e a c t i o n s 9 .  
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Table I 1  

R a t e  C o n s t a n t s  ( k 5 )  For CH3 + NO2 -> CHJNOZ 

T / K  k 5 / 1 0 1 2  c c  - mole-lsec-1 

4 7 2 . 3  2 . 6  
4 7 4 . 1  2 . 1  
4 7 8 . 2  2 . 2  
4 8 3 . 5  1 . 5  
4 9 0 . 2  1 . 7  
4 9 5 . 2  2 . 1  
5 0 4 . 1  2 . 9  
5 0 7 . 6  2 . 1  
5 1 3 . 8  2 . 5  
5 2 4 . 3  2 . 7  
3 6 3 . 2  1 - 1  2a  

a .  L .  P h i l l i p s  and R .  Shaw ( 1 0 t h  Symp. ( I n t e r n a t i o n a l )  
on Combustion, p .  4 5 3 ,  1965 ) measured t h e  r a t i o  O F  
k5/k7 t o  be 1 . 7  a t  3 6 3 . 2  K .  According t o  CRC 
Handbook o f  Bimolecular  and Termolecular  R e a c t i o n s  
(J .A.  K e r r  and S .J .  Moss)  V o l .  11, P.  38, CRC P r e s s ,  
1 9 8 1  
6 ~ 1 0 ~ ~ c c / m o l e  see.  S p e c i f i c a l l y ,  t h e  v a l u e  o b t a i n e d  
b y  Basco e t  a l .  (Ref .  1 5 1 ,  2 . 4  * 0 . 2  x 1 0 l 2  
cc/mole s e c . ,  on which k4 was based i n  our  k i n e t i c  
model ing,  g i v e s  r i s e  t o  k5 = 4 . 2 ~ 1 0 ~ ~  cc/mole see. 
T h i s  i s  i n  c l o s e  agreement  w i t h  our  average  v a l u e ,  k5 
= 2 . 2  2 0 . 5  x 1 0 1 2  cc/mole s e c .  

t h e  v a l u e s  o f  k7 vary  f r o m  5 x 1 O l 1  t o  
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I 
I 

t IHRS 

F I G U R E  1 

DMNA d isappearance  as f u n c t i o n s  o f  tempera ture  and t i m e .  
475 t o r r  pure  DMNA.  
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I 

I .9 2.0 2. I 2.2 

FIGURE 2 

A r r h e n i u s  p l o t  o f  t h e  r a t e  c o n s t a n t s  for DMNA t h e r m a l  
d e c o m p o s i t i o n  f r o m  4 6 6  t o  5 2 4  I<. 475 t o r r  p u r e  DMNA. 
F i l l e d  c i r c l e :  fl81 t o r r  t o l u e n e  a d d e d .  
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0 

Rate o 
t i o n  i n  

F I G U R E  3 

MNA disappearance and DMNSA and H 3 N O 2  forma- 
h e  thermal decomposit ion o f  DMNA a t  490 K .  

T r i a n q l e s :  DMNA,  c i r c l e s :  DMNSA,  squares:  C H 3 N O 2 .  S o l i d  
l i n e s :  computed curves .  
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F I G I J R E  4 

R a t e  o f  DMNA d i s a p p e a r a n c e  and DMNSA and CH3N02  forma-  
t i o n  i n  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  DMNA a t  5 1 4  K .  
T r i a n g l e s :  DMNA, c i r c l e s :  DMNSA, s q u a r e s :  CH3NO2.  S o l i d  
l i n e s :  c o m p u t e r  c u r v e s .  
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F I G U R E  5 

A r r h e n i u s  p l o t  o f  t h e  r a t e  c o n s t a n t s  f o r  DMNA t h e r m a l  
d e c o m p o s i t i o n  from 4 6 6  t o  9 5 9  K .  C i r c l e s :  l o w -  
t e m p e r a t u r e  p y r o l y s i s  r e s u l t s  ( t h i s  w o r k ) ,  s q u a r e s :  
shock t u b e  r e s u l t s  ( R e f .  9 ) .  D o t t e d  l i n e :  K o r s u n s k i i  
and D u b o v i t s k i i  ( R e f .  Z ) ,  dashed l i n e :  F l o u r n o y  ( R e f .  
1). 
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50 

30 

IC 

F I G U R E  6 

E n e r g y  d i a g r a m  f o r  t h e  r e a c t i o n  o f  NO2 w i t h  t h e  d i -  
met h y l a m i n o  r a d i c a l .  
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