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Experimental data on the thermal conductivity of dissociating nitrogen 
tetroxide have been obtained by the hot-wire method in the temper- 
ature range from 290 to 870" K at pressures up to 105 N/m S. 

There  have been  a n u m b e r  of s tudies  of the t he rma l  
conduct ivi ty  of n i t rogen  te t roxide  [1-3] .  The data of 
S r ivas tava  and Barua  [2] at p r e s s u r e s  up to 6.7 �9 104 
N / m  2 and t e m p e r a t u r e s  in the range  f rom 305 to 363 ~ 
K cover  the r eac t ion  N204 ~ 2NO 2. In [1,3] the t e m -  
p e r a t u r e  range  was extended to 473 ~ K. 

We have inves t iga ted  the t he rma l  conduct ivi ty  of 
the same subs tance  at p r e s s u r e s  up to 105N/m 2 over 
a b road  t e m p e r a t u r e  range  (290-870 ~ K). This has 
enabled us to obtain,  on the same  appara tus ,  e x p e r i -  
men ta l  data on the t h e r m a l  conductivi ty of a r eac t ing  
gas mix tu re  with the two succes s ive  r e v e r s i b l e  c he m-  
ical r eac t ions  

N204 ~ 2NO2i 2NQ ~ 2NO + 02- 

These  reac t ions  a r e  cha r ac t e r i z ed  by di f ferent  
r a t e s  of the chemica l  p r o c e s s e s  [5, 5]. 

In our inves t iga t ion  we used a bas ic  va r i an t  of the 
"hot -wire"  method.  As the ho t -wi re  m a t e r i a l  we used 
p la t inum.  In the case  of n i t rogen  dioxide the gas was 
in contact  with the p la t inum wire .  Since n i t rogen  d i -  
oxide is a poor conductor  of e l ec t r i c i ty  [6], no se r ious  
e r r o r  is in t roduced into the e l ec t r i ca l  m e a s u r e m e n t s  
by placing the leads  d i rec t ly  in the gaseous  medium.  

We st i l l  lack complete  in fo rmat ion  r ega rd ing  the 
ro le  of p la t inum in the chemica l ly  r eac t ing  s y s t e m  
2NO2 ~- 2NO + 02. 

Inves t iga t ions  made at the State Scient i f ic  R e s e a r c h  
and P lann ing  Ins t i tu te  of the Ni t rogen Indus t ry  ind i -  
cate that  the effect of the p la t inum is only s l ight  and 
incapable  of s e r i o u s l y  d i s to r t ing  the accu racy  of the 
r e su l t s .  

The appara tus  was desc r ibed  in [7], where  the 
f i r s t  r e su l t s  on the t h e r m a l  conduct ivi ty  of the sys t em 
N204 ~ 2NO 2 ~- 2NO + 0 2  were  obtained and d i scussed .  
These data have now been  re f ined  and supplemented .  
Since the appara tus  has a l r eady  been  desc r ibed  [7], 
we will  m e r e l y  ment ion  i ts  p r inc ipa l  components .  

The working sec t ion  is  a ca l ib ra ted  tube of quar tz  
g lass ,  ins ide  d i a m e t e r  3.24 mm,  outside d i ame te r  
4.75 m m .  The tube and r e s i s t a n c e  t h e r m o m e t e r s  a r e  
placed in  a quar tz  ve s se l  jo ined  by an adapter  (from 
quar tz  to molybdenum glass) with a g lass  head to which 
the p la t inum leads  f rom the r e s i s t a n c e  t h e r m o m e t e r s  
a r e  connected.  The d i ame te r  of the r e s i s t a n c e  t h e r -  
m o m e t e r  wire  is 0.105 m m ;  the length of the m e a s u r i n g  
sec t ion  is 103.8 mm.  

In making the r e s i s t a n c e  t h e r m o m e t e r s  we used 
chemica l ly  pure  p la t inum wire  grade P L- 1 .  The ra t io  
R100/R 0 = 1.392. All the conductors  were  so ldered  
with gold. The t ens ion  was ma in t a ined  in the wire  
dur ing  opera t ion  by means  of a n i ch rome  spr ing  out-  
s ide the h i g h - t e m p e r a t u r e  zone. The t ens ion  on the 
spr ing  was about 5 g. 

The voltage drop in the c i r cu i t  was m e a s u r e d  with 
a c lass  0.015 R-300 h i g h - r e s i s t a n c e  po ten t iomete r .  

Below 373 ~ K, the t e m p e r a t u r e  of the working s e c -  
t ion was cont ro l led  by means  of a l iquid bath. This 
enabled us to m e a s u r e  the X of the sys tem N204 ~ 2NO 2 
with the n e c e s s a r y  t e m p e r a t u r e  step and make  a ve ry  
accu ra t e  de t e rmina t ion  of the non-monotonic  va r i a t ion  
of the t he rma l  conductivi ty with t e m p e r a t u r e .  

At t e m p e r a t u r e s  above 373 ~ K, the m e a s u r e m e n t s  
were  made in a t h e r m o s t a t i c  sys t em cons i s t ing  of a 
copper block, t he r ma l  insu la t ion ,  a t h r e e - s e g m e n t  
hea te r ,  and a t e m p e r a t u r e  mon i to r ing  and regu la t ing  
unit .  The un i fo rmi ty  of the t e m p e r a t u r e  f ield was 
moni to red  by means  of th ree  c h r o m e l - a l u m e l  t h e r -  
mocouples  a r r a n g e d  ins ide  the block on a length of 

300 ram. The t e m p e r a t u r e  nonuni fo rmi ty  on th i s  length 
did not exceed 0.3 ~ K. The p r e s s u r e  in the sys t em 
was m e a s u r e d  c o r r e c t  to 1 m m  Hg with a m a n o m e t r i c  
molybdenum sp i ra l  [7, 13] employed as a null  detector .  
The use  of this m a n o m e t e r  enabled us to avoid i n t e r -  
ac t ion  between the gas and m e r c u r y ;  when n i t rogen  
dioxide comes  into contact  with a m e r c u r y  sur face ,  
n i t r a t e s  of monovalen t  and divalent  m e r c u r y  a re  fo rmed  
with the l i be ra t ion  of n i t r i c  oxide [8]. 

The n i t rogen  dioxide employed was obtained under  
fac tory  condit ions and then pur i f ied.  To this end the 
liquid di te t roxide was dr ied  with phosphorus  pentox-  
ide, mixed  with n i t r i c  acid (d = 1.51 g / c m  3) in the 
ra t io  of 1 : 1 by volume,  and d is t i l l ed  in a s t r e a m  of 
oxygen over phosphorus pentoxide.  The dry,  f r e sh ly  
d i s t i l l ed  di te t roxide  had a me l t ing  point  of 261.9 ~ K 
and a boi l ing  point  of 294.3 ~ K. The pur i ty  of the i n -  
ves t iga ted  gas was es t ima ted  at 99.8%. 

As a check, a f ter  each individual  s e r i e s  of m e a s u r e -  
men t s  with n i t rogen  dioxide we made  control  m e a s u r e -  
me n t s  of the X of a i r  at a tmosphe r i c  p r e s s u r e .  In all  
cases  the deviat ion f rom r e l i ab l e  publ ished data [9] 
was not more  than 1%, which indicated  that the ap -  
pa ra tus  was funct i6ning no r ma l l y .  

These expe r imen t s  enabled us to extend the range  
of inves t iga t ion  Of the sys t em N204 ~- 2NO 2 ~ 2NO + 
+ O 2 to p r e s s u r e s  of l0 s N / m 2 and t e m p e r a t u r e s  up to 
870 ~ K. Under  these condi t ions,  the N204 molecu les  
b r e a k  down comple te ly  to NO2, and at  a t e m p e r a t u r e  
on the o rde r  of 870 ~ K the d i s soc ia t ion  of NO 2 ceases .  
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The f o l l o w i n g  c o r r e c t i o n s  w e r e  m a d e  to t he  e x p e r -  
i m e n t a l l y  d e t e r m i n e d  v a l u e s  of X: fo r  r a d i a t i o n ,  h e a t  
l o s s e s  f r o m  the  ends ,  e c c e n t r i c i t y  e f f ec t ,  and  the  t e m -  
p e r a t u r e  d r o p  in the  wal l  of the  m e a s u r i n g  tube .  

No c o r r e c t i o n  was  m a d e  f o r  c o n v e c t i o n ,  s i n c e  in 
a l l  the  e x p e r i m e n t s  the  p r o d u c t  G r P r  was  m u c h  l e s s  
than  1000. 

The  a c c u r a c y  of  t he  e x p e r i m e n t a l  da t a  was  e s t i -  
m a t e d  a t  about  2.9%. T h e  s y s t e m a t i c  and r a n d o m  
m e a s u r i n g  e r r o r s  a m o u n t  to 1.5%. In a n a l y z i n g  the  
da ta  we  d id  not  t ake  into  a c c o u n t  the  e f f e c t s  of t h e r -  
m a l  d i f fus ion  and the  t e m p e r a t u r e  j u m p .  A c c o r d i n g  to 
ou r  e s t i m a t e s  t h e s e  e r r o r s  a p p a r e n t l y  do not  e x c e e d  
1.4% f o r  the  r a n g e  of t e m p e r a t u r e s  and p r e s s u r e s  i n -  
v e s t i g a t e d .  

The  r e s u l t s  of the  m e a s u r e m e n t s  a r e  p r e s e n t e d  in 
the  t ab l e ,  wh i l e  the  da ta  and c a l c u l a t i o n s  f o r  a p r e s -  
s u r e  of 10 5 N//m 2 a r e  a l s o  shown in the  f i g u r e .  

The  t h e r m a l  e o n d u c t i v i t i e s  w e r e  c a l c u l a t e d  both 
wi th  a l l o w a n c e  fo r  t he  c o n t r i b u t i o n  of  the  c h e m i c a l  
r e a c t i o n  on the  a s s u m p t i o n  of  l o c a l  and c h e m i c a l  e q u i l i b -  
r i u m  ( so l id  l ine  in the  f i gu re )  and f o r  a m i x t u r e  tha t  
was  c h e m i c a l l y  " f r o z e n "  but  of e q u i l i b r i u m  c o m p o s i -  
t ion  (dashed  l ine ) .  F o r m u l a s  fo r  the  ~ of c h e m i c a l l y  
r e a c t i n g  g a s e s  a r e  p r e s e n t e d  in [2, 3, 7]. 

It is  c l e a r  f r o m  the  f i g u r e  tha t  f o r  the  f i r s t  s t a g e  
of the  c h e m i c a l  r e a c t i o n  (N20 4 ~ 2NO 2) the  e x p e r i m e n -  
t a l  and c a l c u l a t e d  da ta  a r e  in s a t i s f a c t o r y  a g r e e m e n t .  

F o r  the  s e c o n d  s t a g e  (2NO z Z 2NO + O 0 ,  wh ich  
p r o c e e d s  a t  t e m p e r a t u r e s  a b o v e  420 ~ K, t h e r e  is  a 
s u b s t a n t i a l  d e p a r t u r e  f r o m  the  c a l c u l a t i o n s  m a d e  on 
the  a s s u m p t i o n  of l oca l  c h e m i c a l  e q u i l i b r i u m .  Much 
b e t t e r  a g r e e m e n t  i s  ob t a ined  f o r  a " f r o z e n "  gas  m i x -  

t u r e  of e q u i l i b r i u m  c o m p o s i t i o n .  
It  shou ld  a l s o  be  no ted  tha t  in t he  r e g i o n  of d i s s o c i a -  

t i on  of t he  NO 2 m o l e c u l e s  the  m e a s u r e d  ~ do not  d e -  
pend  on p r e s s u r e .  

The  d e p a r t u r e  of the  s e c o n d - s t a g e  p r o c e s s  f r o m  
the  c u r v e  c a l c u l a t e d  wi th  a l l o w a n c e  f o r  the  e f f e c t  of 
the  c h e m i c a l  r e a c t i o n  is  a t t r i b u t a b l e  to the  f a c t  tha t ,  
u n d e r  o u r  c o n d i t i o n s ,  t he  r a t e s  of  t he  r e a e t i o n  2NO 2 ~_ 
~"  2NO + Oz a r e  not  so  g r e a t  in c o m p a r i s o n  wi th  the  

r a t e s  of the  d i f fu s ion  p r o c e s s e s  ; thus ,  the  c o n c e n t r a -  
t ion  p r o f i l e s  c o r r e s p o n d  to l o c a l  c h e m i c a l  e q u i l i b r i u m .  

A c c o r d i n g  to C a r r i n g t o n  and D a v i d s o n  [41, who e x -  
p e r i m e n t a l l y  i n v e s t i g a t e d  the  k i n e t i c s  of the  p r o c e s s  

of t h e r m a l  d i s s o c i a t i o n  N204 ~ 2NO 2, the  t i m e  n e c e s -  
s a r y  f o r  c h e m i c a l  e q u i l i b r i u m  to be  e s t a b l i s h e d  in 

th i s  s y s t e m  is  m u c h  l e s s  than  f o r  t he  r e a c t i o n  2NO 2 
2NO + O z. 
If, h o w e v e r ,  t he  r e s u l t s  a r e  c o n s i d e r e d  in the  l igh t  

of the  w o r k  of S e c r e s t  and H i r s c h f e l d e r  [10], the  r e -  
a c t i o n  2NO 2 ~ N20 4 wi th  a c t i v a t i o n  e n e r g y  E = 0 [4] 
b e l o n g s  in the  c l a s s  of r e a c t i o n s  wi th  r a p i d  e s t a b l i s h -  
m e n t  of c h e m i c a l  e q u i l i b r i u m .  In th i s  c a s e ,  the  c h e m -  
i c a l  p r o c e s s e s  have  an i m p o r t a n t  i n f l u e n c e  on the  t h e r -  
m a l  c o n d u c t i v i t y  of t he  r e a c t i n g  gas  m i x t u r e .  The  r e -  
a c t i o n  2NO 2 ~ 2NO + 0 2 wi th  a c t i v a t i o n  e n e r g y  E = 
= 105 k J / m o l e  [11] b e l o n g s  to the  c l a s s  of s low r e -  
a c t i o n s .  T h i s  p r o v i d e s  a b a s i s ,  in a c c o r d a n c e  wi th  
[10], f o r  t r e a t i n g  the  g i v e n  gas  m i x t u r e  a s  " f r o z e n "  
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and c a l c u l a t i n g  ~ a s  f o r  a s i m p l e  m e c h a n i c a l  gas  m i x -  
t u r e .  

The  v a l u e s  ob ta ined  fo r  t he  t h e r m a l  c o n d u c t i v i t y  of 
n i t r o g e n  d iox ide  a r e  in s a t i s f a c t o r y  a g r e e m e n t  wi th  
the  da ta  of [2, 3]. The  m a x i m u m  d i s c r e p a n c y  does  not  
e x c e e d  the  l i m i t s  of  a c c u r a c y  of the  e x p e r i m e n t .  

A c o m p a r i s o n  of o u r  da ta  w i th  t h o s e  of  Coff in  and 
O ' N e a l  [1] ( for  the  r e s u l t s  of t h e s e  m e a s u r e m e n t s  s e e  
[12]) at  105 N / m  2 showed  tha t  the  g r e a t e s t  d i s c r e p a n c y  

(up to 14%) is  o b s e r v e d  in the  r e g i o n  of the  t h e r m a l  
c o n d u c t i v i t y  p e a k  in the  f i r s t  s t a g e  of the  r e a c t i o n  
(N20 4 ~ 2NOz), w h e r e a s  at  470 ~ K, w h e r e  the  r e a c t i o n  
2NO 2 ~_ 2NO + O z o c c u r s ,  the  d i s c r e p a n c y  i s  l e s s  than  
1%. U n f o r t u n a t e l y ,  t he  r e a s o n  f o r  th i s  cou ld  not  be  e s -  
t a b l i s h e d ,  s i n c e  we a r e  u n a w a r e  of the  cond i t i ons  
( g e o m e t r y  of m e a s u r i n g  tube,  p u r i t y  of p r o d u c t ,  e t c . )  
u n d e r  which  Coff in  and O ' N e a l ' s  m e a s u r e m e n t s  [1] 
w e r e  c a r r i e d  out .  
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. . 0  , ' ~ 0  " ~  0 ' ' "  

o...o...- a'~162 

?50 O50 850 850 T 

Tern ) e r a t u r e  d e p e n d e n c e  of  the  t h e r m a l  c o n d u c -  
t i v i t y  ( W / m  �9 deg) of  n i t r o g e n  d iox ide  a t  a p r e s -  
s u r e  of 105 N / m  2 : 1) e x p e r i m e n t ;  2) c a l c u l a t i o n .  
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NOTATION 

X is the thermal conductivity, W/m �9 deg; R0 and 
Rl00 are the resistances of the platinum thermometers 
at 0 and I00 ~ C, respectively; Gr is the Grashof num- 

ber; Pr is the Prandtl number; T is the experimental 

temperature, ~ E is the activation energy; d is the 
density. 
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