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The author presents experimental data on the thexmal conductivity of 
NOzCt obtained by the hot wire method in the temperature range 280- 
450 ~ K at pressures up to 10 5 N/m z. 

The t he rma l  conduct ivi ty  X of NO2CI has s t i l l  not 
been  thoroughly inves t igated .  The subs tance  is of in -  
t e r e s t  because  it undergoes  t h e r m a l  d i s soc ia t ion  at 
r e l a t i ve ly  low t e m p e r a t u r e s .  Upon heat ing to 370 ~ K 
m a r k e d  decomposi t ion  is obse rved  in accordance  with 
the formula  

2NQCI ~2 2NO~ q- CI 2. (a) 

At 450 ~ K decompos i t ion  into NO2 and C12 is p r ac t i ca l l y  
complete .  Since at n o r m a l  p r e s s u r e  n i t rogen  peroxide 
molecu les  exis t  up to a t e m p e r a t u r e  of the o rde r  of 
420 ~ K in the form of the d i m e r  NxO4, up to 450 ~ K 
reac t ion  (a) p roceeds  in accordance  with the formula  

2NQC1 ~ 2NQ q- C12. (b) 
t; 

N204 

Thus,  at t e m p e r a t u r e s  up to 450 ~ K, convenient  for 
m e a s u r e m e n t s ,  the sys t em is c h a r a c t e r i z e d  by the 
p r e s e n c e  of two s imul t aneous  r eac t ions .  This  makes  
it poss ib le  to check the theo re t i ca l  ideas of Ba t le r  and 
Brokaw [1] conce rn ing  the t h e r m a l  conduct ivi ty  of a 
gas m ix tu r e  in which m o r e  than one equ i l i b r ium chem-  
ical  r eac t ion  ex is t s  at the same  t ime .  

In our  expe r imen t s  we employed the hot wi re  m e -  
thod to d e t e r m i n e  the t h e r m a l  conduct ivi ty  of NO2C1. 
The appara tus  (see [2]) was made of molybdenum 
glass  except for the quar tz  jacket  and the m e a s u r i n g  
tube.  Since the appara tus  was intended for s tudies  in 
the h i g h - t e m p e r a t u r e  region,  the m e a s u r i n g  tube was 
also made of quar tz .  

The r e s i s t a n c e  t h e r m o m e t e r s  (outer,  wound onto 
the outs ide sur face  of the quar tz  tube,  and inner ,  
which se rved  at the same  t ime  as a heat  source)  were  
made  of EPL-1  p la t inum wire .  The ra t io  Rt00/R 0 = 
= 1.3922. The wi re  was cen te red  with shor t  quar tz  
s l eeves  and a n i c h r o m e  spr ing .  The t ens ion  on the 
sp r ing  was about 5 g. 

The m e a s u r i n g  tube  had the following d imens ions :  
ins ide  d i a m e t e r  3.24 m m ;  outs ide d i a m e t e r  4.75 m m ;  
wire  d i a m e t e r  of i nne r  and outer  r e s i s t a n c e  t h e r m o m -  
e t e r s  0.105 m m ;  length of m e a s u r i n g  sec t ion  103.8 mm.  

The tube with the r e s i s t a n c e  t h e r m o m e t e r s  was 
placed in a quar tz  jacket  connected by means  of an 
adapter  (from quar tz  to molybdenum glass)  with a 
g lass  head fit ted with s e a l e d - i n  p la t inum l ead -ou t s ,  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  were  connected.  

The quar tz  jacket  with the r e s i s t a n c e  t h e r m o m e t e r s  
was placed in a t he rmos t a t ,  so that  the working  s ec -  

tion of the m e a s u r i n g  tube was located in the mos t  
un i fo rm reg ion  of the t e m p e r a t u r e  field. The t h e r m a l  
conduct ivi ty  was inves t iga ted  up to 373 ~ K in the l iquid,  
and at h igher  t e m p e r a t u r e s  in the a i r  t he rmos ta t .  

Since the t e s t  subs tance  has a boi l ing point of 258 ~ 
K, this  d e t e r m i n e d  the method of f i l l ing the working 
space of the appara tus .  Weighed amounts  of NOxC1 gas 
in the condensed state  were  placed in g lass  ampuls .  
The ampul with the t e s t  subs tance  was sealed,  weighed, 
and placed in a mechan ica l  opener ,  ro ta t ion  of which 
opened the ampul .  

The p r e s s u r e  in the s y s t e m  was m e a s u r e d  with a 
m a n o m e t r i c  molybdenum sp i r a l  connected as a null  
de tec tor .  The use of this  m a n o m e t e r  made it poss ib le  
to avoid compl ica t ions  due to poss ib le  chemica l  i n t e r -  
act ion between the tes t  gas and m e r c u r y .  

The NO2C1 used in the e xpe r i me n t s  was obtained by 
a l abo ra to ry  method [3] with succes s ive  double or 
t r ip l e  d i s t i l l a t ion .  The pur i ty  of the tes t  gas was 
checked by m e a s u r i n g  the vapor p r e s s u r e  of the l iquid 
phase and, m o r e o v e r ,  before  the expe r imen t s  the 
ampul conta in ing  the tes t  subs tance  was cooled with 
l iquid n i t rogen .  The p r e s e n c e  of white c ry s t a l s  of 
NO2C1 in the ampul  ind ica tes  that the tes t  gas has a 
high degree  of pur i ty .  

The foilowing c o r r e c t i ons  were  incorpora ted  in the 
expe r imen ta l l y  de t e rmined  values  of X: for rad ia t ion ,  
heat  loss  f rom the ends,  e ccen t r i c i t y  effect,  and t e m -  
p e r a t u r e  drop in the wall  of the m e a s u r i n g  tube. 

C o r r e c t i o n s  were  not made for the t e m p e r a t u r e  
jump and convect ion.  The re  was no convenct ion  s ince  
in all  the expe r imen t s  the product  G r P r  was less  than 
1000. 

The r e s u l t s  of m e a s u r e m e n t s  of the t h e r m a l  con-  
duct ivi ty  of NOzC1 are  p re sen t ed  in the f igure.  

Unfor tunate ly ,  it was not poss ib le  to compare  the 
e x p e r i m e n t a l l y  obtained heat  conduet iv i t ies  with the 
theore t i ca l  va lues  s ince  at p r e se n t  the re  a rc  no in i t ia l  
data for ca lcu la t ions  based  e i ther  on the equ i l i b r ium 
cons tant  or  on other  p a r a m e t e r s  c h a r a c t e r i z i n g  the 
compos i t ion  of the gas mix tu re .  The only point  that  
can be ca lcu la ted  is  that at a t e m p e r a t u r e  of 450 ~ K, 
where  comple te  decompos i t ion  takes  place.  The ca l -  
cula t ion was based  on Brokaw's  fo rmula  [4] 

&cm = 0.5 (Xcmlq-)~crn2) , (1) 

which appa ren t ly  gives  the same r e s u l t  for 2t m as the 
m o r e  compl ica ted  r e l a t i ons  of Lindsay and Bromley  
[5]. Here ,  Xml and Xm2 a re  the mean  t h e r m a l  conduc-  
t iv i t i e s  d e t e r m i n e d  f rom the laws of mix ture :  

~'cml---- XNo~ %NO, + XCl, s (2) 
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and 

Zcmz = XNO,/~'N02 -~ xcl,/~cl, �9 (3) 

The component  ~NO2 w a s  computed  with a l lowance  for  - 
the usua l  Eucken c o r r e c t i o n ,  ~C12 was  t aken  f rom [6]. 
The  mo le  f r a c t i o n s  xNO2, xCl~ w e r e  t aken  f r o m  the 
condi t ions  of c o m p l e t e  decompos i t i on  of the  NO2C1 
m o l e c u l e s  on the a s sumpt ion  that  at th is  t e m p e r a t u r e  
t h e r e  is  no d i s s o c i a t i o n  of the NO2 m o l e c u l e s .  The 
r e s u l t s  fo r  the  c a l c u l a t e d  va lue s  k m  and e x p e r i m e n -  
t a l l y  ob ta ined  va lue s  X e for  a m i x t u r e  c o n s i s t i n g  of the  
de compos i t i on  p roduc t s  of NOzC1 at  a t e m p e r a t u r e  of 
450 ~ K and a p r e s s u r e  of 105 N / m  2 a r e  xNO~ = 0.666; 
xc12 = 0.333; 7~NO 2 = 26.9 �9 10-3; XClz =13 .7  �9 10-3; 
X m = 21.4 �9 10-3; kex p = 21.6 �9 10 -3 . 

Hence it is  c l e a r  that  the e x p e r i m e n t a l  and c a l c u l a -  
t ed  da ta  a r e  in qui te  good a g r e e m e n t .  The dis ~repancy  
does  not exceed  1% . 

However ,  if  we c o m p a r e  the  r e s u l t s  obta ined  for  
the  t h e r m a l  conduc t iv i ty  of NO2C1 with the e x p e r i m e n -  
ta l  da t a  for  d i s s o c i a t i n g  N204 m o l e c u l e s  [2], we find 
that  they  l ie  c o n s i d e r a b l y  be low the l a t t e r .  It is  a l so  
no tewor thy  that  h e r e  the  law of  v a r i a t i o n  of t h e r m a l  
conduc t iv i ty  at  cons tan t  p r e s s u r e  o b s e r v e d  in gas  m i x -  
t u r e s  with one c h e m i c a l  r e a c t i o n  (where  the  c u r v e s  
of  v a r i a t i o n  of  t h e r m a l  conduc t iv i ty  with t e m p e r a t u r e  
at  p = cons t  for  high p r e s s u r e s  a r e  d i s p l a c e d  in the 
d i r e c t i o n  of  high t e m p e r a t u r e s )  no l onge r  ho lds .  It is  
c l e a r  f r o m  the f igure  tha t  the cu rve  of v a r i a t i o n  of 
t h e r m a l  conduc t iv i ty  at  a p r e s s u r e  of 106 N / m  2 has  the 
g r e a t e s t  d i s p l a c e m e n t  in the  d i r e c t i o n  of low t e m p e r a -  
t u r e s .  

Th is  i nd i ca t e s  tha t  the m e c h a n i s m  of hea t  t r a n s f e r  
in s y s t e m s  with s e v e r a l  s imu l t aneous  r e a c t i o n s  is  
much  m o r e  c o m p l i c a t e d  than in s y s t e m s  with one r e a c -  
t ion only.  In a l l  p r o b a b i l i t y ,  the  fact  tha t  the  e x p e r i -  
men ta l  da t a  on ~ for  NO2C1 a r e  l o w e r  than  the t h e r m a l  
conduc t iv i ty  of N204 can be  a t t r i b u t e d  to the r e l a t i v e  
s l o w n e s s  of the d i s s o c i a t i o n  r e a c t i o n  of the  NO2C1 
m o l e c u l e s .  The ac t iva t ion  e n e r g y  of th i s  subs t ance  is  
of the  o r d e r  of 27 000 c a l / m o l e  [7] .  E s s e n t i a l l y ,  the  

ef fec t  of i n c r e a s e d  t h e r m a l  conduct iv i ty  is  due m o s t l y  
to d i s s o c i a t i o n  6f~N204 m o l e c u l e s  in the p r e s e n c e  of 
NO2C1 and C12 m o l e c u l e s .  T h e s e  conc lus ions  a r e  in 
a g r e e m e n t  wi th  the r e s u l t s  of [8], in which a s tudy was 
made  of the ef fec t ,  an i n e r t  a rgon  o r  he l ium a d m i x t u r e  
on the t h e r m a l  conduct iv i ty  in the d i s s o c i a t i n g  s y s t e m  
N204 ---- 2NO 2. 

NOTATION 

is  the  t h e r m a l  conduct iv i ty ;  7~ e, km a r e  the  e x p e r -  
ime n t a l  and c a l c u l a t e d  va lues  of t h e r m a l  conduct iv i ty ;  
kml ,  ~m2 a r e  the  mean  t h e r m a l  condue t iv i t i e s  d e t e r -  
mined  f r o m  the l aws  of m i x t u r e ;  XNOz, XC12, x N Q ,  
xCl~ a r e  the  t h e r m a l  conduc t iv i t i e s  and mo le  f r a c t i o n s  
for  NO and C12, r e s p e c t i v e l y ;  R0, Rl00 a r e  the  r e s i s -  
t ances  of p l a t i num t h e r m o m e t e r s  at  t e m p e r a t u r e s  of 
0 and 100 ~ C, r e s p e c t i v e l y ;  Gr  is  the  G r a s h o f  number ;  
P r  is  the  P r a n d t l  n u m b e r ;  T, ~ a r e  the r e f e r e n c e  
t e m p e r a t u r e s .  
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