
T H E R M A L  C O N D U C T I V I T Y  OF  1 , 2 - D I C H L O R O E T H A N E  

AND 1 , 2 - D I B R O M O E T H A N E  

B.  M. M o g i l e v s k i i ,  V. G. S u r i n ,  
a n d  A. F .  C h u d n o v s k i i  

UDC 536.2.08 

This paper gives the thermal  conductivit ies of 1,2-dichloroethane and 1 ,2-d ibromo-  
ethane between liquid ni trogen t empera tu re  and room tempera ture .  

Questions relating to the effect of "rotational excitations" of molecules on heat transfer in molec- 
ular crystals have not been well investigated either theoretically or experimentally. Yet the available data 
indicate that such excitations affect the thermal conductivity in a number of cases [1]. 

For a further study of this question we measured the thermal conductivities of two similar organic 
substances between liquid nitrogen temperature and room temperature. The substances used for the mea- 
surements were cp. 

A characteristic feature of the investigated compounds is the considerable rotational mobility of the 
molecules in the crystal lattice: the pronounced molecular liberations make an appreciable contribution to 
the specific heal even at very low temperatures [2]. The two compounds also show interesting phase transi- 
tions. At T = 249.5~ ethylene dibromide undergoes a first-order nonisothermaltransitionwithananomalous 
increase in specific heat in the low-temperature modification. Ethylene dichloride undergoes a gradual 
transition, probably of the second order, in a wider temperature interval, with a maximum at T = 177~ 

The temperature dependence of the thermal resistance of 1,2-dibromoethane is shown in Fig. la, 
and that of 1,2-dichloroethane in Fig. lb. Solid ethylene dibromide shows the usual relationship: the ex- 
perimental values lie satisfactorily on a straight line beginning at 0~ In the region of the phase transi- 
tion, due to a polymorphic transformation, there is a sharp reduction of thermal conductivity, as distinct 
f rom ethylene dibromide,  which conforms with the law 

W I = ~ T ,  (I) 

crystalline ethylene dichloride between liquid nitrogen temperature and 140-145~ obeys the relationship 

W2 = I~T--C, (2) 
B2 

where the constant C is 370 cm �9 sec �9 deg/cal. Above 140-145~ the thermal resistance follows a more 
complex law. Since the Debye temperatures of these compounds have not been determined we cannot cal- 
culate the constants B I and ]32 theoretically from the well-known formula given in [3]: 

B 2K~ OD Tm 
(6n2),/~ Vo,/3 ~. (3) 

According to the Lindemann theory,  we have: 

0 D = const T~ 2 p 1/3 ]~---5./6 , (4) 

In view of the s imi la r i ty  of the c rys ta l  lat t ices of ethylene dibromide and ethylene dichloride we can obtain 
f rom express ions  (3) and (4) a re la t ionship between the constants B 1 and B2: 

AgrophysicaI Institute, Leningrad. Transla ted f rom Inzhenerno-Fiz icheski i  Zhurnal,  Vol. 19, No." 
6, pp. 1122-1124, December ,  1970. Original a r t ic le  submitted December  12, 1969. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1587 



3OOO 

2OO, 

I00~ 

W2 

3000 

fO00 

0 

J 
j . j "  a 

IF 
k ~  

o- 

i 

& 
j f 

, . f  I ~  ZOO T 

Fig. 1. T e m p e r a t u r e  dependence 
of the rma l  r e s i s t ance  of: a) 1,2- 
dibromoethane;  b) 1 ,2 -d ich loro-  
ethane. W 1 and W 2 in c m .  s ec .  deg 
/ c a l ;  T in~ 

T m p 2 / 3 M T I 6  
2 1 

B2 = Bz Tm .~xn2/3MZ/6""e . (5) 

The constant  B 1 is de te rmined  f r o m  the slope of the l inear  par t  in Fig. l a .  All the other quanti t ies on the 
r ight  side of (5) a r e  known. 

The theore t ica l  dependence of the the rma l  r e s i s t a n c e  of ethylene dichloride,  obtained f rom (5), is  
shown by the dashed line Fig. lb .  At low t e m p e r a t u r e s  there  is additional heat t r ans fe r ,  and above 140- 
145~ additional sca t t e r ing  predominates .  This behavior  can be at tr ibuted to rota t ion of the molecules  in the 
la t t ice  s i tes .  At low t e m p e r a t u r e s  the molecu la r  l iberat ions  a r e  par t ia l ly  f rozen  and for  this reason ,  
probably,  thei r  in te rac t ion  with acoust ic  phonons is g rea t ly  reduced.  The l iberat ions of the molecules  
make a contr ibution to the t he rma l  conductivity, which d e c r e a s e s  with t e m p e r a t u r e  inc rease .  At high t e m -  
pe ra tu r e s ,  above the region of the phase t rans i t ion  r ight  up to the melt ing point, the enhancement  of the 
in te rac t ion  is the r e a s o n  for  the intense sca t t e r ing  of acoust ic  phonons and reduct ion of the the rma l  con- 
ductivity below the expected value. 

Rotat ion of the molecules  is probably  more  r e s t r i c t ed  in the d ibromide than in the dichloride,  which 
leads not only to la te r  onset  of the phase t ransi t ion,  but a lso  prevents  the heat  t r ans f e r  at  low t e m p e r a t u r e s  
due to the waves assoc ia ted  with these rotat ions.  The smal l  change in the the rma l  r e s i s t ance  of c rys ta l l ine  
ethylene dichloride on t rans i t ion  to the liquid s ta te  indicates a high degree  of or ientat ional  d i sorder  of the 
solid phase above the phase t rans i t ion  t empera tu re .  

The g rea t  dif ference in the behavior  of the the rma l  conductivity of c ry s t a l s  of such s imi l a r  s t r u c -  
ture  is difficult to understand and r equ i re s  fu r ther  investigation. The reasons  for  the anomal ies  in the 
t he rma l  r e s i s t ance  in the region of the t rans i t ions ,  and a lso  near  the melt ing point in ethylene dichloride,  
a r e  a lso  obscure .  
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N O T A T I O N  

a r e  the the rma l  r e s i s t a n c e s  of ethylene dibromide and ethylene dichloride,  respec t ive ly ;  
a r e  the constants ;  
is the absolute t empera tu re ;  
is the molecu la r  weight; 
is the density;  
is the melt ing point; 
a r e  the mel t ing points of ethylene dichloride and ethylene dibromide,  respec t ive ly ;  
is the phase t rans i t ion  t empera tu re ;  
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| is the Debye tempera ture ;  
V 0 is the molar  volume; 
K B is the BoLtzmann constant; 

is the PLanck constant. 
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