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The ratio of thermal conductivity coefficients of heavy-oxygen water H2 O18 with different pe r -  
centages of enrichment to the thermal conductivity coefficient of ordinary water is measured 
in the range of 0-40~ Differences in the thermal conductivities and the temperature coef- 
ficients of the thermal conductivity of heavy-hydrogen water D20 and and heavy-oxygen water 
H2 O18 are indicated. 

For clarification of the propert ies  of the mechanism of thermal conduction of water it is of interest  
to study the thermal conductivity of water of different isotope compositions: H20, D20 , H2 O18. Molecules 
of D20 and H2018 have almost identical masses but markedly different moments of inertia. Molecules of 
H20 and H2018 with identical moments of inertia have different masses. A comparison of the thermal con- 
ductivities of these liquids can help to establish what role the translational and rotational motions of the 
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Fig, 2 
Fig. 1. Ratio of thermal conductivity coefficients of heavy-oxygen water with 
different percentages of enrichment of thermal conductivity coefficient of o r -  
dinary water in range of 0-40~ 1) experimental points; 2) isotherms accord-  
ing to Eq. (1); 3) extrapolation to 100% H2 O18. 

Fig. 2. Thermal conductivity of water of different isotope compositions (X- l0 G , 
W" m -1- deg-1): 1) H2 O18 (extrapolation to 100% according to Eq. (1)); 2) D20 
[1]; 3) ordinary water, recommended values of [2]; 4) H2 O18 and D20 according 
to theory of [3]. 
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TABLE 1. Rat ios  X* of T h e r m a l  Conductivi ty Coeff ic ients  of Heavy-  
Oxygen Wate r  with Di f fe ren t  Pe rcen tage  Contents of H2018 to T h e r -  
ma l  Conductivity Coeff ic ient  of Ord inary  Wate r  in Range of 0-40~ 

T, ~ 

0 
l0 
20 
40 

12,68 

0,991 
0,99t 
0,992 
0,992 

N (mole %) 

28,26 46,38 

0,982 0,968 
0,981 0,968 
0,984 0,974 
0,981 0,973 

67,33 

0,956 
0,959 
0,961 
0,955 

100 (extrapola- 
tion) 

0,931 
0,936 
0,939 
0,937 

wate r  molecu les  p lay  in the t r a n s p o r t  of heat,  as  well as to obtain ce r ta in  in format ion  on the e f fec t  of the 
hydrogen bonds on t h e r m a l  conductivity.  M e a s u r e m e n t s  of the t he rma l  conductivi ty of D20 were  made in 
[1]. The p r e s e n t  work  is  devoted to study of the t h e r m a l  conductivi ty of H20 i8. As f a r  as the au thors  know, 
nobody has ye t  m e a s u r e d  the t he rm a l  conductivi ty of H20 I8. 

The m e a s u r e m e n t s  were  conducted by the method and on the ins t rumen t  desc r ibed  in [1]. Heavy-  
oxygen wate r  with an en r i chment  of 67.33 mole% H2 O18 and solutions with concent ra t ions  of 46.38, 28.26, 
and 12.68 mole % H2 O18 p r e p a r e d  f r o m  this wa te r  were  studied. The solutions were  p r e p a r e d  by the g r a v i -  
m e t r i c  method by dilution with doubly dis t i l led H20. The same  doubly dis t i l led wa te r  was used as  the 
s tandard  liquid in the re la t ive  m e a s u r e m e n t s  of t he rma l  conductivity. Expe r imen ta l  va lues  of the r a t io s  
X(H2OIS)/X(H2 O) = X* a re  p r e sen t ed  in Table 1. 

Values of X* ex t rapo la ted  to 100% H2 Oi8 a re  given in the l as t  column of Table 1. The ext rapola t ion  
was c a r r i e d  out as  follows. The expe r imen ta l  points  ( f i rs t  four  columns of Table 1) a r e  used to find the 
coeff icients  of the equation 

~.*-- l---A(1 )BT@CT 2) N ,  (1) 

where T is  the t e m p e r a t u r e  on the Cels ius  scale  and N is  the H2 O18 concentra t ion in mole percent ,  and X* 
is  ca lcula ted  f r o m  this equation with N = 1. 

The coeff ic ients  a re :  

A . . . .  9.0690; B = -- 0.0096 deg -~ C = 1.9. I0 .4 deg "2. 

Equation (1) is  chosen as  a l inear  equation re la t ive  to the concentra t ion in accordance  with the e x p e r i -  
menta l  data. The l inea r i ty  is  well  seen in Fig. 1, where the dependences of X* on N a re  p r e s e n t e d  for  four  
t e m p e r a t u r e s .  The i s o t h e r m s  a re  plot ted accord ing  to (1). 

The coeff ic ients  of Eq. (1) were  de t e rmined  by the method of l eas t  squares .  Minimizat ion of the sum 
of the square  deviat ions was conducted at once for  the ent i re  f ami ly  of i s o t h e r m s ,  i . e . ,  s imul taneous ly  for  
all  the t e m p e r a t u r e s  and concentra t ions .  The expe r imen ta !  data were r e p r e s e n t e d  in the f o r m  

1 (i - -  ).;) (2) Yi == ~- -  

and were  approx imated  by the function 
-^ 

Y . . . .  A - -  A B .  T - -  A C .  T'-. (3) 

The s tandard  deviation of the expe r imen ta l  points  f r o m  the approximat ing  curve  (3) 

S = i=1 (n = 16, p = 3) 
n - - p  

iS equal  to S = 0.0044. 

The absolute values  of the t h e r m a l  conductivi ty coeff icient  of H2 O18 a re  obtained by mult iplying the 
t he rma l  conductivi ty coeff ic ient  of the s tandard  liquid (ord inary  H20 ) by X* f r o m  (1) at N = 1. The t h e rma l  
conductivity of H2 Or8 is  r e p r e s e n t e d  by curve  i in Fig. 2. The va lues  of k(H20) for  the t h e r m a l  conductivi ty 
coeff icient  of o rd ina ry  wa te r  a re  taken f r o m  the table of the rev iew [2] (curve 3). Despi te  the equal i ty  of 
the m a s s e s  of the H20 t8 and D20 molecu les  the t h e r m a l  conductivi ty coeff ic ients  of these liquids differ  

31 



considerably  f r o m  one another.  The the rmal  conductivity of D20 according to the resu l t s  of [1] is r e p r e -  
sented by curve 2 in Fig. 2. The the rmal  conductivity of H2 O18 is  (93.6 + 0,4)% of the thermal  conductivity 
of o rd ina ry  water  on the average and has the same tempera ture  coefficient  as o rd ina ry  water  within the 
l imits  of the exper imenta l  e r r o r s .  The the rmal  conductivity of D20 p rac t i ca l ly  coincides with the thermal  
conductivity of o rd ina ry  H20 at  0~ but has a lower tempera ture  coeff icient  so that i t  grows more  slowly 
with an increase  in t empera tu re  and at 40~ i t  is (97.0 �9 0.3)% of the thermal  conductivity of o rd inary  water.  

The exper imenta l  r e su l t s  obtained are  not in agreement  with the theory  of Horrocks ,  YlcLaughlin, 
and Ubbelohde [3] on the effect  of an isotope substitution on the thermal  conductivity. According to this 
theory  the rat io  of thermal  conductivity coefficients  of two liquids which di f fer  only in the isotope compos i -  
tion of the molecules  is  equal to the square root  of the inverse  ra t io  of molecule masses .  This value is 
equal to 0.949 for  H20 la and D20 with r e spec t  to o rd inary  water,  i . e . ,  the thermal  conductivity of H2018 
should coincide  with the thermal  conductivity of D20 and comprise  94.9% of the thermal  conductivity of 
o rd inary  water.  The dashed curve 4 in Fig. 2 cor responds  to the theoret ica l  value X = 0.949. X(H20 ). 

The reasons  for  the d i sagreement  may  lie in the fact  that cer ta in  ef fec ts  which could p lay  an impor tant  
role in the the rmal  conductivity of such a pecul ia r  liquid as water  were not taken into account in the theory  
of [3]. Among them are :  the rotat ional  motion of the molecules  which a re  the f ree  spaces  of the s t ruc ture  
of water ;  the nonequivalence of the hydrogen anddeuter iumbonds  between molecules ;  d i f ferences  in the 
in te rmolecu la r  s t ruc ture .  

A , B , C  
n 
N 

P 
s 

T 
: 

Y 
X* = X(H2018/X(H20); 
X(HzO 18) and X(H20) 

NOTATION 

are the coefficients of Eq. (i); 
is the number of experimental points; 
is the concentration, molar fractions; 
is  the number  of coefficients  in Eq. (i); 
is  the standard deviation of exper imenta l  points f r o m  approximating curve;  
is  the t empera tu re  on Celsius scale;  

is  the approximating function; 

a re  the the rmal  conductivity coefficients  of heavy-oxygen water  and o rd ina ry  water ,  
W" m -I" deg -1. 
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