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The resul ts  of an investigation of the thermal  conductivity and density of liquid te t ramethoxy-  
silane, te t raethoxysi lane,  and tetraethyl  tin in the t empera tu re  r ange - -  13.5 ~ to +90~ a re  
given. 

In this work, which is a continuation of the r e s e a r c h  in [1, 2], we investigated the thermal  conductiv- 
ity and densiW of liquid (CH30)4Si, (C2H50)4Si, and (C2Hs)4Sn to find out how the thermal  conductivity of 
liquids is affected by replacement  of the halogen atom by the radicals  CH30-, C2H~O- , and C2H5-. The 
experimental  apparatus and the measurement  procedure  a re  descr ibed in [1]. The investigations were 
ca r r i ed  out by the relat ive null hot-wire  method in t ransient  conditions [1]. The e r r o r  of the relat ive 
thermal  conductivity measurements  was est imated as 0.4%. Toluene was used as a re fe rence  liquid. The 
absolute values of the thermal  conductivity were calculated f rom the values recommended for toluene in 
[3]. 

The resul ts  of the measurements  are  given in Table 1~ In the investigated t empera tu re  ranges the 
the rmal  conductivity can be expressed sa t is factor i ly  as a l inear function of tempera ture ,  

)~ = )*0 - -  bt. (1} 

The coefficients in Eq. (1) were calculated f rom the experimental  points by the method of least squares .  

We measured  not only the thermal  conductivity, but also the density p(t) of these liquids. The den- 
sity was measured  with a pycnometer ,  which was calibrated with water .  The measurements  for all the 
substances were made in the t empera tu re  range 0.6-60~ The values of the density of water at different 
t empera tu res  were taken f rom [4]. 

The main sources  of e r r o r  in the density measurements  were the e r r o r s  in weighing, in the de te r -  
ruination of the liquid level in the pyenometer  capil lary,  and tempera ture  variat ion.  The liquid was weighed 
on an analytical  balance to an accuracy  of 0.1 rag. The smal les t  mass  of liquid used in the experiment was 
50 g. Hence, the e r r o r  in mass  determinat ion was 2 �9 10-4%. The liquid level in the pycnometer  capi l lary 
was determined to within half a scale division, which gave a relat ive e r r o r  of 10-a%. The t empera tu re  of 
the liquid was kept constant to within 0.05~ with a T8-24 thermosta t .  The e r r o r  due to change in t emper -  
a ture  with the thermos ta t  in operation was 6.10-3%. This was the larges t  of all the e r r o r s  and de ter -  
mined the accuracy  of density measurement .  

TABLE 1. Thermal  Conductivity Values 

X'10 2 W. m "I,~ -z 

Substance _13,5o! 
i 0o 10 o 20 ~ 40 o 60 ~ 80 o 90 ~ 

(CHaO)4Si 
(C2H~O),iSi 
(C2H,~)4Sn 

I __ 
14~3 14,19 
13183 13,61 

16,26 16,09 
-- 13,59 

13,13 

15,57 
13,16 
12,61 

14,86 
12,69 
12,22 

14,36 
12,18 
11,67 

14,09 
11,99 
11,47 
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TABLE' 2. 

Substance 

(CHaO)4S i 
(C~HsO)4Si 

(C,Hs)4Sn 

Densi ty  of Liquids 

0,6 ~ 

955,39 
1216,39 

lO o 

1051,45 
945,,51 

1205,19 

p(t), k g / m  s 

20 ~ 3 0  ~ 

1039,60 1027,34 
935,05 924,29 

1193,51 1181,5! 

40 ~ 

I015,51 
914,05 

1170,33 

50 ~ 

1002,91 
903,99 

1158,44 

6 0  ~ 

990,26 
894,67 

1146,07 

TABLE 3. Coeff icients  in Eqs.  '(1) and (2) 

Substance 

(CHaO)4Si 
(C2HsO)4Si 
(C2H~)4Sn 

M 

152,2 
208,3 
234,9 

Xo.102, 
W / m .  ~ 

16,69 
14,20 
13,65 

b.10 z, 
W/re. ~ ~ 0o, kg/m31 a, kg/mS- ~ 

0,028 1063,96 1,222 
0,024 955,65 1,029 
0,024 1217,05 1,177 

The  r e su l t s  of the m e a s u r e m e n t s  a r e  given in Table  2. Throughout  the inves t igated t e m p e r a t u r e  
in te rva l  the densi ty  is a l inear  function of the t e m p e r a t u r e  and can be e x p r e s s e d  by the equation 

p (0  = pc - at.  ( 2 )  

The coeff icients  P0 and a in Eq. (2) were  calculated by the method of l eas t  squa re s .  

Tab le  3 gives  the values  of the coeff icients  in Eqs.  (1) and (2), and a l so  the m o l a r  m a s s  M. The 
r o o t - m e a n - s q u a r e  e r r o r  of the deviat ion of the exper imen ta l  points f rom the s t ra igh t  line given by (2) 
was 2.5.10-2% for  t e t r ame thoxys i l ane  and 4.5.10-2% for  t e t r ae thoxys i l ane .  

Tab le  4 c o m p a r e s  the t h e r m a l  conductivi t ies  of the liquids inves t iga ted  in the p re sen t  work with the 
t h e r m a l  conductivi t ies  of p rev ious ly  inves t iga ted  t e t r ach lo r ide s  and t e t r a b r o m i d e s .  The data for  SIC14, 
GeC14, and SnC14 and t aken  f r o m  [1] and those for  GeBr 4 and SnBr4, f rom [2]. An examinat ion of these  data 
shows that  an i n c r e a s e  in the m a s s  of the p a r t i c l e s  surrounding the cent ra l  a tom leads to a reduct ion of 
the t h e r m a l  conductivity of the liquid. This  appl ies  to all  the inves t igated subs tances  except SiCi 4. The 
fa i lu re  of SiC14 to fit into the s e r i e s  t e t r ame thoxys i l ane ,  s i l icon t e t r ach lo r ide ,  and te t rae thoxys i lane  can 
be a t t r ibuted  to the high t h e r m a l  conductivity of the f i r s t  and thi rd  compounds.  

The a toms  (groups of a toms)  surrounding the cent ra l  a tom of the molecule  affect  the t e m p e r a t u r e  
dependence of the t h e r m a l  conductivity.  Fo r  t e t r ach lo r ides  ak / aT  is 2.0 �9 10 -4 W.  m - i  �9 ~ -2 [1], and for  
t e t r a b r o m i d e s  of g e r m a n i u m  and t in it is 1.2 �9 10 -4 W.  m -i  �9 ~ [2]. Te t rae thoxys i l ane  and te t rae thy l  t in 
moleeu ies  have  p rac t i ca l l y  the s a m e  envi ronment .  Fo r  these  two liquids 0 k / a T  has  the s a m e  value 
- -  2.4 �9 10 -4 W.  m - i  "~ -2. C o n v e r s i o n  Of t e t r ae thoxys i l ane  to t e t r ame thoxys i l ane  by r ep l acemen t  of the 
ethyl group by the methyl  group leads to a change in ~ h / S T :  for  t e t r ame thoxys i l ane  it is 2 .8 .10  -4 W �9 m - i  
.OK-2  

F r o m  the obtained expe r imen ta l  t h e r m a l  conductivity and densi ty  data for (CH30)4Si, (C2H50)4Si, and 
(C2Hs)4Sn we t r i ed  to es tab l i sh  a re la t ionsh ip  between the t h e r m a l  conductivity and the densi ty of these  
l iquids .  

TABLE 4. Compar i son  of T h e r m a l  Conduet iv-  
i t ies  of Liquids 

Substance M ~.. 10L W-m-l-~ 

Si(CH30)4 
SiCI 4 
Si(C2HsO)4 
GeCI 4 
GeBr 4 
Sn(C2Hs)4 
SnCI4 
SnBr4 

152,2 
169,9 
208,3 
214,4 
392,2 
234,9 
260,5 
438,3 

15,57 
9,06 

13,16 
9,42 
8,37 

12,6l 
10,40 
8,59 
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T A B L E  5. Va lues  of C oe f f i c i e n t s  in  Equa t ions  and E r r o r s  

0,I0 ~ 

Substance B'.IO" n Bo.lO' ~,.io, from (39 

(CHaO)~Si 
(C~H50)4S i 
(C~Hs)4Sn 

4,45 
1,29 
0,33 

1,51 
1,69 
1,82 

o". 10 = 

, from (4) 

3,5 
0,3 
2,5 

15,33 
15,04 
10,48 

2,8 
3,7 
4,8 

3,7 
2,2 
1,8 

The obtained experimental data were correlated with the aid of the Vargaftik formula, 
4 

)~_--Bp Y 

and the  f o r m u l a  p r o p o s e d  by  T s v e t k o v  in [5]: 

(3) 

= B'p ~ . (4) 

When  f o r m u l a  (3) was  u sed  we found tha t  the  c o e f f i c i e n t  13 was  not cons t an t ,  but  depended  on the  t e m -  
p e r a t u r e :  i t  d e c r e a s e d  a p p r o x i m a t e l y  l i n e a r l y  wi th  i n c r e a s e  in  t e m p e r a t u r e .  In v iew of th i s  we c o r r e -  
l a t e d  the  e x p e r i m e n t a l  da t a  by  u s i n g  (3) in  the  f o r m  

4 

= B0 (i - -  ~0 p~- (3 ' )  

The  r e s u l t s  of m a t h e m a t i c a l  c o r r e l a t i o n  of the  ob ta ined  da t a  wi th  the  a i d  of f o r m u l a s  (3) and (4) a r e  
g i v e n  in  T a b l e  5, which  a l s o  g i v e s  the  v a l u e s  of the  c o e f f i c i e n t s  13 0 and T f r o m  (3'),  13' and the  index  n in  
Eq~ (4). Th i s  t a b l e  a l s o  g i v e s  the  r o o t - m e a n - s q u a r e  d e v i a t i o n s  a and ~' of the  e x p e r i m e n t a l  po in t s  f r o m  
the  c u r v e s  d r a w n  f r o m  Eqs .  (3') and (4). 

Us ing  the  da t a  of T a b l e  5, we ean  d r a w  the  fo l lowing  c o n c l u s i o n s .  

1. F o r m u l a s  (3') and  (4) a r e  e q u a l l y  s u i t a b l e  for  r e p r e s e n t a t i o n  of the  ob t a ined  r e s u l t s .  

2. In the investigated temperature range the variation of coefficient 13 with temperature for these 
substances is almost the same: the products 1307 = D13/aT for tetramethoxysilane, tetraethoxysilane, and 
tetraethyl tin have similar values and are 4.5 �9 10 -4, 5.5 �9 10 -4, and 5.0.10 -4, respectively. 

3. The variation of the coefficient 13 with temperature has also been investigated for tetrahalides 
[I, 2]. The density values for these liquids were taken from published data [4, 6-13]. The calculated value 
of 313,/aT was 2 �9 10 .4 for the tetrachlorides and 0.5 �9 10 .4 for the tetrabromides. 

a 

b, 13, 131, Bo 
n 

T 
X 

A o 

N O T A T I O N  

is  the  c o e f f i c i e n t  in  Eq. (2); 
a r e  the  coe f f i c i en t s  in (1), (3), (3'),  and (4); 
i s  the  i ndex  in  (4); 
i s  t he  c o e f f i c i e n t  in  Eq.  (3'); 
i s  the  t h e r m a l  eondue t i v i t y ;  
i s  the  c o e f f i c i e n t  in  Eq. (1); 
i s  the  c o e f f i e i e n t  in (2). 
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