
H E A T  O F  E V A P O R A T I O N  A N D  C R I T I C A L  P A R A M E T E R S  O F  T H E  A L K A L I  M E T A L S  

L .  D.  V o l y a k  

Z h u r n a l  P r i k l a d n o i  M e k h a n i k i  i T e k h n i c h e s k o i  F i z i k i ,  Vo l .  9,  No .  6,  pp .  1 3 7 - 1 3 9 ,  1968  

An expression containing one universal constant is proposed for the dependence of the heat of evaporation of 

the alkali metals on the specific volume of the liquid phase. The critical parameters of the alkali metals are 

are refined. 

As shown in [i], over the entire region of the liquid state the specific heat of evaporation can be described with 

a high degree of accuracy by the equation 

r = B [e "~v' - -  e-C"*'~<~"-O')l �9 (1) 

H e r e ,  B ,  c t ,  a n d  c 2 a r e  c o n s t a n t s ,  v '  a n d  v "  a r e  t h e  s p e c i f i c  v o l u m e s  o f  t h e  p h a s e s ,  a n d  v .  i s  t h e  c r i t i c a l  

s p e c i f i c  v o l u m e .  E q u a t i o n  (1) s a t i s f i e s  l i m i t i n g  c o n d i t i o n s  a t  t h e  c r i t i c a l  p o i n t .  

The second term in (i) is important only on a temperature interval of about 30 ~ adjacent to the critical point. 

Therefore, if we exclude this region, we can employ the simpler relation 

r = B e  -cv'. (2) 

I n  [i] Eqs. (i) and (2) were verified for a considerable number of nonmetallic liquids. It is of interest to apply 

the same equations to the alkali metals. For this purpose we plotted graphs of the function Ig r = f(v'), which proved 

to be linear and enabled us to determine the constants B and c, whose values relative to the equation 

r = B 10 -co'. (3) 

are presented in Table i. 

T a b l e  1 

13, c, Bc,  D~ ' AH~I  p , ,  P,, 

~0~ J / k g  k g / m 3  I0~ J / m  a I0 3 k J / m o l e  I0 ~ k J / m o l e  10~ N / m  2 k g / m  a 

Li 
Na 
K 
Rb 
Cs 

41120 
8340 
4030 
1909 
1i53 

129.7 
242.8 
2t2.0 
465.0 
564.t 

5332 
2025 
854.4 
887.6 
650.4 

106.8 
70.68 
53.80 
50.87 
47.10 

t59.3 
t07.9 
90.t6 
82.65 
78.58 

t000 
365 
179 
t24 
102 

~20 
200 
194 
34~i 
428 

In these calculations the values of v' for Li, Na, and K were taken from [2], those for Rb and Cs from [3]. 
Values of the heat of evaporation of the alkali metals were calculated thermodynamically by the method described in 

[4], using values of the dissociation energy D~ and heat of sublimation AH~I taken from [5] for Li and from [6] for Na 
and K; for Rb and Cs these values were calculated on the basis of the experimental data of [7] for the saturation vapor 

o o 

pressure. The values of D O and AH01 are presented in Table i. By way of example, Table 2 gives a comparison of the 
values of r calculated for K from the data of. [4] and from Eq. (3). 

T a b l e  2 

T ~ K [4] 

400 
500 
600 
700 
800 
900 

2193 
2162 
2127 
2087 
204t 
t992 

(3) T ~ K 

2209 1000 
2t70 1100 
2i30 1200 
2084 1300 
2041 t409 
1994 

['] (3) 

1942 1945 
t893 i893 
t846 i839 
1801 t785 
1750 t740 

As distinct from nonmetallic liquids, for the alkali metals it proved possible to establish the content of the 

coefficients B and c. Table 1 shows that the product Bc decreases monotonically from Li to Cs (K is an exception). 
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But the c r i t i c a l  p r e s s u r e  a lso  d e c r e a s e s  (its approx ima te  values  acco rd ing  to the data of [8] a r e  p r e s e n t e d  in Table  1). 

It may be  a s sumed  that the ra t io  B c / p ,  is  constant  fo r  al l  the alkal i  me ta l s ,  i . e . ,  

Bc = 55.ttp,, [p,] = N/m 2. (4) 

Using the va lues  of Bc, with the aid of (4) we can re f ine  the approx imate  va lues  of p ,  obtained in [8]; these  re f ined  
va lues  a r e  p r e sen t ed  in Table  3. Con t r a ry  to expecta t ion  the c r i t i ca l  p r e s s u r e  of K proved  to be l e s s  than that of Rb. 

Table  3 

T , ,  ~  P*' P*' A H ~  
, ,  i0~ N ] m  2 k g / m  a K 10 ~ J / m o l e  

Li 
Na 
K 
Rb 
Cs 
Hg 

3800 968 
2500 368 
2070 155 
t900 t61 
1790 t18 
1763 i510 

98.5 4.63 
i84.5 [ 4.52 
i61 J 4.56 
353 14.05 
428 4.07 
4700 2.28 

i56 
t04.4 
86.5 
79.0 
74.8 
62.2 

The c r i t i c a l  p a r a m e t e r s  of the a lkal i  me ta l s  have not yet  been m e a s u r e d  exper imen ta l ly ;  ca lcu la t ion  g ives  v e r y  
d i f fe ren t  va lues  [8, 9]. The uncer ta in ty  of the va lues  of the c r i t i c a l  densi ty  p ,  is p a r t i c u l a r l y  grea t ;  however ,  a 
compa r i son  of the va lue  of the coeff ic ient  c in Eq. (3) with the va lues  of p ,  obtained by va r i ous  i nves t i ga to r s  [10, 11] 
shows that the coef f ic ien t  c i n c r e a s e s  with i n c r e a s e  in the c r i t i ca l  densi ty  of the a lkal i  meta l .  

C lea r ly ,  it is d e s i r a b l e  to give p r e f e r e n c e  to [11] in which the va lues  of p .  for  Na, K, Rb, and Cs w e r e  
es tab l i shed  as a r e su l t  of ex t rapo la t ion  to the c r i t i c a l  point of the expe r im en t a l  va lues  of the dens i ty  of both phases .  
Using the va lues  of p ,  f r o m  [11] (Table 1), we obtain 

c = t.316 p..  (5) 

Using the va lues  of c f r o m  Table  1 and Eq. (5), we can ref ine  the va lues  of p ,  given in [11]. These  re f ined  va lues  
a r e  p r e s e n t e d  in Table  3. They coincide with the va lues  of p ,  ca lcula ted  in [12] f r o m  the su r face  tension.  

F r o m  (4) and (5) it fol lows that 

B = 41.84 p , v ,  J/kg (6) 

and the spec i f ic  heat  of evapora t ion  can be r e p r e s e n t e d  by a un ive r sa l  function of the reduced  vo lume  q~ = v ' / v ,  of the 

l iquid phase  

r ~ 4 i . 8 4 p , v ,  iO-1 "31~ ~ . (7) 

In [8] va lues  of the heat  of evapora t ion  of the a lkal i  me ta l s  w e r e  used to ca lcu la te  the i r  c r i t i c a l  t e m p e r a t u r e  T , .  
These  values  of T . ,  c o r r e c t e d  s l ight ly  fo r  the m o r e  accu ra t e  va lues  of the heat  of evapora t ion  used  in this study, a r e  

p r e s e n t e d  in Table  3. 

'Kopp [13] r e c e n t l y  found that the c r i t i c a l  t e m p e r a t u r e  of me ta l s ,  de t e rm ined  by ca lcu la t ion  (only the value of T .  
fo r  m e r c u r y  was es tab l i shed  exper imen ta l ly ) ,  is approx imate ly  p ropor t iona l  to the m o l a r  heat  of evapora t ion  AH 

T. ~ 0.0268 AH,  [AH] ~ J/mole 

Kopp did not indicate  the t e m p e r a t u r e  to which the heat  of evapora t ion  must  be r e f e r r e d ;  it p roved  poss ib le  to 

e s t ab l i sh  that for  a lkal i  m e t a l s  the r e l a t ion  

T ,  ~ 0.024 AH ~ (8) 

i s  c lose ly  sa t is f ied .  He re ,  AH ~ is the m o l a r  heat  of evapora t ion  at the mel t ing  point in J / m o l e ,  ca lcu la ted  f r o m  the 
o 

f o r m u l a  AtI ~ = AH01 + A(H ~ -- E~) Values of the function H ~ - H 0 fo r  a lkal i  m e t a l s  w e r e  taken f r o m  [5]. 

As Table 3 shows, mercury does not satisfy relation (8), hence Kopp's proposed universal (for metals 

expression of the type T, ~ ~H is not applicable. 

Using (6), for  the c r i t i c a l  coeff ic ient  of the a lkal i  m e t a l s  K = R T , / p , v .  we obtain an e x p r e s s i o n  containing only 
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one critical parameter T. and the relatively reliably established coefficient B of Eq. (2): 

K = 4 t . 8 4 R T , / A B  

(A is the atomic weight). Table 3 shows that with respect to the value of the critical coefficient the alkali metals fall 

into two distinct groups: Li, Na, and K, for which on average K = 4.57, and Rb and Cs, for which on average K = 4.06. 
']?he difference of 11% can not easily be attributed to the error in determining the values of B and T. for Rb and Cs, 
but there is some confirmation for it in [11]. The value of K for mercury is much less than for the alkali metals, to 
which it is undoubtedly thermodynamically dissimilar. In the mercury calculations the necessary data were taken from 
[I0, 14, 15]. 
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