
LETTERS TO THE EDITOR 

C O M M E N T S  ON AN A T T E M P T  T O  I M P R O V E  T H E  

S C I E N C E  OF T t t E R M O D Y N A M I C S  

E .  E .  S h p i l ' r a i n  a n d  K .  L .  Y a k i m o v i c h  

At tempts  a re  constant ly  being made  to "modern ize"  the fundamental  concepts  of c l a s s i ca l  t h e r m o -  
dynamics  or  to solve ce r ta in  complex  p rob lems  using only e l emen ta ry  thermodynamic  re la t ions .  And p r e -  
c i se ly  because  such a t tempts  a re  undertaken by unacceptable  means ,  as a ru le ,  they a r e  na tura l ly  doomed 
to fa i lure .  An example  of such an a t tempt  is the r e cen t  a r t i c le  by V. V. Revenko, "An analys is  of ce r t a in  
the rmodynamic  re la t ionships  during equ i l ib r ium-phase  t rans i t ions  of the f i r s t  kind, " published in Inzhene r -  
no-F iz ichesk i i  Zhurnal ,  16, No. 2 (1969). 

In the f i r s t  sect ion of his a r t i c l e  the author wr i tes  the equation fo r  the i s o b a r i c - i s o t h e r m a l  t rans i t ion  
of one mole  of m a t t e r  (liquid or solid in solution) into the gaseous s ta te  in the f o r m  * 

AH ~ TAS -k A = 0, (1) 

where  A is the "ent i re ly  r ea l  external  work  p e r f o r m e d  apar t  f r o m  the work  usual ly  done in overcoming  the 
f o r c e s  of external  p r e s s u r e . "  

The author continues: "We will show that  a universa l  evaluation (?) of the p r o c e s s  is poss ib le  d i rec t ly  
on the bas i s  of this re la t ion,  without the need of compl ica ted  and not always exact ly  in tegrable  differential  
equations of the C l a p e y r o n - C l a u s i u s  k ind ."  

The author does not take the t rouble  to fo rmula te  the p rob lem p rec i se ly ,  but one can guess  f r o m  the 
wording in the text  that  he  t r i e s  to analyze the conditions of phase  equi l ibr ium fo r  two c a s e s :  1) when the 
condensate  phase  is a pu re  subs tance  while the coexis t ing gaseous phase  is a mix tu re  of vapors  of this sub-  
s tance  with extraneous gases  not soluble in the condensate;  and 2) when the condensate  and the gaseous 
phase  r e p r e s e n t  a mul t icomponent  s y s t e m .  

I t  is not difficult to unders tand that  the f i r s t  c a se ,  under conditions fu r the r  s t ipulated by  the author ,  
co r re sponds  to the phase  equi l ibr ium of a s ingle-component  s y s t e m  with unequal p r e s s u r e s  in both phases .  

The author continues his del ibera t ions  in the following manne r .  Equation (1) is t r a n s f o r m e d  into 

(~TG-- HTC ) - -  T (STG--STC) -~ A = O, (2) 

where  the subscr ip t  G r e f e r s  to the gaseous phase  and the subscr ip t  C to the condensate  phase .  

The re  follows a f a r  f r o m  i r re fu tab le  analys is  of var ious  phase  t rans i t ion  modes  in the given s y s t e m ,  
and a few t r ans fo rma t ions  which have been made  unwieldy by the use  of exceptional ly awkward and confused 
concepts  and symbol s .  

As a resu l t ,  the author a r r i v e s  at "a genera l  f o r m  of the re la t ion  for  calculat ing the equi l ibr ium tension 
of vapors  of pure  liquids and sol ids"  

In(7~Pi~) V i e  ( P i e -  1) = (S~r~ -S~c ) -  ( H ' ~ - H ~ c )  RT 
RT ----, (3) 

*Throughout,  the number ing  of the equations is ours .  
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where ~/i is the volatility coefficient, PiG is the equilibrium vapor tension of the condensate, and ViC is the 
molar volume of a pure substance in the condensate state. The author subsequently takes PiC to be identi- 

cal to P, which is the total pressure in the gaseous phase; S~ and H~ are the steady-state entropy and 
enthalpy. 

In considering this equation, one must note firstly that it is not original (equations of this form are 
fo,.md in many published works and even in the scientific literature on thermodynamics) and secondly that 
it is not "general" as the author claims. In his derivation the author has assumed without discussion that 
the gaseous phase in the equilibrium chamber is an ideal mixture. Finally, the said equation allows one to 
calculate the equilibrium vapor tension only for the case where the standard entropies of the condensate 
and of the gaseous phase have been determined independently. But this is possible only with the aid of the 
Third Law of thermodynamics so that the author's assertion that he succeeded in deriving "the design equa- 
tions in integral form . .. on the basis of the First and Second Law of thermodynamics ... " is 'mistaken. 
And that this can be done with the aid of the Third Law is a well-known fact. 

Furthermore, the author finds an expression for the latent heat of evaporation X T = (HTC-HTG) which 
is "more complete than that derived by integrating the Clapeyron-Clausius equations" (apparently, here and 
in several subsequent equations, the minus sign before the parenthesis on the right-hand side has been omit- 
ted by misprint), namely 

o _ o V ic (P- -1 )  )~r = (H~c //~G ) -k (4) 

What then does Equation (4) r epresen t?  In its derivat ion the author has assumed,  without p roper  discussion,  
that the vapor is an ideal gas; the author d i s regards  the dependence of the internal  energy of the condensate 
phase on the p r e s su re ,  even though the contribution by this component may  somet imes  amount to 20 or 30% 
and even though it can eas i ly  be accounted fo r .  In this way, the applicabili ty of Eq. (4) becomes severe ly  
! imi ted .  The author also does not mention,  in connection with Eq. (4), that fo r  its use it is n e c e s s a r y  to 
know the s tandard enthalpy H~G of the gas.  In tables of the ideal-gas thermodynamic functions of substances 
only the quantity H~G-I-I~G is shown, i . e . ,  for  pract ical  calculations it is n e c e s s a r y  also to know the heat 
of sublimation (or evaporation) at 0~ 

Continuing his analysis ,  V. V. Revenko wri tes  Eq. (2) fo r  A = 0 in differential  fo rm:  

d (HTr - -  TSTG ) - -  d (HTc-- T S T c  ) = O, (5) 

and then fo r  each phase 

d (HTG-- TSTG) = ViGdPiG-- STGdT (6) 

d (HTC-- T ~  = VicdPic-- STC dT,  (7) 

where  ViG is the mola r  volume of the vapor of the i- th component,  and, af ter  substituting into (5), the author 
obtains the express ion  

V dPiG V~ dP ;~T 
iG ~-T--- i C ~  T (8) 

On one hand, this equation re f lec t s  the well-known fact  that the equil ibrium p r e s s u r e  of sa turated vapors 
and its change as a function of t empe ra tu r e  under unequal phase p r e s su re s  differ  f rom the usual equil ibrium 
values under equal phase p r e s s u r e s .  At the same t ime,  however,  by using this equation without any com-  
ments whatsoever  the author can only lead the r ead e r  into confusion. Indeed, a two-phase s ingle-component  
sys tem under  unequal phase p r e s su re s  has not one but two degrees  of f reedom and, the re fo re ,  if the de r iv -  
atives dP iG/dT  and d P / d T  a r e  to have an unambiguous meaning, one must  use one of the degrees  of f reedom,  
i.  e . ,  one must  specify some cha rac t e r  of the p roces s .  

Having der ived Eq. (8), V. V. Revenko a s se r t s  without any proof that the evaporation of a substance 
f rom its solution is descr ibed sa t i s fac tor i ly  by the equation 

dPiG ~,T 
---- , (9) 

dT T (ViG--Vic) 

where  TiC is the par t ia l  volume of the component in the liquid s ta te .  
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It  is not difficult to show that  this equation cont radic ts  known s ta tements  concerning the t he rmodyna -  
mic s  of solutions (see,  fo r  example ,  V. A. Kiri l l in and A. E. Sheindlin, The Thermodynamics  of Solutions, 
Gosenergoizdat  (1956)). Many s i m i l a r  "findings" a r e  contained in the a r t i c le .  

The author proceeds  to d iscuss  ce r ta in  applicat ions of his  " theory ."  In pa r t i cu la r ,  he cons iders  this 
theory  universa l  enough to be  used as a bas i s  fo r  formula t ing  even "the conditions which cause  the f i s s u r e  
of cold s t a r s . "  

In Section 3 of his a r t i c le ,  devoted to a s tudy of evapora t ion  p r o c e s s e s  at a curved liquid su r face ,  
V. V. Revenko admits  that  "his r e su l t s  (considering,  speci f ica l ly ,  the fo rma t ion  of a gas bubble while the 
liquid boils) do not conform to c o n t e m p o r a r y  views on the subject"  and he ant icipates his c r i t i c s '  object ions.  
He does it unadroi t ly ,  m o r e o v e r ,  as fol lows.  He wr i tes  the equation of energy  change in the su r f ace  l aye r  
of a bubble incor rec t ly :  adF = PdV (where ~ is the coeff icient  of su r face  tens ion and F,  V a re  r e s p e c t i v e l y  
the su r face  a r e a  and the volume of a bubble) and then, having der ived f r o m  it the na tura l ly  i nco r rec t  ex-  
p r e s s ion  P = 2~ / r ,  he views it c r i t i ca l ly .  

The re  is no need to consider  the au thor ' s  r emain ing  arguments  in g r e a t e r  detai l .  We will m e r e l y  
quote his  Concluding s t a t ement :  "The examples  given h e r e  conf i rm convincingly enough the advantage which 
the proposed  equations have over  the conventional equations of t h e r m o d y n a m i c s . "  

It  is imposs ib le  to agree  with th is .  In our opinion, the ent i re  a r t i c l e  does not m e a s u r e  up to c r i t i c i s m  
as f a r  as both the subs tance  of the p rob lem and the s ty le  of its exposit ion a r e  concerned (one should note, 
above all ,  the amazing c a r e l e s s n e s s  in the formula t ion  of the p rob lems  at hand and a lso  the incredible  con-  
fusion of concepts  and symbols  used in the analys is ) .  
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