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The r e s u l t s  of m e a s u r e m e n t s  of the speed of sound in n - h e p t a n e  on the s a t u r a t i o n  l ine  a r e  
p r e s e n t e d .  The va lues  ob ta ined  a r e  used  to ca lcu la te  a s e r i e s  o f t h e r m o d y n a m i c  qua n t i t i e s .  

The s tudy of the t h e r m o d y n a m i c  p r o p e r t i e s  of l iqu ids  over  a b r o a d  i n t e r v a l  of t e m p e r a t u r e s  and p r e s -  
s u r e s  is  of undoubted t h e o r e t i c a l  and appl ied  i n t e r e s t .  However ,  b e c a u s e  of the e x p e r i m e n t a l  d i f f i cu l t i e s ,  
the t h e r m o d y n a m i c  p r o p e r t i e s  of only a few l iqu ids  have b e e n  thoroughly  s tudied.  

As a m e a n s  of i nves t iga t ion ,  acous t i c  methods  a r e  notable  for  t he i r  r e l a t i v e  s i m p l i c i t y  and r e a s o n a b l e  
a c c u r a c y .  A knowledge of the s p e e d o f  sound makes  it pos s ib l e  to ca lcu la te  such i m p o r t a n t  t h e r m o d y n a m i c  
q u a n t i t i e s  as the ad iaba t ic  fls and i s o t h e r m a l  fit c o m p r e s s i b i l i t i e s ,  the spec i f ic  hea t s  at cons tan t  p r e s s u r e  Cp 
and c o n s t a n t  vo lume  c v, and the i r  r a t i o  T = Cp/Cv. 

We have m e a s u r e d  the speed of u l t r a s o u n d  in the l iquid  phase  of n - h e p t a n e  on the s a t u r a t i o n  l ine  in the 
t e m p e r a t u r e  i n t e r v a l  20-266~ The m e a s u r e m e n t s  we re  made  on a pu l sed  u l t r a s o n i c  a ppa r a t u s  at a f r e -  
quency  of 1 MHz us ing  the method of a s ing le  f ixed d i s t ance .  An au toc lave  with the t e s t  l iquid  was  p laced  in  
an a i r  h e a t e r  with an e l e c t r o n i c  t h e r m o r e g u l a t o r  and kept  at a g iven  t e m p e r a t u r e  for  the t i m e  needed to e s -  
t a b l i s h  the e q u i l i b r i u m  s ta te  (6-8 h n e a r  the c r i t i c a l  point) .  The t e m p e r a t u r e  was  m e a s u r e d  with a p l a t i num 
r e s i s t a n c e  t h e r m o m e t e r  i n t roduced  into the au toc lave  n e a r  the acous t i c  path.  The a c c u r a c y  of the t e m p e r a -  
t u r e  m e a s u r e m e n t s  was  0.1~ The e r r o r  in  d e t e r m i n i n g  the speed of sound was  :~2 m / s e c .  

F o r  i nves t i ga t i on  p u r p o s e s  we took a s a m p l e  of n - h e p t a n e  with the  fol lowing c h a r a c t e r i s t i c s :  p20 
= 0.6837; n ~  = 1.3878; tbp = 98.4~ (760 m m  Hg). 

T A B L E  2. T h e r m o d y n a m i c  P r o p e r t i e s  of n -  
Heptane on the Sa tu ra t ion  L ine  

I TABLE 1. Speed of Sound in  n - H e p t a n e  a long the ~t .10,~, c v .10-. c~ .10-,, 
Sa tu ra t ion  Line t, oc ~s .i0-, ~, m2/N mZ/N l/kg. degIJ/kg, deg 
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The r e su l t s  of the m e a s u r e m e n t s  a r e  p resen ted  in Table  1 and compared  with the most  accura te  pub-  
l ished values [1, 2]. 

The r e su l t s  obtained fur the speed of sound and the known values of the density p [3], the sa tu ra ted  
vapor  p r e s s u r e  P [3, 4] and the specif ic  heat  at constant  p r e s s u r e  [3, 5] enabled us to calculate  the adiaba-  
t ic  and i so the rma l  compres s ib i l i t i e s ,  the specif ic  heat  at constant  volume,  andthe  ra t io  of specif ic  heats .  

The ad[abatic compress ib i l i t y  was calculated f rom the known equation 

1 
p c 2 

The joint solution of the equations 

and 

c z 2 T (Zp 
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Cp 

d P  

where  ~p and a s a re  the coeff icients  of t he rma l  expansion at constant  p r e s s u r e  and on the sa tura t ion  l ine,  
r e spec t ive ly ,  enabled us to de t e rmine  the quantity 7. The values  of 7 thus calculated were  used to compute 
the i so the rma l  compress ib i l i t y  fit = )'fls and the specif ic  heat  at constant volume Cv = Cp/% The r e su l t s  a re  
p re sen ted  in Table  2. 

Analysis  of the r e su l t s  r evea l s  ce r t a in  fea tu res  of the t e m p e r a t u r e  var ia t ion  of the the rmodynamic  
p r o p e r t i e s  of n-heptane  along the sa tura t ion  l ine.  In pa r t i cu la r ,  3/has a weakly e x p r e s s e d  minimum at the 
boil ing point. I t s h o u l d b e n o t e d t h a t d u r i n g t h e i n t e r v a l 2 0 - 8 0 ~  the var ia t ion  of ~/with t e m p e r a t u r e  is so 
smal l  (1-2%) that  for  approx imate  calculat ions this quantity may be a s sumed  to be independent of the t e m -  
p e r a t u r e .  At higher  t e m p e r a t u r e s  ~ / inc reases  apprec iab ly .  The specif ic  heat c v i nc rea se s  with t e m p e r a -  
ture .  

It may be a s s um ed  that these fea tu res  of the t e m p e r a t u r e  behavior  of ~/and c v will a lso be observed  in 
connection with other  liquids having s i m i l a r  chemical  s t ruc tu re  and physica l  p r o p e r t i e s ,  in pa r t i cu la r ,  
o ther  m e m b e r s  of the n -pa ra f f in  homologous s e r i e s .  

N O T A T I O N  

c is the speed of sound; 
fls is the adiabat ic  compress ib i l i ty ;  
fit is the i so the rma l  compress ib i l i ty ;  
Cp is the specif ic  heat  at constant  p r e s s u r e ;  
Cv is the specif ic  heat at constant volume; 

is the ra t io  of specif ic  heats;  
p is the density; 
n D is the index of re f rac t ion;  
P is the vapor  p r e s s u r e ;  
T is the absolute t empe ra tu r e ;  

is the coefficient  of volume expansion.  

2. 
3. 

4. 
5. 

L I T E R A T U R E  C I T E D  

E .B .  F r e y e r ,  J . C .  Hubbard,  and D.H.  Andrews,  J. Am. Chem. Soe . ,  51, 759 (1929). 
A . Z .  Golik and I . I .  Ivanova, Zh. Fiz.  Kh im. ,  36, 1768 (1962). 
N.B.  Vargaf t ik ,  Handbook of The rmophys ica l  P r o p e r t i e s  of Gases  and Liquids [in Russian] ,  F i z -  
matgiz ,  Moscow (1963). 
Chemis t ' s  Manual [in Russian] ,  Vol. 1, Goskhimizdat ,  M o s c o w - L e n i n g r a d  (1962). 
J. T i m m e r m a n s ,  Phys icochemica l  Constants  of Pure  Organic  Compounds,  Vol. 2, A m s t e r d a m - L o n -  
d o n - N e w  York  (1965). 

1099 


