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The u l t raacous t ic  method is now being widely employed for  studying the phys icochemica l  p rope r t i e s  
of m a t e r i a l s .  By using exper imen ta l  data re la t ing  to the veloci ty  of sound C, the density p, and the specif ic  
heat  at constant  p r e s s u r e  Cp, many  impor tant  the rmodynamic  p a r a m e t e r s  (~s,  fiT, 7 ,  Cv etc.) may  be ca l -  
culated. In this pape r  we shall  p resen t  the r e su l t s  of m e a s u r e m e n t s  made on the veloci ty  of sound in five 
l iquid-phase hydrocarbons  (pentene-1,  hexene-1,  n-hexane,  n-heptane,  and toluene) on the sa tura t ion  line 
b e t w e e n - 1 2 0  and +310~ Altogether  we have studied 22 hydrocarbons  belonging to var ious  homblogous 
se r i e s :  n -a lkanes ,  1-a lkenes ,  and a romat i c  hydrocarbons .  The p a r a m e t e r s  of the liquids cons idered  in 
this pape r  a re  p resen ted  in Table 1. 

The m e a s u r e m e n t s  were  c a r r i e d  out in the pu l se - type  u l t rasonic  instal lat ion descr ibed  in [1]. The 
t e m p e r a t u r e  was m e a s u r e d  with a plat inum re s i s t ance  t h e r m o m e t e r  placed d i rec t ly  in the t es t  liquid (ac- 
curacy  0.1~ In the l ow- t em pe ra t u r e  range a c ryos ta t  based on liquid ni t rogen was employed.  The e r r o r  
in de termining  the veloci ty  of sound (allowing for  scal ing inaccurac ies)  was no g r e a t e r  than 1-3 m / s e e .  

The resu l tan t  ve loc i ty -o f - sound  data were  used, toge ther  with the expe r imen ta l  values of the density 
p [2-7], sa tu ra ted  vapo r  p r e s s u r e  P [1, 8-9], and specif ic  heat  at constant  p r e s s u r e  Cp [2, 3, 10-16], to 
calculate  the adiabatic  and i so the rma l  compress ib i l i t t e s  fls and I?T and the ra t io  of the specif ic heats  7.  
The e r r o r  in de te rmin ing /~s ,  fiT, and 7 was,  respec t ive ly ,  0.5-1.5,  1-3, and 1.5-5%. The resu l t s  of the 
calculat ions,  and also the expe r imen ta l  data re la t ing  to the veloci ty  of sound, are  p resen ted  in Table 2. 

Analysis  of the resu l t s  showed that the i so the rmal  compres s ib i l i t y  fiT of the n-a lkanes  and 1-a lkenes  
c lose ly  obeyed the equation 

~rC . . . .  a-)bt ,  

where C is the veloci ty  of sound in m / s e e ,  t is the t e m p e r a t u r e  in ~ n = 2 . 5 ,  and a and b are  constants .  
For  hydrocarbons  of the same  s e r i e s  the quantity a fails  r egu la r ly  with increas ing  number  of the homolog, 
while b is approx imate ly  the same for  all  t e r m s  of the s e r i e s .  The values of the coeff icients  a and b ob- 
ta ined by the method of leas t  squares  a re  given in Table 1. The mean  e r r o r  in the calculat ion of /~T by 
means  of the foregoing equation is no g r e a t e r  than 1-2%. 

On pass ing  f rom one homolog to another  in the n-a lkanes ,  1-a lkenes ,  and alkyl benzenes,  the veloci ty  
of  sound inc rea se s  and the adiabat ic  and i so the rma l  compres s ib i l i t i e s  diminish.  This is evidently because  
of the increas ing  intensity of the i n t e rmolecu la r  fo rces  which o c c u r r  wi th increas ing"number  of the homolog.  

TABLE 1 

Hydrocarbon ~176 
g/cm s 

i 

Pentene 1 ] 0,t~410 
Hexene I ] 0.t1733 
m-Hexane ,%6591 
m-Heptane 0,(~837 
Toluene 0;866~; 

1,3716 
1,388~) 
1,375t 
1,3878 
1, ~96t; 

tb,*C 
~7@mm Hg) 

30,2 
63,6 
[i8,7 
98,4 

tI0,G 

rr~ed'~5 "' /bar (rr~ec;'5/bar" deg 

6977 --6,2 
6583 --6,4 
6573 --4,4 
6396 --4.9 
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TABLE 2 

T ,  oC C ,  

m/sec 

[~ �9 10% 

bar --i 
BT.lO% 
bar --i 

i 
7 

~ / sec  

l~ S " t0  ~ , 

bar --I 

~T .t0% 

bar --i 

--J 00 
--80 
--4O 

0 
40 
80 

Io0 
140 
180 
20(} 

--80 
~40 

0 
~0 
80 
lO0 
140 
180 
200 
240 

--80 
--40 

(1 
40 
80 

t00 
140 
t80 
200 
240 
280 
300 

Pentene 1 

l(;B4 47,8 
1549 56,5 
1331 80,7 
1125 120 
927 188 
735 324 
639 458 
447 
217 

n-Hexane 
1585 53,5 
i382 73,6 
t189 105 
t0t0 153 
834 2R9 
747 308 
573 57~) 
393 13~;(:~ 
296 21i20 

Toluene 
t818 31,5 
'1613 41.7 
1417 5612 
t240 76,7 
1074 107 
995 128 
842 t89 
691 300 
615 393 
462 763 
296 2140 
200 

66 
79 

tt2 
t65 
258 
447 
(;20 

t.38 
1~38 
1:38 
1:38 
t,37 
t,38 
1.38 

69,6 1,30 
95,7 1,30 

135 t 99 
t98 15~ 
309 1,29 
397 t,29 
747 J.31 
860 t;37 
U60 1,44 

45,2 t,4~ 
58,4 1,40 
76,8 1.37 

103 1,34 
142 t,33 
169 t,31 
250 1,3() 
393 t,31 
519 t,32 

1050 i,37 
3190 1,49 

Hexene I 

1687 45,2 
1582 52.4 
1379 7213 
t187 103 
t005 151 
829 237 
742 307 
569 570 
391 1360 
293 26~0 

n-Heptane 
1622 49,7 
t425 67.1 
124i 9217 
t067 13t 
901 194 
820 94') 
660 ~o~ 
499 7(~5 
416 1160 
236 43 )n 

60 
70 
96 

136 
t98 
308 
400 
740 

t820 
3700 

63,6 
85,9 

118 
t66 
243 
3O2 
504 
972 

1500 
6500 

1,34 
i,34 
i,33 
i,32 
1,3t 
t,30 
i ,30 
t,30 
i,34 
1,39 

t,28 
1,28 
i,27 
t,26 
t ,25 
1,25 
1,25 
1,27 
1,29 
1,51 

T h e  r a t i o  o f  t h e  s p e c i f i c  h e a t s  7 o r  t h e  n - a l k a n e s  and  1 - a l k e n e s  v a r i e s  v e r y  l i r  b e t w e e n  t h e  m e l t -  
i ng  po in t  t m and  0.85 o f  t h e  c r i t i c a l  t e m p e r a t u r e .  

I t  w a s  s h o w n  e a r l i e r  [17] t h a t  f o r  m a n y  p h y s i c a l  p r o p e r t i e s  of  t h e  n - a l k a n e s  and a l k y l b e n z e n e s  a r e -  

l a t i o n  o f  t he  f o l l o w i n g  k i n d  w a s  c l o s e l y  s a t i s f i e d :  

f2_~ = const  for T : - - T  I = T ' ~ - T z ,  y.. 

w h e r e  Yl and Y2 a r e  t h e  p r o p e r t i e s  o f  h o m o l o g s  1 and  2 u n d e r  c o n s i d e r a t i o n  at  c e r t a i n  t e m p e r a t u r e s  T 1 and  
T2, r e s p e c t i v e l y ,  w h i l e  T ' .  and  T ' .  a r e  t h e  c r i t i c a l  t e m p e r a t u r e s .  T h i s  r e l a t i o n s h i p  h o l d s  f o r  t h e  s u b -  

s t a n c e s  c o n s i d e r e d  in t he  p r e s e n t  i n v e s t i g a t i o n .  
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