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We have  examined  the acoust ic  dispersion for CFC1 a (freon-ll), 
CHFCI 2 (freon-21), and CaHsF2CI (freon-142), and also the absorption 
of ultrasound. All the freons were subjected to chromatography. No 
impurities were found in the freon-ll; the freon-21 contained 0.019% 
water and 0.0041~ insoluble residue, while the freon-142 contained 
0.8% of freon-141, freon-143, freon-153, and other impurities. 

Dispersion has previously been reported [1,2] for freon-ll and 
f reon-21.  The measurements  were made  a t  3q3 ~ K and pressures from 
0.25 to 2.5 bar.  Freon-142 has not been e x a m i n e d .  To examine  the 

effects  of s tate parameters  we subs tant ia l ly  extended the t empera tu re  

and pressure ranges.  

The apparatus previously described [3] was used to e x a m i n e  the 

disPerSiOn by ul t rasonic  in te r fe romet ry  at  2 . 2 . 1 0  s and 2.1 �9 t06 Hz, a long 

a long nine isotherms for f r e o n - l l ,  t en  for f reon-21,  and f ive  for freon- 

142 a t  293-433" K and 0 .04 -25  bar. A low-f requency  apparatus [4] was 

also used with these isotherms to measure the speed of sound at 1 to 3 

kHz. These ve loc i t i e s  c may  be considered as t he rmodynamic ,  i . e . ,  

independent  of frequency.  The excess v e l o c i t y  at  h igh  frequencies was 

de te rmined  re la t ive  to these va lues .  Figure 1 shows e in  m / s e e  as a 

funct ion of pressure p (bar) for the 294.66, 333.16, 373.16, and 

418.16 ~ K isotherms for f reon-11 at  three  frequencies:  curves 1 - 3  cor-  

respond to 2.1" 106, 2 .2 .105 ,  and 10 s Hz, respec t ive ly ,  S be ing  the 

sa turat ion curve .  Freon-21 gave  analogous curves.  

The error in c a t  2 .1-106 Hz increased as p was reduced on account  

of de te r iora t ion  in in ter ferometer  reac t ion  and was 2 - 3 %  at  the ends 
of the isotherms,  so the error in  the dispersion in this region was 10 - 20~ 
As p is raised (along an isotherm),  the dispersion fal ls  towards the values  

corresponding to the saturat ion curve,  The lower isotherms showed a 
t endency  to produce a m i n i m u m  before the sa turat ion curve  was reached .  

The obvious dispersion region in  f r e o n - l l  ex tended up to 14 bar (24 bar 
for freon-21),  whereas f reon-142 had dispersion only up to 0.3 bar,  and 

the dispersion at  low pressures was comparab l e  with the error of m e a -  

surement .  

Figure 2 shows c as a function of T at 0.1 bar for freon-21 at  10 s 

and 2.1 ' 106 Hz, The dispersion increases with T,  which is due to in-  

crease in  the the rma l  c a p a c i t y  of the in ternal  degrees of f reedom of 

the m o l e c u l e .  The results on the dispersion were used to c a l c u l a t e  the 

speci f ic  heats  of the in te rna l  and ex te rna l  degrees  of f reedom (the dis-  

C, m/see 

175 

IG5 

t55 

t#5 

135 

t i-I ~=ff 

t2,5 L_.  i i I ~ i I 

5 tO t5 
fl, bar  

Fig. i 

2/0 

200 

/gO 

f80 
% 

I70 

16 0~73 /E 323/5 373/~ 

Fig, 2 

"r lg(f /p)  ,r lg ( f /p )  -r lg ( ! /p )  

292.76 
33.0 7.308 
38.0 7.208 
39.5 7 . t58  
27,5 6.908 
13.2 6.508 

6.5 6 . t58  

373.16 
26.0 6.778 
27.3 6.738 
17.0 6.508 

6.5 6.000 
2.5 5.508 

42i .  16 
t8 .0  6.308 

8.0 6.108 
3.0 5. 508 
t . 8  5.158 

persion curves were i d e a l i z e d  first).  The results for c a t  J, kHz were 

used in a l lowance  for the dev ia t ion  from i d e a l  behavior  wi thout  resort 

to theore t i ca l  ca lcu la t ions .  The ve loc i ty  of sound on the i d e a l i z e d  

dispersion curve  was deduced by adding  to the ve loc i ty  measured at  
2.1 MHz the d i f ference  be tween  c in the i d e a l - g a s  s ta te  and c at  1 kHz. 
The  t he rma l  c a p a c i t y  Cva of the ex te rna l  degrees  of f l eedom was c a l -  

cu la ted  from 

which is derived in r e l axa t ion  theory [5], in which C~, is the m a x i m u m  

va lue  of c on the i d e a l i z e d  dispersion curve.  The t he rma l  c a p a c i t y  

Cvi of the in ternal  degrees of f reedom was c a l c u l a t e d  from 

Cvi ----- Cv --  Cva �9 

The quan t i ty  C v was deduced from theknown  C~ [6].  The following 

results are  in k J / m o l e - d e g :  

T ~ K = 3 0 0  340 380 420 

Cvi = 49.0 53.t 57.0 - -  'Freon -tt 

Cv~ = 36.4 40.2 44.0 47,3 Freon 2 i  

Cva := 20.92 20.92 20.92 - -  Freon 11 

Cra = t6.76 16.76 t6.76 t6.76 F r e o n  2t 

These Cvi differ from those of [2] by 20%, wh ich  is within the 
error of the measurements .  We aiso measured  the a m p l i t u d e  absorption 

coef f ic ien t  for the saturated and superheated vapors of the three c o m -  
pounds: 

2.3 1 ao  
T = - ~ -  g ~ - ,  
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in which A o is initial amplitude, A is final amplitude, and x is distance 
in  cm. The table gives the results for y (in cm -t) for three temperatures, 
where f is in Hz and p is in bar, for the saturated vapors. Figure 3 shows 
that ?' falls as T (and hence p) increases. F reon- l l  has the strongest 
absorption and freon-142 the least. 
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