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(Received October 6, 1985) 

Experimental data for sound velocity and isentropic compressibility in binary mixtures of 
1,1,2,2-tetrachloroethane with n-hexane, n-heptane, n-octane and n-nonane are reported 
at 303.15 and 313.15 K. Sound velocities have been analysed in terms of free length theory 
and collision factor theory. All the systems exhibited negative AKs values. 

1 INTRODUCTION 

In continuation to our systematic study on excess thermodynamic 
properties and ultrasonic behaviour of binary mixtures of haloethane 
with a series of alkanes, alcohols and ketones,'-9 we report here 
ultrasonic sound velocity and isentropic compressibility for the mix- 
tures of 1,1,2,2-tetrachloroethane (hereafter referred to merely as TCE), 
with a series of n-alkanes at 303.15 and 3 13.15 K. The alkanes include n- 
hexane, n-heptane, n-octane and n-nonane. Sound velocity data have 
been analysed in terms of free length theory (FLT) of Jacobson,"-" 

t To whom correspondence should be addressed. 
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extended to binary mixtures by K a u l g ~ d ” - ~  and collision factor 
theory (CFT) developed by S~haaffs’~.” extended to binary mixtures 
by Nutsch-Kuhnkies” to test their applicability to the present systems. 
The molar sound ve l~c i ty ’~  (R),  molar compressibility” ( W), and van 
der Waals constantz1 ( b )  which give information on molecular interac- 
tions have also been computed. 

2 EXPERIMENTAL SECTION 

TCE and n-alkanes were purified by the methods described earlier.g 
The purity of the samples was checked by comparing the measured 
density of the samples with those reported in the l i t e r a t ~ r e . ~ ~ ~ ~ ~  
Isentropic compressibilities were calculated from precise densities and 
sound speed data determined at 303.15 and 313.15 K. Density was 
computed from measured excess volume data reported el~ewhere,~ 
using the relation 

where xi  and M i  represent mole fraction and composition of component 
i respectively. V i  represents molar volume of ideal mixture and V E  is 
the excess volume. Ultrasonic sound velocity was measured with a 
single crystal interferometerz4 at a frequency of 2 MHz and was 
accurate to +0.1% leading to an accuracy of f 1 TPa-’ in isentropic 
compressibility, K,. All the measurements were made at a constant 
temperature employing a thermostat that could be maintained to 
+0.01 K. 

3 RESULTS AND DISCUSSION 

(a) Sound velocities 

Theoretical aspects of FLT and CFT have been discussed in detail in 
earlier  publication^.^*^ Procedures for the calculation of R, W and b 
have also been described earlier.7 The surface area ( Y )  and collision 
factor (S)  of the pure components used in FLT and CFT were 
calculated using the experimental sound velocity and density. Critical 
temperature, surface tension and the ratio of specific heats, which were 
used in the calculations of molar volume at absolute zero (V,) and the 
average molecular radius (r,,,), were taken from the The 
values of molar volume (V,,,), molar volume at absolute zero (V,), 
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available volume (V,), free length (Lf), surface area ( Y ) ,  collision factor 
( S )  and the average radius of the molecules (r,)  of the pure components 
are given in Table I. The free lengths of the binary mixtures and sound 
velocity data predicted in terms of FLT and CFT are given in Table I1  
along with experimental results in columns 2 to 5. The percentage 
deviation between the experimental sound velocity data and those of 
the FLT and CFT values are given in columns 6 and 7 along with 
average percentage deviation. Values of R ,  W and b are also given in 
columns 8-10 of Table 11. 

The results given in columns 3-7 of Table I1 reveal that the FLT 
sound velocities are in excellent agreement with the experimental 
results in all the systems. The maximum average percentage deviation 
in any system does not exceed 0.44 % (except in case of n-hexane). The 
maximum individual deviation is 1.71 %. However, the sound velocities 
estimated by CFT are not in good agreement with the experimental 
results. The average percentage deviation varies from 2.77 to 3.53. The 
maximum individual deviation in case of CFT is 4.55 %. Venkateswarlu 
et ~ 1 . ~ ’  have also reported similar observations in their recent publica- 
tion. 

The data included in columns 8 to 10 of Table I1 show that the values 
of R,  W and b exhibit linear relationship with mole fraction in all the 
systems studied as expected. This in turn shows the absence of strong 
interactions between unlike molecules. 

(b) Isentropic compressibility 

Isentropic compressibility ( K , )  was calculated using the relation 

K ,  = U-’p-’  (2) 
where U and p denote the sound velocity and density. The deviation in 
K ,  from ideal behaviour, assumed to be additive in terms of volume 
fraction, is estimated using the equation 

(3) 

where K,, and K,, are the isentropic compressibilities of the pure 
components 1 and 2 respectively. 4 is the volume fraction of TCE. 

Experimental data for p, U ,  K ,  and AK, at 303.15 and 313.15 K are 
included in Table 111. The dependence of A K s  on volume fraction is 
expressed by an empirical equation of the form 

AKs = K ,  - 4KSI - (1 - 4 K S 2  

(4) 
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TABLE 1V 

Standard deviation u (AK,) and values of parameters h, for the systems of TCE + 
n-alkanes at 303.15 and 313.15 K 

wy 
System bo b ,  b2 b3 TPa-  

Temp. 303.15 K 
TCE + n-hexane -521.0 166.9 - 103.6 78.1 0.6 
TCE + n-heptane - 284.0 36.1 - 16.8 - 0.7 
TCE + n-octane -201.8 30.7 7.2 - 13.5 0.3 
TCE + n-nonane -130.1 4.9 28.2 - 0.7 

Temp. 313.15 K 
TCE + n-hexane -558.0 76.5 - 19.7 -27.1 0.4 

1.7 TCE + n-heptane -315.0 23.8 66.7 - 

TCE + n-octane -210.4 11.1 39.1 23.8 0.5 
0.9 TCE + n-nonane - 134.9 -0.4 64.9 - 

The values of b j  calculated by the method of least squares are given in 
Table fV along with the standard deviation CT (AK,) .  

The results included in Table I11 show that A K ,  is negative over the 
whole range of composition in all the mixtures at both the tempera- 
tures. Such an observation is not common in nonpolar systems. The 
negative values of A K ,  for the four systems fall in the order: n-hexane > 
n-heptane > n-octane > n-nonane. The temperature coefficient of AK,  
is negative in all the systems. 
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