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ULTRASONIC STUDIES OF BINARY MIXTURES 
OF TETRACHLOROETHYLENE WITH BRANCHED 

ALCOHOLS AT 303.15 K 

D. VENKATESULU, P. VENKATESU and M. V. PRABHAKARA RAO 

Depurtment of Chemistry, Sri Venkciteswuru University, Tirupciti 
51 7502, Andhrci Prudesh, Indici 

(RWeiced 8 JtlHUtll'J' 1996) 

Ultrasonic sound velocities for the binary liquid mixtures of tetrachloroethylene with branched alcohols 
are measured at 303.15 K .  The branched alcohols include 2-propanol. 2-methyl-I-propanol. 3-methyl-l- 
butnaol. 2-butanol and 2-1nethyl-2-propanol. Further. isentropic compressibilities ( K , )  and deviation in 
isentropic compressibilities ( A K , )  have been computed from the sound velocity and density data. An 
inversion in the sign of A K ,  from negative to positive was observed in all the binary mixtures formed by 
tetrachloroethylene with branched alcohols at 303.15 K. The ultrasonic sound velocities of these mixtures 
have been analyzed in t e r m  of Free length theory (FLT). Collision factor theory (CFT) and Nomoto 
relation. 

KEY WOKDS: Binary mixtures, isentropic compressibilities, hydrogen bonding 

1 INTRODUCTION 

In recent years there has been considerable advancement in the experimental investi- 
gation of the thermodynamic properties of liquid mixtures. Thermodynamic func- 
tions have been used as a qualitative guide to predict the extent of complex 
formation in binary liquid mixtures of non-electrolytes. A Survey of literature 
showed that ultrasonic studies for binary mixtures, tetrachloroethylene with a 
homologous series of normal alcohols have been measured at 303.15 K'.  However, 
no effort has been made to measure ultrasonic sound velocity of binary mixtures of 
tetrachloroethylene with branched alcohols. Hence we report here new sound veloc- 
ities measurements for five binary mixtures of tetrachloroethylene with 2-propano1, 
2-methyl-l-propanol, 3-methyl-1-butanol, 2-butanol and 2-methyl-2-propanol at 
303.15 K. The ultrasonic sound velocity of these mixtures have been analyzed in 
terms of Free length theory (FLT)' - 6 ,  collision factor theory2-"'(CFT) and Nomoto 
relation". The theoretical aspect has been already discussed in our earlier paper". 

2 EXPERIMENTAL 

All the chemicals used were of analytical grade. Tetrachloroethylene was purified by 
the method described by Venkatesulu rt ml." The branched alcohols were further 
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I28 D. VENKATESULU e t a / .  

purified by the methods described by Rao and Reddy' '. The purity of the chemicals 
were checked by comparing the measured densities with those reported in litera- 
ture'".''. The densities of all the components were measured by a bicapillary pyc- 
nometer with an accuracy of two parts in 10'. The measured densities and those 
reported in literature are listed in Table 1. 

Ultrasonic sould velocities were measured with single-crystal interferometer at a 
frequency of 4 MHz at 303.15 K and were accurate to +0.02%. All the measure- 
ments were made at a constant temperature employing a thermostat that could be 
maintained to kO.01 K. 

Isentropic compressibilities ( K , )  were calculated from the measured ultrasonic 
velocities ( U )  and density ( p )  values using the relation, 

K ,  = W 2 p - '  (1) 

The densities of binary mixtures were obtained from excess volumes using the 
relation: 

.XI M'  + X 2 M ,  
p =  I /+I /"  

where .x1,x2 denote the mole fractions and M , ,  M ,  are molar masses of components 
1 and 2 respectively. Vis the molar volume and I/" the excess volume of the mixture. 

The deviation in isentropic compressibilities ( A  K,J were evaluated from the equa- 
tion. 

where K,s, K , ,  and K S 2  are the isentropic compressibilities of the mixture and the 
pure components respectively. and $, are volume fractions of the components. 

3 RESULTS AND DISCUSSION 

The values of molar volume ( V ) ,  molar volume at  absolute zero (V,), available 
volume (t), free length (Lf), surface area ( Y ) ,  collision factor (S), average radius of 
the molecules ( r J  and molar sound velocity ( R )  of the pure components are listed in 

Table 1 

Col~lpoulld Dm.uty ylc 171' 

Densities of pure components at 303 15 K 

Expt .  Lir. 

Tetrachloroethylene 1.60636 1,60640 
2-Propanol 0.77686 0.77690 
2-Methyl-I-propanol 0.79434 0.79437 
3-Methyl-I-butanol 0.80174 0.801 79 
2-Butanol 0.79891 0.79895 
2-Methyl-2-propanol 0.77616 0.77620 
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ULTRASONICS OF BINARY MIXTIJRES 129 

Table 2. The experimental data for the five binary systems are reported in Table 3 
along with theoretical sound velocities. The variation of A K ,  with volume fraction of 
tetrachloroethylene is graphically presented in Figure 1. The dependence of A K ,  on 

Table 2 Molar volwne ( V ) ,  molar volume at absolute zero ( y , ) ,  available volume (v,), free length (L , ) ,  
surface area ( Y ) ,  collision factor (S), inolecular radius (r,J and molecular sound velocity ( R )  of the pure 
components at 303. I5 K. 

Tetrachloro- 103.236 84.415 18.821 0.4843 77.72 1.3331 2.7014 1041.9 

2-Propaiiol 77.358 58.924 18.434 0.6358 57.99 1.6431 2.3590 804.8 
2-Methyl-l- 93.313 73.268 20.045 0.6041 66.36 1.6579 2.5373 983.8 

3-Methvl-l- 109.947 88.078 21.869 0.5776 75.72 1.6695 2.7097 1174.8 

ethylene 

propanol 

hut a n d  
2-Hutanol 92.779 72.245 20.534 0.591 I 69.48 1.6690 2,5428 984.4 
2-Methyl-2- 95.498 72.604 22.894 0.6488 70.57 1.5862 2.5437 987.0 

propanol 

20 0 

- 
10 
Q 
b- 

\ 
VI 
1 
a 

-LoL 0 0.1 0 2  0.3 04 0.5 06 0 7 0.8 09 
0 

Figure 1 
Methyl-I-Propanol (A),  + 3-Methyl-I-hutanol (0). + 2-hutnnol ( A )  and +2-Methyl-2-propanol (0 ) .  

Deviation in isentropic compresslbilities ( A K , )  for Tetrachloroethylene + 2-l'ropanol (0). + 2- 
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130 D. VENKATESULU rt a /  

Table 3 Mole fraction (xl) and volume fraction (41) of tetrachloroethylene, (1. U ,  K,, A K s  predicted sound 
velocities ( U )  from various models for the binary mixtures of tetrachloroethylene with branched alcohols a t  
303.15 K. 

PI U'..!{ K31 A K , i  ~,hl~sr18r,ial,rtIs ' 
q w 3  ms Tpa- ' Tpu ~ ' -y 1 dl 

FLT CFT Nonloro 

0.oooO 
0.1028 
0.2072 
0.3070 
0.3926 
0.5027 
0.6 105 
0.6982 
0.7882 
0.8976 
1 .0000 

0.0000 
0.1 124 
0.2157 
0.3 I56 
0.4057 
0.5099 
0.5996 
0.7145 
0.8032 
0.9080 
1 .0000 

0.0000 
0.0975 
0.2467 
0.3283 
0.4 163 
0.5256 
0.6182 
0.7334 
0.8214 
0.9161 
1 .0000 

0.0000 
0. I024 
0.2 130 
0.3172 
0.40 16 
0.5142 
0.6125 
0.70 I8 
0.8032 
0.9108 
I .0000 

0.OOOO 
0.1326 
0.2586 
0.3716 
0.463 I 
0.5743 
0.6766 
0.7554 
0.8324 
0.92 I3 
I .0000 

0.0000 
0.1229 
0.2333 
0.3379 
0.4303 
0.5351 
0.6236 
0.7347 
0.8187 
0.9161 
1 .0000 

0.0000 
0.0921 
0.2352 
0.3146 
0.401 1 
0.5099 
0.6032 
0.7209 
0.8120 
0.91 11 
1 .0000 

0.0000 
0.1 127 
0.23 15 
0.3408 
0.4275 
0.5408 
0.6376 
0.7237 
0.8196 
0.9191 
I .0000 

Tetrachloroethylene + 2-Propanol 
0.77686 1126.0 1015.3 ~ I 126.0 
0.88645 1098.0 935.7 -23.1 1088.7 
0.99049 1077.2 870.1 - 35.0 1062.9 
1.08371 1059.2 822.5 -34.4 1046.3 
1.15918 1046.4 787.9 -30.0 1036.6 
1.25069 1033.6 748.4 -22.1 1028.5 
1.33487 1022.4 716.7 - 10.2 1024.3 
1.39992 1016.0 692.0 - 1.4 1023.2 
1.46391 1014.8 663.3 2.8 1023.4 
1.53864 1018.8 626.2 3.6 1025.2 
1.60636 1028.0 589.1 1028.0 

Tetrachloroethylene + 2-Methyl-I -propano1 
0.79434 1172.0 916.5 1 172.0 
0.89387 1135.2 868.1 - 8.2 1133.9 
0.98316 1107.2 829.7 - 10.4 1106.9 
1.06759 1082.4 799.5 -6.4 1086.5 

1.22664 1046.0 745. I 3.8 1058.2 
1.29801 1033.6 721.1 8.8 1049.4 
1.38784 1023.2 688.2 12.2 1040.4 
2.45623 1020.0 660.0 11.5 1035.2 
1.53632 1020.8 624.7 8.1 1030.7 
1.60636 1028.0 589.1 ~ 1028.0 

1.14215 1064.0 773.4 -2.2 1071.8 

Tetrachloroethylene + 3-Methyl- I-butanol 
0.801 74 1220.0 838.0 - 1220.0 
0.87571 1184.8 813.5 - 1.6 1186.5 
0.99053 1137.6 780.1 0.6 1144.0 
1.05414 1115.2 762.8 3.1 I 124.6 
1.12338 1093.6 744.3 6.1 1106.2 
1.21041 1069.6 722.2 11.1 1086.2 
1.2851 1 1052.8 702.1 14.2 1071.9 
1.37948 1036.0 675.4 16.8 1056.1 
1.45287 1026.8 652.8 16.9 1045.5 
1.53340 1022.0 624.4 13.2 1035.7 
1.60636 1028.0 589.1 1028.0 

0.79891 
0.8888 1 
0.98373 
I .07 1 10 
1.14046 
1.231 12 
1.30870 
1.378 10 
1.45601 
1.538 16 
1.60636 

Tetrachloroethylene + 2-Butanc 
1194.4 877.4 ~ 

1156.0 841.9 - 3.0 
1122.4 806.9 - 3.8 
1096.0 777.2 - 2.0 
1077.2 755.7 I .6 
1056.8 727.3 5.8 
1041.6 704.3 10.7 
1030.8 682.9 14.1 
1024.0 655.0 13.9 
1022.4 622.0 9.6 
1028.0 589.1 

JI 

1 194.4 
1 156.0 
1123.6 
1099.3 

1066.6 
1054.8 
1046.4 
1038.6 
1032.0 
1028.0 

1083.6 

1 126.0 
1122.5 
1117.1 
11 10.1 
1103.1 
1092.6 
1080.7 
1070.2 
1058.5 
1043.2 
1028.0 

1 172.0 
I 159.0 
1 146.2 
1133.3 
1121.0 
1106.2 
1092.9 
1075.2 
1061.0 
1043.7 
1028.0 

1220.0 
1202.1 
1 174.4 
1159.1 
1142.5 
1121.5 
1 103.6 
1081.1 
1063.8 
1044.9 
1028.0 

1 194.4 
1 180.0 
1 163.7 
1 147.7 
1 134.2 
1 I 15.7 
1099.0 
1083.3 
1065.0 
1045.0 
1028.0 

I 126.0 
1 112.7 
I 1  10.1 
1088.9 
1079.9 
1069.0 
1059.0 
1051.4 
1044.0 
1035.5 
1028.0 

1 172.0 
1153.6 
1137.2 
1121.9 
I 108.4 
1093.3 
1080.7 
1065.0 
1053.3 
1039.6 
1028.0 

1220.0 
1201.3 
1 172.8 
I 157.2 
1140.3 
1 1  19.3 
1101.5 
1079.4 
1062.4 
I044 2 
1028.0 

1 194.4 

1 154.4 
I 135.8 
1121.2 
1102.4 
1086.4 
1072.3 
1056.8 
1040.8 
1028.0 

I I 74.8 
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Table 3 (Contd.) 

0.0000 
0. I027 
0.2143 
0.3299 
0.4 I02 
0.5 I88 
0.6036 
0.7072 
0.8124 
0.9075 
1 .0000 

0.0000 
0.1101 
0.2277 
0.3474 
0.4292 
0.5382 
0.622 1 
0.723 1 
0.8240 
0.9 138 
1 .0000 

Tetrachlori 
0.77616 1104.0 
0.86536 1074.4 
0.96132 1050.0 
1.05954 1031.6 
1.12696 1021.1 
1.21705 1010.8 
1.28655 1005.6 
1.37055 1002.8 
1.45519 1006.0 
1.53158 1014.0 
1.60636 1028.0 

xthylene + 2-Methyl-2-propanol 
1057. I I 104.0 
1001.1 -4.5 1075.8 
943.5 -7.0 1053.6 
886.9 - 7.6 1037.2 

804.2 - 1.0 1022.3 
768.6 2.6 1019.3 
725.6 6.9 1018.5 
679.0 7.5 1020.1 
635.0 5.6 1023.2 
589. I ~ 1028.0 

850.9 - 5.3 1029.3 

1 104.0 
1098.8 
1092.5 
1085.1 
1079.5 
1071.4 
1064.6 
1055.9 
1046.4 
1037.3 
1028.0 

1104.0 
1095.4 
1086.4 
1077.2 
1070.9 
1062.7 
1056.3 
1048.7 
1041.1 
1034.4 
1028.0 

volume fraction has been expressed by the polynomial, 

where hn,h, and h, are the parameters obtained by the method of least squares and 
are given in Table 4 along with standard deviation CJ (AKJ. 

The analysis of the experimental and predicted sound velocities given in Table 3 
indicate that the FLT, CFT and Nomoto models give a rough estimate of sound 
velocities in all binary mixtures and FLT satisfactorily estimates sound velocity 
when compared to CFT and Nomoto models. 

An inversion in the sign of AK, from negative to positive is observed in all the 
binary systems studied. AK, is negative for the mixtures rich in alcohols and be- 
comes positive with increase in the concentration of tetrachloroethylene. The values 

Table 4 
u (AK,) at 303.15 K. 

Least square parameters of Eqn. (4) and standard deviation, 

Tetrachloroethylene + 
Tetrachloroethylene + 
Tetrachloroethylene + 
Tetrachloroethylcne + 
Tetrachloroethylcne + 

2-Propanol - 109.40 160.98 42.41 1.0 

2-Methyl- 1 -Propano1 7.07 114.88 2.03 0.5 

3-Methyl-I-butanol 39.79 99.86 44.03 1.3 

2-Butanol 17.16 95.16 44.45 0.04 

2-Methyl-2-Propanol - 10.03 73.94 33.03 0.6 
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I32 D. VENKATESULU et al. 

of AK, can be explained in terms of contributions made by the following factor: (i) 
the break-up of hydrogen bonds in branched alcohols with tetrachloroethylene and 
(ii) the formation of new species acting as an adduct between the branched alcohols 
and tetrachloroethylene. The dissociation alcohol leads to an increase in AKs and 
the formation of an adduct leads to a decrease in AKs  The brief, the former and 
latter effects contribute to positive and negative deviation in isentropic compressibil- 
ities. The observed AK, values are the resultant of the aforesaid effects along with 
the presence of double bond in tetrachloroethylene and steric hindrance exhibited 
by chlorine atoms on ethylenic double bond. The algebraic values of AK,7 for the 
binary systems of tetrachloroethylene with branched fall in the following order: 
3-methyl-1-butanol > 2-butanol > 2-methyl-1-propanol > 2-methyl-2-propa- 
no1 2-propanol. 
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