
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Physics and Chemistry of Liquids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713646857

Viscosities of Binary Liquid Mixtures of Tetrachloroethylene with Some
Aliphatic, Alicyclic and Substituted Aromatic Hydrocarbons
K. Ramanjaneyulua; D. V. B. Reddya; A. Krishnaiaha

a Department of Chemistry, College of Engineering, Sri Venkateswara University, Tirupati, India

To cite this Article Ramanjaneyulu, K. , Reddy, D. V. B. and Krishnaiah, A.(1989) 'Viscosities of Binary Liquid Mixtures of
Tetrachloroethylene with Some Aliphatic, Alicyclic and Substituted Aromatic Hydrocarbons', Physics and Chemistry of
Liquids, 20: 4, 195 — 204
To link to this Article: DOI: 10.1080/00319108908028450
URL: http://dx.doi.org/10.1080/00319108908028450

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319108908028450
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phys. Chem. Liq., 1989, Vol. 20, pp. 195-204 
Reprints available directly from the publisher 
Photocopying permitted by license only 

8 1989 Gordon and Breach Science Publishers Inc. 
Printed in the United Kingdom 

VISCOSITIES OF BINARY LIQUID MIXTURES 
OF TETRACHLOROETHYLENE WITH SOME 
ALIPHATIC, ALICYCLIC AND SUBSTITUTED 

AROMATIC HYDROCARBONS 

K. RAMANJANEYULU, D. V. B. REDDY and A. KRISHNAIAH* 

Department of Chemistry, College of Engineering, 
Sri Venkateswara University, Tirupati 51 7 502, India. 

(Receiued 19 October 1988) 

Viscosities of binary mixtures of tetrachloroethylene with hexane, heptane, cyclohexane, methylcyclohex- 
ane, toluene, chlorobenzene, bromobenzene and nitrobenzene were measured at 303.15 K. The values of qE 
are negative in all the systems except in tetrachloroethylene + bromobenzene system. An inversion in sign 
from positive to negative is observed in the system, tetrachloroethylene + bromobenzene. The viscosity 
data were analysed in terms of absolute reaction rate and free volume theories of liquid viscosity. Further, 
Grunberg and Nissan Parameter has also been evaluated. 

K E Y  WORDS: Viscosities, binary mixtures, absolute reaction rate, free volume 

1 INTRODUCTION 

The present paper forms a part of our programme on the measurement of transport 
properties of non-electrolyte solutions containing chlorosubstituted hydrocarbon as a 
common component. We report here new experimental data for excess viscosities of 
the systems: tetrachloroethylene + hexane, + heptane, + cyclohexane, + methyl- 
cyclohexane, + toluene, + chlorobenzene, + bromobenzene and + nitrobenzene. 
We have undertaken this work to investigate the effects of cyclization and aromatiza- 
tion and also the influence of different substituents in the aromatic ring on viscosity. 

2 EXPERIMENTAL SECTION 

Materials 

Analytical reagent grade tetrachloroethylene was dried over sodium carbonate and 
fractionally distilled. Cyclohexane (BDH, AR) and methylcyclohexane (BDH, LR) 
were purified by the method described by Rao and Naidu'. Hexane (BDH, AR), and 

* To whom correspondence should be addressed. 
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Table 1 
303.15 K.  

Boiling points and densities of pure components at 

Compound  Boiling point ,  
K Densi ty ,  g / c m 3  

E x p t .  Lit. E x p t .  L i t .  

Tetrachloroethylene 394.3 394.4 1.60634 1.60640 
Hexane 341.6 341.9 0.65064 0.65070 
Heptane 371.8 371.6 0.67530 0.67538 
Cyclohexane 353.7 353.9 0.76937 0.76928 
Methylcyclohexane 373.8 374.0 0.76024 0.76030 
Toluene 383.7 383.8 0.85772 0.85766 
Chlorobenzene 404.8 404.8 1.09552 1.09550 
Bromobenzene 429.1 429.1 1.48154 1.48150 
Nitrobenzene 483.7 483.9 1.19346 1.19341 

heptane (Veb, LR) were purified using the methods described earlier2. Toluene (BDH, 
AR) was purified by the method described by Rastogi and co-workers3. Chloroben- 
zene (BDH, LR) and nitrobenzene (BDH, LR) were purified by the procedure 
described elsewhere4. Bromobenzene (BDH, LR) was dried with calcium chloride and 
fractionally distilled under reduced pressure. The purity of the chemicals were checked 
by comparing the measured densities and boiling points with those reported in the 
l i t e r a t ~ r e ~ ’ ~ .  The data are given in Table 1. 

Viscosities 

Viscosity of liquids and liquid mixtures were determined at 303.15 K using Ostwald 
viscometers with an accuracy of k 0.5 %. The accuracy of the viscometer was checked 
by measuring the viscosities of pure benzene and cyclohexane. The results show very 
good agreement with those reported in the literature. Mixtures of various composi- 
tions were prepared by weight. A constant volume of the mixture transferred into the 
viscometer and then inserted into a thermostat controlled at  303.15 f 0.01 K. The 
viscosities were computed from flow time (c), density ( p )  and the constant of the 
viscometer ( k )  using the equation 

= kpt (1) 

Densities of pure components were determined using a pycnometer. In the case of 
mixtures, densities were obtained from excess volumes’ using the relation 

X M ,  + (1 - x ) M ,  
vo + V E  P =  

where x stands for mole fraction of tetrachloroethylene. M ,  and M 2  are the molecular 
weights of tetrachloroethylene and the non-common component respectively. C / O  and 
V E  stand for the molar volume and excess molar volume respectively. Excess viscosity 
( q E )  was calculated using the relation suggested by Fort and Moore’. 

vE = qmix  - C X V ~  + (1  - ~ 1 ~ 2 1  (3) 
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where qmix, q 1  and q 2  are the viscosities of the mixture, and pure components 1 and 2 
respectively. 

3 THEORETICAL ASPECTS 

Two major semi-empirical theories which can be used to predict liquid viscosity are 
the absolute reaction rate theory of Eyring and coworkers and the free volume theory. 
Combining the absolute reaction rate and the free volume theories of liquid viscosity, 
Bloomfield and Dewan' have obtained Eq. (4) 

X 
l n q = x l n q ,  + ( 1  

= In ?id + In qH + In qs + In qv ( 5 )  

Where AHM is the enthalpy of mixing per mole of the solution, ASR is the residual 
entropy per mole, R is the gas constant, T is the absolute temperature and t, tl and t2 
are the reduced volumes of the mixture, component 1 and component 2 respectively. 
In qidr in q H ,  In qs and In q v  are the ideal mixture viscosity and enthalpy, entropy and 
the free volume contributions respectively. In order to estimate the contributions to 
mixture viscosity from A H , / R T  and A S R / R  in Eq. (4), we use Flory's'' equations for 
A H M  and ASR,  which can be written in the following form. 

The parameter Ci for a component i is related to the characteristic pressure P:, the 
characteristic temperature T:, and the hard-core volume per mole u: of component i 
as described earlier'*". The characteristic Parameters P:, T:, and V:, and the 
reduced Temperature and the reduced volume f i i  of the pure component i, used in 

Table 2 Parameters of the pure components at 303.15 K 

Component c( x lo3 k ,  v V V* P* 7: 
d e g - '  T P a - '  cm3 mol - '  cm3 mol- '  J c m - 3  

Tetrachloroethylene 
Hexane 
Heptane 
Cyclohexane 
Methylcyclohexane 
Toluene 
Chlorobenzene 
Bromobenzene 
Nitrobenzene 

1.025 
1.404 
1.260 
1.229 
0.954 
1.079 
0.986 
0.904 
0.828 

807.0 
1792.0 
1526.0 
1173.3 
1105.4 
948.5 
786.8 
701.7 
526.0 

1.256 103.25 
1.329 132.45 
1.303 148.39 
1.297 109.36 
1.242 129.16 
1.267 107.43 
1.248 102.75 
1.231 105.99 
1.214 103.15 

82.21 607.2 
99.65 419.5 

11 3.88 425.0 
84.32 534.2 

103.99 403.6 
84.79 553.6 
82.33 591.7 
86.10 59 1.8 
84.97 703.3 

0.05825 
0.06820 
0.06480 
0.06402 
0.0561 1 
0.05986 
0.05704 
0.05437 
0.05 156 
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the calculations, were obtained from the values of the molar volume (V) ,  thermal 
expansion co-efficient (oc), and the isothermal compressibility ( K T )  by using the 
methods described by Abe and Flory". The data are given in Table 2. The parameter 
B2X12 (characteristic of a system) used to calculate A H J R T  from Eq. (6) at all 
concentrations for each system, was estimated from the reduced excess volumes f i E  by 
using the experimental excess volumes and by employing the relations described by 
Abe and Flory. The values of the reduced volumes of mixtures, needed in Eqs (6, 7) 
were also obtained from relations of Abe and Flory by using the experimental data for 
excess volumes. 

According to Grunberg and Nissan12 the viscosity of a binary mixture can be 
expressed by Eq. (8). 

In q = x In q1 + (1 - x)ln q2 + x(1 - x)d (8) 

In Eq. (8) the parameter d has been regarded as a measure of the strength of the 
interaction between the componentss*l2. 

4 RESULTS AND DISCUSSION 

Contributions of various terms involved in Eq. (4) have been shown in columns 3-6 of 
Table 3. Whereas the values of the free energy contribution, defined by qG = qHqs are 
given in column 7. It is not clear that the contributions of all terms to the mixture 
viscosity are equally important in Eq. (4). In the absence of this information, the 
various combinations of the calculated contributions from different terms to n, 
combining them multiplicatively in accordance with the additive logarithmic relation 
are tabulated in columns 8- 11 of Table 3. The absolute reaction rate theory which 
takes into account free energy contributions to ideal mixture viscosity q i d ,  corre- 
sponds to the multiplicate term qidqG,  whereas the free volume theory which takes 
into account free volume corrections to the ideal mixture viscosity corresponds q i d q t , .  

Further, according to Macedo and Litvovit' which accounts for enthalpic and free 
volume corrections to ideal mixture viscosity corresponds to q i d q H q u  which is given in 
column 12 of the Table 3, whereas the values of the complete product q i d q H ) l u q s  are 
given in column 13. Table 3 shows that the experimental viscosities are best 
reproduced by the contributions of q i d q u  in the mixtures of tetrachloroethylene with 
hexane, heptane, cyclohexane and methylcyclohexane. qidqHqU and qidqHquqs predict 
mixture viscosity in tetrachloroethylene + nitrobenzene system. All combinations i.e. 
q i d q H ,  q i d q G ,  q idqu,  q i d q H q u  and I] idl]Hquqs contribute to the mixture viscosity in 
the systems, tetrachloroethylene + toluene, + chlorobenzene and + bromobenzene 
to the same extent. 

The dependence ofqE on composition is shown in Figures 1 and 2. Figures 1 and 2 
show that the values of qE are negative in all the systems except tetrachloroethylene + 
bromobenzene. An inversion in sign from positive to negative is observed at around 
0.85 mole fraction of tetrachloroethylene in the system, tetrachloroethylene + 
bromo benzene. 
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VISCOSITIES OF LIQUID MIXTURES 203 

The qE values may be interpreted in terms of two opposing effects (1) loss of dipolar 
association, difference in size and shape of the component molecules and (2) specific 
interaction between unlike molecules such as dipole-dipole, dipole-induced dipole 
and electron-donor-acceptor interactions. The curves in Figures 1 and 2 suggest that 
the former effect is contributing to viscosity in all the systems except in the system, 
tetrachloroethylene + bromobenzene. The latter effect determines the viscosity data 
up to 0.85 mole fraction in tetrachloroethylene + bromobenzene system. As the qE 
values are smaller above 0.85 mole fraction of tetrachloroethylene, no conclusion can 
be drawn from the data. 

The values of d calculated for the various mixtures from Eq. (8) by using the 
viscosity data are given in the last column of Table 3. The values of d are negative in 
the mixtures of tetrachloroethylene with cyclohexane, chlorobenzene and nitroben- 
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Tetrachloroethylene + hexane (O), + heptane (a), + cyclohexane (O), + methylcyclohexane Figure 1 
(.). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
2
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



204 K. RAMANJANEYULU, D. V. B. REDDY AND A. KRISHNAIAH 

0,020 

0 

-0,020 

- 
a -0.040 

F' 

V 
v 

W 

- 0,060 

-0.080 

-0,100 

-0.1 20 

1 I 1 1 1 
00 0.2 0.4 06 0.8 

MOLE FRACTION OF TETRACHLOROETHYLENE 

Figure 2 Tetrachloroethylene + Toluene (O), + Chlorobenzene (0). + Bromobenzene (O), 
benzene (m). 

Nitro- 

zene over the entire mole fraction range. An inversion in sign of d is observed in the 
remaining systems. A comparision between the values of qE and d suggests the 
variation of these two parameters with composition is not similar. 
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