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ABSTRACT

The dynamic shear viscosity coefficients of the binary liquid mixture carbon tetrachloride and coconut oil for
different temperatures and concentrations are measured using digital viscometer with UL adapter. Shear viscos-
ity anomaly is clearly observed near the critical temperature T

c
= 22.2 C and the critical concentration x

c
= 0.732

by weight of carbon tetrachloride. Debye parameter L (the intermolecular force range) was calculated using a
light scattering formula to be L = 5.5 Å. Mode Coupling Theory (MCT) of the dynamic shear viscosity is used to

fit our experimental data above the critical temperature in the range 0.05  T-T
c
 8C. It is found that the noncriti-

cal part of the dynamic shear viscosity (background viscosity) ç
0 
= 2.59 cP and the Debye momentum cutoff (the

upper cutoff wave number) q
D
= 0.126 Å-1. The MCT universal constant A is measured to be A = 0.054 which is

consistent with the theoretical value.  2015 Trade Science Inc. - INDIA

INTRODUCTION

Viscosity

Viscosity is one of the main subjects of Rheol-
ogy; the science that interested in the study of defor-
mation and flow of matter. It is a measure of a fluid
(gas or liquid) internal resistance to flow and it re-
fers to the internal friction force between adjacent
layers of a fluid,such friction opposes the develop-
ment of velocity differences within the fluid layers.
Viscosity is affected by the temperature and the com-
position of the fluid and, for compressible fluid, also
by pressure.

The viscosity of liquid in general decreases with
increasing temperature; the relationship can be ex-
pressed in the form ofDuhne logarithmic equation
[15]:

logç = C + (1)

Where ç is the dynamic shear viscosity in cP, T: is
the absolute temperature in K, and the constants (C
and B) are characteristics of each material.

The kinematic shear viscosity í is defined as the
dynamic shear viscosity divided by the density of
the liquid  at the same temperature and pressure
[26]:

í= (2)
with the unit of (Stokes = 10-4 m2/sec), usually

measured in Centistokes(cSt).

Binary mixtures

A binary liquid mixture is a combination of two
pure liquid substances, which have a limited solu-
bility of each one in the other[24], like CCl

4
-coconut

oil. The temperature and concentration above which
the two liquids become completely miscible at all
proportions called critical temperature T

c
 and criti-

cal concentration x
c
. This point; where phase transi-
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tion occurs, is called the critical point.
Experiments show that certain thermodynamic

and transport properties of a binary liquid mixture
like shear viscosity, heat capacity and thermal ex-
pansion coefficient behave anomalously in the vi-
cinity of the critical point.

I Light scattering results

Light scattering experiment was used by Debye
to study the critical binary mixtures. The correlation
lengthî, the intermolecular force range L (Debye
parameter) and the cutoff coupling wave vector
q

D
(Debye momentum cutoff) between the mixture

molecules was defined extensively. He predicted the
divergence of the correlation length (which measures
the range of concentration fluctuations in real space)
as T approaches T

c
[15, 13]:

î = î
0

-í (3)

whereî
0
 is the critical amplitude of the correlation

length of the concentration fluctuationsand it is a

characteristic of each binary mixture, (= )
is the reduced absolute temperature which measures
the distance from the critical temperature T

c
 and í

(= 0.64) is a critical exponent[14, 21, 4, 6, 2, 5, 3]. This can
be described as follows; in approaching the critical
temperature, not only the amplitude of the fluctua-
tions, but also their correlation length increases.

Light scattering experiments also predict that
around the critical point, a relation between the cor-
relation length î and the intermolecular force range
L of the following form should be exist[15]:

î2 = (4)
Klein and Woermann show that the modified

form of Eq.(4) is[21]:

L = 2.45 î
0

(5)
Where  (= 1.25) is the universal critical exponent
of the isothermal compressibility and T

c
 is the criti-

cal temperature for the binary system in K.

II Dynamic Shear Viscosity MCT

MCT predicts a divergence of the kinetic coef-
ficients near the critical point, one of the kinetic
transport coefficients is the dynamic shear viscosity

ç. To describe the divergence of ç near the critical
point, two contributions must be considered: the criti-
cal part; which is dominant near the critical point,
and the regular part; which is dominant far away
from it. Then, the dynamic shear viscosity ç near the
critical point can be written as a power law [19, 20]:
ç = ç

0
ô- í xç (6)

Where, ô is the reduced absolute temperature, ç
0
 is

the noncritical part of the dynamic shear viscosity
in cP, and í x

ç
 is the critical exponent for the viscos-

ity anomaly and it is equal to 0.04[21, 1, 10, 9, 7, 8].
The MCT of Perl and Ferrell predicts the loga-

rithmic temperature dependence of the hydrodynamic
shear viscosity near the critical point (Perl and
Ferrell; 1972):

 =  = A ln(q
D
î) (7)

Where is the relative anomalous dynamic shear
viscosity,ç is the dynamic shear viscosity at the criti-
cal concentration in cP, ç

0
is the background viscos-

ity, A is a MCT universal constant predicted to have

the theoretical value 0.054 = [76], q
D
 is the up-

per cutoff wave number (Debye momentum cutoff)
in Å-1 and î is the correlation length of the concen-
tration fluctuations in Å.

EXPERIMENTAL

Methodology

The two high purified chemicals of CCl
4
 and

coconut oil are used to prepare the samples of the
binary mixture with different concentrations. The
viscosity of the samples is measured over the entire
concentration range and for a wide range of tem-
peratures using digital viscometer with UL adapter.
The experimental results are fitted statistically us-
ing Excel program. The critical point is determined.
Data near the critical pointis analyzed using light
scatteringresults andMCT.

Experimental apparatus

Viscosity Apparatus:A Brookfield Viscometer
Model DV-I+ with UL adapter is used to measure
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the dynamic shear viscosity. It consists of a set of
seven spindles (RV SPINDLE SET) with accuracy
1%. The spindles measure viscosity range from 1
up to 13300000 cP.UL adapteris used to make accu-
rate and reproducible measurements with low vis-
cosity. It is usually operated with spindle number 0
at 60 RPM[12].

Temperature Controller:Julabo F25-MV Refrig-
erated and Heating Circulatorwith accuracy 1 %
is used to control the temperature of the sample in
the UL adapter[18].

RESULTS AND DISCUSSION

Dynamic shear viscosity results

The results of the dynamic shear viscosity ç as a
function of temperature for different concentrations
of carbon tetrachloride are given in TABLE 1.

TABLE 1 shows that at each concentration of
carbon tetrachloride, the viscosity decreases as the
temperature increases, because when heat is applied
to liquids, the molecules can then slide over each
other more easily making the liquid to become less
viscous. And for each temperature, the viscosity in-
creases as the concentration of carbon tetrachloride
x

ccl4 
decreases from 1 to 0, because coconut oil sub-

stance is more viscous than carbon tetrachloride.

Viscosity of pure components

The dynamic shear viscosities of the concentra-

xCCl4 1 0.9 0.777 0.74 0.732 0.723 0.7 0.6 0.5 0.3 0 

T(C) ç (cP) 

20.00 1.07 1.69 2.37 2.94 3.20 3.31 3.80 7.10 11.50 23.40 56.00 

21.00 1.06 1.66 2.30 2.88 3.14 3.20 3.73 7.00 11.10 22.50 55.00 

21.50 1.05 1.61 2.24 2.84 3.10 3.10 3.69 6.83 10.90 22.20 54.00 

22.25 1.03 1.57 2.20 2.77 3.15 3.04 3.63 6.61 10.60 21.40 52.00 

23.00 1.02 1.54 2.18 2.70 2.94 2.97 3.52 6.55 10.20 20.90 51.50 

24.00 1.00 1.50 2.16 2.65 2.84 2.93 3.41 6.45 9.71 20.30 48.00 

25.00 0.99 1.49 2.13 2.56 2.77 2.85 3.31 6.35 9.45 19.30 46.00 

27.00 0.97 1.39 2.03 2.45 2.58 2.64 3.09 6.00 8.70 17.10 40.60 

30.00 0.96 1.28 1.81 2.10 2.40 2.45 2.80 5.23 7.85 15.80 32.70 

35.00 0.91 1.17 1.60 1.92 2.05 2.08 2.45 4.83 6.72 12.90 25.30 

40.00 0.85 1.07 1.30 1.65 1.76 1.86 2.24 4.37 6.08 11.00 19.00 

TABLE 1: The measured dynamic shear viscosity values as a function of temperature for different concentrations of
carbon tetrachloride

T (K) 
 (K-1) * 10-3 

ç(xccl4 = 0) 
(cP) 

Log ç(0) 
ç(xccl4 = 1) 

(cP) 
Log ç(1) 

293.15 3.41 56.00 1.74819 1.07 0.02940 

294.15 3.40 55.00 1.74036 1.06 0.02530 

294.65 3.39 54.00 1.73239 1.05 0.02119 

295.40 3.38 52.00 1.71600 1.03 0.01284 

296.15 3.37 51.50 1.71180 1.02 0.00860 

297.15 3.36 48.00 1.68124 1.00 0.00000 

298.15 3.35 46.00 1.66276 0.99 -0.00440 

300.15 3.33 40.60 1.60853 0.97 -0.01320 

303.15 3.29 32.70 1.51455 0.96 -0.01800 

308.15 3.24 25.30 1.40312 0.91 -0.04100 

313.15 3.19 19.00 1.27875 0.85 -0.07060 

TABLE 2 : The reciprocal of the absolute temperature and the logarithm of the dynamic shear viscosity of the
system at the concentration extremes
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tions (x
CCl4 

= 0, 1) is given in TABLE 2. The loga-
rithm of the dynamic shear viscosity for these con-
centrations and the inverse absolute temperatures are
calculated.

The logarithm of the dynamic viscosity for the
concentrations (x

CCl4 
= 0, 1) is plotted versus the re-

ciprocal of the absolute temperature in Figure 1.
Figure 1 shows a linear relation between log ç

and T-1 for the pure components with the equations:

Log ç =  - 5.8506 for coconut oil

and

Log ç =  - 1.4467 for CCl
4

The pure components viscosity equations can be
fitted to Eq.(1). The value of C gives the logarithm
of the shear viscosity of the given liquid when T
approaches infinity.

TABLE 3 shows our values of B and C for CCl
4

and coconut oil compared with the literature values,
they are in good agreement with each other.

Shear viscosity anomaly near the critical point

The critical point of the binary mixture CCl
4
-

coconut oil was determined by Battacharya and Deo.
The critical temperature T

c
 is 22.2 C and the criti-

cal concentration x
c
is 0.732 by weight of carbon tet-

rachloride[11].
The viscosity values in TABLE 1are plotted as

a function of concentration of CCl
4
 for different tem-

peratures in Figure 2.
The dynamic shear viscosity behaves anoma-

lously near the concentration 0.732 by weight of car-
bon tetrachloride and the temperature 22.20 C, this
gives an indication that this is the critical point (T

c
 =

22.20, x
c
 = 0.732 by weight of CCl

4
) for the binary

mixture CCl
4
-coconut oil, which is in good agree-

ment with the literature value.
The anomalous behavior starts from temperatures

nearly 8 C above the critical temperature T
c
 = 22.20

C and 2 C below it, and the amplitude of the vis-
cosity anomaly increases as the temperature ap-
proaches the critical temperature.

Kinematic viscosity anomalous behavior

The kinematic viscosity í (cSt) at the critical
concentration of the binary mixture is calculated for
different temperatures in TABLE 4. The behavior of
the kinematic and the dynamic shear viscosity at the
critical concentration x

CCl4 
= 0.732 near the critical

temperature 22.20 C is shown in Figure 3.
Kinematic shear viscosity shows anomalous be-

Figure 1: The logarithm of the dynamic shear viscosity versus the reciprocal of the absolute temperature for x
CCl4

= 0, 1

Literature values This work 
Constant CCl4 

(Dutt and Prasad; 2004) 
Coconut oil 

(Mesquitaet al ; 2012) 
CCl4 Coconut oil 

B 541.88 1908.19 431.62 2235.20 

C -1.86 -5.17 -1.45 -5.85 

TABLE 3 : The values of the constants B and C for the two pure liquids CCl
4
 and coconut oil from literatures and

from this work
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Figure 2 : The measured values of shear viscosity versus concentration of carbon tetrachloride for different tem-
peratures

T (C) çc (cP) ñ (gm/ml) íc (cSt) 

20.00 3.20 1.217 2.63 

21.00 3.14 1.214 2.59 

21.50 3.10 1.213 2.56 

22.25 3.15 1.207 2.61 

23.00 2.94 1.203 2.44 

24.00 2.84 1.200 2.37 

TABLE 4 : The measured dynamic shear viscosity and density values at the critical concentration are used to
determine the kinematic viscosity behavior near the critical temperature

Figure 3 : The anomalous behavior of the dynamic and the kinematic shear viscosity at the critical concentration
near the critical temperature

havior near the critical point with the value 2.61 cSt
at the critical point, a value that is lower than the
dynamic shear viscosity value at that point which is

equal to 3.15 cP.

Application of the MCT approach

MCT of the dynamic shear viscosity of Perl and
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Ferrell and Kawasaki is applied at the critical con-
centration slightly above the critical temperature in
order to determine the background viscosity ç

0
, the

MCT constant A and the upper cutoff wave number
q

D
.

The background viscosity ç0

The data of dynamic shear viscosity coefficients
ç at the critical concentration above the critical tem-
perature 0.05  T-T

c
 8 C are given in TABLE 5

and the value of ô- 0.04for each viscosity value is also
calculated.

The measured dynamic shear viscosity ç at the
critical concentration is plotted versus -0.04 as
shown in Figure 4.

It gives a linear relation which can be compared
to Eq.(6)to observe that the slope is equal to the
background viscosity ç

0
. A least square fit gives the

best value for ç
0
, which is equal to 2.59 cP.

Our value of ç
0
 is in good agreement with the

literature value which is equal to 2.59 cP[9].

The MCT Constant A

The value of A can be determined using Perl and
Ferrell logarithmically diverging viscosity law near
the critical point Eq.(7); which can be written as:

 =  = A lnq
D
 + A A lnî (8)

is calculated in the previous section to be 2.59
cP, and the value of î

0
 was calculated for our system

to be 1.1 Å[9], and it will be used to determine the
values of îusing Eq.(3).

The relative anomalous shear viscosity  and

the logarithm of the average correlation length lnîis
calculated in TABLE 6 at the critical concentration
and above the critical temperature.

The behavior of the average correlation length î
as a function of the reduced temperature is clearly
observed in TABLE 6; as T T

c
 the average corre-

lation length becomes larger and larger, when the
temperature reaches the critical temperature the cor-
relation length diverges.

The relative anomalous shear viscosity  is

plotted versus the logarithm of the average correla-
tion length lnî in Figure 5.

Figure 5 shows that the relation between  and

ln î is a linear relation with the slope equals to A

T ( ) T (K)  -0.04 ç (cP) 

22.25 295.40 0.0002 1.42 3.15 

23.00 296.15 0.0027 1.27 2.94 

24.00 297.15 0.0061 1.23 2.84 

25.00 298.15 0.0095 1.20 2.77 

27.00 300.15 0.0163 1.18 2.58 

30.00 303.15 0.0264 1.16 2.40 

TABLE 5 : The measured values of dynamic shear viscosity at the critical concentration slightly above the critical
temperature and the value of -0.04

Figure 4 : The measured dynamic shear viscosity at the critical concentration near the critical temperature versus
-0.04.
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T ( ) T (K)  -0.64 Î Ln î ç ç/ç 
22.25 295.40 0.0002 259.20 285.10 5.65 3.15 0.18 

23.00 296.15 0.0027 43.96 48.35 3.88 2.94 0.12 

24.00 297.15 0.0061 26.16 28.78 3.36 2.84 0.09 

25.00 298.15 0.0095 19.72 21.69 3.08 2.77 0.06 

27.00 300.15 0.0163 13.96 15.36 2.73 2.58 0.00 

Binary system Calculated A Measured A Reference 

Aniline-cyclohexane 0.054 0.056 (D�Arrigoet al ; 1977) 

Triethylamine-water  0.054 (Swinny and Henry; 1973) 

CCl4-coconut oil  0.0538 This work 

TABLE 7: The measured and calculated values of A for different binary mixtures

TABLE 6 : The anomalous shear viscosities at the critical concentration and the logarithm of the average correla-
tion length

Figure 5 : The relative anomalous shear viscosity versus the logarithm of the average correlation length lnî.

value which is 0.0538.
The measured and calculated values of the con-

stant A for different binary mixtures are given in
TABLE 7.

The measured value of A in our work is in good
agreement with the literature values, and it is inde-
pendent of the type of the binary mixture.

Debye momentum cutoff qD

The upper cutoff wave number q
D
, which is a

free parameter in MCT, can be found from the inter-
cept of Figure 5 and the value of the MCT constant
A. Using of Eq.(8) the value of q

D
 is 0.126 Å-1. De-

termining q
D
 of the binary mixture CCl

4
 and coconut

oil supports the MCT of the critical viscosity.

Debye parameter L

The intermolecular force range or Debye param-
eter L can be calculated from light scattering results.

A relation between the correlation length and the
intermolecular force range is given in Eq.(5): (L =
2.45 î

0
); TT

c
is 295.35 K and î

0
 is 1.1 Å for the

binary mixture CCl
4
- coconut oil. Substituting the

values of î
0
, T

c
, and   in Eq.(5), the value of Debye

parameter is 5.5 Å.

The long range value of L indicates that the mu-
tual forces between different molecules, in the bi-
nary mixture CCl

4
-coconut oil, can be considered

as a weak attractive force.

CONCLUSION

Dynamic shear viscosity behaves anomalously
near the critical point, the anomalous behavior is
explained theoretically using MCT.

The values of the background viscosity ç
0
, the

Debye momentum cutoff q
D
, and the Debye param-
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eter L were determined for the binary mixture CCl
4

and coconut oil, they are fluid dependent constants.
The MCT constant A which is fluid independent, was
evaluated, its value is consistent with the theoretical
value.

Shear viscosity coefficients and other informa-
tion about the binary mixtures are important for the
scientists working on the improvement of molecular
theories.
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