
____________________________________________________________________________________________

*Corresponding author: Email: drcmsaxena01@gmail.com;

American Chemical Science Journal
3(4): 468-478, 2013

SCIENCEDOMAIN international
www.sciencedomain.org

Densities, Viscosities and Ultrasonic Studies of
Binary Liquid Mixture of Ethylamine and Benzyl

Alcohol at Different Temperatures

Chandra Mohan Saxena1*, Archna Saxena1, Ashok Kumar Srivastava1

and Naveen Kumar Shukla1

1Department of Chemistry, D.B.S. (P. G.), College Govind Nagar Kanpur (U.P.), India.

Authors’ contributions

This work was carried out in collaboration between all authors. Author CMS designed the
study, performed the statistical analysis, wrote the protocol, and wrote the first draft of the

manuscript. Author AS managed the analyses of the study. Authors AKS and NKS managed
the literature searches. All authors read and approved the final manuscript.

Received 11th June 2013
Accepted 10th July 2013

Published 4th August 2013

ABSTRACT

Ultrasonic studies, densities and viscosities of binary liquid mixture of ethylamine and
benzyl alcohol have been measured at different temperatures at 30ºC, 35ºC and 40ºC. The
experimental value of speed of sound (u), isentropic compressibility (βs), intermolecular
free length (Lf), viscosity (η), available volume (Va), molar volume (Vm) and Nissan’s
parameter (d)  have been calculated of ethyl amine and benzyl alcohol in the pure state as
well as mixture over whole composition range were measured at 30ºC, 35ºC and 40ºC.
These properties also provide important information about molecular packing, molecular
motion and various types of intermolecular interactions and their strength, influenced by
the size shape and chemical nature of component molecules.
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1. INTRODUCTION

The ultrasonic studies find extensive applications, as sound speed in liquids and liquid
mixtures is intrinsically related with many parameters which characterize the physico
chemical behavior of the liquids and liquid systems. Mixed solvents rather than single pure
liquids are of utmost practical importance in most chemical and industrial process as they
provide a wide range mixtures of two or more components in varying proportions so as to
permit continuous adjustment of the derived properties of the medium. Intermolecular
interaction in various binary liquid mixtures at different temperatures have been studied by
several authors [1-4]. Physico chemical properties like density, viscosity and speed of sound
have got considerable importance in forming theoretical models as well as their applications
in a number of branches of science. A considerable progress has been made theoretical
understanding of liquid-liquid mixture [5-8]. The binary mixture are indispensable  for many
chemical process industries e.g. petroleum petrochemicals, where physico chemical
processes are involved to handle the mixtures of  hydrocarbons ,alcohols, ketones etc. for
accurate designing equipment it is necessary to know the interaction between the
components of mixture. The thermodynamic studies of binary solutions have attracted much
attention of scientists and experimental data on a number of systems are available from
review and publication [9–22]. Viscosity, density measurements and the properties derived
from these are excellent tools to detect solute – solute and solute – solvent interactions. It is
used in so many fields of scientific researches in physics, chemistry, biology, medicines and
industry. The present paper deals with the measurement of density, viscosity, speed of
sound, molar volume, available volume, Nissan’s parameter and their excess values of
binary liquid mixture ethyl amine and benzyl alcohol at different temperatures, 30ºC, 35ºC
and 40ºC. This technique using ultrasonic instruments is in the tremendous use in
measuring the rate of flow of blood through the human body and getting images of vital
organs of the body like kidney, liver blood vessel and foetus etc.

2. METHOD AND METARIAL

The organic liquid ethylamine and benzyl alcohol were obtained from E-merck. Density and
viscosity measurements were carried out using a thermostatically controlled well stirred
water bath to maintain temperature. The densities of pure components and binary mixtures
were measured using precalibrated pyknometer with an accuracy of ±0.053% at 30ºC, 35ºC
and 40ºC. Viscosities of the pure liquids and their mixtures were measured using Ostwald
viscometer. The flow of time of pure liquids and liquid mixtures were measured using an
accurate stop watch with a precision of ± 0.1s. The purity of chemicals was checked by
comparing with their densities with literature values [22-23]. Ultrasonic velocity was
measured by single crystal ultrasonic interferometer model (M – 84) at 2 M Hz. Frequency.
All measurements were made in a thermostatically controlled water bath with temperature
accuracy of ± 0.1ºC.

The molar volume of binary liquid mixture is given by

Vm     =    [ X1M1 +   X2M2] ÷ ρ (1)

Where Vm is molar  volume , M1 and M2 are molecular weight of pure components and X1
and X2 are mole fractions of the component 1 and 2 and ‘ρ’is the density  of the liquid.
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Excess volume (VE) of binary liquid mixtures of varying composition were calculated using
relations

VE =   Vobs −  Vid (2)

Where Vobs is the experimental value of volume of binary liquid mixture

Vobs   =   (M1X1 + M2 X2 ) ÷ ρ (3)

‘ρ’ is the density of binary liquid mixture of given composition measured. Vid refers to the
Value for ideal binary mixture

Vid = X1V1 + X2V2 = X1M1 ÷ ρ1 + X2M2 ÷ ρ2 (4)

Where M1 and M2 are molar masses and ρ1, ρ2 are densities of component liquid in pure
state. X1 and X2 are mole fractions of first and second liquid.

Thermodynamic properties like isentropic compressibility (βs) and intermolecular free length
(Lf ) are calculated using following relations

βs   = 1 / u2ρ (5)

Lf = K /u ρ1/2 (6)

Where ‘K’ is temperature constant, ‘u’ is speed of sound and ‘ρ’ is the density of liquid.

Available volume may be calculated as

Va   = ρ [ Vm − u /u ∞ ] (7)

Where Vm’ is molar volume, ‘u’ is speed of sound of the liquid, ‘u∞’ is the speed of sound at
infinity, which is equal to 1600 m/sec.

Nissan’s parameter (d ) = Ln ηE / X1X2 (8)

‘η E ‘ is the excess value of viscosity, X1 and X2 are the mole fractions of the liquid 1 & 2.

3. RESULTS AND DISCUSSION

The results are shown in Tables (1 to 4) and Figs. (I to IV). Deviations in the properties
computed demonstrated that their exist a molecular interaction between unlike molecules of
the liquid mixture. The experimental values of speed of sounds, densities, molar volumes
and their excess values for the system of ethylamine and benzyl alcohol are shown in Table
1. The Table 2 shows isentropic compressibility, intermolecular free length and their excess
values for the system (ethylamine +benzyl alcohol). Table 3 shows available volume and
their excess values for the system (ethylamine +benzyl alcohol). Table 4 shows the viscosity
and their excess values, L n ηE (Logarithm of excess value of viscosity) and Nissan’s
parameter (d) have been calculated for the system (ethyl amine +benzyl alcohol). All the
experimental values are taken in table (1 – 4) at three different temperatures, 30ºC, 35ºC
and 40ºC. The Figs. I, II, III and IV shows the excess molar volume (VmE), excess isentropic
compressibility (βsE), excess intermolecular free length (Lf

E) and excess viscosity (ηE) with
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mole fraction of ethyl amine (X1) for the mixture of ethyl amine and benzyl alcohol at the
temperature 30ºC, 35ºC and 40ºC.

Table 1. Ultrasonic velosities, densities, molar volumes and their excess values for
the system ethyl amine + benzyl alcohol

At – 30ºC
Mole fraction of
Ethylamine
(X1)

Ultrasonic
Velocity
m/sec

Density
g/ml

Molar
Volume
(exp)
ml/mole

Molar
Volume
(add)
ml/mole

Excess
molar
Volume
ml/mole

0.0000 1513 1.0357 104.41 104.41 0.00
0.1025 1510 1.0283 98.87 99.34 -0.47
0.2008 1508 1.0145 94.10 94.50 -0.40
0.2992 1504 0.9999 89.27 89.63 -0.36
0.4006 1498 0.9820 84.37 84.63 -0.26
0.4986 1492 0.9635 79.59 79.79 -0.20
0.5991 1484 0.9414 74.73 74.82 -0.09
0.6992 1472 0.9147 70.00 69.88 +0.12
0.7992 1460 0.8839 65.31 64.94 +0.37
0. 8986 1456 0.8493 60.59 60.03 +0.56
1.0000 1450 0.8190 55.04 55.04 0.00
At - 35ºC
0.0000 1498 1.0326 104.72 104.72 0.00
0.1025 1496 1.0247 99.21 99.64 -0.43
0.2008 1495 1.0110 94.43 94.78 -0.35
0.2992 1491 0.9958 89.63 89.91 -0.28
0.4006 1486 0.9783 84.70 84.90 -0.20
0.4986 1480 0.9594 79.93 80.05 -0.12
0.5991 1472 0.9370 75.08 75.09 -0.01
0.6992 1464 0.9096 70.39 70.13 +0.26
0.7992 1453 0.8795 65.64 63.19 +0.45
0.8986 1444 0.8455 60.87 60.27 +0.60
1.0000 1434 0.8156 55.27 55.27 0.00
At- 40ºC
0.0000 1482 1.0295 105.04 105.04 0.00
0.1025 1481 1.0210 99.57 99.95 -0.38
0.2008 1480 1.0072 94.78 95.08 -0.30
0.2992 1479 0.9917 90.00 90.21 -0.21
0.4006 1474 0.9740 85.07 85.19 -0.12
0.4986 1467 0.9552 80.29 80.33 -0.04
0.5991 1457 0.9319 75.49 75.36 +0.15
0.6992 1450 0.9050 70.75 70.40 +0.35
0.7992 1443 0.8750 65.97 65.45 +0.52
0. 8986 1434 0.8409 61.19 60.53 +0.66
1.0000 1417 0.8121 55.51 55.51 0.00
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Table 2. Isentropic compressibilities, inter molecular free lengths and their excess
values for the system ethylamine + benzylacohol

At- 30ºC
Mole
fraction
of
ethylami
ne
X1

Isentropic
compressib
ility (exp)
cm2/dyne
{*1012}

Isentropic
compressib
ility
(add)cm2/
dyne {*1012}

Excess
Isentropic
compressib
ility
cm2/dyne
{*1012}

Inter
molecu
lar Free
length
(exp)
A0

Intermolec
ular Free
length
(add) A0

Excess
inter
molecu
lar Free
Length
A0

0.0000 42.17 42.17 0.00 0.4097 0.4097 0.0000
0.1025 42.65 43.79 - 1.14 0.4120 0.4169 - 0.0049
0.2008 43.34 45.36 - 2.02 0.4154 0.4239 - 0.0085
0.2992 44.21 46.92 - 2.71 0.4195 0.4309 - 0.0114
0.4006 45.38 48.53 - 3.15 0.4250 0.4381 - 0.0131
0.4986 46.62 50.09 -3.47 0.4308 0.4451 - 0.0143
0.5991 48.23 51.68 - 3.45 0.4382 0.4522 -0.0140
0.6992 50.45 53.28 - 2.83 0.4481 0.4593 - 0.0112
0.7992 53.07 54.86 - 1.79 0.4596 0.4664 - 0.0068
0.8986 55.54 56.45 - 0.91 0.4702 0.4735 -0.0033
1.0000 58.07 58.07 0.00 0.4808 0.4808 0.0000
At- 350C
0.0000 43.15 43.15 0.00 0.4181 0.4181 0.0000
0.1025 43.60 44.83 -1.23 0.4202 0.4255 -0.0053
0.2008 44.25 46.45 -2.20 0.4234 0.4327 -0.0093
0.2992 45.17 48.07 -2.90 0.4277 0.4400 -0.0123
0.4006 46.29 49.74 -3.45 0.4330 0.4474 -0.0144
0.4986 47.58 51.36 -3.78 0.4390 0.4546 -0.0156
0.5991 49.25 53.00 -3.75 0.4466 0.4619 -0.0153
0.6992 51.29 54.65 -3.36 0.4558 0.4692 -0.0134
0.7992 53.84 56.30 -2.46 0.4670 0.4766 -0.0096
0.8986 56.72 57.94 -1.22 0.4793 0.4838 -0.0045
1.0000 59.62 59.62 -0.00 0.4914 0.4914 0.0000
At- 40ºC
0.0000 44.22 44.22 0.00 0 .4269 0.4269 .0000
0.1025 44.65 45.96 -1.31 0.4289 0.4347 0.0058
0.2008 45.32 47.65 -2.33 0.4321 0.4420 -0.0099
o.2992 46.09 49.32 - 3.23 0.4358 0.4495 - 0.0137
0.4006 47.25 51.12 - 3.87 0.4413 0.4571 - 0.0158
0.4986 48.64 52.74 - 4.10 0.4477 0.4646 - 0.0169
0.5991 50.54 54.45 - 3.91 0.4564 0.4722 - 0.0158
0.6992 52.55 56.17 - 3.62 0.4653 0.4798 - 0.0145
0.7992 54.88 57.88 - 3.00 0.4656 0.4874 - 0.0118
0.8986 57.83 59.58 - 1.75 0.4882 0.4949 - 0.0067
1.0000 61.32 61.32 0.00 0.5027 0.5027 0.0000
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Table 3. Available volumes and their excess values for the system ethylamine +
benzyl alcohol

At - 30ºC
Mole fraction of
ethyl amine   X 1

Available volume
( exp ) ml / mole

Available volume
( add )  ml / mole

Excess available
volume ml /mole

0.0000 5.67 5.67 0.00
0.1025 5.56 5.60 - 0.04
0.2008 5.41 5.56 - 0.15
0.2992 5.35 5.51 - 0.16
0.4006 5.37 5.45 - 0.08
0.4986 5.37 5.41 - 0.04
0.5991 5.41 5.36 + 0.05
0.6992 5.60 5.30 + 0.30
0.7992 5.71 5.25 + 0.46
0.8986 5.45 5.20 + 0.25
1.0000 5.16 5.16 0.00

At - 35ºC
0.0000 6.67 6.67 0.00
0.1025 6.44 6.56 -0.10
0.2008 6.19 6.48 -0.29
0.2992 6.10 6.38 -0.28
0.4006 6.03 6.28 -0.25
0.4986 5.99 6.19 -0.20
0.5991 6.00 6.10 -0.10
0.6992 5.98 6.00 -0.02
0.7992 6.02 5.90 -0.12
0.8986 5.93 5.81 +0.12
1.0000 5.73 5.73 0.00

AT - 40ºC
0.0000 7.74 7.74 0.00
0.1025 7.40 7.59 - 0.19
0.2008 7.10 7.45 - 0.35
0.2992 6.80 7.31 - 0.51
0.4006 6.69 7.16 - 0.47
0.4986 6.67 7.04 - 0.37
0.5991 6.65 6.90 - 0.25
0.6992 6.63 6.75 - 0.12
0.7992 6.47 6.61 - 0.14
0.8986 6.34 6.47 - 0.13
1.0000 6.34 6.34 0.00
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Table 4. Viscosities and their excess values, lnηe and nissan’s parameter (d) for the
system ethylamine+ benzyl alcohol

AT- 30ºC
Mole fraction
of ethyl amine
X1

Viscosity
(exp ) Cp

Viscosity
(add ) Cp

Excess
Viscosity
Cp

LnηE
‘d’

0.0000 2.832 2.832 0.000 0.000 0.000
0.1025 2.731 2.625 +0.106 + 0.091 + 0.989
0.2008 2.510 2.427 +0.083 + 0.128 + 0.797
0.2992 2.291 2.229 +0.062 + 0.158 + 0.753
0.4006 1.982 2.022 +0.040 + 0.139 + 0.578
0.4986 1.844 1.828 +0.016 + 0.196 + 0.784
0.5991 1.593 1.626 - 0.033 + 0.166 + 0.691
0.6992 1.328 1.425 - 0.098 + 0.108 + 0.513
0.7992 1.151 1.224 - 0.073 + 0.089 + 0.554
0.8986 0.984 1.024 - 0.040 + 0.056 + 0.614
1.0000 0.821 0.821 0.000 0.000 0.000
At- 35ºC
0.0000 2.412 2.412 0.000 0.000 0.000
0.1025 2.318 2.238 +0.080 +0.083 +0.902
0.2008 2.139 2.073 +0.066 +0.121 +0.753
0.2992 1.948 1.906 +0.042 +0.146 +0.696
0.4006 1.757 1.735 +0.022 +0.164 +0.682
0.4986 1.547 1.570 -0.023 +0.155 +0.620
0.5991 1.321 1.401 -0.080 +0.118 +0.491
0.6992 1.115 1.232 -0.117 +0.068 +0.323
0.7992 0.970 1.064 -0.094 -0.050 -0.311
0.8986 0.840 0.895 -0.055 -0.025 -0.274
1.0000 0.725 0.725 0.000 0.000 0.000
AT - 400C
0.0000 2.017 2.017 0.000 0.000 0.000
0.1025 1.935 1.875 + 0.060 + .077 + 0.837
0.2008 1.786 1.738 + 0.048 + 0.110 + 0.685
0.2992 1.632 1.603 + 0.019 + 0.134 + 0.639
0.4006 1.455 1.464 - 0.009 + 0.135 + 0.562
0.4986 1.267 1.328 - 0.061 + 0.099 + 0.396
0.5991 1.073 1.190 - 0.117 + 0.059 + 0.245
0.6992 0.920 1.051 - 0.131 + 0.022 + 0.104
0.7992 0.793 0.914 - 0.121 - 0.011 - 0.069
0.8986 0.694 0.776 - 0.082 - 0.031 - 0.340
1.0000 0.637 0.637 0.000 0.000 0.000
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The mixture of ethylamine have been prepared by adding benzyl alcohol in respective
system (Table – 1 to 4) and the excess functions of these derived properties which are better
measure of strength of interactions are also calculated and plotted against mole fraction of
ethyl amine (Figs. - I to IV). Ethyl amine and benzyl alcohol are polar compounds and in
addition the alcohols are associating in nature. Thus the mixture is polar-polar systems. In
case of ethyl amine and benzyl alcohol at 30ºC, 35ºC and 40ºC, the speed of sound, density,
molar volume, viscosity and available volume decrease with the increase in amount of
benzyl alcohol shown in (Tables – 1,3 & 4) and Fig. (I and IV), while isentropic
compressibility and intermolecular free length increase under similar condition Table 2 and
Figs. II and III. In the system of ethyl amine and benzyl alcohol the excess value of
isentropic compressibility  (βsE), excess value intermolecular free length (Lf

E)  are negative
and the value of Nissan’s parameter (d)  are positive .The  excess values of   (βsE) and (Lf

E )
are negative in amine rich mixture and positive in alcohol rich mixtures. The magnitude of
change in (ethylamine + benzyl alcohol) system is higher and the sign and magnitude of the
variation of (βs), (Lf) and (d) indicate a weak interaction. In this case the π electrons of
benzene ring are also supposed to be involved in the interaction.

4. CONCLUSION

Hence it can be concluded from these studies of ultrasonic speed, density and viscosity
measurements that the negative value of excess molar volume (VmE) and excess available
volume (VaE) shows different molecular size attributed to the presence of dispersion forces
between the mixing components and suggest the presence of specific interactions of the
binary mixture at the temperature 30ºC, 35ºC and 40ºC. While the positive values of excess
molar volume (VmE), and logarithm values of excess viscosity (LnηE) may be due to the
presence of strong and specific molecular interactions between the unlike molecules of the
binary mixture (ethyl amine and benzyl alcohol) at the temperatures 30ºC, 35ºC and  40ºC.
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