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ABSTRACT
Understanding of structure and cohesion forces of the pure compounds and their mixtures can be obtained from surface
tension data as well as information about specific molecular interactions because surface thermodynamics prosperities,
such as entropy or enthalpy of surface  formation, depends on the variation in molecular forces and that of the density of
packing or molecular size. The change of surface tension with concentration can influence the foam structure and the
stability of liquid films, and the plate pressure drop is also influenced by this change. The surface tension of boiling
liquid mixtures is of considerable importance in distillation studies as such data are difficult to calculate, in this present
studies include Surface tension of binary mixtures of alcohols like Butanol, iso-Butanol, sec-Butanol, and tert-Butanol,
with O-xylene was measured over the entire concentration range at temperatures ranging from 30 to 700C with intervals
of 100C. The experimental values of surface tension for these mixtures were compared with estimated values. The
average percent deviation for almost all the mixtures was found to be ± 0.0078 using linear law, and ± 1.8295 using
Macleod & Sugden method respectively.
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INTRODUCTION
The Surface tension of the 1-bromobutane with isomeric Butanol mixtures were measured in the temperature
range 283.15K (or 298.15K for 2-methyl-2-propanol) to 313.15K with a drop volume tensiometer, and the
corresponding surface tension deviations were calculated. And thermodynamic study on surface formation
was presented, calculation of excess surface compositions and excess properties of surface formation [1]. The
contact angle of a liquid on a flat surface determines the spreading of wetting properties of the system [2]. The
behavior of homo polymers at the liquid – liquid interface of a biphasic regular binary solution with help of
surface tension derived [3]. Between two low density differences liquid containing a surfactant was
determined interfacial tension using drop deformation method with a computer – controlled parallel bands
apparatus [4]. The Precise measurement of liquid viscosity and surface tension with an improved oscillating
drop method carried out [5]. The viscosity, surface tension of two binary liquid systems such as
methanol+toulen and methanol+ p-xylene at 20, 25, 35, 450C over the whole compositional range. The excess
values of molar volume, viscosity, Gibbs free energy for the activation of flow and surface tension were
evaluated the Grunberg-Nissan parameter was also calculated. The excess values were fitted to Redlish-Kister
type of equation. The viscosity data were fitted to the models of McAllister, Heric and third degree
polynomial [6]. Modified technique of the forming bubble method for measuring surface tension and
compared surface tension data by this method with other reported data. This method shows applicability to the
study of surface aging effect in a surfactant system [7]. Beaglehole,D., Developed a model for a binary liquid
mixtures in contact with an external wall is applied to the liquid-vapor interface. The concentration profile,
adsorption and surface tension were calculated by using the regular solution and a bob classical free energy
function for critical compounds solution. The calculations agree with recent measurements of the adsorption
of the Cyclohexane-Aniline system [8].
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EXPERIMENTAL SECTION
MATERIALS
Chemicals used are o - Xylene (99.8%), Butanol (99.9%), iso- Butanol (99.9%), sec-Butanol (99.9%), tert-
Butanol (99.9%). All the chemicals are AR grade, purchased from S.D.Chemicals Ltd., pure liquids used in
the present work are prepared from the AR/Guaranteed reagent grade, further purified according to the
methods described by Weissberger and Reddick and Bunger [9]. The purities of these compounds were
checked by measuring several thermo physical properties, such as density and refractive index, and the
comparison between experimental and literature values at 20 + 0.050C. is given in Table1. The densities were
measured by means of specific gravity bottle, and refractive index measured by Abbey Refractometer. The
compositions of the mixtures reported are within ± 0.01 mole percent of their true values.

Table1. Comparison of refractive index and density of the pure liquids

S.No. Compound Density(lit[11])(gram/ml) Density(observed)
(gram/ml)

Refractive
index
(lit[9])

Refractive
index (exp)

1 Butanol 0.8095 0.8094 1.3979 1.3977

2 iso-butanol 0.8065 0.8064 1.3953 1.3950

3 tert-butanol 0.7812 0.7813 1.3877 1.3876

4 o-xylene 0.8801 0.8800 1.5054 1.5052

5 Toluene 0.8668 0.8666 1.4969 1.4967

EXPERIMENTAL PROCEDURE
The apparatus is designed on the lines suggested by Sugden [10]. The arrangement of the apparatus
(commonly called Tensiometer) is shown in Fig 1.  It consists of a glass vessel 3.81cm internal diameter,
jacketed with a 5.08cm outer diameter of glass vessel.

Compressed air or nitrogen gas from a cylinder is passed through a drying tower loosely packed with CaCl2

(calcium chloride), via a regulating valve and manometer to the tensiometer.  Teflon needle valves provided
the fine control of the flow of gas at the required flow rates. The manometer liquid used is CCl4 (carbon
tetrachloride,density = 1.570gram/cc at 280C). The pressure drop is measured to a precision of 0.01 mm, by
means of a cathetometer mounted on a vertical pillar, provided with a vernier scale. The sample liquid or
liquid mixture is charged to the tensiometer cell until the tube tips are submerged to a depth of 1-2 cm. the
tensiometer is maintained at the desired isothermal level, by circulating water from the thermostat at the
required temperature. Sufficient time is allowed for the liquid to attain the desired temperature. The value is
checked from time to time by means of a calibrated thermometer inserted through the top. The rate of flow of
gas is so adjusted as to allow a bubble in every second. The manometer level fluctuates registering a
maximum as the bubble breaks away from the tube. The maximum difference is first recorded when the gas is
flowing through the capillary tube (h1(cm)), and then when the gas is flowing through the other tube (h2(cm)).
The measurements of h1 and h2 are reported several times and the values are recorded only when three
successive measurements of the values agreed with the limits of observation.
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Fig 1: Schematic diagram of experimental apparatus

The manometer was calibrated with Benzene. All solutions were isothermal with a precision of ± 0.10C using
a multi temperature thermostat, measurement of surface tension in the range of 30 – 700C with an intervals of
100C. The system was not isolated from ambient moisture.

Methods for determining the surface tension
Description of experimental work in the literature has revealed that the methods for measuring surface tension
such as 1.Capillary height method 2. Ring method 3. Drop – weight method 4. Bubble pressure method,
among this Bubble pressure method is opted for present studies. The Sugden [10] equation is used for

calculating surface tension ( ) for pure compounds, it designated as equation (1), and for mixtures ( )

expressed in equation (3).

Where A is apparatus constant, determined by calibration, r2 is the radius of larger capillary tube (cm), D is
the density of liquid sample (gram/cc) and is the density of manometer liquid (gram/cc) and g = 981



569 D. Anitha, T.E.Vittal Prasad, D.Subba Rao

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386

Volume 4, Issue 10
October 2017

(cm/sec2). The apparatus constant (A) is determined by using chemicals for which surface tension data is
known, eg: Toluene, o-Xylene, Methanol. Estimation of surface tension for pure compounds by Macleod [12]
it denoted by equation (2) and for binary mixtures equation (4).

Where , are densities (gram/cc) of the liquid and vapor respectively and [P] is the Parachore, called as

the temperature independent parameter, Sugden [13-14] indicated how it might be estimated from the

structure of the molecule and is the molecular weight (gram) of the compound.

Where is the density of liquid mixtures (gram/cc)

Where is parachore for binary mixtures, is the molecular weights for binary mixtures (gram), ,

are densities (gram/cc) of the liquid and vapor mixtures respectively. Another method for estimation of

binary mixtures is linear Law, it noted by equation (5), the compositions ( ) expressed in mole fraction.

The percent deviation is calculated according to equation (6).

RESULTS AND DISCUSSION
Experimentally measured surface tension of o-xylene with Butanol isomers plotted against a temperature at
different mole fractions, it shows in fig.2, 3, 4, and 5.   Estimated surface tension of o-xylene with Butanol
isomers plotted against a temperature at different mole fractions, and it showed in fig.6 (Macleod Method) and
fig.7 (Linear Law). In all systems studied, the surface tension decreased with increasing temperature at any
mole fraction.
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butanol & o-xylene
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Fig 2: Surface tension of butanol (1) + 0-xylene (2) as a function of temperature at different mole
fractions of butanol (x1).

iso-butanol & o-xylene
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Fig 3: Surface tension of iso - Butanol (1) + 0-Xylene (2) as a function of temperature at different mole
fractions of iso Butanol (x1).
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sec-butanol & o-xylene
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Fig 4: Surface tension of sec - Butanol (1) + 0-Xylene (2) as a function of temperature at different mole
fractions of sec - Butanol (x1).

The experimentally surface tension values of pure compounds and binary mixtures are compared with
estimated methods and reported that The average percent deviation for mixtures was found to be ± 0.0078
using linear law, and ± 1.8295 using Macleod & Sugden method respectively.

tert-butanol & o-xylene
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Fig 5: Surface tension of tert - Butanol (1) + o-Xylene (2) as a function of temperature at different mole
fractions of tert - Butanol (x1).
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Fig 6: Surface tension ( Macleod) as a function of temperature at different mole fractions of Butanol
isomers (x1).

Fig 7: Surface tension ( linear Law) as a function of temperature at different mole fractions of
Butanol isomers (x1).
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