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THE MEASUREMENT OF INTERFACIAL TENSION BY DROP-
WEIGHT METHOD
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SUMMARY

Capillary rise, drop-weight, pendant-drop and ring methods which are originally deve-
loped for surface tensions have been adapted to the measurement of interfacial surface tensions.
Dropweight method is, however, frequently employed for the purp se. Interfacial tensions
usually lie between the individual surface tensions of the two liquids in question. Interfacial ten-
sions are of extreme importance in connection with colloids, biclogical systems and separation
processes such as liquid extraction, mixed vapour condensation with an immiscible condensate.

The interfacial tensions for the systems of toluene-water, benzene-water, n-heptane-wa-
ter and cyclohexane-water have been determined over a temperature range of 20-80°C by the
drop-weight method. The method that is described by Harkins (3) has been slightly modified
10 eleborate hetter experimental measurements. The relationship between the interfacial ten-
sion and temperature has been correlated by the least square method for each of the systems.

ARAYUZEY GERILIMININ DAMLA ACGIRLIGI YONTEMI ILE OLCULMESI

OZET

Baglangicta yiizey gerilim dlgitmleri icin gelistirilen kilcal boruda seviye yiikselmesi, dam-
la aguhin ve koparma ybntemleri arayiizey gerilimlerinin olgiilmesine adapte edilmigtir. Bu-
nunla birlikte damla agwhi: yontemi bu amacla sik¢a kullamlmaktadir. Arayiizey gerilimleri
genellikle s8z konusu iki sivinmn bireysel yiizey gerilimleri arasmda yer alr. Arayiizey gerilim-
leri kolloidler, biyolojik sistemler ve sivi-siva ekstraksiyonu ve kamsmiyan kondensat veren
buhar kangimlarmin yogusmas: ile ilgili olarak ¢ok onemlidir.

Toluen-su, benzen-su, n-heptan-su ve ciklohekzan-su sistemlerinin yarayiizey gerilimleri
20-80°C sicakhk arahfinda damla agirhg: yontemi ile belirlendi. Harkins (3) tarafindan tamm-
lanan yontem daha iyi deneysel dlgiimler elde etmek iizere bu gahymada modifiye edildi. Ara-
yiizey gerilimi ile sicakhk arasmdaki bagmt: herbir sistem i¢in “en kiiciik kareler metodu” ile
elde edildi.

INTRODUCTION

The force, equivalent to surface tension, that is operative at the
surface of separation between two insoluble, or sparingly soluble, li-
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quids is called the interfacial tension. The subject of interfacial tension
is of considerable importance in connection with the properties of emul-
sions, detergents, foams and separation processes such as condensation,
distillation and liquid extraction.

Antonoff (1,2) suggested a relationship, which holds in many ins-
tances, the tension v; at the interface between two liquids 1 and 2 with
surface tensions v; and v,, respectively, is given by

Yi = T2 — 1 1

Y1 and 3 are the surface tensions of the two mutually saturated pha-
ses under a common vapour or gas. The accuracy of interfacial tension
calculated from this equation is not more than 15 per cent. If surface
tensions of the pure components, not mutually saturated. were used in
Antonoff’s equation then the error on the interfacial tension could be
as high as 100 per cent.

Since surface (and interfacial) tensions are always positive, it fol-
lows that the interfacial tension is less than that of the larger of the two
surface tensions. This is because the attraction across the inte:face,
between the molecules of one liquid and those of the other, tends to re-
duce the inward pull of the molzcules in the surface by thoss of the
same kind. The greater the molecular attraction between the two li-
quids the lower is the interfacial tension. Surface tensions almost in-
variably decrease with increasing temperaturs, it is, therefore, expected
that interfacial tension should also behave in a similar way.

EXPERIMENTAL

Reagents and Apparatus:

All the chemicals used wers of analytical grade, that is, benzene,
toluens, n-heptane and cyclohexane being A.R. grade, supplied by
BDH. Distilled water was used in all the experiments.

The apparatas is shown in Fig. 1. It consists of a ground syringe
(A) which holds the heavier phase and a micrometer screw gauge (B)
which measures the displacement of the syringe plunger (C). A rubber
band (D) is used to keep the plunger in contact with the end of the mic-
romster screw. The tip of the syringe is immersed in the lighter phase
liquid contained in the vertical vessel (E) The vessal (E) is immersed
in a water-thermostat-bath (F) which may be adjusted to any tempc-
rature by means of the heater and temperature regulator (G). A mer-
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Figure 1. Determination of interfacial temsion (Drop-weight Method)
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cury-in glass thermometer (I) measures the temperature of the lighter
phase liquid. A small diameter glass tube (H) is installed in the cover
of the vessel (E) in order to maintain the atmospheric pressure in it.

Experimental Method:

The experimental technique is the drop-weight method described
by (Harkins 3). This method is further modified by attaching a
micrometer into the syringe in order to achieve an accurate displace-
ment of a syringe plunger and thus measuring the volume of a drop
correctly. In this method the vessel (E) is filled with lighter liquid phase
and syringe (A), with the heavier liquid. Care is to be taken to move
any air that might be present in the syringe. Next the tip of the syrings
is submerged in the lighter liquid phase, so that it is at a distance of
3-4 ems from the bottom of the vessel (E). When the temperature reac-
hed a stable desired value, a drop of the heavy phase is generated by
turning the micrometer screw. The drop is formed slowly in the lighter
phase. The formation of the last 10 percent of the drop size should take
at least 1-2 minutes. This can be achieved by manipulating the micro-
meter screw with extreme care. The final reading of the micrometer
gauge should be taken when the drop of the heavier phase is about to
break away from the syringe tip. The volume of the drop is found from
the difference between the first and final readings on the micrometre
screw.

The interfacial tension is calculated from the equation of force
balance. Thus, just before the break-off of the drop, the drop weight is
equal to the supporting force due to the interfacial tension. Thus we
may write

v Apg = 2mry; @
Rewriting eq. (2) gives

o viApg

[ )

The value of y; calculated from eq. (3) would be in error, since a fraction
of the original drop remains at the tip of the syringe. The volume, v in
eq.(3) has to be adjusted by a factor which is a function of v /r3. Values
of this factor have been determined empirically by Harkins and Brown
(4,5) (Harkins and Brown 1919, Lando 1967). This factor is given el-
sewhere (6,7) (International critical Tables 1928, Weisherger 1949)
and is presented if Figure 2. The relationship between the factor F inclu-
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Figure 2. Correction factors for drop-weight method.
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des also a value of 1/27 and the above equation finally assumes the
following from.

VA g F

£ _
i =
v Y

(4)

RESULTS AND DICSUSSION

Measuroments of interfacial tensions with temperature for the
systems of toluene-water, henzene-water, n-heptane-water and cyelo-
hexane-water, by the drop-weight method are shown, respectively,
in Figs.3 to 6. From all these figures the interfacial tensions decrease
with an inerease in temperature, as should be expected. Five runs have
been carried out at each temperature for all the systems studied. The
average of five values were taken to represent the each point.

Experimental data on interfacial tension are rare and reported
for some organic-water systems at room temperature, determined by
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Figure 3. Variation of the interfacial tension with temperature for toluene-water.
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Figure 4. Variation of the interfacial tension with temperature for benzene-water.
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drop-weight method (6,8) (International critical Tables 1928, Timmer-
mans 1960). A few data also have been recorded by other methods, that
is, pendant-drop or falling drop (9) (Harkins 1921). Comparison bet-
ween these methods, for apparently same orgamic-water systems are

shown

in Table 1.

Table 1. Comparison of the interfacial tensions, determined by diffeerent
methods, at 20°C.

System

Interfacial tension, mN /m

Drop-weight

Pendant-drop

Drop-weight M.

Method Medhot (This study)
Benzene-water 35.0 30.1 33.2
Toluene-water 36.1 32.9 35.0
CCl,-water 45.0 43.8 —
n-Hexane-water 51.0 —_ —
n-Heptane-water — - 49.2
n-Octane-water 50.8 — —

From Table 1 the interfacial tensions measured by the two methods

at the same temperature are somswhat different. The interfacial ten-
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Figure 5. Variation of the interfacial tension with temperature for n-heptane-water.

sions determined by the drop-weight method in this work are invariably
smaller than those reported by the same method, but falling in between
the values obtained from different two methods (6,9) (International
Critical Tables 1928, Harkins 1921) as shown in Table 1. A data foi n-
heptane-water system has not been reported. The validity of its expe-
rimental value, however, may be shown by comparing it to the data
extracted for its homolog series, n-hexane and n-octane. with water.
As can be seen from Table 1 the measured interfacial tension of n-
heptane-water falls below the average values of these systems, the per-
centage error being —3.39%,. The average percentage error between
the experimental values and data reportsd is about —3.89, on the
basis of data recorded. Another reason for the discrepancy may be due
to fact that the interfacial tension at the phase boundary liquid-liqaid
is in general varied much more by impurities than the surface tension
at the gas-liquid interface (6).
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Figure 6. Variation of the interfacial tension with temperature for cycloliexane-water.

CONCLUSIONS

The interfacial surface tensions have been measured at the tem-
perature range of 20 to 80°C by the drop-weight method described by
Harkins (3) (Harkins 1949). This method is modified for providing ac-

curate resalts.

The interfacial tensions measured by this method compare well
with the experimental data obtained with the same method as well as
others.

The expsrimentally measured interfacial tensions have invariably
decreased as the temperature is increased for all the systems. The re-
lationship between these two values has been correlated by the least
square method as follows:

Toluene-water ty; = 37.7-0.123 ¢
Benzene-water :yi = 36.0 - 0.139 t
n-Heptane-water : y; = 52.7 - 0.171 t
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Cyclohexane-water : y; = 52.0 — 0.161 ¢
where v; is the interfacial tension in mNewton /m, and

t is the temperature in °C.

SYMBOLS USED

F correction factor

g acseleration of gravity

r radius of the syringe tip
t temperature

v volume of drop

Yi interfacial tension

Y1 surface tension of organic
Y3 surface tension of water

Ap density difference
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