Surface Tension
a,.k..,h

e e ——— e e

Any liquid in small quantity, so that gravity influence is negligibly small, will always assume
(he form of a spherical drop e.g., rain drops, small quantities of mercury placed on a clean glass plate
etc. So a liquid must experience some kind of force, so as to occupy a minimum surface area. This
contracting tendency of a liquid surface is known as surface tension of liquid. This is a fundamental
property of every liquid.

The following experiment illustrates the tendency of a liquid to decrease its surface area.

When a camel hair brush is dipped into water, the bristles spread out
[Fig. 3.1 (a)]. When the brush is taken out, the bristles cling together on account
of the films of water between them contracting [Fig. 3.1. (b)]. This experiment
clearly shows that the surface of a liquid behaves like an elastic membrane
under tension with a tendency to contract. This tension or pull in the surface of
a liquid is called its surface tension.

Definition : It may be defined as the force per unit length of a line drawn ‘—=—=—======
. y ; ; . , , (a) (b)
in the liquid surface, acting perpendicular to it at every point and tending to _
pull the surface apart along the line. Kig. 3:1

Unit of surface tension. Surface tension being force per unit length, its SI unit is newton per
metre (Nm™).

Dimensions of surface tension : Since it is the ratio of a force to a length, its dimensions are
MLT?/L = MT2.

Molecular forces : There are two kinds of molecular forces :

(/) adhesive forces and (if) cohesive forces.

() Forces of attraction between molecules of different substances are known as adhesive forces.
For example, the force of attraction between the glass molecules of a beaker and molecules
of water contained in it is an adhesive force. Adhesive force is different for different pairs of
substances.

(i) Force of attraction between molecules of the same substance is called cohesive force. This force
varies inversely probably as the eighth power of the distance between two molecules. Hence,
it is very appreciable when the distance between two molecules is small. It is the greatest in
solids, less in liquids and the least in gases. Therefore, a solid has a definite shape, a liquid has
a definite free surface and a gas has neither.

e The maximum distance up to which a molecule exerts a force of attraction on another is called
€ Tange of moecular attraction and is generally of the order of 10 m. A sphere with the molecule
:Cemre and the range of molecular attraction as radius is called the sphere of influence of the

Ulecule. The molecule attracts and is, in turn, attracted by the molecules present inside this sphere.
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32 EXPLANATION OF SURFACE TENSION ON KINETIC THEORy \”‘“

Consider three molecules 4, Band Cof a liquid [Fig. 3.2). The
circles around them indicate their respective spheres of influence, P
(1) The molecule A is well within the liquid and it is attracted Rf
equally in all directions by the other molecules lying within
its sphere of influence. Therefore, it does not experience any
resultant force in any direction. This happens only as long as
the sphere of influence is well within the liquid.

(17) The sphere of influence of molecule B lies partly outside the liquid. The upper half of (g, ke
contains fewer molecules attracting the molecule B upwards, than the lower half am;fn '
downwards. Hence, there is a resultant downward force acting on B, L

(1) The molecule C lies on the surface of the liquid. Half of its sphere of influence lies aby,
the surface of the liquid and contains only a few vapour molecules, whereas there are y,,
liquid molecules in its entire lower half. Thus the resultant downward force in this case iSth:
maximum. Ifa plane RS is drawn parallel to the free surface PQ of the liquid at a distance equ
to the molecular range, then the layer of the liquid between the planes PQ and RS is callyg
the surface film. Hence all the molecules in the surface film are pulled downward duye 1, the
cohesive force between molecules.

If a molecule is to be brought from the interior of the liquid to the surface of the liquid, woy
has to be done against the downward cohesive force acting upon it. Hence molecules in the surface

elastic membrane.

Surface energy : The potential energy per unit area of the surface film is called its surface
energy.

Example 1 : 4 glass plate of length 0.1 m, breadth 0.0]54 m and thickness 0.002 m weighs
8.2 % 1077 kg in air. It is held vertically with the long side horizontal and the lower half under water |
Find the apparent weight of the plate. Surface tension of water =73 x 193 Nim, g = 9.8 m/s?

Volume of the portion of the plate immersed in water is

(0.] X -21) (0.0154) (0.002)=1.54 x 106 m?

Upthrust = Weight of water displaced
=(1.54 x 107%) x 1000 x 9.8
=1.509 x 102N =0.01509 N
Now, total length of the plate in contact with the water surface is 2(0.1 + 0.002) = 0.204 m.
Downward pull upon the plate due to surface tension is
0.204 x (73 x 107%) = 0.0149 N
Resultant upthrust = 0.01509 - 0.0149 = 0.00019 N
=0.00019/9.8 kg wt = 1.939 x 10-5 kg wy

Apparent weight of the plate in water = Weight of the plate in air — resultant upthrust
=82x107-1.939 x 10-5=8.18 x 103 kg

3.3. WORK DONE IN INCREASING THE AREA OF A SURFACE

Take a rectangular framework of wire ABCD, with a horizomgl wire EF placed across it, free
to move up and down [Fig. 3.3]. Form a soap film across BCFE by dipping it in a soap solution. The
wire EF will now be pulled upwards by the surface lensnon‘oflhe film acting in the plane of the ﬁ"\
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ura
Sgpen/;m EF. Therefore, to keep the wire EF in equilibrium, a

and P F (mc]uding the wei ght of the wire EF) has to be applied downwards.
fore™’ (he force per unit length of the film (i.e., S.T.) and / = the length of
~_ EF, then the upward force due to S.T. = 2/g [ The film has two

wire
d:-faces and each has a )
’ Hence F=219

If the wire is pulled downwards through a small distance x to the
position E'F,

the work done =Fx=2/c.x=021.x

= S.T. % Increase in surface area
.. the work done in increasing the } o2l . x

surface area of the liquid film by unity T

L2}

- The surface tension of a liquid may be defined as the amount of work done in increasing the
surface area of the liquid film by unity.

The work required to enlarge the surface of separation between two immiscible or partially
miscible liquids is called the interfacial surface energy, and is often expressed as the inferfacial
(ension in newton per metre.

Example 2 : Calculate the work done in spraying a spherical drop of water of 107* m radius
into million droplets, all of the same size, the surface tension of water being 72 x 10~ 3 Nm.

Breaking the liquid drop means an increase in surface area. Therefore work has to be done for

{his purpose.
Work done = Surface tension X Increase in surface area.

Let us calculate the increase in surface area.
Let R be the radius of the larger drop and r the radius of the smaller droplets.

Volume of the original drop = Volume of 10° droplets.

i1tR3 = 10"><—4-1tr3
3 3

%n(lo*):“ =106X§nr3 [ R=107m]

or AP=105m or r=10"m
Area of original large drop=4 n R?=4 n (10 =47 x 10° m?
Area of 106 droplets = 106 x 4 1 /2= 10° x 4 1 (107%)*

=4 1 x 10 m?

Hence increase in surface area=4 1 x 104 -4 1 x 10°°=1.244 x 107} m?

Work done = Surface tension > Increase in surface area.

=(72 x 1073) x (1.244 x 10%)
=8.956 x 1073 joules

34. WORK DONE IN BLOWING A BUBBLE

Let the radius of the bubble blown be . A bubble has two surfaces, an inner and an outer one,
each of surface area 4 7 2.

The surface area of the film forming the bubble =2 x 4 n P = 8 1 /°
Work done in blowing the bubble = Surface tension x surface area of the film formed
=gx8nr=8nro
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radius of 0.1 m to a radius of 0.2 m o = 30 x 107 Nm!.

v

PrOpenies oty
Example 3 : Calculate the amount of work done if a soap h"b[’l"m 5

e"h"m’dﬁom -
]

Increase in surface area = 2[4n (r," - r,%)] = 87 [(0.2)? - (0.1)*] = 0.753¢ i p

Work done = Increase in surface area X o r‘r

=0.7536 % (30 x 10-%) = 0.0226] .

Example 4 : What is the work done in blowing a soap bubble of radius 0 | m> What aqq L'

work will be performed in further blowing it, so that its radius becomes 0.15 m? 6 =30x] 0(4‘”"%[ g
Work done in blowing a soap | et § 4
babllecFtadiod i } = Surface tension x Increase in surface area :

W =0 x8nr2=(30 x 10%) 8n (0.1)? =7.536 x 10} J 1

Work done in increasing the radius of

- g, il
the soap bubble from 0.1 mto 0.15 m [ G % Ssaey)

ie.,

W =(30x 107 8n [(0.15)2- (0.1))]=9.42 x 10} ]

3.5. FORMS OF LIQUID DROPS

When a quantity of liquid rests upon a horizontal solid plate, which it does not wet

———
—

of the drop is determined by surface tension and gravity. For extremely small drops, the S.T. effecs
are great and the gravitational effects small. So S.T. determines the shape of the drop. It is therefore
spherical. Rain drops, a small quantity of mercury on a glass plate, water drops on leaves, al| assume

spherical shapes on account of this.

On increasing the size of the drop, the effect of gravitation becomes greater and that of ST
less. Now, the effect of gravitation alone would be to make the drop spread out, so that its centre of
gravity may be the lowest. Hence, a large drop of a heavy liquid spreads out when placed on a glass

plate. Therefore, a large drop of mercury is always flat.

3.6. ANGLE OF CONTACT

When a glass plate is dipped in water, the water molecules
cling to the surface of glass and the water molecules rise along
the plate. The shape of water is as shown in Fig. 3.4 (/). When
the glass plate is dipped in mercury, the mercury molecules
cling to the surface and the liquid is depressed along the plate
as shown in Fig. 3.4 (ii).

The angle of contact 0 is defined as the anlge made by
the tangent at the point of contact of the liquid surface with the
glass surface inside the liquid,

Myt

Wb by hglyd gl gt
gyl

Pl gl g0 bl byt

phghgh g h gyl byl gt

Fig. 34
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This angle may have any value between 0° and 180°. For most liquids and glass, it is less than
907, for mercury and glass, it is about 140°. It really depends upon the nature of the liquid and the
solid. It is quite independent of the angle of inclination of the solid to the liquid surface.

3.7. SPREADING OF ONE LIQUID OVER ANOTHER

Let a liquid (liquid 4) be in contact with another liquid (liquid B) as
shown in Fig. 3.5. The free surfaces of both liquids are in contact with air.
Three forces are acting at the point of contact P of the three substances.
(1) S.T. o, between liquid 4 and air, (2) S.T. o, between liquid B and air
and (3) S.T. o; between liquids A and B. The directions of these tensions
arc along the tangents at the lines of common contact. If equilibrium is
possible, we should be able to represent the three forces acting at the




; the three sides of a triangle, taken in order, Such a triangle is known as the Neumann s

m of any two sides of a triangle s always greater than the third side. Therefore. the
8 "ea two of the three syrface “’"5‘9“,5 g}, 0,and o, should be greater than the third No two
n & uids satisfy this Co,ndmon' Thu.s IL1s not possible to have a drop of one liquid remaining in
e Ly over another liquid. The liquid B, if it is lighter than the liquid A, will spread over the
oqu!h  of A Quincke showed that pure water spreads over pure mercury. But, if the mercury surface
s"ﬁﬂc;miﬂa‘ed with grease, lhe.wa!er will form a drop on the mercury surface. For contaminated
15 coﬂes of liquids, the construction of Neumann's triangle can be possible.

RESSURE DIFFERENCE ACROSS A LIQUID SURFACE

he free surface of the .liquid is plane, as in Fig. 3.6 (a), the resultant force due to S.T. on a
n the surface 1s zero.

g P
Ift
molecule ©

If the free surface of the liquid is concave, as
(b in Fig. 1.6 (b), the resultant force due to S.T
on @ molecule on the surface acts vertically

(d)

L i

upwafds- Fig. 3.6
If the free surface of the liquid is convex, as in Fig. 3.6 (¢), the resultant force due 10 S.T on
a molecule on the surface acts vertically downwards (into the liquid ).

Excess pressure inside a liquid drop : A spherical liquid drop has a convex surface, as in Fig
3700) The molecules near the surface of llhe drop experience a resultant force, acting inw ards due
o surface tension. Therefor.e, Q1e pressure inside the drop must be greater than the pressure outside
. Let this excess pressure inside the liquid drop over the pressure outside 1t be p.

(©)

Imagine the drop (o be divided into two exactly equal
halves. Consider the equilibrium of the upper-half (or the upper
pemisphere) of the drop as shown in Fig. 3.7 (ii). If r is the radius
of the drop, and @ its S.T.

the upward force on the plane face }

ABCD due to the excesss pressure p

=pnr

the downward force due to surface tension acting ,
. =o2nvr
along the circumference of the circle ABCD

Since the hemisphere is in equilibrium, the two forces are equal.

2 pnr=ac2nr or p=2alr

Excess pressure inside a soap bubble : A soap bubble has two liquid surfaces in contact with
air, one inside the bubble and the other outside the bubble.

The force due to S.T. in this case =2 x o 2nr =4nro

Therefore, for equilibrium of the hemisphere,

pnr? =4nra or p=A4alr

Thus the excess pressure inside a drop or a bubble 1s nversely proportional to its radius
lie.pe 1/r). Since p o« 1/r, the pressure needed to form a very small bubble 1s high. This explains
why one needs to blow hard to start a balloon growing. Once the balloon has grown, less air pressure
sneeded to make it expand more.

18. EXCESS PRESSURE INSIDE A CURVED LIQUID SURFACE

g When the pressure on both sides of a liquid surface 1s same, then the surface 1s flat, without
lhey Curvature. But when it is curved convex upwards, then the pressure inside must be greater than
Pressure outside and the excess pressure inside 1s balanced by the force of ST
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To find the excess pressure, consider a small curvilinear rectangular b Ay,
2

element 4, B, | D, of a liquid surface [Fig. 3.8]. 4, B, has a radius of
curvature R, with centre at O,. B, C, has a radius of curvature R, with centre
al O,. Let p be the excess of pressure inside the surface over that outside,
Then the outward thrust on the surface 4, B, C, D, =p x Area of the element
A, B, C, D =pxA B xB,C,
Now, let the surface be moved outward through a very small distance § x.
Let the new position of the surface be 4, B, C, D,.

Work done in the displacement=p . 4, B,. B, C,.dx

Now, increase
in surface area =Arcaofd,B,C,D, - Areaof 4, B, C, D,

(1)

=A,B,.8,C,-4,8,.8,C,
From similar triangles, 4, B, O, and 4, B, O,,

A B, A0, A B, R,
= or =
A, B, A,0, A4,B, (R, +&x)
4 B, (R, +dx) dx
A,B, = =AB|1+—
ox
Similarly, B.LC. = BIC,[I +—)
R,
o &
Hence A,B,.B,C, = 4B, (l + —)B,C, [1 + —l)
) R, R,
R R

Increase in
surface area R

Rl RZ

Work done in increasing , \ _
= {Surace tension X increase in surface area}
the area of a surface

11
= 0. 48 .BC .8x| —+— (2)
1 9 (Rl RZJ (

Equating (1) and (2) we have,

p.AB, B.C 5 =c.4B BC 5|+ L

R, R,
The excess of pressure inside any particular surface can be deduced from the above expression

1. Spherical liquid drop (an air bubble in a liquid).
l't has only one surface and the radius of curvature is the same everywhere, i.e., R, =R, =7

P =20/r
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TenSion
e
bubble. Here ther L
herlcal soap € are two surfa
SjP p =4olr ces having the same radius of curvature
‘ Cylidri“l drop. R, = r = Radius of the cylinder and R. = oo
*> p =olr :

4 éyli“ drical bubble. p = 20/r since it has two surfaces

1 ]
. ’ =0 5T . i
Note: We have, p ( R R, ] . This expression holds good for (@

herical or ellipsoidal i ;
surfaces such as sp Hlipsoidal, for which the principal radij
of curvature are on the same side. Such surfaces are called sylzlclgstilcl
qurfaces [Fig. 3.9 (a)]. But in cases where the two radij are in opposite - m

directions, the surface is called anticlastic [Figp.
The expression for such surfaces is [Fig. 3.9 (b)]. Fig. 3.9

{2
R, R,
Combining the two cases, the general relation is
1 1
p=0l—+t—
( R R ]
Example 5 : There is a minute circular hole at the bottom of a small hollow vessel. The vessel

has fo be immersed in water.‘ fo a depth of 0.4 m, before any water penetrates inside. Find the radius of
e hole, if the surface tension and density of water be 73 x 10~ Nm™! and 1000 kg m™ respectively.

Water cannot penetrate till the hydrostatic pressure is greater than the excess of pressure that
comes into play due to surface tension. At the limiting condition, when water just penetrates, the two
sures should be equal; i.e., i p g = 20/r where r is the radius of the hole.

r=2olhpg

6 =73%x103Nm; h=0.4 m; p=1000 kgm>; r="?
_ 2x(73x107)
~ 0.4x1000 9.8

pres:

Here,

r =3.724x107° m

Example 6 : What would be the pressure inside a small air bubble of 10~ m radius, situated
just below the surface of water? S.T. of water may be taken to be 70 x 1 073 Nm™! and the atmospheric

pressure to be 1.012 x 10° Nm™.
Excess of pressure inside the spherica]} 2

air bubble over that of the atmosphere AL L

Here, 6=70 x 103 Nm!; r=10"m

-3
Excess _ =_2-2=2x(70i<410 )=1400Nm'2
pressure r 10
_ Total pressure inside Atmospheric pressure}
" the air bubble |+ Excess pressure

=1.012 % 10°+ 1400 =1.026 x 105 Nm™?
Example 7 : The pressure of air in a soap bubble of 7 * 107 m diameter is 8 X 1073 m of water
10ve the atmospheric pressure. Calculate the S.T. of the soap solution.
Excess of pressure inside a soap} 4o

bubble over that outside it r
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a
p =8 x10% m of water N

Here,
=(8 x 10°3) x 1000 x 9.81 Nm"?

= 78.48 Nm™?
r=(7x103)/2=35x10"m

1
pr_7848xG5x107) _ g 675107 Nyp-!

0':_4_—

Example 8 : A spherical bubble of radius 0.001 m is blown in an atmosphere Wwhose pye.
. Slﬂ‘e

is 10° Nm . If the S.T. of the liquid comprising the film is 0.05 Nm'!, to what Pressure py,
surrounding atmosphere be brought in order that the radius of the bubble may be doyp, led » the

The pressure inside the bubble initially is

& 48 . P 40"006?5 +10° =1.002 x 10° Nm™2
i r 2
The volume of _y =ﬂnr3 _ in «10°° m?
the bubble 3 3

In the second case, the radius of the bubble is 0.002 m. Let the required pressure be p They
!

the total pressure inside the bubble,
4c p - 4x0.05

= + + P, =(100+ P =
Pr=Foos " onoz o= N

4
In the second case, volume of the bubble = V:f= 3 1 (0.002)*
Applying Boyle’s law, p. V. =p/V,
5 4 ) 4 3
(1.002 x107) ganO :(]00+P/)§n(0.002)

Simplifying, P, =1.252%10* Nm2
Example 9 : Two soap bubbles of radii r, and r, coalesce to form a single bubble of radius r
If the external pressure is P, prove that the S.T. of the solution Jrom which the soap bubble is Jormed

.. /
is given by ¢ = ;P (= rde r23)/(r12 + rzz - 1),

Pressure inside the first bubble = P =olr)+P
Pressure inside the second bubble = p,=(@olr)+P

Let the bubbles coalesce into a larger bubble of radius r.
Then, pressure inside this larger bubble = pPy=4o/r)+ P

l

PVt Y, =py,

4o 4 2
(—-—+P)§7tr,3 +(—G-+P i1rr23=(-4—0‘+P f—nrs
3 ¥ 3

7
1 r

¢ 40-("12_}"22'*’.2) =P(’J‘r13—f‘23)

or “pa_ s
M VUG



gxample 10 : A minute spherical gir bubble is risin

4 ptained in d de;epjan If the r adiys of the bubble at q depth of I m is 0.0001 m, calculate its depth
hen S radius is 0.000126 m. Given . S.T of mercury
}1

Total pressure inside the bubble at a de

pth of Im = P; = Atmospheric pressure + pressure due
o | m of mercury column + excess pressure

inside the bubble (2alr)]ie.,
P, =0.76 x 13600 x 9.81 + | x 13600 x 9.81 + (

2% 567 = 10°2/0.0001)
=2.461 x 105 Nm 2

4
Volume of the bubble =} = 3" 1 =i;_,t (0.0001)’

=4.187 x 10 2 m?}
Let / be the depth at which radius of the bubble is 0.000126 m.
Total pressure inside the bubble at a depth of h metre is

Py =0.76 x 13600 % 9.81 + h x 13600 x 9.81 + (2 x 567 < 10 10.000126)
= 1.014 x 10° + 1.334 x 10%h + 9000 = 133400Ah + 110400

4 1
Volume of the bubble = ¥ = 3 Ttr23 s 7 (0.000126)’

=8373x 1012 m?
Applying Boyle’s law, p V. = pV, |
(2461 » 10°) (4.187 = 10 '2) = (133400Ah + 110400) (8.373 x 10°'%)
Simplifying, & = 0.0945m
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EXPERIMENTAL DETERMINATION OF SURFACE TENSION N

3.11. JAEGAR’S METHOD
\

Principle : The experiment is based on the principle that the pressure inside ap air by
liquid is greater than the pressure outside it by 2 o/r. Here o is the S.T. of the liquid anqg rth .
of the air bubble. This excess pressure can be directly found and hence o can be calculateq © Tadiy

Apparatus : An aspirator 4 is closed with a two-
holed rubber stopper through which pass two glass tubes
[Fig.3.11]. One of these is connected to a water reservoir
through a stopcock B and the other is joined through a tap
C to a manometer M and a vertical tube DE. The tube DE
ends in a narrow orifice at £ and dips into the experimental
liquid contained in a beaker.

Experimental details : If the stopcock B is opened,

water flows into the aspirator and the air in the aspirator is .
displaced. The displaced air forces its way through the tube DE and forms air bubbles at £, The size

of each air bubble gradually grows. When its radius becomes equal to the radius of the tube at g it
becomes unstable and breaks away. During the growth of the bubble, the pressure inside increa;es
and reaches a maximum value at the instant of detachment. The difference in manometer levels )

|

is noted just when the bubble detaches itself. At the moment of detachment,
the pressure inside the bubble =p, = H + h, p, g, where
H = atmospheric pressure,
h, = the difference in manometer levels

p, = density of the manometric liquid

ema

Fig. 3.11

and

The pressure outside the bubble| -
at the same time P 2P 8
where /,= Length of the tube dipping in the experimental liquid and p, = Density of the experimental
liquid.
Excess pressure g
=p=(H+ _
fsideithe bubbie[ 2 ¢ TP 8)=H+hps0)
=(hp, - hyp,) g
But the excess pressure inside the bubble = 2o/r

1
Hence 20/r =(h,p,—h,p,)g or o= Erg (hp, = hp,)

Advantages of the method : (1) The angle of contact need not be known.
(2) The continual renewal of the liquid air interface helps in avoiding contamination.

(3) The experiment does not require a large quantity of liquid.
(4) The liquid in the beaker may be heated to various temperatures. Hence the S.T. of a liquid

can be determined at various temperatures.

Drawbacks: (1) The exact value of the radius of the bubble when it breaks away cannot be

ascertained.

(2) The drop may not be hemispherical and of quite the same radius as the aperture at E.
(3) The calculations are based on the assumption of static conditions but the phenomenon is

not entirely statical.

For these reasons, this method does not give very accurate results for the surface tension.



radius 0. 0005 m was dipped inside g liquid m’rﬂ" ST of aliquid, the vertical capillary
w . When an air bubble was formed at the end of the ity 1100kg/mr’ 10 a depth 0.04 m below its
”::,-,-nvd_ from manometric reading that the pressure i capillary tube dipping inside the ligquid, ir

e by 0.0054 7m of mercury. Calculate the § T phd :;:z?uf"; bubble exceeded the atmospheric

_r
U__-.—U'lpx‘thz)

—

jere, r = 0.0005 m. g = 98 m/s, h = 0. - 3
P
 _ 00005938
= ————— (0.00547 x 13600 - 0.04 ~ 1100)

=0.07446 Nm'!

312 VARIATION OF SURFACE TENSION WITH TEMPERATURE

Liquids are of two types, viz., (i) unassociated liquid and (i) associated liquid. An unassociated
hqud contains the mdlnduﬂ molecules of that liquid. Example: Benzene and carbon tetrachloride
Ap associated liquid contains groups of molecules of quite another type. These groups, however
«end to break up into single molecules with a rise in temperature. At the ordinary wmpemn‘m:s. \\nu-;
s known to consist of groups, consisting of two H,0 molecules, in addition to ordinary single H,O
molecules. Thus water 1s an assoclated liquid at these temperatures. ) i

The S.T. of an unassociated liquid is found to decrease with nise of temperature, according
0 the simple formula o, = o, (1 - ar) where 0,15 the S.T. at °C, o, a1 0°C and @, the temperature
coefficient of S.T. for the liquid. Van der Waals and Ferguson suggested other relations from which it
could be easily deduced that the S.T. is zero at the critical temperature. The best relation connecting
§.T. and temperature, for both associated and unassociated liquids, is due to Eotves. This formula
was later modified by Ramsay and Shields.

This is represented by o (Mx)*?=k (8_- 8 - ) where o = Surface tension at 8 K. 8, = Cniucal
temperature, d = a constant, varying from 6 to 8 for most of the liquids, & = another constant having
the value 2.12 for associated liquids and 2.22 for unassociated liquids.

x = Coeflicient of association
effective molecular weight of associated hquid

mol wt of the unassociated liquid with the same molecules
M = molecular weight of the unassociated liquid and v its specific
volume.

This shows that the S.T. is zero, when 0 = (8_- d) i.e., at a temperature a little below the cntical
lemperature.

Note 1 : At higher temperature, the molecules themselves possess greater average kinetic energ)
and are moving about more rapidly. This reduces the effect of molecular attractions. S0 less work 1s
needed to bring a molecule from the intenor of the liquid to the surface. Hence the S.T. of all hquids
decreases as the temperature rises.

Note 2 : Impurities, contaminations and dissolved substances all lower the S.T. of a hqud

3.13. QUINCKE'S METHOD

The shape of a drop depends on the combined action of S T. and gravity (——————j
When a large drop of mercury is placed on a clean horizontal glass plate, —
the drop flattens out until its top becomes perfectly horizontal as shown li *; ‘J

Fig 312 (a). Fig. L12 (@)
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Imagine that the drop 1s cut into two halves by
a vertical plane ABCD [Fig. 3.12 (b)]. Let the drop be
further cut by two vertical planes BCG and ADH at a
distance / from each other and perpendicular to ABCD.
GH s the most protruding portion of the drop. Let 4, be Blas
the height of the flat top AB above the horizontal plane g5 —
EFGH and h, the total height BC of the drop.

The portion of the drop lying above the horizontal
plane EFGH is in equilibrium under the action of the
following forces:

I Force due to S.T. acting at right angles to AB from left to right horizontally = /

2. Hydrostatic thrust acting horizontally from right to lefi on the plane ABEF of the drop 4
part of the liquid on the right. The hydrostatic pressure is zero at A8 and increases 1 4, puzt'
Pey

EF.

K;"!(\l = (180" =
(R) \‘Q )C

Fig, 3.12 ()

I
Average pressure = (0 + h p g)/2 = -?:h}pg
I
Total hydrostatic thrust on the area ABEF = Eh,pg x hyl

1,5
==} /
2198

3. The S.T. at G, which acts vertically upwards, has no component along the horizontal.
: 1
Since the drop is in equilibrium, these horizontal forces must balance. Hence g /= Ehf pgl.
133
or g=—h s
2 P&

Determination of the angle of contact : Consider the equilibrium of the whole drop. The
forces acting on the face ABCD are :

Pull due to S.T. acting horizontally from left to right and perpendicular to AB=c . .

Hydrostatic thrust acting horizontally

1 l
= —h I=—h pgl
from right to left on the face ABCD } Py & 7P

The S.T. pull due to mercury on glass at K acting
=0.
tangentially to the slice in the direction K.

The glass plate exerts an equal and opposite reaction along KQ.

The horizontal component of this reactional force /
, =0o./cosa
due to glass along KC, acting from left to right

where o =(180-0)

I
In equilibrium, o./+0.lcosa=—2—h22pg.l
1
or c(l+cosa)=§hf_;2p.g

1
I, I !
or -2-11,p.g(1+cosa) -—-Eth.g ['.'0=5hl ng
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W
h; h?
(1+cosa) = —gz-orcosuz—zz-—l
or h, h|

or CoS O = (h22 > hlz)/hlz
The value of o can be determined from this relation.
The angle of contact 6 =180 - a.

xperiment : Place a clean glass plate on a small table provided with levelling screws. Arrange
i horizontally with the help of a spirit level. Form a large drop of mercury on the glass plate so that
s upper surface is perfectly plane.

Sprinkle a fine layer of lycopodium powder at the top of the drop. Adjust the microscope so
hat the horizontal cross-wire 1s in line with the lycopodium powder. Lower the microscope and focus
iton the line of separation of mercury and glass. The difference between the two readings gives h,.

Move the microscope to one edge of the drop. Focus the M
microscope so that the horizontal cross-wire is in line with the most L HO B ee—"c>},
protruding part of the drop. To find this position very accurately, light
fom an incandescent lamp S is focussed by a lens L and the plane o M P
gass plate P, acting as a mirror, on to the edge of the drop (Fig.3.13). %
Abright, thin, horizontal line is seen at G, where the drop protrudes

out most. The horizontal cross-wire is placed coinciding with this
bright horizontal line and the reading is noted. The difference between L
lhg lop surface reading and this reading gives h,. Using the relations @

gven above, S.T. of mercury and angle of contact are determined. .
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. T
i E:Z?JTDWEIGH METHOD OF DETERMINING THE SURFACE TENSION OF A

gxperiment : Ashort glass tube is connected to the lowerend (| H
faburette (or funnel) cl-amped vertically, by means of arubber tube  J| |
s 3.17]. The funne-l is filled with the liquid whose S.T. is 1o be il

i mined. A beaker is arranged under the glass tube (o collect the
iquid dropping from the funnel. The stopcock is adjusted so that O, [L
he quid drops are formed slowly. In a previously weighed beaker T

\J
|

3 known number of drops (say, 50) are collected.

The beaker 1s again weighed. The difference between this
weight and the \yeight of thp empty beaker gives the weight of 50
grops of the liquid. From this .1he mass m of each drop is calculated.
The inner radius r of the tube is determined using a vernier calipers.
The S.T. of the liquid at the room temperature is calculated using
(he formula, Fig. 3.17

m.g
38r

Theory : Here, we consider the vertical forces that keep a small drop of liquid in equilibrium,
just before it gets detached from the end of a vertical glass tube of circular aperture. At the instant
the drop gets detached, it assumes a cylindrical shape at the orifice of the tube [Fig. 3.17(iii)]. Let
¢ =S.T. of the liquid and r = radius of the orifice.

Excess pressure (p) inside the drop over} G
y

(i) (160)

G:

the outside atmospheric pressure

The area of the section is m /2. Therefore,

=nr- —

downward force on the drop } )
y

due to this excess of pressure

The weight mg of the drop also acts vertically downwards.
Total downward force on the drop = (1 o/r) + mg

This downward force is balanced by the upward pull due to surface tension 27t r ¢ acting along
acircle of radius . Therefore

nr'o
2nro = +mg or 2nro=nrotmg
r

m.g
n.r
But the equilibrium of the drop at the instant of its detachment 1s dynamic and not static. Lord
Rayleigh, taking dynamical aspect into account, showed that
m.g

Example 14 : In a drop weight method for the determination of S.T between water and air,
agIaSS ”lb(’ ()/ ex[erna, dlu"u)f(Jr 2 mm js HS(’(I, und l()() dr(),)S U/ wdler are (UHf’t ’('(I Th(' mass U’
fh_ew drops is 2 8 gms. Find the ST of water in air

Here, r = 10 ' m. m = 2.8 x 10 /100 = 2.8 x 10 ° kg

5
9.
d.mﬁzgﬁi@JiwgqmnmNm‘

T 38r 38x107
Interfacial Tension: At the surface of separation between two immiscible hquids there 1s a

enS107 i . i
MO0 similar 1o surface tension. It is called the interfacial tension.

0:
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Definition: When one liquid rests on another without mixing with it, the interfac,

- d n
two liquids possesses energy just like the surface of a ﬂ‘l'"‘d The interfacial tension iy gy wh"i
the force acting per metre normal to a line drawn on the interface. ol

3.18. EXPERIMENT TO DETERMINE THE INTERFACIAL TENSION BETWEEN w AT
AND KEROSENE | _ §
Sufficient amount of the lighter liquid (kerosene) i taken in a beaker. The weight | ‘

w, of the beaker with kerosene is determined. The heavier liquid (water) is taken in
the burette [Fig. 3.18]. The glass tube is fixed vertically with its end under the surface
of kerosene. The flow of water is regulated so tha drops of water detach themselves
into kerosene one by one. After collecting 50 drops, the bca;ﬂwr 15 ngﬂm weighed. Let !
this weight be w,. Then w, - w, gives the mass of 50 drops. From this ‘h‘-’ average mass :
m of each drop is calculated. The interfacial tension o between water and kerosene is

calculated using the formula
_meg ( ;. &J
= 38r Py
Mass of beaker

. v “
M?sgsi]oftisakg Mean | + lighter hiquid Mean \tj.rﬁ;:;f _ 0

No. | * lighter hqui : , .
w, kg .+50drops w, kg (i, - w) ke

Trial ] | Tral Il Trial I | Trial Il -

Theory : Let p, and p, be the densities of water and kerosene respectively Let m be the my,,
of water drop in air.

Volume of water drop = m/p,

volume of kerosene displaccd} m

by the water drop P
mass of kerosene displaced|  m p,
by the water drop b, Py

Apparent weight of the mp, g
water drop in kerosene | g, Py

Let o be the S.T. at the interface between the two liquids
2

n
Thenr 2’! rg= '""-'*9 tm. g - mﬁ‘?a’_ ._g
r P
mg(
g= —=||~-~&
w o
Again the more accurate equation will be
g = .'_"._E. s E:’_
I8r P,

Example 15 ; 100 drop

s of water falling dow:
under coconut oil of specific graviry 0 falling down a tube of external diameter 1 $ mm are collewed

8. Cale . '
the water collected weighs 12 35 gm Calcuizss the interfacial tension between water and ol |

“1.238 x 104 kg
r=178 = 19!

P, = 1000 kg/m’ and p, ~ 800 kg/m’ o =
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e = 71

o= ——m'g[l_p_l
3.8r pl

_ (l.235x]0'4)9.8 800
3.8x (175 x 10—3) " (l B m) =0.0364 Nm™'

%: EXERCISE Il e

— SECTION - A

1.
2
3.

4
5
6.
T
8.
y.

10.
11.

Define S.T. and angle of contact.

What are the units and dimensions of surface tension ?

Explain S.T. from the point of view of molecular theory of matter.

What is surface energy ? How is it related to S.T.?

It is easier to spray water when soap is added to it than when it is pure. Why ?

[Hint. When soap is added to water, the surface tension decreases. Therefore less work is required to
spray water.]

Several fog particles merge to form a single particle. Has the potential energy decreased or increased ?

Explain your answer. [Hint. Area decreases — PE. decreases.]
In the case of mercury, there is capillary depression. Why ?

[Ans. This is because the cohesive forces in the liquid molecules are greater than the forces of attraction
between the glass and liquid molecules)

Water wets the glass surface while mercury does not. Why ?

[Hint. Because the forces of adhesion between water and glass are greater than the forces of cohesion
between water molecules.)

If two bubbles of different size are blown at opposite ends of a pipe, what will happen ?

[Ans. The smaller bubble will contract and the larger bubble will expand, showing that the air flows from
smaller bubble which has more pressure to larger bubble which has less pressure.]

Obtain the relation between the vapour pressure over a curved surface and that over a flat surface.

Obtain an expression for the excess of pressure inside (/) a spherical soap bubble and (ii) a spherical liquid
drop.

1

[ ]

1
1
1

(%]

o

un

16,

17,

—

SECTION -B
Prove that the excess of pressure on one side of a soap film of surface tension o over that on the other
; .
sideis givenby p=20| —+— |.
gt I (Rl Rz]
Describe Jaegar's method of studying the variation of S.T. of water with temperature.
Describe Quincke’s method of finding S.T. Derive the formula employed.

Deduce the relation between S.T. and vapour pressure at a curved surface and discuss its effects on
¢vaporation and condensation.

How do you distinguish between ripples and waves ? Describe Rayleigh’s method for measuring the
surface tension of a liguid. Derive the necessary formula used.

Explain the drop-weight method experiment to determine the surface tension of a hquid.

SECTION-C

A drop of water of radius 10~ m is split into 1000 equal tny droplets. Find the mechanical work done
Calculate the excess of pressure inside each droplet, if the S.T. of water 15 75 < 10 * Nm !

[Ans. W =8.482x 10%), P=15x 10* Nm ?]
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19. (ulcutaie t}:e excess pressure inside a soap bubble of radius 3 * 10~* m. Surface tension of soap soly
is 20 x 10~ N/m. Calculate also the surface energy of the soap bubble. tiop
[Ans. 26.66 N/m®. 4.525 x 4
20. What amount of energy will be liberated, if a thousand droplets of water each 107¥ m 1n diameter coal
to form one large spherical drop? S.T. of water =75 * 103 Nm™". [Ans. 212 x jg1q &
21. A liquid drop of radius R breaks into 64 tiny drops. Find the resulting change in energy. Surface tepg;
of the liquid is o. [Ans. 12y oRY
22. Calculate the amount of work done 1n blowing a soap bubble from a radius of 0.1 m 10 0.1Sm g
soap solution =35 x 10> Nm™!. |Ans. 1.1 x ng]
23. The difference of pressure between the inside and outside of a soap b“bb_le of diameter 37* 107 m
102 m of liquid of density 800 kg m~>. Calculate the S.T. of the soap solution. (g = 9.8 ms?).
[Ans. 29.4 x 10} N )
24. 1f a number of little droplets of water, all of the same radius r, coalesce to form a single drop of radyy;
] ] ,
R, show that the rise in temperature of water will be given by @ =30 (; 'y where o is the S.T. of |
water.
25. Prove that the air inside a soap bubble of sufficiently large radius R would at atmospheric pressure P fj]|
4 —
a sphere of radius X + 3—;’;, where o is the S.T.
40
[Hint. Pressure inside the soap bubble = P+ R
Suppose x is the radius of the bubble when the pressure inside is atmospheric. Then by Boyle's law,
[
4 3 _(p,A9)4, 3 =R(1+£J’
Px—gnx —(P+RJ31[R, or X 2P
do : 40
— Rl 1+ — |approximately, .. x= R+ (—-—J
( 3RP) < d 3P
26. Calculate the amount of energy evolved when 1000 droplets of water of radius 0.0002 m com?me to t'c:rm
a single drop. S.T. of water =72 x 10 3Nm™! [Ams. 3.257 x 107 J]
27. Two spherical soap bubbles of diameter 0.1 m and 0.06 m respectively are formed at the cm}ls of a narrow
horizontal tube. What is the difference of pressure between the (wo ends of the tube ? (S.T. of soap solution
=3 x 1002Nm™') [Ans. 1.6 Nm -]
28. A spherical soap bubble of radius 0.01 m is formed inside another soap bubble of radius 0 02 m. Calculate
the radius of a single soap bubble which will have an excess of pressure equal to the difference In pressure
between the inside of the inner bubble and the outside of the larger bubble. [Ans. 6.67 x 10" m]
29. A minute spherical air bubble 1s formed in water at a depth of 1 m from its surface The diameter of the
bubble is 1.4 x 10~ m and the S.T. of water 1s 70 x 10 YNm' . Calculate the pressure inside the bubble.
(Pressure of air over the surface of water = 0.75 m of Hg]. [Ans. 0.8385 m of Hg]
30. Calculate the difference in vapour pressure of water for a plane surface and that for a drop of radius
x 10°F N/m

2 x 104 m. Density of water vapour = 0.6 kg/m’ and surface tension of water = 70
») ’ -3 3
20 p'  2x(70x10 )x 0.6 0.42 N/m’ |

Ans. P - E—X— = :
esPae P =63 5104 1000

——



