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The Auidity of an i i
dity of an ideal mixture which involves similar types of liquid b

a5 a mixture of ben; :
AL nzene and toluene, is be = N e e

Shubtione: ne, is best represented by the followir

D = X705 + Xy

log (9/9°) = x, log (8,/9°) + x5 log ($/6°)

Rars {+ Fn _ . o

whu‘c. @° is the standard unit fluidity. These equations are not applicable ic
non-ideal solutions which involve dissimilar type of liquids. if the constiments
of a solution strongly interact with each other then the observed fuidity is
than the calculated value, i.e., a considerable increase in viscosity occurs in suc

p—

a case. One of the examples is the water and ethanol mixture. In this mixure,
a strong interaction between the molecules of water and ethanol takes place
due to the hydrogen bondings. If the mixture involves a polar and a nonpol:
liquid such as alcohol and benzene then the observed fluidities are higher than

the predicted fluidities as obtained by the use of either Bingham or Kendall
equation.

(Bingham's equation

(Kendall's equation

3
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2.4 SURFACE TENSION

Introduction

Surface Energy

a ey

It was seen during the study of vapour pressure that the molecules at :ln surface
of a liquid experience a net inward pull because of the larger r_uuub-:r of molecules
towards the liguid side than towards the vapour side. There is a li—:u-&cnfg.l on the
part of surface molecules o go in the bulk of the liquid. The surface of 11.4_&.'.-“} 18
therefore in some sort of tension and it tends to contract o the sm-.ql.m ;xgs;ijle
area in order to have the minimum number of molecules at the surface, It is for
this reason that the surface of a liquid is spherically curved, since the surface area
is minimum for a given volume in the case of a sphere.

on one has to bring more molecutes

to be extended th
f ==me

rface, This will require expenditure o

If the area of the surface is
bringing molecules from the bulk agz:nst

a liquid to its su
from the bulk of a _ .
energy because work has to be done in
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1g this line p

ce area of the liquid can be increased by pulling

The surface are
by a force acting along the surface of the liqud. Let L]-ll.\ line be
unity so as to enclose a unit area of the surface. Then
= | amount of work done force X distan
Surface energy = = = -
amount of area extended area

2 11 CGS uniis. we have

Hence
dynxem  dyn

Surface energy = e
em” cm

= surface tension

and in SI units, we have
Surface energy = s ol G
m-
Obviously, 1 dyn em™ = (105 N) (102 ! =10° N m™

The surface tension is fepresented by the symbol

Dimension of surface tension This can be determined as follow
A TOLEOW S

& !Dr‘:i_ _ mass X acceleration mli™*
| [ —— o i
distance distance ! " s

The formati di
matton of a bubble i h.]\l-...l“\ due 1o surface tension. It is obviod

the total pressur
g | pressure acting on g concave side must he lar ger than the pressure &
( 1€ conves % & ¢ ¢ pressure 2

X side. Therefore. the pressure inside a bubble must be lareer ™ =
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Excessive Pressure

Fig. 24.2
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the extert
. 1al pressur " thi
force. then tl::‘.:“l“lﬂ. 3 '“m CXCENS of pressure is not balanced by any other
¢ bubble will not be stable and will collapse immediately. Since
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Fig. 345 gy _uilml be cut into two hemispheres by an imaginary plane
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¥ i ¢ cqual to the i HESUre '
hemispheres I"|~h-, e inward pressure multiplied by the surface aren of the
PW““IW. | 15 will be prevented by the external forces due to atmospheric
; [ 4.1 and by (he cementing forces acting along the circumference of the
cucle. For a stable bubble, the total
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We have
Disruptive forces = P(mur)

Binding forces = p(nr) + y(2mr)
Thus, for a stable bubble,
Pr?) = p(nA) + yQmr) ie. y@mr) = (P - p)nr

2y
or fP-*P)=—'E

The excessive pressure inside the spherical bubble is thus inversely related
to its radius. From this, it follows that the formation and maintenance of smalles
bubbles will need greater values of excess pressure than the larger ones. This
is, in fact, in agreement with the daily experience of blowing balloon. i} is
difficult to blow a balloon initially but hecumﬂs casier later on as the excess
pressure O be generated inside the balloon is inversely related o s radius.

o te di in a liquid, there occurs either a rise or a %1

th_:n 1.1 d@plﬁyl;l;: %?;prl:'::“umn‘; is known as capillary action and 5

aras J:: 10 surface tension of the liquid. IF the forces of attraction betw =n

e :ﬂ' { a liquid and those of the solid surface of the tube are greaier
“3? mnlecul o ﬂmﬂniﬂ the molecules of the liquid, then the liquid ha~ a

q ﬂlﬂﬂ those ﬂimmmmmmﬁﬂﬂﬂ and its meniscus in the tube IS condave

i i of liquids are known as wetting liquids and they rise inxne
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As mentioned above, the rise and fall of a liquid in a capillary tyhe

Expression of i capillry
Surface Tension surface tension. Take, for example, the case of a \-feumg liguid, T,
tension forces act all around the capillary tube in the direction shown in Fig. 244

The liquid rises in the tube because of these upward forces. I continues ¢ 5

b

till the vertical component of the lifting force becomes equal to the Wweight of

the liquid in the capillary tube. Thus,
Lifting force = (¥ cos 8) (2mr,)

liquid in the capillary tube = {(mtr2)h Ipg

At equilibrium, lifting force is equal to the downward force due to wei

the liquid in the capillary tube, Therefore,

Weight of the
2ht of

(ycos 6) @nr) = mr2 pg

1 r
o Y==hpp—=t _ )
75 cos @ .

Fig. 244 Rise of a
liquid in a capillary tube
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For most of he wetting liguids, 0 s very very small and (hus cos § = |,
Therefore, the value of ¥ for such liquids is

Y= %hpm-r (24.2)

For non-wetting liquids, Fq, (2.4,1) i still applicable. Hete h denotes depressi
of the liquid level,

Measurement of Surface Tension
Method Using The phenomenan of capillary action can be used 1 determine surface tension

Capillary Action of a liquid. However, to avoid the necessity of determining r, we use the relative

method in which the value of 4 is also determined for a liquid whose surface
tension is known. Thus

| _ i
i=ghegr.  and oy, = E.thzsr

ios, Dlee DU ST =-[i’ll’*—]y @43
Hence, % o, = hyp, )

Hence, for known values of y,, hy, py, hy and Py the ﬂhe of & : :
calculated. The accuracy of this method can bnfurtbn mu:; l:u
two capillary tubes of different radii as shown in Fig. 2.4.5.
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I the same pair of capillaries, after proper cleaning, are dipped ip o diffy,

liquids one alier the other, we will have

Ah
PARAD P&y

Yo = == | p andd Ya = ( i fJ
> ol =
M{ A J G

Dividing, we get

' J— 'ﬂ_ﬁlﬁiﬂ'\ (2.4
i Py A *" &
Thus, knowing the values of virrious terms on the right side of Eq. (244
the value of surface tension of the liquid A can be determined.
;: II.:b;rratory The other method which is commonly employed in laboratories is 1, , .
etho

stalagmometer (Fi 2. 2.4.6).

Fig. 245 The
stalagmometer

€S of surface tensjon Which act around
Upward direction, When the downyar

forces of : finitesimally greater than the upward
surface lension, the-drop detaches from the apparatus and falls dowy
melated wigh the surface tension of the

Upwarg foree = (2mr) y

'I‘hus,_ mg = (2nr) ¥
In order 1o aygiq o
o Lis repeateq wi'thwanl]it:]“l:iﬂf > We use the relative method in which
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Drop Weight Method

Drop Number
Method

.~ Values of Surface
| Tensions of a few
Liquids
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- mg = 2nry, and m.g = 2nry,
Dividing and reatranging, we ge
il
¥ 1
I [J'M,;]rl o

Ihe values of m

r and o, can be determined following either the drop weight
method or the dy i )

op number method
In the drop wei

: ght method, the mass of about 20 16 30 drops of each lauid is
found accuratel

¥, and then the mass of a single drop is calculated

In the drop number method, the number of drops obtained for the same volume

say V., of each liquid is counted. Then the mass of a single drop is determined
as follows: =
m V
vy =— and also b = —
1 "
V
Therefore, m, = v, p, = il i
i
Similarly, m, = —=
¥ m pn _
and thus, Lo L2 i2.4.6
Yo My Pohy

Table 2.4.1 records the surface tension values at 20 “C for some hguds.

Table 2.4.1 Surface Tensions of Some Common Liguids at 20 °C

Substance Surface tension Substance Surface tension

| . yldyn em™! yidyn cm’’
il iy

yx 109N m yx 10PN m

Water 728 Acetic acid 48

Benzene 28.87 Methyl alcohol 1238

Toluene 2853 Ethyl alcohol ok

Carbon disulphide 3225 Ethyl cther 17.08

Chloroform 272 Nitrobenzene R

Carbon tetra- n-Butyl alcohol i—k.ﬁ:

~ chloride 26,75 N1

Acelone

Ethy! acetate

Methyl acetate

Since the effects of forces of

with increase in (emperature,
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in terms of & A

This fact cs

viMu) =p=a- e
Therelore

a=kt
W. Ramsay and I. Shieldy |

Ramsay and Shields Modification ey
of l'-'n'\r;-'dq equation and found that the experiment =sult
expressed by the relationship!
33 ;
viMu)™ = .ﬂ'.-r.’L -1 —6)

According to this equation, the surface energy becomes zero when

r=t -6 .
that is, it becomes zero at a temperature 6 °C below the critical tem Surlpet
This is also supported by experimental observations that for some Jig,
meniscus disappears at a lemperature a few degrees before the critical te
For normal and non-associated liquids the constant j 18 found to have 5
of 2.12. For associated liquids such as water and aleohol, k is foung to h
value less than 2.12.
C:.nr-lsidr:r two immiscible liquids in contact with each other. The molecules 3 e Cleansing
surface of either of these liquids wil] €Xperience an unbalanced force of arrei
;i?c;fhﬁﬂf,i”:;;;ﬁmzs ieml]};ui?é:ulesdaththe; surface of g liquid :cx:p-;ri-'-r:;:l it
forces gt the surface of se Elral'e ﬂ“b oo l'hc D'[h’:'r Th-c‘f- mhf::l
& ket Gl wﬁjrﬂq ca:}OE gtﬁfeen IIhe W0 immiscible ]n|||!\!ﬁ
It is thus, the force a;:ti'ng alon {he 1Efl.ned m. thc: sa_mc e ﬂh_. ik g
of unit length, According 1o Ai"lgtunefj‘lf[.‘mcc i i-Iqm(J‘ PEpEnCicular to iy ey
two liquids A ang B is equal to th i i fille, mt‘""'e”ﬂ““r lension y,p
¢ Ei]l'!&rcnce of the respective surface tensions

:V""' and }jﬂf Ie
Gibhg Adg

- 'I, C ) ; ; ok
: ause the altraction 4Cross the interface helween ”h.
a . 0% “the - i / | o
the .J'i]UIEE'-U!E.'i in the SUrface by € 0f the ohe L ends to reduce the jnward pull€
the interfaciy) lension ¢ lc Y those of (1o same kind. The numerical valoe o
! .;-t = S : ; ) 4k
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‘-?ﬂ-pillury rise
meg o g
had or the drop weight method. The interfacial tension plays a

very important role i
role in determini X ; :
gurface Tension of ining the properties of emulsions, detergents, eic.

When two liguids
Vixtures it pmlll:t;]l::li:]:vl::h.b v.n.:;:u:c |nr1lfic:r1u do not differ very much are mixed in
I e s t'r;;;-l'm; :I’Iirr.ttl'(* tension of I_hr Irs-._t-.ull:ml mixture varies linearly
AR ﬂ:‘-:m‘i.pic “I* ;flllltr of the liquids, ldeal solutions follow this
tension of liquids differ v ol o hi?n:{.t‘:r‘su-lnlucm; mixture. If the surface
HAGHAZON Tohwar Btifick m::l? mluch. lhrT mlidsl.u.m lnl" even a small amount of the
the surface tension of th :-'mrl in the liquid of higher surface ftension decreases
has a tendency to accur i:] dmjr to a large extent. This is because such 4 liquid
richer constituent of tll;nulmc M g B the surface has a relatively
it To e Sines Th mh:':f s}lrface tension as :_:mnpared to the bulk of the
e sk st c \rdr!auu‘n of surface {.cnsmn is given by the following
P n, provided the solution is not very dilute:

dy
dine

(3
.
=

L

=—X}r=h (

[_“ l?us expression, X is a constant and y* is the surface tension of the pure
liguid. According to this, the surface tension of the mixture varies lineariy with
the logarithm of the concentration of the added liquid. A few examples are
alcohol-water, acetone-water, and acetic acid-water mixtures.

surface Active Certain substances like soap, salts of higher sulphonic acids and of higher
Materials amines, in water decrease the surface tension of the latter to a large extent and

thus are called surface active materials (due to their tendency to accomulate at
the surface.). These substances act as detergents and they have the characteristics
of lowering the interfacial tension between water and grease and thus reader
wetting of the latter easier. This also explains why these substances are used 1o

clean garments. We can now explain the cleansing action of soap as follows.

Cleansing Action of Most of the dirt or dust sticks on to grease or oily materials which gather on
Soap clothes. As grease is not readily wetted by water, it is difficult to clean the garment
with water alone. If a soap solution is used, the intefacial tension between Watsr

and greﬁse decreases and thus facilitating the mixing of the tWo. This decrease
of interfacial tension is due 1O higher concentration of soap molecules at the
surface. The orientations of these molecules at the surface is specmu —-CE)O
groups pointing towards the surfa{.::c of water and hydrocarbon chains pomtmg_
outwardly. These hydrocarbon chains act as a solvent for the grease and thus
the latter i8 detached from the cloth along with the dust.

Gibbs Adsorption 14 generra]. the variation of surface tt?nsi:?n of a s.ﬂlvem with the addition of

Isotherm solute is given by the Gibbs adsorption isotherm:

| ¢ dy @A)

=R

o { XCESSIVe concentration of the solute at the surface relauve
wﬁiﬁ;ﬁﬁﬁai? the bulk of the solution. According to Bq. (24.11), o7
to thal & '
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where C 18 a constant, ;
the above equation is mu

have
144 ,
MY _ MC = constant = [P]
-':)1 & P..
If the liquid is not very near o its t'.'l'l‘l](.‘a'll temperature, th
than p,, and the approximate form of the above expression
o

(_M}},JM =[P] .6r Vm},lfsl =[P]

1
Thus, if the surface tension is unity, the value of the consian;
the molar volume of the liquid. The symbol [P] is known as pars
comparative volume, since the coemparison of the parachors )
is equivalent 1o q comparison of molar volumes tnder the condis
(unit) Surface tension,
.Pa{achur has been fﬁunfi to be largely an additive property aad
:tonsmu_n;e Property. It is possible to evaluate the parachor equivaler:
oms and for varioys structural upis (Table 2.4.2).
Table 2.4.2 Vogel's Values of Alomic and Structural Parach

Uniy .
Parachor -
(P 1Po) Unit
\__ __
0 3 —OH

15,
: —COOH

s & T

8]
19.8
X 482 Singic
5 53 ngle bong
s Double bond
&U %1 Triple bong
_ Wi 3-membered ring

4membered ring

S-membered ring
o O-membered ri

_ (dyn oy lyIM _ 0 .5 bered ring |

m" mol™! (103 NmhH"
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With the he :
i ferent help of these values, we can calculate the parnchor values of
L Eren Sl . | . o ]
isomers ol a given compound. The comparison of these values with

the experime ¢ de
I entally determined values can help in deciding the structure of the
given compound

REVISIONARY PROBLEMS

21

Dizcuss the general ¢
he general characteristics of hguids and compare them with thowe of gases
and sohds,

b
Fd

“- ' . . " .

hat 15 the vapour pressure of a liquid? How does it anse and what is the effect
ol temperature on i’

Ihe l\';tl'l.iliiln of vapour pressure with temperature can quantitatively he expressed
by Clapeyron equation

ti;l ; A H

d7 Ty V.1
LT nl
Explain the various terms involved in thas equation. Discuss the Clausius approximations
and hence denve the Clausius-Clapeyron equation,

2.4 Draw a graph indicating
(1) The variation of vapour pressure with temperature. What are the lower and the
upper limits of this graph?

(ii) The variation of In (p/ip”) versus 1/T. What is its slope?

2.5 Discuss how vapour pressure and boiling point are intimately connected 1o each
other. Explain how a plot of the variation of vapour pressurc with temperature can
be considered to represent a graph of the variation of boiling point of a liquid with
the external pressure

26 Describe the methods commonly employed for the measurement of vapour pressure
of a liquid.

17 (4) Discuss the effects of nonvolatile impurities on Vapour pressure and boiling point
of a liquid. (b) What is Trouton’s rule?

28 What do you understand by the term viscosity of a liquid? How does it arise and
what are its units? What is the effect of temperature on the viscosity of a liguid?

2.9 Describe the methods commonly employed for the measurement of viscosity of a

liquid.

210 Explain why the viscosity of ethy! alcohol is greater than that of 'elhﬁ. _

According to the Arrhenius equation, the variation of viscosity with temperature 1s

given by

n" -ln{AfI]"l"l-f“‘

Explain the various terms involved in this. Give a schematic plot of In (n/n™) versus
UT. What is its slope? . |
5 12 Discuss the origin of surface tension of a liquid. Show that the surface tension and

surface energy have the same dimensions. an
213 Show that the excessive pressure inside a spherical bubble 1s given by
2y
Ap=(@P-p)=—"
p are the pressures inside and outside the bubble, respectively. With
the help of this, justify the stalement:




