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INTRODUCTION

Surface chemistry if‘_“\(‘ branch of Physical chemistry which deals with the

f phenomena occurring at interfaces. The study of interfaces is of great
ce for chemists boonus.e it finds applications in ‘nur daily life and induatey
Jainly’ surfaces play .80 amportant  pgle in catalysis, colloid formation,
“m‘mgwgraph}' etc. ThlS_ chflpter covers the fundamentals and applicationa of
_.+face chemistry. Adsorptlo-n 18 the process of attachment of adsorbate molecules on
h‘w surface of adsorben.t. This 'Chapt,er explains the adsorption mdthvrnm. adsorption
q gas and it§ cat.alytu; reaction on solig surface. Adsorption of L;V() gases and their
talytic reaction on solid sgrfage and retardation pProcess is also explained with the
selp of Langmuir 8f180rptlon 1sotherm. Eley-Ridea] mechanism and Langmuir
HmshE‘IWO_Od m'echamsms to study Some organic and Inorganic reactions have been
described 1n this chapter. Catalytic decomposition of ammonia is also described by

qudy ©
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the Tempki.n adsorpt_:ion 1sotherm in detail. The Bas-solid interface is of great
importance in catalysis. The current chapter algo covers some basic physical aspects
of catalysis, autoce'ltalysm, énzyme catalysis and énzyme inhibition. Moreover
wmparative analysis of competitive, uncompetitive and non-competitive enzyme
inhibitions is also discussed in this chapter, . ’

62 ADSORPTION

When molecules of a substance come in contact with any solid surface its
molecules get attached on it, this pracess of attachment of molecules is named as
adsorption. In other words, “attachment of particles of a substance on the surface of
another substance is called adsorption.” Adsorbate and adsorbent are basic
wmponents which are necessary for adsorption. Adsorbate is the substance which
gt attached to the other surface and the substance on which adsorption takes place
i called adsorbent, Adsorption can be distinguished from absorption because in
adsorption adsorbate molecules will attach at the surface while in case of absorption,
Zolecules will penetrate into the body of adsorbent. So, “the penetration of the
molecules of g substance into the other substance is called absorption.”

o When adsorption and absorption takes place at same time then the process is
“¥1 a8 sorption, The dyeing of cotton fibers is an example of sorption.
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i 1 Mhysioa) adsarpiion ocours through | 1 Chemiteal adsorption oceurs
vander Wanl's forces Be it is alen | through ¢ hemical bonding. [t (s alen
l..n(xu” s ,,)“.,“.fu,“,,,,“ | known as (lh-ml-mr;;ﬂun

{ % Physical sdsorption is fant provess { 2 Chemical adsorption 1a alow

' g procesa !
A Thisoie relatively wenk adsorption [ 34 This ia relatively strong adsorption
51 L1t hae low value of heat of 4. It has high value of heat of
7 .'n'm‘!'pfh)n nd_ﬂ;{}rl]ti()l]‘
i 3 ] " % " : )
: [ & Physical adsorption is mostly 5. The procesa of chemisorption may
- ‘ exothermic process. be exothermic or endothermic.
, 6 It s not upecific. 6. Itis high]y speciﬁc
. It depends only on the nature of 7. It depends on the nature of
adsorbate, adsorbate and adsorbent.
8 Itis usually multilayered 8. It is monolayered adsorption
adsorption
s ASNAR DA . ' . . .
9. It decreases with rise of 9. It increases with increase of
temperature, temperature.
10. It 18 reversible process. 10. It may be irreversible or reversible
process.
11. Heat of adsorption is less than 40 11. Heat of adsorption is greater than
ked/mol. 80 kd/mol.
hl . »
12, For example, Adsorption of oxalic 12. For example, Hz adsorbed on
acid on charcoal. Ni/Fe/Pt.

6.3 FACTORS AFFECTING ADSORPTION

(i) Nature of Adsorbate and Adsorbent

Adsorption depends upon the nature of adsorbate and adsorbent. The various
groups of adsorbate and adsorbent are responsible for adsorption, For example
polarity of both can cause force of attraction between them.

(i1) Surface Area

Surfuce area of the adsorbent has pronounced effect on the rate of adsorption.
Adsorbent with greater surface to volume ratio possess greater extent of adsorption
and vice versa. If substance is divided and subdivided further then we get small
particles. This process will increase the surface area to volume ratio to a very large

extent.
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8.4 ADSORPTION IS()THI.‘R\ y

| Adsorption of g nuhc.-t‘.,, ‘\‘:S
investigated under Various ( odh
studies relation betwee
explored. When a gag &
depende upon numbe

nnditu‘u‘r:: ::’M surface of another aubstanes can he
tarts to oy ‘NP 'N'i\ and t‘qu‘ihi‘-rmm preasures has been
r of moleculas } a s\xrfnrfj, initially 1ta rate of desorption
molecules adsorbed, - ",‘l‘-‘“"‘@d‘ With the increase of number of
rqunl to the rate of desorpﬁon thi "“‘Cl’(’ag(gg_ “When rate of adsorption becomes
equilibrium, the pressure g cal];fimmc' - C_“l“mf dynamie m‘pulihr!um'." At dynamae
and desorption in a close veagal 18 }?qu.lm-m“f“ pressure. The process of adsorption
S Bhown in Fig. 6.1 (a) at equilibrium. “The relation

between extent of adsorption and ;
called adsorption isotherm.” quilibrium pressure at constant temperature is

6.4.1 Freundlich Adsorption Isotherm

Freundlich
gave an S .
empirical relation between extent of adsorption and

X
m (6.1)

X/m
" | Gas

=T Solid

AtRy = Rq (n) | (b)
I e—

Fig. 6.1 (a) Adsorption desorption equilibrium
(b) x/m as a function of pressure of a gas at constant temperature

k; B e
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' of adsorption Le,
Wherve, I ia the equilibeivum pressure and s/m in the nlulm't‘ld e Bt
amaount of :I\L‘ém»l\uh\ u\i:ml‘l\ml por n““ mnen ol ml,u\rlmnt‘l : ¢||‘ sl el e ”m
, : ‘
amstanta whieh dupm\tl upon the natuee of o, nolid HIN‘ ¢ :“l“"‘" A“'”““"u o
. V ) o r ‘ " &
d"“(‘u“‘-\\\“l(\ﬂﬂ \lll\‘"\tn_\' l\\l‘ k I\!l!l (ll“h\‘\ni“n of 1y v.,"v‘ “' P i “r S
fauanton (6.0 extent of adsorption in a funotion of equilibrium
shown in Fig. 6.1 (b,
| ; ‘ fght line an
Bquation (6. 1) can bo writton in the form of equation of ntraiyg
~ ‘ (.2)
m n

: ; . ‘ : : « function of logP whose slope
According to equation (6.2) log (x/m) ia a linear function "

i : in g, 6.2. Thia plot can be
and intercept are 1/n and log k respectively an shown in Fig. 6. i

used for the determination of values of empirical constanta n and k,

3 <\ Multilayer
/ : //’ /

log X/m

Single layer

logP —w—y
Fig. 6.2 Plot of log x/m versus log P with slight curvature at high pressure

When value of 1/n approaches to zero, then x/m becomes independent of

pressure and 1/n approaches to one then x/m becomes a linear function of pressure of
gas as shown in Fig. 6.3.
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log x/m

log C ———»
Fig. 6.4 Plot of log ¥/m versus log C
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Frovndlich mlmuplluu oo v g el o e pohid b tee arh el wien Feiioe

can be writton by vopdaeig 1 with 0 in P (1) wa

8 |i(‘|“

m

(i)

By ta kg log of ogquntion (i

n
" b ‘ : [
Fhia equation can be used o study the adearption of torde material on

biosorbent in aqueous medivm, Wator puvifiontion can he done by anitalile ailaorhent
using this equation. The value of noand K cnn be detormined watigg plot aa shiown in

A |
log == logk + 7 oy t!

Fig. 6.4,

6.4.2 Langmuir's Adsorption lsotherm
Langmuir wan an American physical chomint who worked on adasorption of

gases on solid surface, He also derived “aduorption tsotherm™ nnd got noble prize in
chemistry in 1982, The postulaten on which Langmuie's adsorption jsotherm ia hnaad

are given below,

Postulates
(1) Each adsorbent han specific equivalent alten for ndsorption,
(11) Adsorbate molecule attach to these niten.
(111) One molecule of adsorbate can adsorh on one site of ndsorbent,
(iv) There is no interaction between moleculon of nduorbate nduorbed,
(v) Rate of adsorption in relatively e
high as compared to rate of
desorption at initial stages, O
(vi) Rate of adsorption becomoa equal ®
to rate of desorption at dynamic O ® O
equilibrium as shown in Fig. 6.6.
. q . ) e Desorbed wm-—-—--—-‘. ®9®
(vi)  Fractional surface coverage (0), a molecule
new dimensionless quantity is
equal to the ratio of number of
gites covered to total number of
sites i.e.
' . Adsorbed gns-'-—-W
no, of sites occupied " molecule
= - > —>
total no. of sites 0 )
(viii) Rate of adsorption depends upon
the equilibrium pressure of gas .
q P f 8 Fig. 6.6 Dynamic equilibrium exists
(adsorbate) and fraction of bot dsorboed and dosorbod
available sites and rate of ween e sorl 0d and desorbe
desorption depends upon the moleculos

fraction of sites covered.
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Surface Chomistry 431

6.5  LANGMUIR ADSORPTION 18OTHERM FOR ADSORPTION Oy
SINGLE GAS 8YSTEM

Adeorption of a gan on solid surface ia descrihed hy Langmuir adanrption
jeotherm which e a relation betw een fractional surface coverags nnd presaurs - ‘,wﬂ"
The adeorption of a gas on eolid surface mav he non dissoeiative and dissociative The
Langmuir adsorption isotherm for both type of adeorption ia deac ribed hare
6.5.1  Langmuir Adsorption lsotherm for Non Dissoclative Adsorption
The adeorption process during which gas moleculea adsorbed as such without

any diBﬁ&‘C\n“\)“ is called non diﬁm"\“i!\ﬁ\'P ndmsrpﬂnn. Non dissociative mlmrph«m of
hydrogen on a solid surface can be written as

I{JN) « ll‘.! Ada)

Rate of adsorption of a gas is directly proportional to pressure and fraction of
unoccupied gites i.e.

R, =P,
Ry = (1-0)

(6.4)
(6.5)
On combining equation (6.4) and (65)
R, =k, (1-0)P, (6.6)
Kads, 18 the rate constant for adsorption.
According to Arrhenius equation Kaa is the function of temperature and can

E e

be written ask,,, = bje T . Then equation (6.6) will become

R, = b,e‘%‘ (1-0)Pp, (6.7)
Rate of desorption is directly proportional to fractional surface coverage i.e.
Rpe, <0
Ry, = Kp.0
o
kp,, =be *.0 (6.8)

At dynamic equilibrium, rate of adsorption becomes equal to the rate of
desorption. So,

Rpa = Ropu
By comparing equation (6.7) and (8.8) we get,
3 B
be ¥ (1-0)P, = bye M 0

. x .
© b WP, ~be 0P, =be ¥ 0
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Multiplying TR TR
Plving and dividing vight hand side of equation by b,e "

R Five

9w 10 NP, /be
LTS

h‘(‘ R ‘l)\ !

Bive |

h,:&‘ kT

14

b "‘1\., R\.o.
,b| o KT ) RT l)
A
0= 2
b .rf‘“- _Fan

I+ -LoRTy kT p
)2 ' A

b, ) Hiw-Ea
" ( KJJ T |
b') ‘“’u."‘w_.) :
— @ RT P
b A 1
0 = ( 2
b ) Z(Faw-Fn.) (6.9)
1 +(.._'.Je RT  p |
. A |
And, AH,, = Epu - Ep, (6.10)
The quantity Eads-Epes is t : . .
Fig. 6.6. A} Des 18 the heat of adsorption as shown in energy profile in

Putting value of (Eaqs— Epes) from equation (6.10) into

_AHy, :
0=—21

b, ) -4
ROAE

equation (6.9), we get
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“PA
14 hi,

0 (1)

1 ad ity adsorption coefficient which dependa upon the nature of adsorbate
and adaorbent, it i temperature 'h'pvmlnm and ita unita are Pal

{ onatant
| o p———
-5
ky
f)es 0
Fnerpy
"Y | D

Unadsorbed 1 inear relation (= Pa) .
(reactants) Allag,

Adsorbed (products)

Process coordinite me——ey PA o .

IFig. 6.6 Energy profile of adsorption and  Fig. 6.7 0 as.a function of presaure of gas A
desorption processes

Equation (6.11) is a relation between fractional surface coverage and
pressure of gas. According to equation (6.11) 0 is a function of pressure of gas. Mg
6.7 gives dependence of 0 on pressure. The value of O increases with the inerease of
pressure of gas for small range of pressure and it becomes independent of pressure at
very high value of pressure. At this stage, all sites are occupied by gas molecules
that is why further increase of pressure has no effect on extent of adsorption.

’

Special Cases

(1) When Pa is low, then 1 + bPa= 1. So, equation (6.11) will become
0 =bP,
0P,
So, 0 is a linear function of Pa,
(i1) When Pais high, then 1 + bPa= bPa. Then, equation (6.11) becomes
0=1

So, fractional surface coverage is independent of available pressure. At this
stage, adsorption or value only depends upon value of b. If weak adsorption
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k) : e s value of b
accirs, then b has low value and if atrong adsorption oecurs, thwet

will be hagh

By taking invorae of equation (6. 110

| l{l‘_\
0 b,
.'.(\ o l - l
0 b,

1 1) 1 )
Q th Ll"‘ ,

This s an equation of straight line with intercept 1 and slope 1/b.

110

O l/p.‘\ —_—
Fig. 6.8 Plot of 1/0 versus 1/Pa
Fig. 6.8 shows that 1/8 is directly proportional to 1/Pa. From the slope of this
graph, value of b can be determined.
6.5.2 Langmuir Adsorption Isotherm for Dissociative Adsorption of a gas

The adsorption process during which dissociation of gas molecules takes place
is called dissociative adsorption and for dissociative adsorption rate of adsorption is
directly proportional to pressure and square of fraction of vacant sites of adsorbent

Le.
R, = (1-6)°
R, P,
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\ \ A\ \ u
l\v\.t: weothe energy of sotivation for adaorption while, Wi ia the energy of
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btially vate of adsorption e weenter than rate of
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acvupied ates wnereanes,

eaorption nccording to
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At dynamie equilibeium, vate of adeorption become equal o the rate of
desorption as given below

\ Al
R Aw = R 1™

L) Ak i

"1va
be W (-0) Py = hye W

; L TR
bito BT (1) = hjig oW g
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/ Eya /
bj 2}‘~ 2 RT ])\2

(6.16)
0 = SVRN e “_ = ./
° T 2
],2,0 IRT . l,|2n 2R [A
E
/ ot 7
‘ b}2(3 IRT
Divide above equation numerator and denominator by by
T
72 (Ean. El‘:!_)
b )t P
g_\b (6.17)
Nonlinear
] I Casc 2

Energy

Unadsorbed

species l -
Adsorbed species

Process coordinate ——

Case |

PA 12 .

Fig. 6.9 Energy profile of adsorption of a gas  Fig. 6.10 Plot of 8 as a function of P%

AHads denotes enthalpy of adsorption according to Fig. 6.9. AHags is equal to

AHAds = EAds - EDea (618)

Putting value of (Eads— Epes) from equation (6.18) into equation (6.17)

b }é _AH,,
[_1} e 2RT P
L

b % au,, (6.19)
1+(Bj} e Z2RT PA2

b }é _A}IAI'I
If, —L| e 2RT _}
(bZJ
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Then equation (@ 19) will beeome
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Ll

q 4 1 ri
cnuding 3 alors satading: 8 ) o the funetion @
According to above relation, fractional surface a0

pressure of gas A as given below

0= ()

puveragey

Special Cases
) When Paialow, then 1 + b l‘:‘ = |
So, equation (6.20) becomes

0=bP,:
0o P.:’

It means 0 18 directly proportional to l‘:' (Fig. G.10).
() When Pais high, then 1 +b l‘:i ~ P:* 8o, equation (6.20) hecomes
9=1
It means 0 is independent of presaure when Pa is high (Fig. 6.10)
By taking inverse of equation (6.20)
] "
1+ b'PE

b'Py

|-

o +1
Tk
0 b'P;
According to above equation 1/0 is a linear function of lll’f/‘ whose slope
equal to 1/b, and intercept equal to 1 as shown in Fig. 6,11,

On comparison of equations (6.11) and (6.20) of non-dissociative and
dissociative adsorption respectively, it i8 concluded that 0 is more dependent
pressure for non dissociative adsorption but 0 is less dependent on pressure
dissociative adsorption as shown in Iig. 6.12.

Of

for
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I

o 1/Pa 12 0 Pa
Fig. 6.11 Plot of 1/6 versus 1/Ps2 with Fig. 6.12 Plot showing dependence of §

intercept 1 on P4 for dissociative and non-
dissociative adsorption
Limitations

The Langmuir adsorption isotherm gives z guantitative explanation of the
adsorption. The mechanism of chemical adsorption can also be explained with the
help of Langmuir equation. The Langmuir adsorption isotherm gives a2 satisfactory
theoretical explanation of a large number of experimental results. But it zlso

some limitations as Langmuir adsorption isotherm assumes that surface iz czpzble
adsorbing one molecule thick layer. But in actual practice, there are chances
multilayer formation. According to this theory, the saturation value of 2dsorotio
should be independent of temperature. But experiments show that saturation valu
decreases with the rise of temperature. This theory holds good only at low pressure.

-

e
0

Py vy B

SRS

T

A

Example 6.1

Adsorption of ozone on solid surface takes place according to following
scheme

Oa(m) 0, +0,,.,

Write down Langmuir adsorption isotherm for the adsorption.

Solution

According to the reaction given above, ozone iz dissociated into two species,
therefore Langmuir isotherm for the adsorption of ozone will be

v
oo P
1+b'P§§
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Example 6.2
1 folbrwing

Al"ﬂl\l‘ll“”ll nr aFONe i solid surface inkee "’“‘.“ Nfllifi’lﬂw
pcheme

Opon) 2280,

§og
Write down l,llmgmnir lﬁl]'hu(”" for the "41(,1,71,“”[) of vaeme

Solution

y i | . i , by spuatiif,
Ozone in (’l‘;“m.mlﬁﬂ into three oxygen atoms as given in shave &4 ’
therefore Langmuir adsorption isotherm ib

LA

14 h-p%

l){

3 -

Comments: If a gas dissociates into greater number of atoms, then
dependence of 0 on pressure of gas decreases,

6.6 APPLICATION OF LANGMUIR ADSORPTION ISOTHERM FOR
SINGLE SYSTEM

The Langrhuir adsorption isotherm for single system can be used for the
determination of isosteric enthalpy of adsorption (AHs) and for the study of catalytic

reaction of gas on solid surface,

6.6.1 Determination of Isosteric Enthalpy of Adsorption (AHas)

The variation of pressure of a gas with temperature for a particular fr'ar.:twm’xl
surface coverage can be used to determine the enthalpy of adsorption called isosteric
enthalpy of adsorption which is represented by AHs.

We know that, //Q (14 LFF ] =t (4 |
bP, 4 ” ny
= . L ) / o LAV F
1+bPA 9 - o { '/ . O/
-— N w ZF
6(1+bP,)=bP, [+ O7F
: /)
bP, )6 = bP, ‘ () | BIA
0+( A)‘ A ! y ,;L z VYW —
0= bPA (1 -8) ' A4 7 ' ,_.:'.‘,

6
bP, =——
»=i-0)
By taking natural logarithm on both sides of above equation

In(bP, )= l"(TQ(—)J (6.21)
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. #o b depends upon temperature bhecnuae Toaas nnd Kpws

.\?“ " . l\t e l\l'»'s.
dependent on temperature. Then, relation (6 21) will be

0 )
P s nh - Inf |
\1-0)

By differentinting above equation with reapect to T at conatant 8, we get
,[CInb | 2010 0 ) (H.22)
ar L e‘l‘k 1-0;

&

{ 7’.’“\]“‘ “
L l
=] )

‘(ln lt ) = 0. Then equation (6.22) will be,

o 1
Az 0 18 constant 80, —

¢ 0

(6.23)

As we know that,
AF = -RTInK (6.24)
According to thermodynamics: AF - AHy = TAS . So, equation (6.24) will be

AH,~TAS = -RT Inb

AH, TAS
—
RT ~ RT
Inb=-AH,  AS

RT R

Differentiating the above equation w

Inbh = -

ith respect to T, we get

oT R oT
lnb)  AH, ‘
( T J-+RT"’ (6.25)
. By putting the value of

Relation (6.25) is called Vant's Hoff equation

dlnb
( ;I‘ Jfrom equation (6.25) in equation (6.23), we get

LY

(6.26)
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A vy 12 the rate of change of distanoe with reapect to time, the ahove anuating

oan qifz.‘: ?w wilten e

dv  Apop )Wy

ot oy

Lot the particle be at position x; and x: at time and ¢ respectively
Separating the variables in the above equation and integrating between the limita of
time and the correaponding distance, we get

),
i

I‘{‘ e )W far

. On ‘
-~ 4§ ALl
in X2 2p-p)W'r (1, -1,) (11.5)
X 9

Where xi and x2 can be easily measured using optical microscope during
centrifugation. Hence the value of r can be calculated using equation (11.5) if all
other parameters are known.

{3) Microscopic Methods
Transmission electron microscopy (TEM) and Scanning electron microscopy
can also be used to determine the size of droplets of emulsion.
(4) Scattering Methods
Dynamic light scattering, small angle neutron scattering and small angle x-
ray scattering are also used to determine the droplet size.
11.6 SURFACTANT

“The substance which lowers the interfacial tension between two liquids and is
wed (o stabilize the emulsion by increasing its kinetic stability is named as
'mulsifier”. These can be classified as: surfactant, lyophilic colloid, finely divided
ohid particles and polymeric materials. Surfactants are surface active substance -
vhich can be used as emulsifier due to their amphiphilic structure.

Jlassification of Surfactants

: Surfactants can be classified according to polar head groups into two main
lasses.

(1) lonic surfactant

(2) Non-ionie surfactant
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An viin the rate of change of distance with respect to time, the above equation

can nleo be written ana

de 2(p-p,)w'r’

dr 9 "

let the particle be at position %1 and x2 at time t; and tz respectively
Separating the variables in the above equation and integrating between the limits of
time and the correaponding distance, we get

B 2
4 2e g’;)“ﬁ’ (1, ~1,) (11.5)

In

Where xi and x2 can be easily measured using optical microscope during
centrifugation. Hence the value of r can be calculated using equation (11.5) if all
other parameters are known.

(8) Microscopic Methods

Transmission electron microscopy (TEM) and Scanning electron microscopy
can also be used to determine the size of droplets of emulsion.
(4) Scattering Methods

Dynamic light scattering, small angle neutron scattering and small angle x-
ray scattering are also used to determine the droplet size.
11.5 SURFACTANT

“The substance which lowers the interfacial tension between two liquids and is
used to stabilize the emulsion by increasing its kinetic stability is named as
emulsifier”. These can be classified as: surfactant, lyophilic colloid, finely divided
solid particles and polymeric materials. Surfactants are surface active substance -
which can be used as emulsifier due to their amphiphilic structure.

Classification of Surfactants

Surfactants can be classified according to polar head groups into two main
classes,

(1) Tonic surfactant

(2) Non-ionic surfactant
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(1) fonic Gurfactant

"o aetunta th sve 1 . : . 311
rhe surfactants that have the abilisy 1) dissciate in water 2r¢ lled

42 i ‘,‘E’,
?’,Jrf;’f,f/lrltﬂ s

CH(CH ), S0, Ha* =2 CH(CH,), 50, + Na'
¢1 , r B4 § Lod £ »
Sodium dodecy) sulfonzst
CH((CH ) NI CU =2 CH (CH 5, 5iH; +CI
Lauryl amine hydrochloride

Jonic surfactant is further divided int

1 %
tnrec i

N
W
X
AL
W\

(a) Anionic Surfactants

Anionic surfactants contain anionic functionszl group 2zt thelr
sodium dodecyl benzene sulfonate,

-3
K
»
(S 9
W
m

CH,(CH ), C H SO; Na® === CH,(CH.),,CH S0; + Na~

(b) Cationic Surfactants

Cationic surfactants are those in which hydro

functional group e.g.; trimethyl dodecyl a2mmonium chloride

C,,H,sN*(CH,),Cl" == C H, N (CH,), +CI

2&1’

(¢c) Zwitterionic or Amphoteric Surfactant

The surfactant which contains a head with positive and negative charges is

called amphoteric/zwiterionic  surfactant ez dodecyl betaine [CiHasN-
(CH3)2CH2COO].

(2) Non-Ionic Surfactant

Non-ionic surfactants are those surfactants that have no charge group and
can’t be dissociated in water. Block copolymers of oxyethylene and oxybutylene are
examples of non-ionic surfactants. Further non-ionic surfactants may be of two {ypss
either polymeric or non-polymeric surfactants.

11.6 PROPERTIES OF SURFACTANTS

Some important properties of the surfactants due to which they act as
emulsifiers are discussed below
(1) Amphiphilic Structure

Surfactant molecule has amphiphilic structure, because it has a large
hydrocarbons chain which is hydrophobic tail and hydrophilic head in nature as
shown in Fig. 11.11.
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of surfactam on arr-water interface,
(2) Adsorption or Surface Activity
When surfactant is added into water it forms a layer at air-water Nt e

adsorption process ns shown in Fag. 11.12 Surfactant adsorbs in such a way thas
polar head 1w directed towards the hydrophilic phase and non-polar partion ¢
hydrophobie phase and become adsorb on air-water interface.

]
5w ~”"§d

(3) Reduction of Surface Tension

When surfactant adsorbs on the surface, then attraction on the
1= balanced Now downward force ig balanced by upward force of surf:
way. surfactant decreases the surface tension of iquad.

surface atoma
1ctant, In thy,

(4) Association or Micellization

“The process of micelle formation (s called micellization” When » large
quantity of surfactant is added in water after covering the whole alr-water \nterface
the surfactant molecule will diffuse into the bulk materia] and their

molecules
‘=gregate spontaneously to form a micelle as shown in Fig 11 13.

y
Surfactant
Water
Surface tension (1)
mN/m
Micelle .
Untiner (2)
X
0

InC

Fig 1115 Adsurption apd wicellizaton Fig 1111 Gibb's adsurption isuther
Process
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Relationship \-ph;e,rv“ he

THERM

T ORMOGR
peentration of surfactany 4y
o

of surfactant adsorhed on iterface and
yduarphion isol herm”

\rs"t‘\“h'ﬂ At (‘1“.\&{15\‘9 f..r“‘ﬁ,-.r””hv‘_ T 5*\!“:\4 ("ilh‘.\.‘l
Plat between eurface :
‘ Y oeurt ACe 1ension and In(" as a by 1 Fig 11 14 has twi redIOnA
\ 1‘6'\L“‘“ \\ Ceurinee “'“"H"]’\ der » L BN FiR ! v !
) -“ i adsorption ry O ARCTeARes with the inerease in value of InC Tha region
e (AN THEION OFf tire ‘
< t premicell - n
. ‘ e oY region -‘l'\'-i N oregion 3 4‘”;" oot F@riain
apane constant waith chaner o . } region L4
e hange of InC. this region is ealled miceller region heeause
. regon (;ﬂ:‘_) inveatigated ”,, change :»f >.H[ff4‘h"‘
‘\a]\kln]\ Hf h(l\”d ‘\“]\ INCrepae (\vf fve iRALE € 4] 14
and formulated 1 an the form of

an equation \\‘}‘1"}'\ 1% knnwn 34a l"‘dhh':i '\d'lnl']\'i””
wotherm Mathematically it can be oS B K ,

gcelle formation occurs in (e

surfactant concentration at constant temperature

I - —"'l l’]’ ‘i
= ] L | .
RT| dwnC |, (116
Where, I s )
fi 1hl n‘f I" 18 surface excess concentration and its units are mole/m? and 1t can
be defined ag “no. of moles of surfactant adsorbed per unit area”

¢ dy
\\here.\ﬂ;:_ 18 called the surface activity of surfactant at constant
i

temperature.
' |
Since g = 1
&« .C

So,.dInC = %E—

By putting value of dinC in equation (11.6), we get

= "_C_{if_i\ (11.7)
RT | dC |,
= ~C dy (11.8)
2.303RT | dlogC |,
{;‘f}‘ (‘] is the ability of surfactant molecules to reduce the interfacial
dInC |,

tension between two liquids.

Example 11.1

The slope of plot of surface tension vs. natural logarithm of surfactant was
found to be -7T0N/m. Calculate the surface excess concentration at 25 °C in mol/m?,

Solution

According to equation (1 1.6)

['7;;!.[_‘!_7~]
" RTLdInC §,

i
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11.16. At initfial stages surface tension. will decrease with the increase in InC but
after @ certain concentration, value of gurface tension will become constant. The
concentration at which the surface tension of solution becomes constant ie called

CMC. Because at this concentration micelle formation starts. This method i
applicable generally for the determination of CMC of nonionic surfactants.

@) Conductivity Measurements

Sqlutions of different surfactant concentrations are prepared and the
conductivity of solutions is measured. A graph is plotted between conductivity versus
- concentration as shown in Fig. 11.17. At initial stage, conductivity and concentration
are linear to each other. At certain concentration, conductivity versus conc. plot gives
a break. This break will give the value of CMC. Conductivity depends upon the
mobility of unimers. After CMC unimers combine and form micelle. Because the

mobility of micelle is less than that of unimer so, glope of plot changes at CMC.
Y

Y

Surface tension (1)

mN/m Conductivity

S/cm
(2)

0)

X

1
1
|
|
|
I
1
|
|
|
s

CMC
CMC

0 X
InC Concentration .

Fig. 11.16 Plot of surface tension versus Fig. 11.17 Plot of conductivity versus
InC versus concentration of surfactant
b 4

Solubility

1
| CMC

Concentration
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11.9 MICELLIZA’I‘

Micellization 18

is greater than the rate of formation
qual 18 calle dynamic equ m.
t the stage of dynamic equilibrium between unime;
een unimer and micelle Orf

processes becomes €
f the gurfactant 4

concentmtion 0
alled CMC. Dynamic eq

and micelle is ¢
surfactant A can be shown as

NAT==As

gilibrium betw

Dividing by N, we get

]
A—= ¥ Ay
constant can be written as

The equilibrium

A"
[A]
When N is very large then 1/N =0 and [A]>CMC then,
K _ [AN ](I
[A]
PR
[CMC] (11.9)
According to thermod i ]
ynamics, Gibb’s free ener icellizati
gy for micell is gi -
oF. ~RTK ization is given by
: (11.10)
By putting val 1ati
g value of K from equation (11.9) into (11.10), we get
AF,. =-RTIn
cCMC
AF,, =RTInCMC
(11.11)
tion and CMC. [ts value
ntaneo

This is the i
iy B3 e or rI;(Z’lgaattlz)vn I?Ftween .free energy of micelliza
e if value is negative then the process will be spo

f '
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() Enthalpy of Micellization

“Heat abeorbed or coolved during micellization when one mole of micelle is
formed 16 called enthalpy of wicellization™, 10 in vopresonted ne Allge and its unit s
Kd/mole, TEAH e s negntive then the micollization procoss i endothermice and if the

Al e posttive then the procers i oxothermic, But in cnne of non-tonie surfactant i
i nlwiys positive,

Al

il

S REMN,,,

by differentinting above oquation with respect to T
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O 01

O(AF,, ) W,(‘lu X e
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By multiplying nhove equation with T

'I"/,"\""m « RT O vy gin Newe
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DA o dln .\'M,,
o1 al
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By comparing equation (11 12 and (11 13), we get
_w_ - _gr’i!_..!.m
or
AMH
«-_-&ﬂr = 0
= cin X,
By integrating above equation, we get
AX 1
-"ME‘IF;JT': ]ah R
AM_ (]
X, -——:t(fr—)w (11.14)
T Thus 1 an equation of straight line with intercept form as shown in Pig
\"
InX e
C
O X

T
Fig 11.19 Plot of InXemc versus 1/T
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AHwe can be determined from the slope as
AH,
R

slope=

b-ll‘u = ’-I'O e 4

%lope 15 positive which shows that AHmic is positive which indicates Las
rocess 18 endothermic,

(3) Entropy of Micellization

_ It is represented by ASumie and its unit is JK-'mole'!. Entropy of micellization
= o ?r poextive f‘{’ spontancous process (according to 204 law of Thermodynamics).

“hen =U%’factant diffuse into the bulk, then it breaks the structure of water and
creates @L%rdernes:e among the water molecules, hence entropy is increased. When
micelle is formed, then due to hydrophobic core water is expelled to the surrounding
due to hydrophobic core, hence entropy increased. Both these factors are the causes

behind increase in entropy of the system. Entropy of micellization can be calculated
using fundamental relation of thermodynamics as

AF"K = AI"’”‘ . TA‘gmlc

. AH -
AS,, = '"‘TAF (11.15)

Example 11.2

The walue of CMC of surfactant poly(oxyethylene)-poly(oxybutylene)-
poly(oxyethylene) [Ez0B10E2] was determined and it was found to be 0.56g/L at 25°C.
Calculate the value of AGmic and comment on spontaneity of the process.

Solution
As we know that

AF,, = RTIn X,

Where, X,,, 18 the CMC of the surfactant in mole fraction. If n1 and n2 are
the number of moles of surfactant and that of water (solvent) respectively, then mole
fraction of the surfactant can be calculated as

0.00028
Xewe = “

: =5.04%10"
n +n, 0.00028+55.56

Hence AF , can be easily calculated as

mic

AF,, =(8.3143)(298)In(5.04x10"*) =-3.02x10" Jmol™
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D TO STUDY MICELLIZA

11.11 TECHNIQUES USE
5 e Tensiometry -
O yment can be used for the determination of CMC,
ement ¢ at CMC), surface pressure,‘free energy of

ntropy of micellization. Fig. 11.20 giveg

Slll'f‘.‘lC(.‘ tension measur
arithem of concentration of

' surface tension
critical surface tension Yeme (surface _tc n e
liz: and e
icollization, enthalpy of micellization e
plot of : function of natura g ' n
determined from the plot. ['he value of criticg]

plot of surface tension asél 2
4 o) TP, b ] can e o .
curfactant. The value of CMC ce an be measured from the plot in Fig. 11.2¢
and surfactant containing

curface tension corresponds to CMC ar}d c o
The difference between surface tension ol pt Charityd ‘
7 | alue of surface pressure (T = Y0 = Yeme). Free

‘ater at various concentration gives v ! ] _ : . ‘
(“‘rllet;é-v of micellization. enthalpy of micellization and entropy Qf rlmcelhzatlon can be
determined using equations (11.11), (11.14) and (11.15) respectively.

Y
YC\IC
Surface (ension
(mN/m)
,}, small change
cme 7 B
0 CNlC X X
InC
Fig. 11.20 Plot of surface tension Fig. 11.21 Deformation of
versus InC _ material
(2) Viscosity and Density Measurements
asticity of

The viscosity and density measurements give information about el
m viscosity

micelles and water contents in core and corona region of micelles. The ter
mation of materials.

1s associated with rheology which is a science of flow and defor
The deformation of material is the change in shape under external force as

shown in Fig. 11.21.
The force applied per unit area is calle
Mathematically shear stress can be written as

d shear stress and its unit are Nm=2

F
r=—
A
The change in length is measured in term of shear strain which is
,_AX
X

According to ’ .
g to Hook’s Law of deformation of materials, shear stress and shear

Strain are directly related to each other i.e

Toy
=0y
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Shear vate = y*

f

‘\’u\\-mngn\yn »‘ \‘n!l\“ﬂl\ betweon shenr styess apd shwar Fale 1 Aufiie
scosty and this relation ia called Nowton law of viecosity which be given balerwW

ray

T

ot

T= )) sl
l

Where N i8 viscosity of materinl on which deformation oo ure

gt
dy

Unit of n are Nesm? while in System [ntarnntional (5.1) 118 unit ars Kgm'’

1 represents absolute or dynamic viscosity, (f muterinl hng th ahility 1o
follow the Newton law of viscosity 18 cnlled the Newtoninn material otherwise Son

Newtonian material,

i

Relative viscosity (nret) nnd apecific visconity (nsp) #re unitless quantities a6o
represented by following equations,
_ Motunon.

,, rr/ -
” solvent

,’\[1 = ”rrl T |

Reduced viscosity (Nred) is the ratio of specific yiscosity to the concenteation of

surfactant and 18 represcnted by
-l
’7m1 -
C
By plotting 2 graph between concentration and reduced viscosity as shown in
Fig. 11.22. The intrinsic vigcosity Nin €N he determined and defined as “he value of
reduced viscosity when concentration af
Nint CAN be used to estimate the quantity of water inside the micelle, We can
derive an expression for water contents inside the micelle and iptringic yisconity
Water contents are decreased by incrensing the temperatire of the system, #1728 of

. i : %
micelle algo decreases 4B shown in 19g. 11.22.

yproaches 10 210",
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Hydrated volume Vh

Dehydreated velim.

)

(“oncentration
Fig. 11.23 Decrease in si1ze of micpn

Ny 29 Plot of reduced viscosity |
Mg, 1108 =0 due to expulsion of water

VOTreue concentration

Volume of hydrated micelle = A\
Volume of anhydrous micelle = Va

Volume of water in micelle=(¥, -V, )
Mass of water in micelle = p, (¥, -V,)

Mass of water in one mole of micelle = p N, (V,, - V,,)

1 g of water in 1 g of micelle is called hydration value. So,

N, (V, -V
Hydration value = 2N, (V) ".)
Molar mass of micelle

PNV =V,)

Hydration value=
AIM“'
_PNILY,
wh-—M: Z—] (11.16)
Where, u' is called partial specific volume and is determined by following
relation :
N
A/IMK‘
By replacing NaVa/Mmic with v' in equation (11.16), we get
i | D
W, =v'p, _Vj—l (11.17)
Einstein gave a relation among intrinsic viscosity, partial specific volume
by considering micelles as spher®

and, volume of hyd i
_ ydrated and anhydrated micelle
fuepended in liquid j e,

(7.] ¥,
250 (11.18)

i §

2.50' v,
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Ity putting value of VitV from equation (11.18) into (11.17) t
z A7), we ge

W, =up, (_l’,‘r"!‘; _ l)
2.50

pP= (‘ ~v'p,)C +p,
hia 8 an equation of straight line in intercept form whose intercept is P,

5 1 ' l" 1l ] .
qd elope fe T=07, And —-ll),'— i the shape factor of micelle which is equal to v.

(f micelle in rigid, anhydrous and spherical then v = [————ni“‘] =25
o

Hence, vigcosity and density measurements give information about elasticity
of micellen, water contents in a micelle and shape of micelles.

(1 Dynamic Light Scattering (DLS)

Dynamic light scattering is used to determine the size of micelles, size
distribution of micelles and variation in size of micelles with change in temperature.

Light genttering is of two types.

(n) Rayleigh Sceattering

When size of @ particle is gmaller than wavelength of radiation, then
Rayleigh scattering oceurs. Wavelength of incident and scattered radiation remains
anmo in it This 18 elastic geattering. 1f particle size is larger, then scattered
rndintions reach the detector with phase difference and result in interference effect.

(b) Raman Scattering

It is inelastic geattering and 18 exhibited by relatively larger parti'cles. Here,
wavelength of acattered radiation 18 not equal to that of incident one, $0 if energy 18
abrorbed by molecule then geattered photons will be of. 19wer f‘requency ar}d if
photona gain energy from molecule then scatte}'ed .radmnon \3'111 be of higher
froquency. Fig. 11.24 depicts the acattering of light 1n miceller solution.
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Fig, 1126 Greaph shows the variation of

itensity of seattored light with, change i,
' |
time

Pige 112 Henttering of lig it

Heatlering vecotop (@) ¢nn bo written na

'l/m( f’}
(= 8in .
A é

I'ig. 11,26 shows plot of time veraus Intonsity ul'm?ntlvl‘ilm light

I
’

I’ =

I in the decay rnte Ny :
o 0 (h;n‘v'u‘m- and v in the dolnyod period which ig the difference ety
| . . 3 : ) f 0
bty ‘ u”nm mimimum value of seattering, Maximum seattering ocey i“n
oo AT X b aas v oceurs whe
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eories of omulgjon typo fall into two categories
(1) Qualitative Theories

(2) Quantitatiye Theoriey
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