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SURFACE CHEMISTRY

21

INTRODUCTION

Surface chemistry deals with phenomenathat occur at the surfaces or interfaces. The interface or
surfaceis represented by separating the bulk phases by ahyphen or adash. For example, theinterface
between asolid and agasmay be represented by solid-gas or solid/gas. Dueto complete miscibility,
thereis no interface between the gases. The bulk phases that we come across in surface chemistry
may be pure compounds or solutions. The interfaceis normally afew molecules thick but its area
depends on thesizeof the particlesof bulk phases. Many important phenomena, noticeable amongst
these being corrosion, el ectrode processes, heterogeneous catalyss, dissolution and crystallisation
occur at interfaces.

ADSORPTION

The tendency of accumulation of molecular species at the surface than in the bulk of a solid
(or liquid) istermed adsor ption. The molecular speciesor substance which concentratesor accumulates
at the surface istermed adsor bate and the material on whose surface the adsorption has taken place
iscalled adsorbent.

DISTINCTION BETWEEN ADSORPTION AND ABSORPTION :

In adsorption the concentration of the adsorbateincreasesonly at the surface of the adsorbent, while
in absorption the concentration is uniform throughout the bulk of the solid.

XX
Adsorption Absorption Sorption

There are several examples, which reveal that the surface of a solid has the tendency to attract and

retain the moleculesof the phase with which it comesinto contact. These moleculesremain only at

the surface and do not go deeper into the bulk. Adsorption is essentially a surface phenomenon.

Solids, particularly infinely divided state, havelarge surface areaand therefore, charcod, silicagd,

aluminagel, clay, colloids, metalsin finely divided state, etc. act as good adsorbents.

(i) Inadsorption, the composition of final sample at surface & bulk will differ largely, whilein
absorption, the compositionwill be nearly same.

(i)  Therate of adsorption decreases with time but absorption occurs at nearly constant rate.

(i)  Adsorptionisalwaysexothermic but absorption may be endothermic or exothermic.

Adsorptionin action :

(i) IfagaslikeO,, H,, CO, Cl,, NH, or SO, is taken in a closed vessel containing powdered
charcoal, it is observed that the pressure of the gas in the enclosed vessel decreases. The gas
molecul es concentrate at the surface of the charcodl, i.e., gases are adsorbed at the surface.

(i) Inasolution of an organic dye, say methylene blue, when animal charcoal is added and the
solutioniswell shaken, it isobserved that thefiltrate turns colourless. The moleculesof the dye,
thus, accumul ate on the surface of charcoal, i.e., are adsorbed.

*
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(iii)
(iv)

Aqueous solution of raw sugar, when passed over beds of animal charcoal, becomes colourless
asthe colouring substances are adsorbed by the charcoal.

Theair becomesdry in the presence of silicagel because the water molecul es get adsorbed on
the surface of the gel.

In absorption aswell as adsorption, the concentration or partial pressure of absorbate or adsorbate,
decreases.

Ex. 1. A vessel of capacity 8.21L contains NH, gas at 1.5 atm and 27°C. Now, 5 gm charcoal is
added in the vessal and Ieft for sufficient time. After sufficient time, the pressure of gas decreased
to 1.2 atm. Calculate the mass of NH , gas adsorbed per gm of charcoal. Neglect the volume
of charcoal.

Sol. Mass of NH, gas adsorbed =

APVM.  0.3x8.21x17 _
RT 0.0821x 300

1.7gm

Mass of NH, gas adsorbed per gm of charcoal = % =0.34gm

22 MECHANISM OF ADSORPTION :
Adsorption isdueto the fact that the surface particles of the adsorbent are in different state than the
particlesinsdethe bulk.

@)

(ii)

Inside the adsorbent all the force acting between the particlesare mutually balanced but onthe
surface the particles are not surrounded by atoms or molecules of their kind on all sides and
hence they possess Unbalanced or residual attractive force. These forces of the adsorbent
areresponsiblefor attracting the adsorbate particleon its surface.

Another important factor featuring adsorption is the heat of adsorption. During adsorption,
there is always a decrease in residual forces of the surface, i.e., there is decrease in surface
energy which appears as heat. Adsorption, therefore, isinvariably an exothermic process. In
other words, AH of adsorption is always negative. When a gas is adsorbed, the freedom of
movement of its molecules become restricted. This amounts to decreasein the entropy of the
gasafter adsorption, i.e., ASisnegative. Adsorption isthus accompanied by decreasein entha py
aswell asdecreasein entropy of the system. For aprocessto be spontaneous, the thermodynamic
requirement isthat, at constant temperature and pressure, AG must be negative, i.e., thereisa
decrease in Gibbs energy. On the basis of equation, AG = AH — TAS, AG can be negative if
AH has sufficiently high negative value as— TAS is positive. Thus, in an adsorption process,
which is spontaneous, acombination of these two factorsmakes AG negative. Asthe adsorption
proceeds, AH becomes less and less negative ultimately AH becomes equal to TAS and AG
becomes zero. At this state equilibrium isattained.

The adsrobate particlesmay undergo the following further activity :

(i)
(ii)
(iii)

If nature & condition will favour, they will diffusein bulk resulting in adsorption.
They may move at the surface.
They come out of the surfaceresulting desorption.

Normally, desorptionfollows| order kinetics & obeys Arrehenius equation.
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Ex.2. Calculate the time upto which a hydrogen molecule may remain absorbed at pt surface at
500 K. (A = 14 x 10" sec?, E_= 10 kcal/mole)

l elO

Sol. _ —
¥ 1.4x10% ™ 1.4x10°

2.3 TYPES OF ADSORPTION :
There are two main types of adsorption of gaseson solids.
(i) Physical adsorption or physisorption:
In this adsorption, accumulation of gas on the surface of a solid occurs on account of weak
VanderWaas' force.
(i)  Chemical adsorption or chemisorption.

The gasmolecules or atoms are held to the solid surface by chemical bonds (covalent or ionic)
in nature. Chemisorption hashigh energy of activation andis, therefore, oftenreferred asactivated
adsorption.

Sometimes thesetwo processes occur Simultaneoudly and it is not easy to ascertain thetype of
adsorption.
Note:
A physical adsorption at |ow temperature may passinto chemisorption asthetemperatureisincreased.
For example, hydrogen isfirst adsorbed on nickel by van der Waals' force. Molecules of hydrogen
then dissociate and hydrogen atoms are held on the surface by chemisorption.
COMPARISON OF CHARACTERSTICS OF PHYSISORPTION AND CHEMISORPTION

PHYSICAL ADSORPTION CHEMICAL ADSORPTION
1 Itis caused by weak forces. It is caused by chemical bond formation
2 It is not specific. It is highly specific (Bond formation is necessary)
3 Itisreversible. Itisirreversible.

It depends on the nature of gas. More easily It depends on the nature of gas. Gases which

4 . . : i ibi

liquefiable gases are adsorbed readily. form F:ompqunds with the adsorbent exhibit
chemi-sorption.

5 Enthalpy of adsorption is low Enthalpy of adsorption islow
(20-40 kJ mol™) (80-240 kJ mol ™)

6 Low temperature is favourable. It decreases | High temperature is favourable. It increases with
with increase of temperature. the increase in temperature upto certain limit.

7 N 0 appreciable activation energy is High activation energy isinvolved.
involved.

8 High pressure is favourable. Decrease of High pressure is favourable. Decrease of pressure
pressure causes desorption. does not cause desorption.
It forms multilayers on adsorbent surface .

9 It forms unimolecular layer.

under high pressure.
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Note :

0

(i)

(iii)

(iv)

Chemisorptionisirreversible. Either desorption doesnot occur or molecules other than adsorbate
leave the surface.

Chemisorptionis more exothermic & henceits E_ should be negligible. But inredity itishigh
due to requirement of bond cleavage in the adsorbate molecul e before adsorption.

Dueto higher E,, it is called activated adsor ption.

‘\ Physical | \ m
AN ANV

Onincreasing temperature, the extent of phys sorption decreases but chemisorption increases.

T ; - T Chemisorption
w/m Physisorption w/m i

S

T— T—> 'II'O:Optimum temperature

X : mass of adsorbate

and m : mass of adsorbent

24 FACTORSAFFECTING ADSORPTION OF GASESON SOLIDS:

@)

(i)

(iii)
(iv)

Natureof gas: Eadly liquifiable gases (having higher critica temperature) adsorb to the greater
extent.

Natur e of adsor bent : Specific surface area represent the surface area of adsorbent per unit
mass. Greater the goecific surface area, morewill bethe adsorption. Charcod, silicagel, dumina
gel, colloidsare good adsorbents.

Surfacearea: Adsorption increases on increasing the surface area.

Pressure: Adsorption of gasat solid surface (increasesdue to) decreasein volumeof system &
hence extent of adsorption increases on increasing pressure.

A

T,

! T
x/m 2
T,

T,<T,<T,

\ 4

pP—
Adsorption isotherms
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(v) Temperature: TT  Physsorptiony Chemisorptiont

A
) \
x/m
P,

T—
Adsorption isobars

2.4.1 Freundlich adsorption isotherm:

Freundlich, in 1909, gave an empirical relationship between the quantity of gas adsorbed (x) by unit
mass of solid adsorbent (m) and pressureat aparticular temperature. Therelationship can be expressed
by thefollowing equation.

X n
=K (n>1)

where K & n are constant, depending on nature of gas, solid & temperature.
For any combination of gas, solid & temperature, the values of k & n may be determined graphically.

én(ij — K+ Lmp
m n

tan0 = 1/n

mP >

Freundlich isothermisstraight line. Freundlichisotherm failsat high pressure.
2.4.2 Langmuir'sadsorption isotherm :

Hederived the condition of equilibrium theoretically assuming that adsorbtionis

(& monolayer

(b) uniform at solid surface

() adsorbate particlesdo not interact each other at the surface.

M (S) n X(g) adsorbtion M — X(S)

desoprtion

Atany instant :

Rate of adsorption, r_oc P
o (1-6)
r.=K_P(1-0)
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2.5

where, 0 = Fraction of surface areaaready occupied by adsorbate particles.
and Rateof desorption,r,oc®6 = r,=K_0

At egb. r,=r,
K.,/ b
on KP UK, KGP
Ke+K,P 14 K%( p 1+K,P zero order
d
? 1+bP~bP
Now, = oc © w/m irst order
m (1+bP)~1
P— -
X KeP aP
—=KO=K—32—= -
m 14K P 1+bP 8 b = constant

ADSORPTION FROM SOLUTION PHASE :

Solids can adsorb solutesfrom solutions also. When asolution of acetic acid in water isshakenwith
charcoal, a part of the acid is adsorbed by the charcoal and the concentration of the acid decreases
in the solution. Similarly, the litmus solution when shaken with charcoal becomes colourless. The
preci pitate of Mg(OH), attains blue colour when precipitated in presence of magneson reagent. The
colour isdueto adsorption of magneson. The following observations have been madein the case of
adsorption from solution phase:

(i) The extent of adsorption decreaseswith an increase in temperature.

(i)  The extent of adsorption increases with an increase of surface area of the adsorbent.
(ilf) The extent of adsorption depends on the concentration of the solute in solution.

(iv) The extent of adsorption depends on the nature of the adsorbent and the adsorbate.

The precise mechani sm of adsorption from solution isnot known. Freundlich’ sequation gpproximately
describes the behaviour of adsorption from solution with a difference that instead of pressure,
concentration of the solution is taken into account, i.e.,

X _yeyn

m
(Cistheequilibrium concentration, i.e., when adsorption is complete).
On taking logarithm of the above equation, we have

X 1
log— = logk + —logC
ogm og +nog

Pottinglog % against log C agtraight lineisobtained which showsthevalidity of Freundlichisotherm.

Thiscan betested experimentally by taking solutionsof different concentrations of acetic acid. Equal
volumesof solutions are added to equa amountsof charcoal in different flasks. Thefina concentration
isdetermined in each flask after adsorption. The differenceintheinitia and final concentrationsgive
the value of x. Using the above equation, validity of Freundlich isotherm can be established.

I I I node06\BOBO-BA\Kota\JEE(Advanced)\Leader\Che\Sheet\Surface chemistry\ENG\01_SURFACE CHEMISTRY-THEORY-ENG(correction OK).p65



. ALLEN

node06\BOBO-BA\Kota\JEE(Advanced)\Leader\Che\Sheet\Surface chemistry\ENG\01_SURFACE CHEMISTRY-THEORY-ENG(correction OK).p65

m

Surface chemistry

26 APPLICATIONS OF ADSORPTION :

The phenomenon of adsorption findsanumber of applications. Important onesarelisted here:

@)

(ii)

(iii)

(iv)

v)

(Vi)

(Vi)
(viii)

(ix)

)

Production of high vacuum :

Theremaining tracesof air can be adsorbed by charcoal from avessel evacuated by avacuum
pump to give avery high vacuum.

Gasmasks:

Gas mask (adevice which congists of activated charcoa or mixture of adsorbents) is usually
used for breathing in coal minesto adsorb poisonous gases.

Control of humidity:

Silicaand duminium gelsare used asadsorbentsfor removing moistureand controlling humidity.
Removal of colouringmatter from solutions:

Animal charcoal removescolours of solutions by adsorbing coloured impurities.

Heter ogeneouscatalyss:

Adsorption of reactants on the solid surface of the catalystsincreasestherate of reaction. There
are many gaseous reactions of industrial importanceinvolving solid catalysts. Manufacture of
ammoniausing iron as a catalyst, manufacture of H,SO, by contact process and use of finely
divided nickel inthe hydrogenation of oils are excellent examplesof heterogeneous catalysis.
Separation of inert gases.

Dueto thedifferencein degree of adsorption of gasesby charcoal, amixture of noble gases can
be separated by adsorption on coconut charcoal at different temperatures.

In curing diseases. A number of drugs are used to kill germs by getting adsorbed on them.
Froth floatation process:

A low grade sulphide oreisconcentrated by separating it from silicaand other earthy matter by
thismethod using pineoil and frothing agent

Adsorption indicators:

Surfacesof certain precipitates such assilver halides have the property of adsorbing some dyes
like eosin, fluorescein, etc. and thereby producing acharacteristic colour at theend point.
Chromatographic analyss:

Chromatographic anays s based on the phenomenon of adsorption findsanumber of applications
inanaytica and indugtrial fields.

3. CATALYSIS
The systematic study of the effect of variousforeign substanceson the rates of chemicd reactionswas
first made by Berzelius, in 1835. He suggested the term catalyst for such substances. Substances,
which accel eratetherate of achemical reaction and themsel vesremain chemically and quantitatively

unchanged after the reaction, are known as catalysts, and the phenomenon isknown as catalysis.
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@)

3.2

HOMOGENEOUS AND HETERGENEOUS CATALYSIS :
Catalysis can be broadly divided into two groups:
Homogeneous catalysis::
When the reactants and the catalyst are in the same phase (i.e., liquid or gas), the processis said to
be homogeneous catalysis. The following are some of the examples of homogeneous catalysis:
(i)  Okxidation of sulphur dioxide into sulphur trioxide with dioxygen in the presence of oxides
of nitrogen as the catalyst in the lead chamber process.
230,(g) + O,(g) —=2— 2S0,(9)
The reactants, sulphur dioxide and oxygen, and the catalyst, nitric oxide, are al in the same
phase.
(i) Hydrolysis of methyl acetate is catalysed by H+ ions furnished by hydrochloric acid.

CH,COOCH,(I) + H,O(l) —<® CH,COOH(ag) + CH,OH(aq)
Both the reactants and the catalyst are in the same phase.
HETEROGENEOUS CATALYSIS :
The catalytic process in which the reactants and the catalyst are in different phases is known as

heterogeneous catalysis. Some of the examples of heterogeneous catalysis are given below:
(i)  Okxidation of sulphur dioxide into sulphur trioxide in the presence of Pt.

2S0,(g) —"9—2S0,(g)

The reactant isin gaseous state while the catalyst is in the solid state.
(i)  Combination between dinitrogen and dihydrogen to form ammoniain the presence of finely
divided iron in Haber’ s process.

N, (9) +3H,(9) ——>2NH,(g)

The reactants are in gaseous state while the catalyst isin the solid state.
(ili)  Oxidation of anmoniainto nitric oxideinthe presence of platinum gauzein Ostwald' s process.

4NH,(g) + 50, (g) —2— 4NO(g) + 6H,0(9)
The reactants are in gaseous state while the catalyst isin the solid state

Adsorption Theory of Heter ogeneous Catalysis:

Thistheory explainsthe mechanism of heterogeneouscatalysis. The old theory, known as adsorption

theory of catalysis, wasthat the reactantsin gaseous state or in solutions, are adsorbed on the surface

of the solid catalyst. The increase in concentration of the reactants on the surface increases the rate

of reaction. Adsorption being an exothermic process, the heat of adsorption is utilised in enhancing

therate of the reaction. The modern adsorption theory isthe combination of intermediate compound

formation theory and the old adsorption theory. The catalytic activity islocalised on the surface of

the catalyst. The mechanism involvesfive steps:

(i) Diffusion of reactants to the surface of the catalyst.

(i)  Adsorption of reactant molecules on the surface of the catalyst.

(iif)  Occurrence of chemical reaction on the catalyst’ s surface through formation of an intermediate

(iv) Desorption of reaction products from the catalyst surface, and thereby, making the surface
available again for more reaction to occur.

I I I node06\BOBO-BA\Kota\JEE(Advanced)\Leader\Che\Sheet\Surface chemistry\ENG\01_SURFACE CHEMISTRY-THEORY-ENG(correction OK).p65



|

node06\BOBO-BA\Kota\JEE(Advanced)\Leader\Che\Sheet\Surface chemistry\ENG\01_SURFACE CHEMISTRY-THEORY-ENG(correction OK).p65

m

ALLEN Surface chemistry || G

(v) Diffusionof reaction productsaway fromthe catalyst’ s surface. The surface of the catalyst unlike
the inner part of the bulk, has free valencies which provide the seat for chemical forces of
attraction. When a gas comes in contact with such a surface, its molecules are held up there
duetoloose chemicd combination. If different molecul es are adsorbed side by side, they may
react with each other resulting in theformation of new molecules. Thus, formed moleculesmay
evaporate leaving the surface for the fresh reactant molecules. This theory explains why the
catalyst remains unchanged in mass and chemica composition at the end of the reaction and
iseffectiveevenin small quantities. It however, does not explain the action of catalytic promoters
and catalytic poisons.

Adsorption of
reacting molecule

w

b L <30 S S

| rAaee— | | ]

_(|)_(|)_(|)_ Reacting _(|3_(|)_(|)_ B
molecules

Adsorption of

Catalyst surface having reacting molecules

free valencies l
| | | Desorption of | | |

— O—0O0—0O— product molecules_o_o_o_A
[ [ T ease—— [ T ]|

—(|)—(|)—(|)— Product —(|)—O—(|)—

Catalyst Intermediate

Adsorption of reacting molecules, formation of intermediate
and desorption of products

3.3 IMPORTANT FEATURES OF SOLID CATALYSTS:

(@ Activity:
The activity of a catalyst depends upon the strength of chemisorption to alarge extent. The
reactants must get adsorbed reasonably strongly onto the catalyst to become active. However,
they must not get adsorbed so strongly that they are immobilised and other reactants are left
with no space on the catalyst’ ssurface for adsorption. It has been found that for hydrogenation
reaction, the catalytic activity increasesfrom Group 5 to Group 11 metal swith maximum activity
being shown by groups 7-9 elements of the periodic table

2H,(g) + 0,(g) ——2H,0(1)
(b) Sdectivity:

The selectivity of acatalystisits ability to direct areaction to yield a particular product. For
example, starting with H, and CO, and using different catalysts, we get different products.

(i) CO(g) +3H,(g) —*—CH,(g) + H,0(g)
(i) CO(g) + 2H, (g) —2=<2% , CH,OH(g)
(iii) Cco(g) + H,(g) ——>HCHO(g)

Thus, it can be inferred that the action of a catalyst is highly selectivein nature, i.e., agiven
substance can act as a catalyst only in a particular reaction and not for all the reactions.

*
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SHAPE-SELECTIVE CATALYSISBY ZEOLITES :

The catalytic reaction that depends upon the pore structure of the catdyst and the size of the reactant
and product moleculesiscalled shape-sdlective catalysis. Zeolites are good shape-selective catal ysts
because of their honeycomb-like structures. They are microporous aluminosilicates with three
dimensiona network of silicatesin which somesdlicon atomsare replaced by auminium atomsgiving
Al-O-Si framework. Thereactionstaking placein zeol ites depend upon the size and shape of reactant
and product molecules as well as upon the pores and cavities of the zeolites.

They arefound in nature aswell assynthes sed for catal ytic selectivity. Zeolitesare being very widely
used as catalysts in petrochemical industries for cracking of hydrocarbons and isomerisation. An
important zeolite catalyst used in the petroleum industry isZSM-5. It convertsal coholsdirectly into
gasoline (petrol) by dehydrating them to give a mixture of hydrocarbons.

ENZYME CATALYSIS :

Enzymes are complex nitrogenous organic compounds which are produced by living plants and
animals. They areactually protein molecules of high molecular mass and form colloidal solutionsin
water. They are very effective catalysts, numerous reactions that occur in the bodies of animalsand
plants to maintain the life process are catalysed by enzymes. The enzymes are, thus, termed as
biochemical catalysts and the phenomenon isknown asbiochemical catalysis. Many enzymes have
been obtained in pure crystalline state from living cells. However, thefirst enzyme was synthesised
in the laboratory in 1969. The following are some of the examples of enzyme-catalysed reactions:
(i) Inversionof canesugar: Theinvertase enzyme converts cane sugar into glucose and fructose.

C,H, 0, (a0)+ H,O(1) InVﬂ)Celeoe(aqw‘ CeH1,04(20)

Cane Sugar Glucose Fructose
(i)  Conversionof glucoseinto ethyl acohol: Thezymase enzyme convertsglucoseinto ethyl acohol
and carbon dioxide.

CoH,,04(a) —>™=—2C,H OH(aq)+ 2CO,(g)

Glucose Ethyl alcohol

(ili) Conversion of starch into maltose: The diastase enzyme converts starch into maltose.

2(C4H,,0s),, (ag)+ nH,O(1) e, nC,,H,,0,,(ag)

Starch Maltose

(iv) Conversion of maltose into glucose: The maltase enzyme converts maltose into glucose.

C,H,0,, (ag)+ Hzo(l)% 2C¢H,,04(a0)

Maltose Glucose

(v) Decomposition of ureainto ammonia and carbon dioxide: The enzyme urease catalyses this
decomposition.

NH,CONH, (aq) + H,0(1) —**= 2NH,(g) + CO, ()

(vi) Instomach, the pepsin enzyme converts proteinsinto peptideswhileinintestine, the pancreatic
trypsin converts proteins into amino acids by hydrolyss.

(vii) Conversion of milk into curd: Itisan enzymatic reaction brought about by lacto bacilli enzyme
present in curd.
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Enzyme catdysisisuniqueinitsefficiency and high degree of specificity. Thefollowing characteristics
are exhibited by enzyme catalysts.

@)

(i)

(iii)

(iv)

v)

(vi)

Most highly efficient: One molecule of an enzyme may transform one million molecules of the
reactant per minute.

Highly specific nature: Each enzymeis specific for agiven reaction, i.e., one catalyst cannot
catalyse more than one reaction. For example, the enzyme urease catalyses the hydrolysis of
ureaonly. It does not catalyse hydrolysis of any other amide.

Highly active under optimum temperature: Therate of an enzyme reaction becomes maximum
at a definite temperature, called the optimum temperature. On either side of the optimum
temperature, the enzyme activity decreases. The optimum temperature range for enzymatic
activity is 298-310K. Human body temperature being 310 K is suited for enzyme-catalysed
reactions.

Highly active under optimum pH: The rate of an enzyme-catalysed reactionis maximum at a
particular pH called optimum pH, which is between pH values 5-7.

Increasing activity in presence of activatorsand co-enzymes. The enzymatic activity isincreased
in the presence of certain substances, known as co-enzymes. It has been observed that when
asmall non-protein (vitamin) ispresent a ong with an enzyme, the cata ytic activity isenhanced
considerably. Activators are generally metal ions such as Na“, Mn?*, CO?*, Cu?, etc. These
metal ions, when weakly bonded to enzyme mol ecules, increasetheir catalytic activity. Amylase
in presence of sodium chloridei.e., Na' ions are catalytically very active.

Influenceof inhibitorsand poisons Likeordinary caaysts, enzymesare asoinhibited or poisoned
by the presence of certain substances. Theinhibitorsor poisonsinteract with the activefunctional
groups on the enzyme surface and often reduce or completely destroy the catalytic activity of
the enzymes. The use of many drugsisrelated to their action asenzymeinhibitorsin the body.

3.5.2 Mechanism of enzyme catalysis:
Thereareanumber of cavities present on the surfaceof colloidal particles of enzymes. These cavities

are of

characteristic shape and possess active groups such as—NH.,,, -COOH, —SH, -OH, etc. These

are actualy the active centres on the surface of enzyme particles. The molecules of the reactant
(substrate), which have complementary shape, fit into these cavitiesjust like akey fitsinto alock.
On account of the presence of active groups, an activated complex isformed which then decomposes
toyiedtheproducts. Thus, the mzymecatalysed reactionsmay be considered to proceed in two steps.

E+S [E-S] ——— > E+P
Actlve site
Enzyme Substrate Enzyme substrate  Enzyme Product
(catalyst) (reactants) complex
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3.5.3 Mechanism of enzyme catalysed reaction :

3.6

3.7

3.8

Step 1: Binding of enzyme to substrate to form an activated complex.

E+S+~—— ES*
Step 2: Decomposition of the activated complex to form product.
ES* > E+P

CATALYTIC PROMOTORS::

There are the substances, which are not the catal yst of that reaction but increasesthe activity of catalyst.
N,+3H, 5 2NH,;rate=r,

N, +3H, —— 2NH,;rae=r,

N, +3H, —°— 2NH,;rae=r,

N, +3H, — =M 5 2NH_; rate =,

Experimentally, r, =r, <r,<r, . It suggeststhat Mo is not catalyst of this reaction. But when itis
mixed withiron, itincreased the catalytic activity of iron. Hence, Moiscataytic promotor in thisreaction.

CATALYTIC POISONS :
These are the substances, which are not the catalyst of that reaction but decreasesthe activity of catdyst.

Fewith
N2 + 3H2 H—ZS) 2NH3, rate = I

N, +3H, —° 2NH,, rate =,

Experimentally, r, =r, <r, <r,. It suggeststhat H,Sis not catalyst of reaction but it decreases the
activity of Fe catalyst. Hence, H_S s catalytic poison isthis reaction.

AUTO CATALYSIS:
These are the reactions in which some of the product of reaction, catalyses the reaction.

For example

RCOOR + H,O —— RCOOH + ROH
catalyst
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4.

4.1

4.2

4.3

COLLOIDS

A colloid is a heterogeneous system in which one substance is dispersed (dispersed phase) as very
fine particlesin another substance called dispersion medium.

PARTICLESIZE:

> 1000 nm T 1-1000 nm T <lnm
suspension | colloidal solutionl True solution

PHASE OF COLLOIDS:

A colloidal system is heterogeneousin character. It consistsof two phases, namely adispersed phase

and adispersion medium.

(@ Dispersed Phase: Itisthecomponent present in small proportion andisjust likeasoluteina
true solution. For example, in the colloidal state of sulphur inwater, theformer actsasadispersed
phase.

(b) Dispersion Medium : Itisnormally the component present in excessandisjust like asolvent
inasolution.

Theparticlesof the dispersed phase are scattered in the dispersion mediumin acolloidal system.

CLASSIFICATION OF COLLOIDS:
Colloidscan becan bedassfied inanumber of waysbased upon someof their important characterigics.

4.3.1 Physical state of Disper sed Phase & Dispersion Medium:

Depending upon whether the dispersed phase and the di spersion medium are solids, liquids or gaseous,
eight typesof colloidal system are possible.
A gasmixed with another gasformsahomogeneousmixtureand not a colloidal system. Typica

examples of varioustype alongwith their characteristic namesare givenintable.
Types of Colloidal Systems

Dispersed Dispersion Type of

) . Examples

phase medium colloid
Solid Solid Solid sol Some coloured glasses and gem stones
Solid Liquid Sol Paints, cell fluids
Solid Gas Aerosol Smoke, dust
Liquid Solid Gel Cheese, butter, jellies
Liquid Liquid Emulsion | Milk, hair cream
Liquid Gas Aerosol Fog, mist, cloud, insecticide sprays
Gas Solid Solid sol Pumice stone, foam rubber.
Gas Liquid Foam Froth, whipped cream, soap lather

* A colloidal system in which the dispersion mediumisaliquid or gasarecalled sols. They are
called hydrosolsor aguasols, if the dispersion mediumiswater. When the dispersion medium
isalcohol or benzene, they are accordingly called alcosols or benzosol.
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Colloidal systemsinwhich thedispersonmediumisagasare caled aerosols.

Colloidsinwhichthedispersion mediumisasolid arecalled gds, e.g. cheeseetc. They havea
morerigid structure. Some colloids, such asgelatin, can behave both asasol and agel. At high
temperature and low concentration of gelatin, the colloid isahydrosol. But at low temperature
and high gelatin concentration, the hydrosol can changeinto agel.

4.3.2 Based on interaction or affinity of phases: Onthebasis of the affinity or interaction between the
dispersed phase and the dispersion medium, the colloids may be classified into two types:

(i) Lyophiliccolloids: Theword ‘lyophilic meansliquid-loving. Colloidal solsdirectly formed
by mixing substanceslike gum, gelatine, starch, rubber, etc., with asuitableliquid (the dispersion
medium) arecalled lyophilic sols. Animportant characteristic of these solsisthat if thedispersion
medium is separated from the di spersed phase (say by evaporation), the sol can be reconstituted
by smply remixing with the di spersion medium. That iswhy these solsareaso caledreversible
sols. Which are quite stable.

(i) Lyophobiccolloids: Theword*lyophobic’ meansliquid-hating. Substanceslike metals, their
sulphides, etc., when simply mixed with the dispersion medium do not form the colloidal sol.
Their colloidal sols can be prepared only by special methods. Such sols are called lyophobic
sols. These sols are readily precipitated (or coagulated) on the addition of small amounts of
electrolytes, by heating or by shaking and hence, are not stable. Further, once precipitated, they
do not give back the colloida sol by simple addition of the dispersion medium. Hence, these
solsarealsocalled irreversible sols. Lyophaobic sol s need stabilising agentsfor their preservation.

Difference between Lyophilic and L yophobic sols
Property Lyophilicsols L yophobic sols

1. Nature Reversble Irreversible

2. Preparation They are prepared very easily by They aredifficult to prepare, Special
shaking or warming the substance| methodsare used. Addition of stabiliser
with dispersonmedium. They do | isessentia for their stability.
not required any electrolytefor
stabilization.

3. Stahility They are very stable and are not They are generally unstable and get easily
eas |y coagulated by electrolytes. coagulated on addition of electrolytes.

4. Charge Particlescarry noor very little Colloida particleshave characteristic
charge depending upon the pH charge (positive or negative)
of the medium.

5. Viscosity Viscosity ismuchhigher thanthat | Viscosity isnearly the same asthat of
of themedium. themedium

6. Migrationin The particlesmay or may not The colloidal particlesmigrate either

electricfied migratein an electricfield. towards cathode or anodein an electric
fidd.
7. Solvation Particlesare heavily solvated. Particlesarenot solvated.
8. Action of Large amount of electrolyteis Small amount of eectrolyteissufficient
electrolyte required to cause coagulation. to cause cogulation.

9. Examples Mostly organic substances Generally inorganic substancee.g., meta
e.g. starch, gums, proteins, sols, sulphidesand oxides sols.
gelatin etc.

2
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4.3.3 Classification Based on Type of Particlesof the Disper sed Phase:

Depending upon the type of the particles of the dispersed phase, colloids are classified as:
multimolecular, macromolecular and associated colloids.

(i)  Multimolecular colloids: On dissolution, alarge number of atoms or smaller moleculesof a
substance aggregatetogether to form specieshaving sizein the colloida range (diameter<1nm).
The speciesthusformed are called multimolecular coll oids. For example, agold sol may contain
particles of various sizes having many atoms. Sulphur sol consists of particles containing a
thousand or more of S8 sulphur molecules.

(i)  Macromolecular colloids: Macromolecules (Unit 15) in suitable solvents form solutionsin
which the size of the macromolecules may be in the colloidal range. Such systems are called
macromolecular colloids. These colloids are quite stable and resembl e true solutionsin many
respects. Examples of naturally occurring macromolecules are starch, cellulose, proteins and
enzymes, and those of man-made macromol ecul esare polythene, nylon, polystyrene, synthetic
rubber, etc.

(i) Associated colloids (Micdles): There are some substanceswhich at low concentrations behave
asnormal strong electrolytes, but at higher concentrationsexhibit colloidal behaviour dueto the
formation of aggregates. The aggregated particles thus formed are called micelles. These are
also known as associated colloids.

The formation of micelles takes place only above a particular temperature called Kraft
temperature (Tk) and above aparticular concentration called critical micelle concentration
(CMC). Ondilution, these colloidsrevert back to individud ions. Surface active agentssuch as
soaps and synthetic detergents belong to this class. These colloids have both lyophobic and
lyophilic parts. Micellesmay contain as many as 100 moleculesor more.

M echanism of micelleformation :

L et ustakethe example of sogp solutions. Soap issodium or potassium salt of ahigher fatty acid and
may be represented as RCOONa* (e.g., sodium stearate CH;(CH,),,COONa*, which is a major
component of many bar soaps). When dissolved in water, it dissociates into RCOO- and Nat+ ions.
The RCOO- ions, however, consist of two parts — a long hydrocarbon chain R (also called
non-polar ‘tail’) which is hydrophobic (water repelling), and apolar group COO~ (also called polar-
ionic ‘head’), whichishydrophilic (water loving).

I
/CHZ /CHZ /CHZ /CHZ /CHZ /CHZ /CHZ /CHZ /c\
CH, \CHZ \CHZ \CHZ \CHZ \CHZ \CHZ \CHZ \CHZ O Na
| |
Sodium stearate (C,,H..COO") O """""""""
CH CH, CH CH CH CH CH cH, i |l
7 / / / / / / / 5 C
CH, KcH2 \CHZ KcH2 KcH2 KCH2 KcH2 KcH2 \ AN
| CHzl ----- (o
none
head

/\/\/\/\/\/\/\/\/O Hydrophilic head

I |
Hydrophobic tail

Hydrophobic and hydrophilic parts of stearate ion
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TheRCOO-ionsare, therefore, present on the surfacewith their COO~ groupsin water and the
hydrocarbon chains R staying away from it and remain at the surface. But at critical micelle
concentration, the anions are pulled into the bulk of the solution and aggregate to form a spherical
shape with their hydrocarbon chains pointing towards the centre of the sphere with COO~ part
remaining outward on the surface of the sphere. An aggregatethusformedisknownas‘ionicmicelle’.
These micellesmay contain as many as 100 such ions.

Similarly, in case of detergents, e.g., sodium laurylsulphate, CH4(CH,),,SO,~ Na*, the polar
groupis — SO, —along with thelong hydrocarbon chain. Hence, the mechanism of miceleformation
here also is same as that of soaps.

lonic
. &, Micelle
\ o) ¢
[ (@)
. 2 S
Stearate — 000 O
ion 0.0 6
e -000 co0
Water — s o Cop-
R I 4
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©

@) (b)

(a) Arrangement of stearate ions on the surface of water at law concentration of soap
(b) Arrangement of stearate ions inside the bulk of water (ionic micelle) at critical micelle concentration of soap

Cleansing action of soaps:

It hasbeen mentioned earlier that amicelle consists of ahydrophobic hydrocarbon —like central core.
The cleansing action of sogp isdueto thefact that soap moleculesform micelle around the oil droplet
in such away that hydrophaobic part of the stearate ionsis in the oil droplet and hydrophilic part
projectsout of the grease droplet likethe bristles. Since the polar groups can interact with water, the
oil droplet surrounded by stearateionsisnow pulled inwater and removed from the dirty surface. The
negatively charged sheath around the globules prevents them from coming together and forming

aggregates.

N N

(@) (b) (c)

(a) Grease on cloth (b) Stearate ions arranging around the grease droplet and
(c) Grease droplet surrounded by stearate ions (micelle formed)
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LIST OF SURFACTANTS AND THEIR CRITICAL MICELLE CONCENTRATION (CMCQC)
Surfactant CMC (g/1) Temp.(°C)

Anionic
CH,(CH,),COONa 6.5 x 10t 20
CH,(CH,),,COONa 5.6 20-70
CH,(CH,),OSO,Na 3.0 x10t 25-50
CH,(CH,),,0SO,Na 2.6 25-60
CH,(CH,).C,H,SO,Na 9.8 75
CH,(CH,),,CH,SO,Na 4.0x101 50-75

Cationic
CH,(CH,),NH,.HCI 8.5 25
CH,(CH,) ,NH_HCI 2.7 30-50
CH,(CH,).N(CH,),Br 7.8 x 10! 25
CH,(CH,),,N(CH,),Br 5.4 25

Non-ionic
CH,(CH,),CH,,O 7.3 25
C,H,,04(C(H,.0,), 1.1.x102 20
CH,(CH,),,COOC_H,,0,, 7.1x103 50
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44 PREPARATION OF COLLOIDAL SOLUTIONS:

)

@

Prepar ation of lyophilicsols: The colloidal solutionsof lyophilic colloidslikestarch, glue, gelatin
etc., can be readily prepared by dissolving these substancesin water either by cooling or warming.
Solutionsof colloidal electrolytes such as soaps and dye stuffs can also be prepared similarly.
Preparation of lyophobic sols: To get asubstance in colloidal form either the substance in bulk is
broken down intofine particlesof colloidal dimension (1A to 103 A ) or increasing the size of molecular
particlesastoform larger aggregates. In some cases, athird substance asto form larger aggregates. In
some cases, athird substance is usualy added to increase the stability of the sol. These substancesare
called stabilizers. Thus, there are two ways by which the lyophobic sols can be prepared :

(i) Dispersion methods: By splitting coarse aggregates of asubstanceinto colloidal size.

(i) Condensation methods: By aggregating very smal particles (atoms, ionsor molecules) into
colloidal sze.

(i) Dispersion Methods:

(A) Mechanical dispersion : Solid materid isfirst finely ground by usua methods. Itisthen mixed
with dispersion medium which gives a coarse suspension. The suspension isnow introduced
into thecolloid mill. Thesimplest form of colloid mill consistsof two metal discsheld at asmall
distance apart from one another and capable of revolving at a very high speed (about 7000
revolutions per minute) in opposite directions. The particles areground downto colloidal size
and arethen dispersedin theliquid . A stabilizer isoften added to stabilizethe colloida solution.
Colloida graphite (alubricant) and printingink

Suspension

l

" “=Driving belt

€&—
[ |

. <— —>
DISChargel ] D|Scharge
Discs _J Metal disc

are made by thismethod. Tannin isused as astabilizer in the preparation of colloidal graphite
and gum arabicin lampblack colloidal solution (Indian ink).

*
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(i)

(B)

(©)

(D)

Electro-digperson (Bredig'sarc method) : Thismethod is suitable for the preparation
of colloidal solutionsof metaslikegold, silver, platinum, etc. An arcisstruck between
the metal electrodes under the surface of water

Metal rod
Sl '-'__.'_:=='j='$|c Ice bath
e - ——-——pog—Water + KOH
H A OR\ = = == = ==
Electric arc— e85 s=sssmacs
T3 YE T3 3 U"’kﬁ

container in an ice bath. The intense heat of the arc vaporises some of the metal which
condenses under cold water.

Ultrasonic dispersion : Thesound waves of high frequency are usudly called ultrasonic
waves. Thesewaves can be produced when quartz crystal discsare connected withahigh
frequency generator. The application of ultrasonic wavesfor the preparation of colloidal
solutionswasfirst introduced by wood and Loomis, in 1927. Varioussubstanceslike ails,
mercury, sulphur, sul phidesand oxides of metalscan bedispersedinto colloidal state very
eadly with the help of ultrasonic waves.

Peptization : Peptization may be defined asthe process of converting aprecipitate into
colloidal sol by shaking it with dispersion medium in the presence of asmall amount of
electrolyte. The e ectrolyteused for this purposeiscaled peptizing agent. Thismethod is
applied, generally, to convert afreshly prepared precipitate into acolloidal sol. During
peptization, the precipitate adsorbs one of theions of the electrolyte onitssurface. This
causesthe development of positive or negative charge on precipitates, which ultimately
break up into smaller particlesof the sizeof acolloid.

A few examplesof solsobtained by peptization are:

(i)  Freshly preparedferric hydroxideon trestment with asmall amount of ferric chloride
solution at once forms a dark reddish brown solution. Ferric chloride acts as a
peptizing agent.

(i)  Freshly precipitated silver chloride can be converted into acolloidal solution by a
smal amount of hydrochloric acid.

(i)  Cadmium sul phide can be peptized with the help of hydrogen sulphide.

Condensation Methods:

(A)

(B)

By exchange of solvents: If asolution of sulphur or phosphorus prepared in alcohol is
poured into water, a colloidal solution of sulphur or phosphorusis obtained dueto low
solubility of sulphur or phosphorusisobtained dueto low solubility in water. Thus, there
are anumber of substances whose colloidal solutions can be prepared by taking asolution
of thesubstancein one sol vent and pouring it into another solvent in which the substance
isrelatively lesssoluble.

By change of physcal gate: Colloidad solutions of certain dements such as mercury and
sulphur are obtained by passng thar vapour through cold water containing a sabilizer (an
ammoniumsdt or acitrate)
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(C) Chemical methods: Colloidal solutionscan be prepared by chemical reactionsleading
to formation of molecules by double decomposition, oxidation, reduction or hydrolysis.
These molecul es then aggregate leading to formation of sols.

As,0, + 3H,S—2bledecmposion_, Ag S, (sol) +3H,0

SO, +2H,S— 2%, 35(s0l) + 2H,0
2AUCl, + 3HCHO + 3H,0 e, 2Ay(sol) + 3HCOOH + 6HCI

FeCl, + 3H,0 s, Fe(OH),(sol) + 3HCI

45 PURIFICATION OF COLLOIDAL SOLUTIONS:

Colloidal solutions prepared by above methods generally contain excessive amount of electrolytes
and someother solubleimpurities. Thepresence of tracesof electrolyteisessential for the stability of
the colloidal solution but larger quantities coagulate it. It is, therefore, necessary to reduce the
concentration of these soluble impuritiesto arequisite minimum. The process used for reducing of
theseimpuritiesto arequisite minimum isknown aspurification of colloida solution. The purification
of colloida solutioniscarried out by the following methods.

(i) Dialysis: It isaprocessof removing a dissolved substance from a colloidal solution by
means of diffusion through suitable membrane. Since, particles in true solution (ions or
smaller molecules) can pass through animal membranes (bladder) or parchment paper or
cellophane sheet but colloidal particlesdo not, the above can be used for dialyss. The apparatus
used for this purposeis called dialyser. A bag of suitable membrane containing the colloidal
solutionissuspended in avessel through which fresh water is continuously flown figure. The
dissolved substances and ions diffuse through the membrane into the outer water and pure
colloidal solutionisleft behind.

(i) Electro-dialysis: Ordinarily, the process of dialysisis quite slow. It can be made faster by
applying an electric field if the dissolved substance in the impure colloidal solution is only
electrolyte. The processisthen named electro-didysis. Thecolloida solutionisplaced between
two electrodeswhile pure water istaken inacompartment on each side. Electrodesarefittedin
the compartment asshownin figuretheions present in the colloidal solution migrate out to the

oppositely charged el ectrodes.
Dialysing membrane
+ L= I_T%Water + Electrolyte
Anode —pf - Cathode

— °
Water ZZ—=—=-= Crystalloid
Sol particle
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(i)  Ultrafiltration : Ultrafiltrationisthe process of separating the colloidal particlesfrom the solvent

and soluble solutes present in the colloidal solution by especially prepared filters, which are
permeableto all substances except the colloidal particles.

Colloidal particlescan passthrough ordinary filter paper becausethe poresaretoo large. However,
the pores of filter paper can be reduced in size by impregnating with collodion solution and
subsequently hardened by soaking in formaldehyde. The usual colloidion is a4% solution of
nitro-cellulosein amixture of alcohol and ether. An ultrafilter paper may be prepared by soaking
the filter paper in a colloidion solution and hardened by formaldehyde and finally drying it.
Thus, by using ultrafilter paper, the colloidal particlesare separated from rest of the materials.
Ultrafiltration isadow process. To speed up the process, pressure or suction isused.
Thecolloida particlesleft on the ultrafilter paper are then stirred with fresh dispersion medium
(solvent) to get apure colloidal solution.

4.6 PROPERTIES OF COLLOIDAL SOLUTIONS:

4.6.1 Colligative properties:

Colloidal particles being bigger aggregates, the number of particles in a colloidal solution is comparatively
small as compared to a true solution. Hence, the values of colligative properties (osmotic pressure, lowering
in vapour pressure, depression in freezing point and elevation in boiling point) are of small order as compared
to values shown by true solutions at same concentrations.

4.6.2 Optical Properties:

)

Tyndal Effect : When a strong and converging beam of light is passed through a colloidal
solution, itspath becomesvisible (bluish light) when viewed at right anglesto the beam of light.
This effect is called Tyndall effect. The light is observed as a bluish cone which is caled
Tyndall cone.

The Tyndall effect isdueto scattering of light by the colloidal particles. The scattering of light
cannot be due to ssimple reflection, because the size of the particlesis smaller than the wave,
length of thevisiblelight and they are unableto reflect light waves. In fact, colloidal particles
first absorb light and then apart of the absorbed light is scattered from the surface of the colloidal
particlesasalight of shorter wave ength. Since maximum scattering of light takesplaceat right
anglesto theplace of incident light, it becomes visble when seen from that direction.

(> Eye
Microscope

Tyndall cone .
| Scattered light

Light
source

I €L i

Colloidal solution

Tyndall effect
The Tyndall effect isobserved under the following conditions:

(i) Thediameter of the dispersed particles must not be much smaller than the wavelength of
light employed.

(i)  Therefractiveindicesof thedispersed phaseand the dispersion medium must differ widely.
Thisconditionisfulfilled by lyophobic colloids.
It isimportant to note that Tyndall effect isnot shown by true solutionsastheir particles
aretoo small to cause scattering.
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Note

(I

Examples:

@)

(i)

Tynddl effect isused to digtinguish between acolloida and true solution. Zsigmondy, in 1903,
used Tyndall effect to set up an apparatus known as ultramicroscope. Anintense beam of light
isfocussed on the colloidal solution contained in aglassvessel. The focus of thelight isthen
observed with amicroscope a right anglesto the beam. Individual colloidal particlesappear as
bright stars against a dark background. Ultramicroscope does not render the actual colloidal
particles visble but only observe the light scattered by them. Thus, ultramicroscope does not
provide any information about the size and shape of colloidal particles.

Colour : Thecolour of thecolloida solutionisnot awaysthesame asthe colour of the substances
inthe bulk. The colour of the colloidal solution depends upon the following factors :

(@ Sizeand shapeof colloidal particles.
(b) Waveength of thelight scattered by dispersed particles.

() Theway an observer receivesthelight, i.e., whether by reflection or by transmission.

Finest goldisredin colour. Asthe size of particlesincreases, it appears purple, then blue and
findly golden.

Dilute milk givesabluishtingein reflected light whereas reddish tingein transmitted light.

4.6.3 Mechanical Properties:

@)

Brownian movement : Colloidsparticlesexhibit aceaselessrandom and swarming motion. This
kinetic activity of particles suspendedintheliquidiscaled Browninamovement.

Robert Brown aBritish Botanist first observed thismotion with pollen grainssuspended in water.

Cause of movement : The Brownian movement has been explained to be dueto the unbalanced
bombardment of the particles by the molecules of the dispersion medium. The Brownian
movement hasastirring effect which doesnot permit the particlesto settle and thus, isresponsible
for the stability of sols.

Brownian movement

Importance:

Brownian movement does not allow the colloidal particles to settle down due to gravity and
thusisresponsiblefor their sability.

*
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4.6.4 Electrical Properties:
Chargeof colloidal particles:

Origin of charge: Various reasons have been given regarding the original of charge on the
colloidal particles. Thesearegiven below :

)

@)
(i)

(iii)

(iv)
(v)

Frictional electrification : It isbelieved to befrictional dueto the rubbing of the dispersed
phase particleswith medium molecules.

Dissociation of thesurface molecules: Itleadsto e ectric chargeon colloidal particles.
For example, an agqueous sol ution of a soap (sodium palmitate) dissociatesinto ions.
CisH3iCOONa = CigH5;COO— + Na'

sod. palmitate

The Na'* ions pass into the solution while C;5H3,COO— ions have a tendency to form
aggregates due to weak attractive forces present in the hydrocarbon chains. Thus, the
anionswhich are of colloidal size bear negative charge.

Preferential adsor ption of ionsfrom solution : The chargeonthecolloidal particlesis
generdly acquired by preferentidly adsorbing positiveor negativeionsfromthe dectrolyte.
Thus AgCI particles can adsorb Cl— ions from chloride solutions and Ag* ions from
excessAgionssolutions; thesol. will be negatively charged inthefirst case and positively
charged in the second case.

Captureof electron : Itisfromair during preparation of sol. by Bredig's arc method.
Dissociation of molecular electrolyteson thesurface of particles: H,Smoleculesget
adsorbed on sul phides during precipitation. By dissociation of H,S, H* ionsarelost and
colloidal particlesbecome negatively charged.

Colloidal particlesawayscarry an electric charge. The nature of thischargeisthe same
on all the particlesin agiven colloidal solution and may be either positiveor negative. A
list of some common solswith the nature of charge on their particlesisgiven below:

Positively charged sols Negatively charged sols

Hydrated metallic oxides, Metals, e.g. copper, silver,
e.g. AlL,O,.xH,0O, CrO,.xH,0 and gold sols.

Fe,0,.xH,0, etc.

Basic dye stuffs, e.g., Metallic sulphide, e.g., As,S.,

methylene blue sol. Sh,S,, CdS sols.

Haemoglobin (blood) Acid dye stuffs, e.g. eosin congo
red sols.

Oxides, e.g. TiO, sol. Sols of starch, gum, gelatin,

clay, charcoal, etc.
The charge on the sol particlesisdueto one or morereasons, viz., dueto electron capture

by sol particles during e ectrodispersion of metals, dueto preferential adsorption of ions
from solution and/or due to formulation of electrical doublelayer. Preferentia adsorption
of ionsisthe most accepted reason. The sol particles acquire positiveor negative charge
by preferential adsorption of positive or negativeions. When two or moreionsare present
inthe disperdon medium, preferentia adsorption of theion common to the colloida particle
usually takes place. This can be explained by taking the following examples:
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(I

(1

(@ Whensilver nitrate solution isadded to potassium iodide solution, the precipitated silver
iodide adsorbsiodideionsfrom the dispers on medium and negatively charged colloidal
solution results. However, when KI solution is added to AgNQO, solution, positively
charged sol results due to adsorption of Ag+ ionsfrom dispersion medium.

Agl/I~ Agl/Ag*
Negatively charged Positively Charged

(b) If FeCl,isadded to excessof hot water, apositively charged sol of hydrated ferric oxide
isformed dueto adsorption of Fe** ions. However, when ferric chlorideis added to NaOH
anegatively charged sol is obtained with adsorption of OH- ions.

Fe,0,.xH,0/Fe** Fe,0,.xH,O/0H"

Positively charged Negatively charged
Having acquired a positive or a negative charge by selective adsorption on the surface
of acolloidal particle as stated above, this layer attracts counter ions from the medium
forming a second layer, as shown below.

Agl/I- K* Agl/Ag*I~

Electrophoresis : Ina colloidal solution, the colloidal particlesare electrically charged and

the dispersion medium has equal but opposite charge. Thus colloidal solution onthewholeis

electrically neutral. When an electric current is passed through acolloida solution, the charged
particles move towardsthe oppositely charged el ectrodewhere coagul ate dueto loss of charge.

Anode Cathode
(+ve) Electrodes §3§§ (—ve)

Y

o - 2 -| coaguled particle

..
_________________ positively charged

...................... Ny
NSt st ok U e hydroxide

Colloidal sol particle moving

solution toward cathode

The phenomenon involving the migration of colloidal particles under theinfluence of electric
field towardsthe oppositively charged electrode, is called electrophoresisor cataphoresis.
Thisphenomenon isused to determinethe charge on the colloidal particles. For example, when
asol. of ferric hydroxideistaken in aU-tube and subjected to electric field, theferric hydroxide
(sol.) particlesget accumul ated near the cathode. Thisshowsthat ferric hydroxide sol. particles
arepostively charged.

Electro-osmosis: The phenomenon involving the migration of the disperson medium and not
the colloidal particlesunder theinfluence of an eectric field iselectro-osmoss.

Takethepure solvent (dispersion medium) in two limbs of U-tube. In thelower middle portion
of U-tube, aporous diaphragm containing the colloidal system is present which dividesthe U-
tube in two sections. In each section of U-tube, an electrode is present, as shown in figure.
When thed ectrode potential isapplied to the el ectrodes, thesolid phase of sol. (colloidal system)
cannot move but the solvent (dispersion medium) movesthrough the porous diaphragm towards
one of the electrodes. The direction of migration of dispersion medium dueto electro-osmosis
determinesthe chargeon sol. particlese.g., if the dispersion medium movestowardsthe cathode
(negativeeectrode), the sol. particles area so negatively charged because the dispersion medium
ispositively charged as on thewhole colloidal solutionisneutral.
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(IV) Zetapoential, & : The combination of the two layers of opposite charges around the colloidal
particleiscalled Helmholtz electrical doublelayer. According to modernviews, thefirst layer
of ionsisfirmly held andistermed fixed layer whilethe second layer ismobilewhichistermed
diffused layer. Since separation of chargeisaseat of potential, the charges of opposite sgnson
the fixed and diffused partsof the doublelayer resultsin adifferencein potential between these
layers. Thispotential difference between thefixed layer and the diffused layer of opposite charges
iscaledtheeectrokinetic potential or zeta potential. The presence of equal and similar charges
on colloidal particlesislargely responsiblein providing stability to thecolloidal solution, because
the repulsive forces between charged particleshaving same charge prevent them from coalescing
or aggregating when they come closer to one another.

(V) Isodectricpoint : ItisthepH at which the colloidal particlesdo not carry any charge.
COAGULATION :
The colloidal solsare stable dueto the presence of electric chargeson the colloidal particles. Because
of the electrical repulsion, the particles do not come close to one another to form precipitates. The
removal of charge by any meanswill |ead to the aggregation of particlesand hence precipitation will
occur immediately.
Thisprocessby means of which the particlesof thedispersed phasein asol. arepecipitated is
known as coagulation.
If the coagulated particlesinstead of settling a the bottom of the container, float on the surface of the
dispersion medium, the coagulationis called floccul ation.
Most of the sols are coagulated by adding an electrolyte of opposite sign. Thisisdueto the fact that
the colloidal particlestake up theions of electrolyte whose charges are opposite to that on colloidal
particleswith the result that charge on the colloidal particlesis neutralized. Thus coagulation takes
place. For example, arsenius sulphide sol. (negatively charged) precipitated by adding barium chloride
solution. It isdueto the fact that the negatively charged particlesof the sol. take up barium ions and
get neutralized which lower the stability. Asaresult coagulation takes place.

It is observed that different amounts of different electrolytesis required to bring coagulation of a

particular solution.
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Theminimum concentration of an electrolyteinmillimoles per litre required to cause precipitation of
onelitre of acolloidd solutionintwo hoursiscalled (coagulation in valueor flocculation value) of
the electrolytefor the sol. The smaller the quantity needed the higher will be the coagulating power of
anion.

Thereciprocal of coagulation valueisregarded asthe coagul ating power the

For exampl e, the coagulation values of NaCl, BaCl, and AlCl; for arsenic sulphide sol. are 51, 0.69
1 1

d 0.093 e,

1
and 0.093 millimoleg/litre respectively. Thustheir coagul ating powersare

51 0.69 O
0.0196, 1.449 and 10.75 respectively.
The coagulation values of afew electrolytesfor negatively charged arsenic sulphide and positively
charged ferrichydroxide sol. are givenin table given below. The valency of the coagulation ion (the
ion whose chargeisoppositeto that of the colloidal particles) isalso given.
Coagulation valuesof different electrolytes

Arsenic sulphidesol. Ferric hydroxidesol.
Electrolyte [Valency of | coagulation Electrolyte | Valency of coagulation
coagulating| cation value coagulating anion value
cation
K,SO, 1 63 KBr 1 138
NaCl 1 51 KNO, 1 132
KNO, 1 50 KCl 1 103
MgSO, 2 0.81 K,CrO, 2 0.320
BaCl, 2 0.69 K,SO, 2 0.215
AICl, 3 0.093 KsFe(Cn)g 3 0.096

From the above table, it is clear that the coagul ating power of Al3* ions in precipitating the
arsenic sulphide sol. is approximately 550 times more than that of sodium (Na*) or potassium (K*)
ions. Again, it isobserved that the negatively charged arsenic sulphide sol. is coagulated by cations
while positively charged ferric hydroxide sol. iscoagul ated by anions.

Hardy-Schulz rules: H. Schulze (1882) and W.B. Hardy (1900) suggested the following rulesto

discussthe effect of electrolytes of the coagul ation of the sol.

(1) Only theions carrying charge opposite to the one present on the sol. particles are effective to
cause coagulation, e.g., the negative charged sol. is best coagulated by cations and a positive
sol. iscoagulated by anions.

(2) Thecharge on coagulating ion influences the coagul ation of sol.

In general, the coagulating power of the activeion increaseswith the valency of the activeion.
After observing the regularities concerning the valency of the activeion, alaw was proposed
by Hardy and Schulz which istermed as Hardy-Schulze law which is stated as follows:
"Higher isthe valency of the activeion, greater will be its power to precipitate the sol."

Thus, coagulating power of cationsisin the order of Al®* > Ba?* or Mg?* > Na' or K*.

Similarly, to coagulating the positively charged sol. the coagulating power of anionisin the
order of [FE(CN)¢]* > PO, >S0O,> > ClI-

*
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Ex3. 11.7 gm NaCl is needed for complete coagulation on 50 | of a colloidal solution. What is the
coagulation valueof electrolyte ?

Sol.

11.7
illi x1000
mil limole of electrolyte 585

Coagulation value = =260 = _4

L of colloidal solution 50

4.8

Some other methods of coagulation :

Apart from the addition of electrolyte, coagul ation can also be carried out by following methods:

(i)

(ii)

(iii)

(iv)

By persistent dialysis: It hasbeen observed that traces of el ectrolytes are associated with the
solution duetowhichitisstable. If the solution issubjected to prolonged dialysis, the traces of
electrolytesareremoved and coagulation takes place.

By mutual coagulation of colloids: When two solsof oppositively chargesare mixed together
in a suitable proportion, the coagul ation takes place. The charge of oneis neutralized by the
other. For example, when negatively charged arsenic sulphide sol. isadded to positively charged
ferric hydroxide sol., the precipitation of both occurs simultaneoudy.

By dectrical method : If the electrical charge of lyophobic sol. isremoved by applying any
electricfield such asin electrophoresis, they a so precipitate out.

By boiling: When asol is boiled, the adsorbed layer is disturbed due to increased collisions
with themoleculesof dispersion medium. Thisreducesthe charge on the particlesand ultimately
lead to settling down in theform of aprecipitate.

By addition of eectrolytes: When excessof an electrolyteisadded, the colloidal particlesare
precipitated. Thereasonisthat colloidsinteract withionscarrying charge oppositeto that present
onthemselves. This causes neutralisation leading to their coagulation. Theion responsiblefor
neutralisation of charge on the particlesiscalled the coagulaingion. A negativeion causesthe
precipitation of positively charged sol and viceversa.

PROTECTIVE COLLOQOIDS:

Lyophilic solsaremore stablethan thelyophobic sols. Thisisbecause, lyophilic colloidsare extensvely
hydrated and these hydrated particles do not combineto form large aggregates.

Lyophobic sols are more easily coagulated by the addition of suitable electrolyte. To avoid the
preci pitation of lyohobic sol, by the addition of electrolyte, somelyophilic colloid isadded to it. Such
lyophilic colloidiscalled protective colloid and the protection of lyophobic colloid from thee ectrolytes
isknown asprotection . The substances commonly used asprotective colloidsare gelating, albumin,
gum arabic, casein, starch, glueetc. A gold sol. containing alittle gelatin as protective colloid needs
avery large amount of sodium chloride to coagulate the sol.

Protected particles

Protecting
particles
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Explanation : The particlesof the protective colloid get adsorbed on the particles of the lyophobic
colloid, thereby forming a protective layer around it (figure). The protective layer prevents the
precipitating ionsfrom coming in contact with the colloida particles.

According to arecent view, the increase in stability of the lyophobic colloid is due to the mutual
adsorption of thelyophilic and lyophobic colloids. Itisimmaterial which isadsorbed onwhich.
Gold number of a protective colloid isa minimum weight of it in milligramswhich must be
added to 10 ml of astandard red gold sol so that no coagulation of the gold sol. (i.e. change of
colour from red to blue) takes place when 1 ml of 10 % sodium chloride solution is rapidly
added to it. Obvioudly, smaller the gold number of a protective colloid, the greater isthe
protectiveaction.

Ex.4

Sol.

0.02 gm of lyophilic colloid just present coagulation in 10 ml of alyophobic colloid on adding 1
ml of 10 % NacCl solution. What isthe gold number of lyophilic colloid ?
Mg of lyophilic colloid = 0.02 x 1000 = 20

49 EMULSIONS:

Anemulsonisacalloidal solution of aliquid. It may be defined asaheterogeneous system consisting

of more than oneimmiscibleliquids dispersed in one another in the form of droplets

For example, milk isan emulsioninwhich small dropsof liquid fat are dispersed in aqueous medium.

Cod liver oil isan emulsioninwhich the water dropsare dispersedin the oil. This meansin most of

the emulsionsoneof theliquid iswater and the other liquidin oil.

Theemulsion areclassified as:

(1) Oilinwater typeemulsion (O/W): Inthisemulsion, oil isthedispersed phase and water isthe
disperson medium. It isdenoted by O/W or O in W. For example, milk (liquid fat dispersed in
water), vanishing cream.

(2 Water in oil type : In this emulsion, water is the dispersed phase and ail is the dispersion

medium. It isdenoted by W/O or W in O. For example, butter.
The type of emulsion obtained by agitating two immiscible liquids depends upon the relative
amounts of two componentsliquids. Theliquidthat isin excessformsthe dispersion medium.
Thus, the two types of emulsions can be interconverted into each other by changing the
concentration of oneof theliquids.

4.9.1 Preparation of emulsion (Emulsification) : Emulsification is the process which involves the

preparation of emulsion. Generally, an emulsionis prepared by subjecting amixture of theimmiscible
ligquid to adistinct layers upon standing. The oil globulesrise to form an upper layer while agueous
medium formslower layers. To prevent the separation of layersand to get the stableemulsion, asmal
quantity of thethird substanceisadded. This substance which stabilizestheemulsoniscaled emulsifier
or emulsifying agent. The commonly used emulsifying agents are soaps, detergents and lyophilic
colloids. Caseln, alyophilic colloid present in milk, actsasan emulsifier asit formsaprotectivelayer
around fat moleculesdispersedin water. Hence milk isafairly stableemulsion.

Function of emulsifier : Themainfunction of emuldfier or emulsifying agentsistolower theinterfacia
tension between oil and water and thus hel pstheintermixing of two liquids. For example, amolecule
of asoap or detergent (emulsfier) getsconcentrated at theinterface between oil and water. The polar
end of theemulsifier isin water and non-polar end isin oil asshowninfigure.

In asogp, RCOONa, R isthe non-polar end, whereas COO— Na' isthe polar end.

Surface chemistry
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4.9.2 Propertiesof emulsion:
(i) Thesizeof particlesof the dispersed phase of an emulsionisusually larger thanin sols.
(i)  Likecolloida particles, emulsionsexhibit propertiessuch as Tyndall effect, Brownian movement
(provided the particlesare not too large), e ectrophoresis, coagul ation, etc.

Demulsification : The processwhich involvesthe breaking of an emulsion into two separateliquid
layersiscalled demulsfication. Thefollowing methods may be used to bring demulsfication:

(1) Chemical Methods: Anemulsion may be demulsified by adding achemical substance whose
action on the dispersed phase and the dispersion medium is opposite to that of the original
emulsifying agent used to producethe stable emulsion.

(20 Centrifugation : Creamisseparated from milk by the centrifugal method.

(3) Cooling: Fat can beremoved from milk by keeping itin arefrigerator for afew hours.

4.9.3 Oil in water typeemulsion (O/W) Useof emulsion:

(1)) Many pharmaceutical preparations-medicines, ointments, creams and various lotions are
emulsions. It isbelieved that medicines are more effective and easily assimilated by the body
tissueswhenthey arein colloidal formi.e., emulsion.

(2 All paintsareemulsions.

(3) Thedigestion of fat in the intestines is helped by emulsification. A little of the fat forms a
medium soap (emulsifier) with the akaline solution of theintestine and this soagp emulsifier the
rest of thefats, thusmaking it easier for the digestive enzymesto do their metabolic functions.

(4)  Soaps and detergents remove dust and dirt from the dirty piece of cloth by making an oil in
water emulsion.

(5) Milkisanemulsion of liquid fatsin water.

(6) Inthe processof metallurgy, one of the important steps is the concentration of ore which is
usually doneby froth floatation processin which an oil isadded to thefinely-divided ore taken
in water. The particles of ore go on the surface due to formation of foams while the other
impuritiesareleft at the bottom of the vessd.

(7) Theemulsion of asphalt in water isused in road making and building.
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410 USESOF COLLOIDS:

@

@)
©)

(4)

Q)

(6)

(1)

(8)

M edicines: Themedicinescontaining gold, silver or cacium etc. in colloida form are moreeffective
and easily assmilated by the human systems.

Dyes: Indyeing, mordantscolloidal substancesare used in textile dyeingindustry to fasten dyes.

Rubber industry : Latex isa colloidal solution of negatively charged particles. The article to be
rubber plated is made the anode. Under theinfluence of electric field the rubber particles get deposited
on the anode and the article gets rubber plated.

Smoke screens: Smoke screenswhich consist of titanium dioxidedispersedinar areused inwarfare
for the purpose of conceal ment and camouflage.

Formation of delta: Theriverwaver carrieswithit charged day particlesand many other subgancesin
the form of colloida solution. When the sea water comesin contact with these particles, the colloidal
particlesinriver water are coagul ated by the eectrolytes present in seawater toform deltas.

Purification of water : Theturbidity inwater isdueto the presence of negetively charged clay particles.
The addition of potash alum, i.e., Al®* ions neutralizes the negetive charge on the colloidal particlesand
thus causestheir coagulation. The coagul ated matter settlesdown and thus becomesclear.

Artificial rain : Artificia rain can be caused by throwing eectrified sand on cloudswhich are colloidal
solutionsor charged particlesof water inair.

Smoke precipitation : Smoke coming out of the chimney isindustrial areaisanuisance and health
hazard. Itisacolloidal particlesare charged particlesand thusthey are removed from fuel gasesby
electrical precipitation (Cottrell Precipitator).

- Chimney

Smoke &
fuel gas

] [ ]

[

Precipitated dust carbon particles

In cottrell precipitator, the smoke is made to pass through chambers fitted with highly electrically
charged plateswhich precipitate the carbon and dust particlesleaving in the gasesto escape through
chimney (figure).
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©)

(10)

(11)

(12)

Sewage disposal : Sewagewater consistsof particlesof dirt, rubbish, mud, etc., which are of colloida

dimensions and carry an electric charge and thus do not settle down easily. These particles can thus

be removed by cataphoresis. A system of two tanks fitted with metallic electrodesis used for this
purpose. When electric field is created, then the dust particlesare coagul ated on he oppositely charged
electrodes. The deposit may be utilized asamanure.

Cleansing action of soap and deter gent : Soap solution may be used to wash off thedirt sticking to

thefabric, in the presence

(i) If formsacollodia solution inwater forms (miscelles), removesdirt by simple adsorption of
oily substance and thus washes away.

(i)  Itdecreasestheinterfacia tension between water and grease, and it causesthe emulsification of
grease in water. By mechanical action such as rubbing, the dirt particles are aso detached
alongwith theonly material.

In Photography : Various colloidal system are used in photographic process. In the preparation of

photographic plates, the silver bromide in gelatin is coated on thin glass plates. In developing and

fixation, variouscolloidal substancesare used. Indifferent kindsof colour printing, gelatin and other
colloidal mixturesare used.

Bluecolour of thesky : Colloidal particlesscatter only bluelight and therest of isabsorbed. In sky

thereare anumber of dust and water particles. They scatter bluelight and, therefore, sky looksbluish.

If there were no scattering, the sky would have appeared totally dark.
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EXERCISE # S-1

1.

Graph between log (LJ vslog Pisprovided for adsorption of NH, gason metal surface. Calculate
m
weight of NH,, gas adsorbed by 50 gm of metal surface at 2 atm pressure

.

log (x/m) 45°

0.3

0 log P
SCO0001

When a graph is plotted between log xYmand log P (where Pisin atm), it is straight line with an
angle of 45° and intercept 0.3010 on y-axis, what will be the amount of gas adsorbed per gm of
adsorbent at pressure 0.3 atm (log2 = 0.3010)

SC0002

Invessel O, gas undergoes physisorption on adsorbent surface causing itspartia pressureto decrease
from6amto ‘P atmina8.21 L vessel at 500K. If total number of sitesis 2 x 10%° on adsorbent
surface and every site accommodeates effectively three O, moleculesfind P(atm).

[N, =6 x 107
SC0003

1.25 mg of Gum Arabica (Gold Number = 0.25) is added to 50 ml of standard gold sol. What
maximum volume (in ml) of 10% NaCl solution can be added to this gold sol without causing
coagul ation.

SC0004

Gold number of haemoglobin is 0.3. Calculate weight (in mg) of haemoglobin for 100 ml of
gold sol so that gold sol is not coagulated by 10 ml of 10% NaCl solution.

SC0005

A soap (C,H,, COONa) solution becomes a colloidal sol at a concentration of 1.2 x 10° M. On
theaverage, 2.4 x 10" colloidd particlesarepresentin 1 mm?®. What isthe average number of stearate
ions in one colloidal particle (micelle) : Take : Avogadro's number = 6 x 107

SC0006
How many of the following phenomenon are observed due to process of coagulation.
(A) Deltaformation at the meeting point of river and sea.

(B) Blue colour of sky.
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(C) Precipitation of coal ash from smoke in chimeney's.
(D) destruction of lyophaobic solution.

(E) Brownian motion.

(F) Cleaning action of detergents.

(G) Artificid rain.

(H) Use of alumsin cleaning water.

SC0007
Calculate the number of solswhich are negatively charged.
Fe,0,.xH,0 sol Sb,S,; sol
Ag sol Cu ol
Blood basic dye
sol of clay sol of starch
sol of sodium stearate sol of sodium laurylsul phate
sol of charcoal.
SC0008

In order to cause coagulation of 200 ml of gold sol, 585 ml of 1% w/w NaCl solution having density
1.2 gm/ml wasrequired. What will be the coagulation value of NaCl?

[expressanswer inmilli-moles/litre]
SC0009

Molecular formulaof starch can berepresented as (CH,,O,) . If the gold number of one such starch
moleculeis6.48 and 0.01 millimolesof the above starch are required to be added to 10ml of gold sol
to prevent coagulation by 1 ml of 10% sodium chloride solution, then calculatethe value of 'n'.

SCO0010
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EXERCISE # S-2

Inavessel O, gasmoleculeswere adsorbed on solid surface causing its partial pressureto decreases
from 1 aimto 0.5 atm.

Given: N, = 6 x 107

Volume of vessel =2.24 L

Temperature = 273 K

Total area of solid surface = 10° cm?

Number of active sites per unit area= 10** m™

Find number of O, molecules adsorbed per active site.
SC0011

A 0.03 M of an acid solution in benzeneis dropped on water surface, the benzene evaporates and
the acid formsamonomol ecul ar film of solid type. What volume (in ml) of the above sol ution would
be required to cover a 54000cm? surface area of water with monomolecular layer of acid. Area

covered by single acid molecule is 0.3nm? (N, = 6 x 10%)
SC0012

The diameter of acolloidal particleis5000 A. If thedensity of substance formed , dispersed phase,

is 4gm/cc, find the value of surface area per unit mass of colloidal particle in (m?/gm).
SCO0013

A container contains 1 litre, 2M solution of benzene in ether. A piece of 3 kg charcoal is dipped
in the solution. Mol eculesof benzene get adsorbed on the surface of charcoal and form monolayer.
Themolarity of resulting solution decreasesto 1M. If surface areaavailable for adsorption on charcoal

123 cm?gm. Then find distance (in A) between two adjecent carbon atomsin abenzene molecule,

(Assume: Shape of benzene molecule perfectly hexagonal.)
[Use: N, =6 x 107
SC0014

112cm?® hydrogen gasisadsorbed uniformly at the surface of 5 gm Palladium at 273°C and 2 atm.

If the effective surface area of each hydrogen molecule is 0.4 nm?, then the specific surface area
of Palladiumis:

SC0015

Thedesorption of gas moleculesfrom the adsorbent surface obeysArrhenius equation. Theaverage
time upto which aN,, molecule may remain adsorbed at Pt-surface at 400K is
[Given: Pre-exponentia factor, A =1.25x108s?;
Activation energy of desorption = 16Kcal, €° =5 x 109
SC0016
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A colloid prepared by the addition of KI to AgNO, solution is purified using dialysis. Find the
minimum massin grams of an electrolyte'AB' (GMM = 60) required to completely coagulate 1/
of the aforementioned colloid

Given :

Activeion causing| Flocculation
flocculation value(mmole/l)

At 50

B 100

SC0017

At 70K, the adsorption of N, gas at iron surface obeys Freundlich adsorption isotherm. The
experimental datacollectedis

P(bar) 4 25 64
X
Z 0.2 0.5 0.8
m

X
Where m isthemass (in gm) of N, gasadsorbed per gm of iron at Pbar pressure. Themolesof N,

gas adsorbed per gm of iron at 36 bar and 70K, is
SC0018

1.9 x 10~* gm of the metal having density 19 gm/ml isdispersed in onelitre of water to give asol
having sphericad metal particles of radius 10 nm. Theapproximate number of metal sol particles per
cm? of the sol isgiven by :

SC0019

If unit mass of asolid, taken as cube of volume 8 cm?, is powdered into identical 102 cubes, then
the specific surface area of the solid increased by :
SC0020
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Surface chemistry

EXERCISE # O-l

Select the correct alternative. (Only oneis correct)

1 Which gas will be adsorbed on a solid to greater extent.

(A) A gas having non polar molecule

(B) A gas having highest critical temperature (T )

(C) A gas having lowest critical temperature.
(D) A gashaving highest critical pressure.

SC0021
2. The heat of physisorption lie in the range of
(A) 1-10kJI mol (B) 20 to 40 kJ mol
(C) 40 to 200 kJ mol* (D) 200 to 400 kJ mol—
SC0022
3. Adsorption ismultilayer in case of
(A) physical adsorption (B) chemisorption
(C) in both (D) none of the these
SC0023
4, Reversibleadsorptionis
(A) chemical adsorption (B) physical adsorption
(C) both (D) none
SC0024
5. An emulsionisacolloidal system of
(A) two solids (B) two liquids
(C) one gas and one solid (D) one gas and one liquid
SC0025
6. The nature of bonding forcesin chemisorption
(A) purely physical such as Van Der Waal's forces
(B) purely chemical
(C) both chemical and physical simultaneously.
(D) none of these
SC0026
7. The Tyndall effect associated with colloidal particlesis dueto
(A) presence of electrical charges (B) scattering of light
(C) absorption of light (D) reflection of light
SC0027
8. Which one of the following is not applicable to chemisorption?
(A) Its heat of adsorption is high (B) It takes place at high temperature
(C) Itisreversble (D) It forms mono-molecular layers
SC0028
9. In the colloidal state the particle size ranges
(A) below 1 nm (B) between 1 nm to 1000 nm
(C) more than 1000 nm (D) none of the above
SC0029
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11.

12.

13.

14.

15.

16.

17.

18.

19.
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Colloids can be purified by
(A) condensation (B) peptization (C) coagulation (D) didysds

SCO0030
Milk isan example of
(A) emulsion (B) suspension (C) foam (D) sol.

SC0031
Colloidal particlesinasol. can be coagulated by
(A) heating (B) adding an electrolyte
(C) adding oppositely charged sol (D) any of the above methods

SC0032
Emulsifier isan agent which
(A) acceleratesthe dispersion (B) homogenizesan emulsion
(C) stabilizesanemulsion (D) aidstheflocculation of an emulsion

SCO0033
Fogisacolloidal system of
(A) gasinliquid (B) liquidingas (C) gasingas (D) gasinsolid

SC0034

Given beow are afew electrolytes, indicate which one among them will bring about the coagulation
of agold sol. quickest and in theleast of molar concentration?

(A) NaCl (B) MgSO, (C) Al(SO), (D) K, [Fe(CN) ]
SC0035
When alyophobic colloidal solution is observed , we can see
(A) light scattered by colloidal particle
(B) sizeof thecolloida particle
(C) shapeof thecolloidal particle
(D) relative sizeof the colloidal particle
SC0036
Theelectrical chargeon acolloidal particleisindicated by
(A) Brownian movement (B) electrophoress
(C) ultramicroscope (D) molecular sieves
SC0037

The minimum concentration of an el ectrolyte required to cause coagulation of asol iscalled
(A) flocculation value (B) gold number (C) protectivevdue (D) none of these

SC0038
Smoke precipitator workson the principle of
(A) digtribution law (B) neutralization of charge on colloids
(C) Le-Chaterlier'sprinciple (D) addition of electrolytes

SC0039
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Which oneof following statementsisnot correct in respect of lyophilic sols?

(A) Thereisaconsiderableinteraction between the dispersed phase and dispersion medium
(B) These are quite stable and are not easily coagul ated

(C) They need stabilizing agent

(D) The particleare hydrated
SC0040
2. AsS;solis
(A) positivecolloid  (B) negativecolloid  (C) neutral colloid (D) none of the above
SC0041
22.  Atthecritical micelle concentration (CM C) the surfactant molecules
(A) decompose (B) dissociate
(C) associate (D) becomecompletely soluble
SC0042
23.  Smadl liquid dropletsdispersedin another liquidiscalled
(A) suspension (B) emulsion (C) gel (D) true solution
SC0043
24.  Theprocesswhichiscatalysed by one of the product is called
(A) acid-basecatayss (B) autocatalyss
(C) negativecatalyss (D) homogeneouscatalysis
SC0044
25.  Tyndal effect would be observedina
(A) solution (B) solvent (C) precipitate (D) calloidd sol.
SC0045
26.  Aliquidisfound to scatter a beam of light but leaves no residue when passed through the filter
paper. Theliquid can be described as
(A) asuspension (B) ail (C) acolloidal sal. (D) atrue solution
SC0046
27.  Theabhility of anionto bring about coagulation of agiven colloid depends upon
(A) itscharge (B) thesgn of the charge alone
(C) the magnitude of the charge (D) both magnitude and sign of charge
SC0047
28.  Anarsenioussulphidesol. carriesanegative charge. The maximum precipitating power of thissol.
IS possessed by
(A) K,SO, (B) CaCl, (C) Na,PO, (D) AlCI,
SC0048
29.  Whichof thefollowing isan example of associated colloid?
(A) Protein +water  (B) Soap + water (C) Rubber + benzeng(D) As,O, + Fe(OH),
SC0049
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30.

31

32.

33.

35.

36.

Although nitrogen does not adsorb on surface at room temperature, it adsorbs on surface at 83K.
Which one of thefollowing statementsis correct -
(A) At 83K, thereisformation of monomolecular layer
(B) At 83K, thereisformation of multimolecul ar layer
(C) At 83K, nitrogen moleculesare held by chemical bonds
(D) At 83K, nitrogen is adsobed as atoms.
SC0050

Gold number of alyophilic sol is such a property that :
(A) The larger its value, the greater is the peptizing power
(B) The lower its value, the greater is the peptizing power
(C) The lower itsvalue, the greater is the protecting power
(D) The larger its value, the greater is the protecting power
SC0051

Which of the following statements is incorrect regarding physisorptions ?
(A) Under high pressureit resultsinto multi molecular layer on adsorbent surface
(B) Enthalpy of adsorption (AH yepi0n) 1S 10W and positive
(C) It occurs because of Van der Waal's forces
(D) More easily liquefiable gases are adsorbed readily
SC0052

Thevolumeof acolloidal particleV ., volume of asolute particlein atrue solution V., the volume
of suspension particle is V¢ can be arranged

(A) V.=V, =V, (B) Vg <V . <V,
(C) Vo>V, >V, (D) V. >V, >V,

SC0053
Which of the following is not the property of physi-sorption -
(A) Highly specific in nature (B) Reversble
(C) Multilayer (D) Exothermic

SC0054
Arrangethefollowing electrolytesin theincreasing order of coagulation power for the coagulation
of As,S, sol -
(1) Na,PO,  (I1) MgCl,  (ll1) AICI,
(A) 1 >11>1 B) 1 <Il <1l © 1 =1<l O <I<l

SC0055
The gas, which is most readily adsobred on the surface of activated charcod is -
(A) N, (B) H, (©) G, (D) SO,

SC0056
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37.  Themigration of colloidal particles under the influence of an electrical field is known as
(A) electro osmoss (B) electrophoresis
(C) dectrodialyss (D) None
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38.

39.

40.

Which reaction show the use of heterogenous catalyst

(A) 250, (g) + O(g) —=2— 2S0,(g)

(B) 2S0, (g) + O,(g) —— 2504(g)

(C) CH,COOCH,(I) + H,0(l) —“'%_, CH_COOH(aq.) + CH,OH(aq.)
(D) All of the above

Promoters and Poi son are the substance use in chemical reaction which
(A) Enhanceand decrease the activity of catalyst respectively

(B) Decrease and enhance the activity of catalyst respectively

(C) Do not have any effect on catalyst

(D) Can beused in place of catalyst whenever required

Peptization process may be defined as

(A) Formation of precipitate by adding two ionic solution
(B) Conversion of colloidal sol into precipitate

(C) Conversion of precipitateinto colloidal sol

(D) Enrichment precipitate from solution

SC0057

SC0058

SC0059

SC0060
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EXERCISE # O-lI

(Morethan one may be correct)

1.

Which of thefollowing is/are correct statements

(A) Hardy Schulz ruleisrelated to coagulation

(B) Brownian movement and Tyndall effect are shown by colloids

(C) Whenliquidisdispersedinliquid, itiscalled gel.

(D) Gold number isameasure of protective power of lyophillic colloid.

Which statementsis/are correct?

(A) Physical adsorptionismultilayer non-directional and non specific
(B) Chemical adsorptionisgenerally monolayer and specificin nature
(C) Physical adsorption isdueto free valence of atoms

(D) Chemical adsorptionisstronger than physical adsorption

Which statement/sis/are correct

SC0061

SC0062

(A) A solutionis prepared by addition of excess of AgQNO, solution in K1 solution. The charge

likely to develop on colloidd particleispositive.

(B) Theeffectsof pressure on physical adsorptionishighif temperatureisliow.
(C) Gold number istheindex for extent of gold plating done.

(D) None

Colloidal solution can be purified by
(A) Didysis (B) Electrodialyss  (C) Electrophoreds (D) Ultrfiltration

Which of thefollowingisnot lyophillic
(A) Gelatin sol (B) Silver ol (C) Sulphur sol (D) As,S,; sol

Colloidal Gold can be prepared by
(A) Bredig' sare method (B) Reduction of AuCl,
(C) Hydrolysis (D) Peptization

On adding AgNO, solutioninto K1 solution, colloidal sol can be obtained from.
(A) 100 mL of 0.1 M AgNO, + 100 of 0.1 M KI

(B) 100 mL of 0.1 M AgNO, + 100 of 0.2 M KI

(C) 100 mL of 0.2 M AgNO, + 100 of 0.1 M KI

(D) 100 mL of 0.15 M AgNO, + 100 of 0.25 M KI

SC0063

SC0064

SC0065

SC0066

SC0067

ALLEN .
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10.

11.

Question No. 8to 10 (3 questions)
Whenever a mixture of gasesis alowed to come in contact with aparticular adsorbent under the
same conditions, the more strong adsorbate isadsorbed to greater extent irrespective of itsamount
present, e.g. H,O is adsorbed to more extent on silica gel than N, and O,,. This shows that some
adsorbates are preferentially adsorbed. 1t isalso observed that preferentially adsorbable adsorbate
can displace aweakly adsorbed substance from the surface of an adsorbent.
Which of thefollowing gasesis adsorbed to maximum extent:

(A) He (B) Ne (C) Ar (D) Xe
SC0068
Which of the gas can displace remaining all the gases
(A) O, (B) N, (©) CO (D) H,
SC0069
When temperatureisincreased
(A) extent of adsorption increases (B) extent of adsorption decreases
(C) no effect on adsorption (D) extent of adsorption first decreases, then increases
SCO0070

Question No. 11 to 12(2 questions)
In macromolecular type of colloids, the dispersed particles are themselves large mol ecul es (usually
polymers). Since these mol ecul es have dimensions comparable to those of colloidal particles, their
dispersonsare caled macromolecular colloids. Most lyophilic solsbelongto thiscategory. Thereare
certain colloidswhich behave asnormal strong electrolytesat low concentrations, but exhibit colloidal
propertiesat higher concentrations due to the formation of aggregated particles. Theseare known as
micellesor associated colloids. Surface active agents|ike sogps and synthetic detergentsbel ong to this
class.
CMC increases with the total surfactant concentration. At concentration higher than CMC, they
form extended parallel sheetsknown aslamellar micelleswhich resemble biological membranes.
With two moleculesthick, theindividua moleculeisperpendicular to the sheets such that hydrophilic
groups are on the outside in agueous sol ution and on the insde is anon-polar medium.
In concentrated solutions, micellestake the form of long cylinders packed in hexagonal arrays
and arecalled |l ytotropic mesomorphs.
In an agueous solution (polar medium), the polar group points towards the periphery and the
hydrophobic hydrocarbon chains point towards the centre forming the core of themicelle.
-They are capable of formingions
-Molecules of soapsand detergentsconsist of lyophilic aswell aslyophilic parts which associate
together toform micelles.
-Micellesmay contain as many as 100 molecules or more.
Select incorrect statement(s):
(A) Surface active agent like soaps and synthetic detergentsare micelles
(B) Soapsare emulsifying agents

(C) C;H,, (hydrocarbon part) and -COO- (carboxylate) part of stearate ion (C,,H,.COO") both
are hydrophobic
(D) All areincorrect statements
SC0071
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13.

14.

15.

16.

Cleansing action of soap occurs because:
(A) oil and grease can be absorbed into the hydrophobic centres of soap micelles and washed
awvay
(B) oil and grease can be absorbed into hydrophilic centres of soap micellesand washed away
(C) ail and grease can be absorbed into both hydrophilic and hydrophobic centres but not washed
awvay
(D) cleansing actionisnot related to micelles

SC0072

Question N0.13to 15 (3 questions)

The protective power of thelyophilic colloidsisexpressed in termsof gold number atermintroduced
by Zs gmondy.Gold number isthe number of milligram of the protective colloid which prevent the
coagulation of 10 ml of red gold sol. when 1 ml of a10 percent solution of sodium chlorideisadded
toit. Thus, smaller the gold number of lyophilic colloid, the greater isthe protective power.
On addition of one mL solution of 10% NaCl to 10 mL of red gold sol in presence of 0.025 g of
starch, the coagulationisjust prevented. The gold number of starchis
(A) 0.025 (B) 0.25 (©) 25 (D) 25

SC0073

Which of the following statement(s) is/are correct
(A) Higher the gold number, more protective power of colloid
(B) Lower the gold number, more the protective power
(C) Higher the coagul ation value, more the coagul ation power
(D) Lower the coagulation value, higher the coagul ation power
SC0074

Gold number gives an indication of
(A) protectivenature of colloids
(B) purity of goldin suspension
(C) the charge on acolloidal solution of gold
(D) g-moleof gold per litre
SC0075

Question No. 16 & 19 (4 questions)
These questions consist of two statements each, printed as assertion and reason, while answering
these questions you are required to choose any one of the following responses.
(A) If both assertion and reason are true and the reason is a correct explanation of assertion.
(B) If both assertion and reason are true but reason is not acorrect explanation of assertion.
(C) If assertionistruebut thereasonisfase.

(D) If assertionisfalsebut thereasonistrue.
Assertion:  When AgNQ, istreated with excess of potassum iodide, colloidal particles gets
attracted towards anode.
Reason : Precipitate adsorb common ions (excess) and thus become charged.
SC0076
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17. Assertion :

Reason :

18. Assertion :

Reason :

19. Assertion:

For adsorption AG, AH, ASall have—vevalues
Adsorption is aspontaneous exothermic processin which randomness decreases
dueto force of attraction between adsorbent and adsorbate.

SC0077

A gaswith higher critical temperature gets adsorbed to more extent than agas
withlower critica temperature.
The easily liquifiable gases get adsorbed to | ess extent.

SC0078

Micelles are formed by surfactant molecules abovethe critical micellar
concentration (CMC).

Reason : The conductivity of asolution having surfactant molecul esdecreases sharply at
the CMC.
SC0079
LIST TYPE :
20. Lig-l Lig-11
(P) Inversion of can sugar (1) Diastase
(Q) Conversion of starch into maltose 2 Lactor bacilli enzyme
(R) Conversion of glucose into ethyle 3 Invertase
(S Converson of milk into curd 4  Zymase
Code:
P Q R S
A) 3 4 1 2
B 3 4 2 1
© 3 1 4 2
Do) 2 4 1 2
SC0080
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EXERCISE # J-MAIN

1.  Which of the following statements is incorrect regarding physisorptions ? [AIEEE-2009]
(1) Under high pressure it resultsinto multi molecular layer on adsorbent surface
(2) Enthalpy of adsorption (AH epien) 1S 10w and positive
(3) It occurs because of Van der Waal's forces
(4) More easily liquefiable gases are adsorbed readily

SC0081
2. According to Freundlich adsorption isotherm, which of the following is correct ? [AIEEE-2012]
X 00
Q) ;<P
X o
2 <P
X 1/n
() <P
(4) All the above are correct for different ranges of pressure
SC0082
3. Thecoagulating power of dectrolyteshavingionsNa', AI** and Ba®™* for aresenic sulphide sol increases
in the order :- [J-Main 2013]
(1) AI* < Ba™ < Na' (2) Na" < B&" < AlI**
(3) B&™* < Na" < AlI** (4) AI* < Na" < B&*
SC0083

4. A particular adsorption process has the following characteristics: (i) It arises dueto van der Waals
forces and (ii) it is reversible. Identify the correct statement that describes the above adsorption
process.

(1) Enthapy of adsorption is greeter than 100 kJmol-1 [J-Main 2015]
(2) Energy of activationislow.

(3) Adsorption is monolayer

(4) Adsorption increases with increase in temperature.

SC0084
5. For alinear plot of log(x/m) versuslog p in aFreundlich adsorption i sotherm, which of the following

statementsis correct ? (k and n are constants) [J-Main 2016]
(1) log (1/n) appears as the intercept
(2) Both k and 1/n appear in the slope term
(3) L/n appears as the intercept
(4) Only 1/n appears as the slope

SC0085

6. TheTyndall effect isobserved only when following conditions are satisfied[J- M ain (offline)2017]
(a) The diameter of the dispersed particlesis much smaller than the wavelength of the ligh used.
(b) Thediameter of the dispersed particleis not much smaller than thewavel ength of the light used.
(o) Therefractiveindices of thedispersed phaseand dispersion medium areamost smilar inmagnitude.
(d) Therefractiveindices of the dispersed phase and disperson medium differ greatly in magnitude.
(1) (&) and (d) (2) (b) and (d) (3) (&) and (c) (4) (b) and (c)
SC0086
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7.

Among the following, correct statement is: [J- Main (online)2017]
(1) One would expect charcoal to adsorb chlorine more than hydrogen sulphide.
(2) Brownian movement is more pronounced for smaller particles than for bigger-particles.
(3) Hardy Schulze law states that bigger the size of the ions, the greater is its coagulating power
(4) Sols of metal sulphides are lyophilic
SCo0087

8.  Adsorption of agason asurfacefollows Freundlich adsorption isotherm. Plot of Iog% versuslog
p gives a straight line with slope equal to 0.5, then: [J- Main (online)2017]
(% is the mass of the gas adsorbed per gram of adsorbent)
(1) Adsorption is proportional to the square of pressure.
(2) Adsorption isindependent of pressure.
(3) Adsorption is proportional to the pressure.
(4) Adsorption is proportional to the square root of pressure.
SC0088
9.  Which one of the following is not a property of physical adsorption [J- Main (online)2018]
(1) Unilayer adsorption occurs
(2) Greater the surface area, more the adsorption
(3) Lower the temperature, more the adsorption
(4) Higher the pressure, more the adsorption
SC0089
10. Among the following, the false Satement is : [Jee-main(online)-2019(Jan.)]
(1) Latex isacolloidal solution of rubber particles which are positively charged
(2) Tyndall effect can be used to distinguish between a colloidal solution and a true solution.
(3) Itispossibleto cause artificial rain by throwing electrified sand carrying charge oppositeto the
one on clouds from an aeroplane.
(4) Lyophilic sol can be coagulated by adding an electrolyte.
SC0090
11. Anexampleof solid sol is: [Jee-main(online)-2019(Jan.)]
(1) Butter (2) Gem stones (3) Paint (4) Hair cream
SC0091
L 4
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12.

13.

14.

15.

16.

Adsorption of a gas follows Freundlich adsorption isotherm. In the given plot, x is the mass of the

gas adsorbed on mass m of the adsorbent at pressure p. % is proportional to

[Jee-main(online)-2019(Jan.)]

v

Log P
(1) pua (2) P2 P (4) P2
SC0092
Haemoglobin and gold sol are examples of : [Jee-main(online)-2019(Jan.)]
(1) negatively charged sols
(2) positively charged sol |
(3) negatively and positively charged sols, respectively
(4) positively and negatively charged sols, respectively
SC0093
Among the colloids cheese (C), milk (M) and smoke (S), the correct combination of the dispersed
phase and dispersion medium, respectively is:- [Jee-main(online)-2019(Jan.)]
(1) C: solidinliquid; M : solid in liquid ; S: solid in gas
(2) C: solidinliquid; M : liquid in liquid ; S: gasin solid
(3) C: liquid in solid; M : liquid in solid ; S: solid in gas
(4) C:liquidin solid; M : liquid in liquid ; S: solid in gas
SC0094
Peptizationisa: [Jee-main(online)-2019(April)]
(1) process of converting a colloida solution into precipitate
(2) process of converting precipitate into colloidal solution
(3) processof converting soluble particlesto form colloidal solution
(4) process of bringing colloidal molecule into solution
SC0095

Among the following, the INCORRECT statement about colloidsiis:
(1) They can scatter light [Jee-main(online)-2019(April)]
(2) They are larger than small molecules and have high molar mass
(3) Therange of diameters of colloidal particlesis between 1 and 1000 nm
(4) The osmotic pressure of acolloidal solution isof higher order than the true solution at the same
concentration
SC0096
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17. A gasundergoesphysical adsorption on asurfaceand followsthe given Freundlich adsorption isotherm
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18.

19.

20.

21.

22.

equation

X 05
m P
Adsorption of the gasincreases with : [Jee-main(online)-2019(April)]
(1) Decrease in p and decreasein T
(2 Increaseinpandincreasein T
(3) Increasein p and decrease in T
(4) Decreaseinp and increasein T
SC0097
The aerosol isakind of colloid in which : [Jee-main(online)-2019(April)]
(1) gasisdispersed in solid (2) solid isdispersed in gas
(3) liquid is dispersed in water (4) gasisdispersed in liquid
SC0098

10 mL of 1mM surfactant solution formsamonolayer covering 0.24 cm? on apolar substrate. If the
polar head is approximated as cube, what is its edge length?
[Jee-main(online)-2019(April)]

(1) 20 pm (2) 20 nm (3 1.0pm (4) 0.2 nm

SC0099
0.27 g of along chain fatty acid was dissolved in 100 cm3 of hexane. 10 mL of this solution was
added dropwiseto the surface of water in around watch glass. Hexane evaporates and a monol ayer
isformed. The distance from edge to centre of the watch glassis 10 cm. What is the height of the

monolayer?
[Density of fatty acid=0.9gcm=3, & = 3] [Jee-main(online)-2019(April)]
(D) 108 m (2) 105 m (3) 104 m (4102 m

SC0100
Adsorption of agasfollows Freundlich adsorptionisotherm x isthe massof the gasadsorbed on mass

m of the adsorbent. The plot of log %versus log p isshown in the given graph. % IS proportional

to: [Jee-main(online)-2019(April)]

X
log—

m

log p
(1) p* 2 p’ 3) p* (4) p?
SC0101

The correct option among the following is: [Jee-main(online)-2019(April)]

(2) Colloidal particlesin lyophobic sols can be precipiated by electrophoresis.
(2) Brownian motion in colloidal solution is faster the viscosity of the solution is very high.
(3) Colloidal medicines are more effective because they have small surface area.
(4) Addition of alum to water makesit unfit for drinking.
SC0102
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23.

24,

25.

26.

27.

Match the following : [JEEMAINSOnline-2020]
(i) Foam (a) smoke
(i) Gel (b) cell fluid
(iii) Aerosol (c)jdlies
(iv) Emulson (d) rubber
(e) froth
(f) milk
(2) ()-(B), (ii)-(c), (iii)-(e), (iv)-(d) (2) ()-(d), (i1)-(b), (iii)-(e), (iv)-(f)
(3) ()-(e), (ii)-(c), (iii)-(a), (iv)-(f) (4) ()-(d), (ii)-(b), (iii)-(a), (iv)-(e)
SCO0103
Adsorption of agasfollows Freundlich adsorption isotherm. If x isthe mass of the gas adsorbed on
mass m of the adsorbent, the correct plot of % Versuspis: [JEE M AINSOnline-2020]
200 K 270K
X 250 K X 250 K
m m
p p
200 K 270K
X 250 K X 250 K
m 270 K m
?) 4) 200 K
p p
SC0104

| dentify the correct molecular picture showing that happensat the critical micellar concentration (CMC)
of an aqueous solution of a surfactant (o polar head; —non-polar tail; « water).

.téfé;é‘éj

g3 B i [JEE MAINSOnline-2020]
) (B) ©) ()

D) (B) 2 (A) (3) (D) 4) (C)

SC0105

For Freundlich adsorption isotherm, a plot of log (x/m) (y-axis) and log p (x-axis) gives astraight
line. The intercept and slope for the lineis 0.4771 and 2, respectively. The mass of gas, adsorbed

per gram of adsorbent if the initial pressureis0.04 atm,is_ x 1049

(log 3=0.4771) [JEE M AINSOnline-2020]
SC0106

The size of araw mango shrinks to amuch smaller size when kept in a concentrated salt solution.

Which one of the following processes can explain this ? [JEE M AINSOnline-2020]

(2) Diffusion (2) Didysis (3) Osmosis (4) Reverse osmosis

chemistry\ENG\02_SURFACE CHEMISTRY-E.p65

ced)\Leader\Che\Sheet\Surface

node06\BOBO-BA\Kota\JEE(Advan

m



. ALLEN Surface chemistry

node06\BOB0-BA\Kota\JEE(Advanced)\Leader\Che\Sheet\Surface chemistry\ENG\02_SURFACE CHEMISTRY-E.p65

m

28.

29.

SC0107

Amongst the following statements regarding adsorption, those that are valid are :
(8 AH becomes less negative as adsorption proceeds. [JEE MAINS Online-2020]
(b) On a given adsorbent, ammonia is adsorbed more than nitrogen gas.
(¢) On adsorption, the residual force acting along the surface of the adsorbent increases.
(d) Withincreasein temperature, the equilibrium concentration of adsorbate increases.
(1) (b) and (c) (2) (a) and (b) (3) (d) and (a) (4) (c) and (d)
SC0108

The mass of gas adsorbed, x, per unit mass of adsorbate, m, was measured at various pressures, p. A

graph between log % and log p givesastraight line with dope equal to 2 and the intercept equal to

0.4771. The value of % at apressureof 4 amis: (Givenlog 3 = 0.4771)

[JEE M AINSOnline-2020]
SC0109
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EXERCISE # J-ADVANCED

1.

Among the following, the surfactant that will from micellesin aqueous solution at the lowest molar
concentration at ambient conditionsis [JEE 2008]
(A) CH,4(CH,),;N*(CH,),Br

(B) CH,(CH,),,0S0, Na*

2)11

(C) CH,(CH,).COO Na*

(D) CH,(CH,),,N*(CH,),Br

2)11

SC0110
Among the electrolytesNa,SO,, CaCl,,, Al ,(SO,), and NH,Cl, the most effective coagulation agent

for Sb,S; sol is [JEE 2009]
(A) Na,SO,
(B) CaCl,
(C) Al(SO,),
(D) NH,CI
SCO111

The correct statement(s) pertaining to the adsorption of a gas on a solid surface is (are) -
(A) Adsorption is always exothermic [JEE 2011]
(B) Physisorption may transform into chemisorption at high temperature
(C) Physisorption increaseswith increasing temperature but chemisorption decreaseswith increasing
temperature
(D) Chemisorptionismore exothermic than phys sorption, however itisvery dow dueto higher energy
of activation

SC0112
Choose the correct reason(s) for the stability of the lyophobic colloidal particle. [JEE 2012]
(A) Preferential adsorption of ions on their surface from the solution
(B) Preferential adsorption of solvent on their surface from the solution
(C) Attraction between different particles having opposite charges on their surface
(D) Potentia difference between the fixed layer and the diffused layer of opposite charges around
the colloidal particles

SCO0113
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5. Thegivengraphs/datal,Il, Il and IV represent genera trends observed for different physisorption
and chemisorption processesunder mild conditionsof temperature and pressure. Which of thefollowing
choice(s) about I, I1, 111 and IV is (are) correct ? [JEE 2012]

=1 n P constant =1 (m P constant
= =
(@} (@}
g g
S S
S S
1= 1=
> >
o o
£ £
< > < .
T T
g (i 200K (V)
S >
2 250K e
© c
@ 2 \ iR~ .
S -g 0 Distafce of molecule from the surface
2 5
% & AH,,=150kJmol™
£
< >
P
(A) I isphysisorption and |1 is chemisorption
(B) I is physisorption and 111 is chemisorption
(C) IV ischemisorption and |1 is chemisorption
(D) 1V ischemisorption and I 11 is chemisorption
SC0114

6. Methyleneblue, fromitsaqueoussolution, isadsorbed on activated charcoal at 25°C. For thisprocess,
the correct statement is - [J. Adv. 2013]
(A) The adsorption requires activation at 25°C
(B) The adsorption is accompanied by a decrease in enthal py
(C) The adsorption increases with increase of temperature
(D) The adsorptionisirreversible

SCO0115
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7.

The qualitative sketchesl , 11 and 111 given below show the variation of surface tension with molar
concentration of three different aqueous solutions of KCl, CH,OH and CH,(CH.,),,0SO, Na'" at room

temperature. The correct assignment of the sketchesis - [J. Adv. 2016]

N I N I N i

o g | o

2 ‘\ 2 2

8 8 8

3 3 3

& & &

= = =

concentration concentration concentration
(A) 1 : KCl Il : CH,OH Il : CH,(CH,),,0S0, Na’
(B) I : CH,(CH,),,0SO,” Na’ Il : CH,OH Il : KCI
(©1:KC Il 1 CH,(CH,),,0SO, Na’ Il : CH,OH
(D) I - CH,OH Il : KCI Il : CH,(CH,),,0S0, Na'
SC0116

The correct statement(s) about surface propertiesis (are) [JEE 2017]

(A) Cloudisanemulsiontypeof colloid in which liquid isdispersed phase and gasisdispersion medium

(B) Adsorption is accompanied by decrease in enthalpy and decrease in entropy of the system.

(C) Brownian motion of colloidal particles does not depend on the size of the particles but depends

on viscosity of the solution.

(D) Thecritica temperaturesof ethane and nitrogen and 563 K and 126 K, respectively. Theadsorption

of ethanewill be morethan that of nitrogen on sameamount of activated charcod at agiven temperature.
SC0117

Molar conductivity (A ,,) of aqueoussolution of sodium stearate, which behavesasastrong el ectrolyte,

isrecorded at varying concentration(c) of sodium stearate. Which one of thefollowing plots provides
the correct representation of micelle formation in the solution ?

(Critical micelle concentration (CMC) is marked with an arrow in the figures.) [JEE 2019]
CMC
A \ CMC
1) (2) A,
e G
CMC \/
3 A, / @A X
CMC R

- \C
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ANSWER KEY
EXERCISE-S|
1 Ans. (200) 2. Ans.(0.6) 3. Ans (1)
4, Ans.(5) 5. Ans.(3) 6. Ans. (30)
7. Ans.(5) 8. Ans.(9) 0. Ans.(600)
10 Ans.(4)
EXERCISE-SII
1 Ans.(3) 2. Ans. (1) 3. Ans. (3)
4 Ans.(2) 5. Ans. 2.4 x 10° cm?/gm
3
6. Ans. 4 sec 7. Ans. (6) 8. Ans.EO
0. 2.35 x 10° 10.  Ans. 10* times
EXERCISE # O-l
1 Ans. (B) 2. Ans. (B) 3. Ans. (A)
4, Ans.(B) 5. Ans.(B) 6. Ans.(B)
7. Ans.(B) 8. Ans,(C) 9. Ans.(B)
10. Ans.(D) 11.  Ans(A) 12.  Ans(D)
13. Ans.(C) 14. Ans(B) 15 Ans(C)
16. Ans.(A) 17. Ans(B) 18. Ans(A)
19. Ans.(B) 20. Ans(C) 21  Ans(B)
22 Ans,(C) 23.  Ans(B) 24.  Ans(B)
25. Ans. (D) 26. Ans(C) 27.  Ans(D)
5 28 Ans.(D) 29 Ans.(B) 30. Ans.(B)
i 31 Ans(C) 32.  Ans(B) 33.  Ans(C)
S 3 Ans(A) 35 Ans(B) 36.  Ans(D)
. 37.  Ans(B) 38 Ans(B) 39.  Ans(A)
§ 40. Ans.(C)
EXERCISE # O-II
: 1T Ans(ABD) 2. Ans(A,BD) 3. Ans(A B)
4 Ans(ABD) 5 Ans(B,CD) 6. Ans(A,B)
7. Ans(B,C,D) 8.  Ans(D) 9.  Ans(C)
: 10 Ans(B) 11.  Ans(A, C) 12.  Ans(A)
£ 13. Ans(D) 14.  Ans(B, D) 15.  Ans.(A)
16. Ans.(A) 17. Ans(A) 18. Ans.(C)
19. Ans.(B) 20. Ans(C)
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EXERCISE # J-MAIN
1 Ans.(2) 2. Ans. (4) 3. Ans. (2)
4, Ans.(2) 5. Ans. (4) 6. Ans. (2)
7. Ans. (2) 8. Ans. (4) 9. Ans. (1)
10. Ans.(1) 11.  Ans(2) 12. Ans.(4)
13. Ans.(4) 14. Ans.(4) 15.  Ans(2)
16. Ans.(4) 17. Ans(3) 18. Ans (2
19. Ans.(1) 20. Ans(2 2. Ans(3)
22. Ans.(1) 23.  Ans(3) 24.  Ans(3)
25. Ans.(3) 26. Ans.(48.00) 27.  Ans(3)
28. Ans.(2) 29.  Ans(6.00)
EXERCISE # J-ADVANCED
1 Ans.(A) 2. Ans.(C) 3. Ans.(A, B, D)
4, Ans.(A,D) 5. Ans.(A,C) 6. Ans.(B)
7. Ans.(D) 8. Ans.(B,D) 9. Ans.(3)
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