SURFACE PHENOMENA
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Adsorption is the process in which the molecules, atoms (or) 1onic
to the surface of another. Example: Ammonia 1s adsorbed on cha
the adsorbate and charcoal as absorbent. The phenomenol of a

phenomena.

Adsorption and Free Energy Relation
As a result of adsorption there is a decrease in the residual torce aclfnh
adsorbate. Consequently, there is a decrease of surface energy whic
adsorption is accompanied by the evaluation of heat. The amount of heat €\
gas (or) a vapour is adsorbed on a solid is known as molar heat of adsorplion.
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gaseous state to less random adsorbed state on the surface ol the solid. The adsorption s als
accompanied by decrease of entropy of the system. We know that
AG=AH - TAS

Since AH and AS are both negative, AG should also be negative. The heat of a
of the adsorbate goes on decreasing and AH becomes equal to TAS.

AH = TAS 1e. AG =0
This is the state at which the equilibrium is established.
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Types of Adsorption

There are two types of adsorption, viz.,
adsorption (or) chemisorption.

The two types of adsorption differ upon the interaction between adsorbate and the adsorbent. 1t th
adsorbate and the adsorbent are held together by means of van der Walls® forces, then this type o

adsorption is known as Physisorption.
If the adsorption is by a chemical process (chemical interaction) between the surface ot the atom «

the adsorbent and the atom of the adsorbate, then this type of adsorption is known as Chemisorption

1) Physical adsorption (or) physisorption and (1) Chemical

Difference between Physisorption and Chemisorption

Characteristics Physisorption Chemisorption

Nature of the operating force Weak van der Walls forces Strong van der Walls forces
Occurrence At ordinary temperature At high temperature

Heat of adsorption Low High

Specificity Non-specific Highly specific
Reversibility Almost completely reversible  Irreversible

Structure of the adsorbed layer Multi-layers Monolayer

Adsorption decreases Adsorption increases and

When temperature Increases -
then decreases
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Applications of adsorption

|. Production of high vacuum

If a partially evacuated vessel 1s connected to a container of activated
charcoal cooled with liquid air, the charcoal adsorbs all the gas
molecules in the vessel. This results 1n a very vacuum,

2. Gas mask

Gias masks are devices contam an adsorbent (activated charcoal) or a
series of adsorbents; these adsorbents remove poisonous gases by
adsorption and purify the air for breathing.

1. Heterogeneous catalysis

In a heterogencous catalysis, the molecules of the reactant are adsorbed
at the catalyst surface, where they form an “adsorption complex™, This

decomposes to form the product molecules which then take off from the

surface.




4. Removal of coloring matter from solutions

Animal charcoal removes colours of solution by adsorbing coloured
impurities thus in the manufacture of cane-sugar, the coloured solution 1s
clarified by treating with animal charcoal or activated charcoal.

5, Chromatographic analysis

Mixtures of small quantities of organic substances can be separated with
the help of chromatography which involves the principles of selective

adsorption,




Potential energy curves and energetics of adsorption

A single molecule approaching o clean surface

Simple model: The energy of the system E is a function only of of the distance d of
an adsorbate from a surface ie E = E(d)

We neglect
—— » the angular orentation of the molecule
_._‘_:" » changes in the internal bond angles and bond lengths of
the molecule

Boaa P 0

» the position of the molecule parallel to the surface plane

Physisorption ( e.g. Ar / metals )
In the case of pure physisorption , the only attraction between the adsorbing species

and the surface arises from weak, van der Waals forces

pien

There is no barrier to prevent the molecule from approaching the surface, 1.2 the
@ process is not activated and the kinetics of physisorption are very fast.




Potential energy curves and energetics of adsorption
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lecular chemisorption

if chemical bond formation between
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The depth of the chemisorption
well is a measure of the strength
of binding to the surface.
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CASE | - Physisorption K
[

In the case of pure physisorption, e.y,
Ar/metals, the only attraction between the
adsorbing species and the surface arises
from weak, van der Waals forces. As
illustrated below, these forces give rise to
a shallow minimum in the PE curve at a
relatively large distance from the surface
(typically d > 0.3nm) before the strong
repulsive forces arising from electron
density overlap cause a rapid increase in
the total energy.

E(d) \
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CASE Il - Physisorption + S
Molecular Chemisorption G

The weak physical adsorption forces anc

associated long-range attraction will be

present to varying degrees in al

adsorbate

/ substrate systems. However, in cases
where chemical bond formation betweer

the adsorbate and substrate can alsc
occur, the PE curve is dominated by &
much deeper chemisorption minimum a

shorter values of d.

E(d) |

Chemisorption

d (nm)
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Potential energy curves for adsorption: (a)
physisorption of a molecule; (b) chemisorption
of two atoms.
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A graph of strength versus distance for the 12-6
Lennard-Jones potential

The Lennard-Jones potential (also termed the
LJ potential, 6-12 potential, or 12-6 potential) is
a mathematically simple model that
approximates the intermolecular potential
energy between a pair of neutral atoms or
molecules as metals or cyclic alkanes.!'12] This
interatomic potential emerged from Max Born's
treatise on lattice enthalpieslg] and was
elaborated in 1924 by John Lennard-Jones.[4 A
common expression of the LJ potential is

v = [(9)7- (2)] =<2
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A graph of strength versus distance for the 12-6
Lennard-Jones potential

The Lennard-Jones potential (also termed the
LJ potential, 6-12 potential, or 12-6 potential) is
a mathematically simple model that
approximates the intermolecular potential
energy between a pair of neutral atoms or
molecules as metals or cyclic alkanes.'[2] This
interatomic potential emerged from Max Born's
treatise on lattice enthalpies[3] and was
elaborated in 1924 by John Lennard-Jones.!4l A
common expression of the LJ potential is

()] = [(=)" 2=




= [(2)° - ()] =< (2

where € is the depth of the potential well, ¢ is
the finite distance at which the inter-particle
potential is zero, T is the distance between the
particles, and 7, is the distance at which the
potential reaches its minimum. At 7,,,, the
potential function has the value —€. The
distances are related as

i, = 2185 ~ 1.1220. These parameters
can be fitted to reproduce experimental data on
lattice parameters (7, ), surface energies (¢),
or accurate quantum chemistry calculations.?]
Due to its computational simplicity and
interpretability, the Lennard-Jones potential is
used extensively in computer simulations. It is
also part of more detailed interatomic
potentials such as CHARMM, !5l AMBER,[®]
OPLS-AA"I cvFE®! DREIDING,®! and IFF110

The Lennard-Jones potential is also used with
different exponents, for example, in 9-6 form:

o< () -2(2)]
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where € is the depth of the potential well, o is
the finite distance at which the inter-particle
potential is zero, T is the distance between the
particles, and 7,,, is the distance at which the
potential reaches its minimum. At r,,, the

potential function has the value -€. The
distances are related as

P =2 21/6 5 ~ 1.1220. These parameters
can be fitted to reproduce experimental data on
lattice parameters (7, ), surface energies (g),
or accurate quantum chemistry calculations.!?
Due to its computational simplicity and
interpretability, the Lennard-Jones potential is
used extensively in computer simulations. It is
also part of more detailed interatomic
potentials such as CHARMM,!5! AMBER|[®!
OPLS-AA"] cVFF[®I DREIDING,® and IFF.10]

The Lennard-Jones potential is also used with
different exponents, for example, in 9-6 form:

= efa(=) -5(2)']

in force fields such as CFF!"" pcFE['2] and




What is Adsorption Isotherm?

Adsorption isotherms have been of

immense importance to researches

dealing with environmental protection

and adsorption techniques. The two

primary methods used for predicting

the adsorption capacity of a given
:;. naterial are known as the Freundlich
nd Langmuir isotherms.

n adsorption isotherm is a graph
that represents the variation in the
amount of adsorbate(x) adsorbed on
the surface of the adsorbent with the
change in pressure at a constant
temperature.

Adsorption Isotherm
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The m. Em'nﬂ. and Teller (BET) Isotherm
This isotherm explains the multilayer adsorption.
The fiest step m the adsorption process is

iy po fi—. — ¥ C‘)
Ny + 2 AS K, -_—,_.L
b‘up (| )
where K; s the eguilibrium cons i e St :
e “ ’3‘4 orium constant, O i1s the fraction of the surface sites covered by : 4
melecule. and B, is the fraction of vacant sites. “ A DY a single
k. i : ™y R _ . P _
Addinonal molecules sit on the top of another to form a variety of .
&, p
— .‘ ~ — — Ty 9"
Y A A4S K, =
) Sn

B =—— A5 ¢ _ "’

where the symbol A;S indicates a surface site that has a stack of three A molecules piled up on it.
The €, s the fraction of sites on which the stack of A molecules is 7 layers deep.

I'hmmwn between the first A molecule and the surface site is unique, depending on the

particular nature of the A molecule and the surface. However. the interaction between first A and
second A and that between second A and third A are very similar to the interaction between two A

molecules in the liquid. Therefore, all of these processes except the first one are regarded as
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ium constant, K. Thus BET treauy,

equivalent to liquefaction and so they have the same equilibr
assumes that

K;'Kj"K"“.‘Ku"K

. e . . _ n
where K is the equilibrium constant for the reaction A, — A liquid) The

| : g4
K= ;; . where p” is the equilibrium vapour pressure of the liquid.
Applying equilibrium condition, we have
HI‘GIKP- ajzazkpl H,‘:H]KP

Combining the first two we have, &, = ,(Kp)’ . Repeating the operation, we find
(2)

6 = 6(Kp)""
The sum of all these fractions must be equal to unity:

1=6,+36,=6,+Y 6(Kp)"

. | Putting Kp = x, the equation becomes
1=6, +(1+x+x* +x° +..)

This series is simply an expansion of %ﬂ_ . Thus

lzﬂv.;._g‘._. (3)
| —x

-’ﬁ-:c.then

&

From cquation (1) we have 6, = ;oo and putting
\ P

CX

Equation (3) becomes

cx l—x

and therefore,
R = X0

I+ (¢ — x)x (4)
Let N be the total number of molecules adsorbed per unit mass of the adsorbent and ¢, be the total
number of surface sites per unit mass. Then ¢, is the number of sites carry; h . B is
the number carrying two molecules, and so on. Then g one molecule, c.0: is

N=c, (16 +26, +36; +...)=c; ) i6,
[

From equation (2) we have 6, = 9,x""' . Therefore,

N=c,6,)f,:’.r"l =c,6 (1 + 2x +3x° +...)
i
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we know that
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Theretore.
N = _{3_ “ N

(1= x)

I the entire surface were covered with monolayer, then N, molecules would be adsorbed: N

and

). i s iAoty
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Using the value of 8, from equation (4), we have
H{.‘.\‘ ‘

A= +(c- 1)1]
In terms of volume of the gas adsorbed we can write

{\

-=l e s ok

R 1)[1 +( - D)
Recalling that x = Kp and X = //p”, we have

Vo P
v S (5)

(P PNI +(c=1p/p)]

This equation is known as the BET isotherm. The volume, v, is measured as a function of p. When p
« p". the equation shows that v — . This accounts for the steep rise of the multilayer isotherm as the

pressure approaches p”.
Bl o an o v cann o oy
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: Determination of surface area of a solid
From the value of v,, we can calculate N,,.

S Y

j v
. 1‘ RT
"!

At STP N, =N, .
0.022414 m” / mol

:red 1O cOver a unit mass wnh .
N, is the Avagadro number and N,, is the number of molecules required

monolayer. If the area covered by one molecule is a, then

Area/unit miss = Surface area of the solid S = N @

Determination of enthalpy change

The equilibrium constants K and K, can be written as
¢ acf,,

K, =e R and K=e RT

- o -_ L ol G
where AGY is the standard free energy of adsorption of the first layer and é‘GI IS th‘; 5“‘”@¢= C frae
energy change of liquefaction. Dividing the first equation by the second equation. we oblam

4AG? -AG? Y/ RT
o = LT e S 4|
R
We know
AG) = AH) - TAS? and  AGj, =AHj, - TAS,,

and assuming that ASY” = AS;, | then

~AH? -AHP VRT
G iR

The heat of liquefaction is negative of the heat of vapourization. Therefore.

St e-[,wlﬂ + AHGan 1/ RT

Taking logarithms and rearranging,

AH) =-AHL, - RTInc

Since we know the value of AH,, of the adsorbate, the value of AH} can be calculated from th

measured value of c. In all cases, it is found that ¢ > /. which implies that A#?
adsorption in the first layer is more exothermic than liquefaction. |

oo o o e e jra— p——

- { Thaa
< AH; . The



Adsorption from
Solutions

(1) The process of adsorption can take place from

solutions also.

(2) In any solution, there are two (or more)
components ; solute and solvent. The solute may

be present in the molecular or ionic form.

(3) The extent of adsorption from solution depends
upon the concentration of the solute in the
solution, and can be expressed by the Freundlich

isotherm.



(4) The Freundlich adsorption isotherm for the

. _ 1 .
adsorption from solution is, * —icn where, X is the

m
mass of the solute adsorbed, m is the mass of the

solid adsorbent, c is the equilibrium concentration
of the solute in the solution, n is a constant having

value greater than one,

k is the proportionality constant, (The value of k
depends upon the nature of solid, its particle size,
temperature, and the nature of solute and solvent

etc.)

(5) The plot of x/m against c is similar to that
Freundlich adsorption isotherm. The above

equations may be written in the following form,

log - log .l'+llog . Where c, is the equilibrium
m n
concentration of the solute in the solution.
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