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Energy of Adhesion

1. AGy, (Energy of adhesion in vacuum)

AGy; =V12 — %1 — V2

= -2 (J "+ J Yivs + J rﬁ'{) (4.6)

<0

Therefore, in vacuum AGy, is always negative.

Note: y_,}r+ are all positive quantities. A7 has units of energy per unit area.
f1=s,2=1,

Vicos@ +vg =¥

= AG,, = —y;(1 + cos#)

A lesser value of § would mean that ﬂﬂsl is more positive. This implies that the surface would be

more wettable.

2. AGy3, (Energy of adhesion in the presence of an intervening fluid)

AGi32 = V12 — Vi3 — Va3

= AGLY, + AGEE

— 2( Yli.W _ \(}ré"’v) (J]ﬁLH’ _ \(_FéLHrr)
J:J(E+JY_E—JF_§}£(J}E+JE—JE)— \(T’f?’z_—\(}’f?’;] 4.7)

+2
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Special cases

1. Two surfaces in polar medium

AGy5; = AG3; — 2 (J}’1+T'z_ + J}’l_]"z+)

If one of the surfaces were apolar, then
— Lw
AGy3; = E‘l':;la::_
If the two surfaces were monopolar with same capabilities, then also

Lw
AGy3; = AGy3s

If ﬂ{?f‘;g = () there is a net LI} repulsion. This situation occurs when }ré"w = ]»’é"w = },lLW_ On
LW LW

the other hand ﬂ(}‘f;g = 0 when yy",y;" are both either smaller than },jr_.w_ This situation

corresponds to a net LJ47 attraction.
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Fig. 4.2
Note: The energy of adhesion contains information only about the point shown by the circle (Fig.

4.2). It does not reveal anything about the actual shape of the energy curve. From the figure, it is
clear that knowledge of this point does not give information whether the shape of the energy curve is
like 1 or 2.
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2. Monopolar surfaces in water (y." ~ 0,y =¥, =25.5)

AGyqy = AG1yy + ztﬁ(\/ﬁ*' ¥y — ZE)J

ﬁGHZ is of order of a few dynes/cm.

Surface energies of most of the surfaces other than metals are of order of 50 dynes/cm.

There will be an AB repulsion between the surfaces if

W+ = 2%

For water, this is termed as hydration pressure and is given by

Jri +4v; =101 (y; = 25.5)

This condition is readily satisfied by a large number of materials in water. There is repulsion but this
does not lead to molecular solution as in the case of sugar.

The concept of negative interfacial tension is closely related to hydration pressure.
AR AB __ — — = —
Yiw +v5e =% (Ve =V =)
< 0,if AGHY = 0

Thus, there is a high negative interfacial tension. This causes repulsion against the liquid.
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If 2 = wr, then

AGhT = —2Vhy

AR

e Will always be negative.

And since the LI{¥ component could never be positive, Az

Negative interfacial tension implies that there will be a spontaneous increase in the area in order to
minimize the energy. In case of gels, this leads to swelling.

ﬂGlBZ

— 2( },f.lV _ JFBL':V) (JT;PF _ JFELW')
2| s (G + 77 =)+ (i + i = [ ) s = o]

3. Apolar or weakly polar surfaces in water

AGyzy = ﬁﬂfﬂ —4 ']’3_1’;

f3=w

AGy3, = AGHY — 102 < 0

This is strongly negative because AB interactions are much larger compared to LW interactions. This
strong interaction is termed as hydrophobic attraction (force) and this could be a long range force.
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Hydrophilic Repulsion

Repulsion between two solute particles means leads to greater solubility of the solute. On the other
hand, attraction between two solute particles would lead to phase separation and result in lesser
solubility.

Solubility of Solute (1) in water

ﬁGIWISC = kT 1I'l S

Here _S'C is the contactable surface are between the molecules,
k is the Boltzmann constant,
§ is the solubility (mol/1), and

T is the temperature

AGS,
kT

~ 5 =exp
A higher A7 or Sc means higher solubility. And if A7 = (0 then the solute has a low solubility.

AGpy = =2V
Thus, for solutes which are highly soluble in water, the interfacial tension is negative.

At 20°C, kT = 4.05 x107%2 | = 4.05x 10 ergs

S, o« (MW)%/2 (4.9)
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Table 4.3. Solubility of some compounds having high molecular weights.

MW AGy,; S, S (%)
Dextran 10000 +1.13 0.4 > 50
Polyethylene oxide |6000 +2.78 0.212 > 50

Adsorption on a surface

(1)

o S

W L)

2

Fig. 4.3: Adsorption on a surface in presence of water
Adsorption is a pseudo-chemical reaction in equilibrium.

KI!I T

142« (1-2)
AGy2S, = —kTInK .. (4.10)

If AGy,,» < —10kT then K,..~2 x 10* I/mol.

Such an adsorption finds use in many applications like chromatography separation schemes. In such
separation schemes, a solute is first adsorbed and then desorbed. Several modes of liquid
chromatographic separations are possible. Some of them have been discussed below.
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1. lon-exchange

In this scheme the electrostatic interaction between solute and matrix is employed.
AG = AGY™ + AG*® + AGE®

EL ;
where, A7 is modulated..

2. Reversed Phase Liquid Chromatography (RPLC)

In this method, a hydrophobic solute is passed through a hydrophobic matrix where it is absorbed. In
the next stage, it is desorbed by passing a solvent through the packed bed. The solvent is chosen
such that the solute is “solvent-philic”

3. Hydrophobic Interaction Liquid Chromatography (HILC)

Many solutes, like most of the proteins, are hydrophilic and need to be made hydrophobic. This is
done by treating them with appropriate compounds. For example, we can add [NH4)ZSD4 1M

solution] or []‘a?"" ions. {]‘az"' ions are much more hydrophobic and if they bind themselves with the
solute, the solute itself becomes hydrophobic. These ions decrease the value of ¥~ making the

solute more monopolar.

dllPrevious Next||p

file:///E|/courses/colloid_interface science/lecturel5/15 8.htm[6/16/2012 1:13:51 PM]



Objectives template

Module 3: "Thin Film Hydrodynamics"

Lecture 15: "

Table 4.4. Interfacial tension

Yis Remarks
Sucrose/water -29.5 Spontaneously soluble
Dextran/water -8.9 Spontaneously soluble
Sucrose/formamide -8 Spontaneously soluble
Dextran/formamide -12.5 Doesn't solublize. Instead swells like a gel
PMMA/water +15 Insoluble

4. Water and apolar liquid

Yiz = Vs’ +2 H vy + J ¥s¥s — J Yi Vs — J }’1+]”z_‘

1 = apolar liquid
2 = water

Y12 would be in a narrow range (51-54 dyne/cm) which means that the two liquids would be

immiscible and a clear interface would be observed.

Table 4.5: Interfacial tension

Y12 Remarks
Water/formamide -8.1 Soluble
Water/glycerol -8.7 Soluble
Water/DMSO -10.7 Soluble
Water/EG -14.9 Soluble
Water/hexadecane >51 immiscible

4|l Previous Next||p

file:///E|/courses/colloid_interface science/lecturel5/15 9.htm[6/16/2012 1:13:51 PM]


file:///E|/courses/colloid_interface_science/lecture16/16_1.htm

	15_1
	Local Disk
	Objectives_template


	15_2
	Local Disk
	Objectives_template


	15_3
	Local Disk
	Objectives_template


	15_4
	Local Disk
	Objectives_template


	15_5
	Local Disk
	Objectives_template


	15_6
	Local Disk
	Objectives_template


	15_7
	Local Disk
	Objectives_template


	15_8
	Local Disk
	Objectives_template


	15_9
	Local Disk
	Objectives_template



