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Introduction — Terminology

 Physical world b/w two distinct and identifiable phases of matter.

. Surface vs. Interface - interchangable
Surface: b/w condensed phase and gas phase or vacuum
Interface: b/w two condensed phases. - better choice!

Vacuum vs. Liquid, Solid,
liquid  vs. Liquid, Solid, Gas
Solid Vs. Liquid, Solid, Gas




ntroduction — Terminology

Table 2.1. Common interfaces of vital natural and technological
importance.

Interface type Occurance or application

Solid--vapor Adsorption, catalysis, contamination, gas
chromatography.

Solid--liquid Cleaning and detergency, adhesion, lubrication,
colloids.

Liquid--vapor Coating, wetting, foams. _

Liguid--liquid Emulsions, detergency, tertiary oil recovery.




Introduction — THE NATURE OF INTERFCAES

Existence of two phases : intensive properties of the system change
b/w two.

To extend or enlarge the interface - Need work!
If AG <O : It cannot exist as a stable boundary.
Spontaneous transformation

Thermodynamically Stable; ultimate goal, but take long time to
achieve.

Kinetically Stable, or Metastable: can be sufficient for particular goal.




Introduction — Interface and Energy

™ & s 2
Minimum total free energy
If G is high, it will be reduced to a minimum.

The two phases will separate to the greatest extent.

alter the energetic drive
alter the rate

or both
- Prolonging the life of the dispersed system.




Introduction — Surface Free Energy

What is it meant by?
Unique characters of surface stem from atoms and molecules
at the surface and Interfaces.
Significantly different energies and reactivities.

Proportional to the area (A)
proportional to the surface density of units.
Depend on the distance.
- energy of the system becomes constant




Introduction — Surface Free Energy

Figure 2.1. Schematic representation of changes in interatomic or
m?err_ﬂnlecular forces during formation of a new surface: (a) equilibrium
pcam-:-n of bulk units; (b) at separation distance H , incipient surface units
_r::}mmue to interact, but to a reduced extent: (c) at separation distance of
infinity (effectively) surface units interact only with adjacent bulk units,

giving rise to the existence of an excess surface energy.




Introduction — Surface Free Energy

AG = AW =26A
o . Surface or interfacial tension or energy

W . the amount of reversible work necessary to overcome the
attractive force between the units at the new surface or interface.

2 hred 9% 95

c
H o] glt}H: heat generation, chemical change, ..




Introduction — Surface Free Energy

Same surface

(a) Work of cohesion, W, = 2 ¢°.
different surface

(b) Work of adhesion, Wa[12)= 04+ 05- 045 .

Figure 2.2. Schematic illustration of the works of cohesion and
adhesion.




Introduction — Surface Free Energy

Problems:
One cm? of water is broken into droplets having a radius of 10° cm. If the surface

tension of water is 72 dynes/cm, calculate the free energy of the fine droplets
relative to that of the water.

Sol- s=4r(1x107)* =1.26x10°cm/drop

0.523 cal

n= 1/[g7zr3] = 2.39x10" drops

S=ns=23.01x10°cm’

surfaceenergy = (72.8dyne/ cm) x 3.01x10°cm’

= 2.19x10" dyne-cm = 2.19x10"ergs = 2.19J x (1cal / 4.184J)
= (0.523cal

Ol et 20]?




Introduction — Energetics and New Surface

Liquid phase dissipate some of the excess energy
- liquid-liquid, solid-liquid interfaces = interfacial tensionO| 0 < & C}.

Fluid

Dissipate energy

Separation distance, H

Figure 2.3. Energetic consequences of distance of surface separation
N {a) a vacuum and (b) in the presence of an intervening fluid phase.




Introduction — Surface Free Energy

Minimization of Surface E.
* minimize in surface area -( Sphere,..)
* relocation of atom or molecules
 Adsorption

Sinking Needle (¥}= )

Y& A7 oj=t Aol Y.

ZH5 Ao o} 45 28 ¥ 3
| So

O
o] Zo] &l 7kt Al H A AHo
Increasing water surface vapor phase , and interface b/w
needle and water

Against (AlH o] oY A energy’} S7FH= Aol i3t
Force driving needle to sink (Mass X gravity).




Introduction — Force Acting b/w Molecules

In Bulk Phase — equal strength in all side, time averaged equilibrium
position
At Interface — Pull into the bulk phase is stronger
Net density at the surface region is decreased. — more space b/w

Surface Tension (Energy) - The force of the spring pulling along the
surface




Introduction — Force Acting b/w Molecules

In Bulk Phase
At Interface

Hulk atom: net Surface atom: net attraction
force = 0. of surface atom into bulk.

(a)

-+—Net force acting on surface units ='og =™

Figure 2.4, Schematic representation of the spring model of surtace
energy: (a) for the individual atom, location at the surface results in an
unbalanced force pulling it into the bulk; (b) for the surface in general, the
summation of the individual attraction for the units produces the net effect
of surface tension or surface energy.




Introduction — Force Acting b/w Molecules

In Bulk Phase - At Interface

Consider a solid composed of spherical molecules in a close-packed
arrangement.

®
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The molecules are bound by a cohesive energy E per mole and e=E/N per
molecule. Each molecule is bound to twelve other; the bond strength is
e/12. If the surface layer is close packed, a molecule on the surface is

bonded to a total of only nine neighbors. Then the total binding energy of
surface molecule is 9 €/12 =3/4 ¢

Ol gt2l 20|=7?




Introduction — Force Acting b/w Molecules

 Application to Solid-Vacuum or Solid-Liquid Interfaces
Force and stress experienced by atoms and molecules near surface differ!
- Stress is not isotropic.
- Many deformation — Heterogeneous nature. — History Dependent
Is normally applied to the interface b/w two fluid phases.
IS most often employed w/ at least one solid phase.

Adatom

Figure 2.5. Schematic illustration of a “typical” solid interfacial region
(a) physical profile and {b) concentration profile.
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Introduction — Standard Reference States

A Q] Bl a7t &2 3kekA A 2] 7HA
o Zero SeparationS 7|+
¢ Fetioll A A& 7]




Introduction — Interfacial Region

-Free energy of surface arises due to asymmetric force acting on
atoms or molecules.

Solid — Vacuum or inert gas
Transition Region : one molecular thickness. Very Sharp Boundary
Pure Liquid — Pure Vapor
Transition Region : Several Molecular diameter thickness
Mixed Liquid —VVapor
Transition Region : Depends on the volatility and miscibility

Higher Temp. -> thicker interface
Above Critical Temp. -> No interface




Introduction — Interfacial Region

schematics of Liquid — Vapor Interface

Concentration

Figure 2.6. Schematic illustration of the change in concentration in
going through a liquid--vapor interface.




Introduction — Interfacial Region
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Solution - Fluid Solid - Solution

Interfacial
transition
region

Interfacial
transition
region

- ) e T T g
P e e S e e e o
Fririviviy) :-"-;_*-_ it

Solution} i

R e i N

B ol e ot il b
ot i, P e Dt Dt
A A Nk
o o !"\.'_‘ Bt Bt A gt e
o e kTl de b L
L e e Ml e
S R A R

o

EXCESS

extended

=
o
Ay
| —
Jr—
=
b
L)
=
o
O

Distance from “interface” .

(a) (b)

Figu_re 2.7. Schematic illustration of positive solute adsorption at (a) the
solution--fluid and (b) solid--solution interfaces.




Introduction — Gibbs Surface Excess

System: Substance i
In one or two phases o and f3.
a(C.%) , unit concentration of i in phase o, © @ ¥.
BCHE 7Y
Fol B3] o V)9 B( Vel thate] ie] AAH nE th&3 2t

n =(CV, +CV,)

T35 Y, CiZtinterfaceE X|'go W} HL7] w9l ie] o] interface % & 9
utgt o2 A A},

o] zto] & i o gt surface excess amount (n%)Z 2231 T}




Introduction — Gibbs Surface Excess

Interface”} &A58l7] W&ol no o] JA HT o] & a2l B o] FHa
A i F& W FA o o ESHA €
A A Aol =l A B, surface excess=
o] 22 0= LAV} H+= AL, ot B
Gibb's ¢ HZ ¥ oA+ interfaceE th23} Zo]
- 37K 229 FE(d: EZo)7F 00] HE= FY. -

e}

Figure 2.8. lllustration of the Gibbs approach to loecation of the dividing
surface: (a) compaonent o« (50 i} and {b) componant | (scluta). The
GHibbs diwvid ng curface (z05) 15 d a5 e point g the shaded
areas in (a) are equal i@, the acsorplion of componani « at the

imerface = 0




Introduction — Gibbs Surface Excess

. AW AcE HE,
« o0l CHGtH i<

[ =n"|A°

|
Gibbs Plane2 ==& P HEZ= O|0|ot, dME= i Jt
MetCh. 0| =& P Y= GibbssSZH4A! LI=2LCF.

Figure 2.8. llustration c @ Gibbs approach 1o lecation at the dividing
surface: (a) co wgnent « (solvent) and (b) component | {Soluba) The
GHibbs diwvid ng curface (ahS A5 e point wherg he shaged
areas in (a) are equal a, the adsorption of componani « at thea
imerface = 0



Introduction — Adsorption

- One way to lower the overall energy of a system.

N Mostly empirical observation and conceptual insight
rather than fundamental first priciples.

Computer can help to attack problems - still not practical.
Adsorption2 o]H ZZ o] O & 529 W Fo = AS T3




Introduction — Adsorption

Liquid-Vapor”} Solid-Vapor®.t} tF7] €t} —

Solide] Ewo| w9 272 8}7] W ol i, Az G oEH
Solidol] 3&to] o] Fo| X = 74+
: solid+= adsorbent

E2H &3228 adsorbate




Introduction — Gibbs Adsorption Eq.

Bulk phase o9 &
= &4 Ao Fofof gt}

Aol ¢, Perl 8-A =W, Helmholtz free energy F71 thS-3 Zro] o,
Fo = -SeTo-pay/a-3) o no 2.7)
Pl g2 (P78 2H)
dFe = -SedTe-Pedve-sy e dne  (2.8)
T o] EAst= Aldl tiste], F HAL=S B Aol 2haL At
B gl A T, P} 3oL E Rl Zurt 7 Aol A 2t

3 g AL Awe) EA Aste] AAA < energyel 7] 3k
173k Aot




Introduction — Gibbs Adsorption Eq.

A A energy=
FT=Fe + FB + Fo (2.9)
° = interfacial free energy®|t}. Interfacial area”} A4 o= 22 bulk?]
At ol As FAIE = At

Aol Ae A e wHoz FH O A-Fo RS A stH

dFe = -SodT+ 6dAC-Zy . dn.o (2.10)
+ interfacial tension between oo and B. p, = bulk phase$} Zt.

cdAs= 9?14 0llA PAVE A3 Aot} F-3) thAl A4S AFE-31 3T




Introduction — Gibbs Adsorption Eq.

bulke] 73S 212.8¢ AR3H Gibbs-Duhem&l & A8 4 Q).
Fo = PVe-Ty o no (2.11)

HF A, vl Z3HA =,
dFo = -SedTe-VedP +Zn * du @ =0 (2.12)

<- interfacial phase®l| % 83}H,
A°dc + Zn ¢ dy; =0 (2.13)

U 2= A, 4] 2.132 T} o] "},
-do=2nody /A° (2.14)

FET =ns/A°°|H,

-do = 2T, dy, 7} © o}, (2.15)




Introduction — Gibbs Adsorption Eq.

-do =3 dy (2.15)

surface excess concentration®] 0°| % +=Gibbs dividing surface”} A2 &#
liquid-vaporAlo| A, 412.159] A+ Qe 3s1A] &3, @X] liquid phased]
3} &4 9 surface excess concentration, T, 2] A&

surface tension< =3} surface




Introduction — Gibbs Adsorption Eq.

B duby o 7 20| = Gibbs adsorption equn. <
do = - =T, (1)dy, (2.16)
o] 714 2% bulk phase 19l o}

HYANA = 2472 4 249 3stélpotentiale] Z7] w79, interfacedl] 4] ¢
w, &= bulk phase ] #< 29 #Ht}.

dw, = RT dIn a,[1] =RT dIn X, v, (2.17)

o 7] A a,[1]= bulk phase [1]°]A] 2¢] &5 %.

X,= mole fraction, y,= &&= 7.

212,169l Yo,
do = - =T, (1)dp, = - RTEL, (1) din X, v,




Introduction — Gibbs Adsorption Eq.

2.
RYA

9] 83} potential & 5 =0 wFe} 74t (

g 44
S w,ol S7tel wet =] S7hstAl =i 24

I

A S-surface active material =+ surfactant@}

&otH Hol= =& 0IL.




Introduction — Gibbs Adsorption Eq.

do = - =T, (1)dy, = - RTEL, (1) din X, ¥, (2.18)

7] Wl 4 2189 A mEx] = go

4
EE e R E R EE R

T,(1) =—1/RT[do / d In c,]

Liquid - Liquid interface°] A= ¢
Solid - Liquid interfacell A= o




Introduction — Gibbs Adsorption Eq.

Eds

Colloidal stabilty

wetting phenomena, fluid displacement in capillary
emulsification and demulsification

foam formation and destruction

adhesion

lubrication

Pharmaceuticals, cosmetics, food preparation, inks, paints, adhesives,
lubricants, crude oil recovery techniques, mineral ore separations,
wastewater treatment , heterogeneous catalysis, lithographic and
xerographic printing techniques , microelectronic fabrication,
photographic and magnetic recording media.




