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ABSTRACT

Itis shown that the Gibbs adsorption integral yields differences of certain
interfacial energies in solid-liquid-vapour systems, namely (y¢v,), (Vs
Y and (vg,7v4 ), wherey v, and vy arethe solid surface energy at zero
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vapour pressure, the solid-vapour interfacial energy at monolayer coverage
and the solid-liquid interfacial energy respectively. It is also shown that
theliquid-solid contact angle could be obtained by evaluating theintegral
in the range of vapour pressures between saturation and monolayer

coverage. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

What interfecid energiesaredeterminedinasolid-
liquid—vapour system through the use of the Gibbs ad-
sorption integral wasfirst proposed by Bangham!¥
who considered that the Gibbsintegra eval uates sur-
face pressuresover al therange of pressuresi.e. P/P,
from 0-1. Subsequent authors (%€ to mention afew)
either followed Bangham or suggested other interpre-
tationg™ 17,

In order to identify theinterfacial energiesunder
consideration, we shall follow ashort road to the ob-
jective. Wewill beinterested inthevauesof theinte-
gral for two vapour pressure rangeswhich appear in
theintegrd limits. Theseare (0-P_) and (0-P,), where
P _isthevapour pressure at monolayer coverage (as
determined previoudy from an adsorptionisotherm) and
P, isthevapour pressureof the pureliquid. Thesetwo
pressurerangesaresufficient for theidentification of dl

theinterface energiesfoundin the solid-liquid-vapour
sysems.
Inthefirst pressurerangetheintegral reads,

Pm Pm
- "dy=["TRTdInP [h)
andinthe second pressurerangetheintegral is,

P P,
~[dy=[°TRTdInP @)

whereI isthe adsorption density, usualy expressedin
mol per unit surfacearea.

In order to identify the quantitiesin theleft hand
sideof eg. (1), we proceed to describe the experimen-
tal set up used to obtaintherequired data.

In short wefix our attentioninasolid sampleand
anelectrolyte solution having avapour pressureP,_in
separate crucibles placed inside avacuum desi ccator
for the time necessary to obtain the thermodynamic
equilibrium between the solid and theliquid vapour. In
thissysemthesurfaceenergiesinthefina sate(at equi-
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librium) arethe solid-vapour interface energy a mono-
layer coveragey,,, and the surfacetension of theelec-
trolytesolutiony,, hencethetotd surfaceenergy inthe
fina stateis(yg, +7v,)-

Intheinitial statethetotal surfaceenergiesis(y,+
vp), Wherey, isthesurface energy of thesolid a vapour
pressure zero.

Thedifferencebetweenthefind andinitia satesis,

A=75,7s ®)

Eq. (3) representstheresult of the integration of
theterminthe LHS of eg. (1) which can now bewrit-
ten as,

Pm
Y = IO I'RTdInP=n 4

whererisknown asthesurface pressureandy,, isthe
solid-vapour interfacia energy a monolayer coverage.

Repesting the above experiment but with purelig-
uid (vapour pressure, P,) thesurfaceenergiesare (v, +
y,) intheinitial stateand (y4 +v,) inthefinal state',
wherey, isthesolid-liquidinterfacial energy andy, is
that of thewater-vapour interface. That thefinal stateis
givenas(yg + ' iIsworth comment. In boththeinitial
andfinal statesmay be present in thedesi ccator two or
moreliquid (or solid) surfaces (samples), but only one
should betakeninto account in thethermodynamic cd-
culations. Such situation usually occurswhen athick
liquid filmisformed onthesolid surface, asisthecase
under consideration at P_= 135819,

Thusthedifferencein surface energiesbetweenthe
find and theinitia statesistherefore,

A=yg-vg ©)
Eq. (5) representsthe LHStermineq. (2), thus,
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¥e¥s = [ "TRTdInP ©
Now the difference between eq. (6) and (4) gives,

Yo¥s = TRTdINP ™
Inview of the Young equation,

Yo Yq =¥, COB 8)

Itishence possibleto obtain the contact angle us-
ing adsorption isotherm data.

Recollecting, eg. (4) and (6) definewhat the Gibbs
adsorptionintegral determinesinasolid-liquid-vapour
systemi.e. differencesbetween certaininterfacia ener-
gies. Theindividua vauesof each energy remainun-
known, sincethereare 3 variablesand only two equa-
tiong?,
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