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ABSTRACT

The young equation describes the equilibrium of three heterogeneous
masses in contact and are homogeneous quite up to the separating
interfaces, with respect to the density of energy, entropy and the chemical
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potential of the components (chemical species). The basic characteristics
of the interfacial energy terms of the equation and their interrelations
especialy for the solid-water-vapour system are examined in detail. The
solid-vapour interfacial energy, theintroduction of surface pressureinthe
Young equation and their relation with monolayer coverage of adsorbate
are considered in detail. The stability of the system and the conditions

under which the equation is applied are emphasi zed.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Though a most two centurieshave passed sincethe
appearance of the Young equation*, many important
properties of the equation have not been elucidated
which lead to incorrect applications, doubtful results
and conclusons.

Not only theequationisvauableinitsaf, defining
relationsbetween certaininterfacial energies, butitis
adsoagoverning ration on other equationsand formulas
that contai n acontact angle term such astheequations
that describecapillarity andliquid flow through capillaries
and beds; Washburn and similar formulag*9. In other
words, thevalidity of the results obtained from such
formulas dependson thefact that the systemsinvolved
obey the requirements of the Young equation to be
mentioned bel ow.

Itisthe purpose of thisreport to describethebasic
featuresof the Young equation andthesysemsinvolved,
with specia emphasison the solid-vapour systeminan
equilibrium unaffected by gravity.

THEYOUNG EQUATION

TheYoung equation was published first by Young
without prooft®® in (1805). Gibbs, 70 year later
published similar equationsfor the sameand different
systemsof heterogeneoussubstancesat equilibrium. He
treated in detaill” thethermodynamicsof thisequilibrium
and theinfluence of surfaces of discontinuity between
the phases under consideration. Basing on mechanical
consi-derations (forcesand vectors, see Figure 1) that
theresultant of dl forcesexercised dongthelineat which
theinterfacial surfacesof discontinuity intersectisnull,
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he gave the same equation published by Young for the
system of asolid (S) and two fluid masses (A and B) in
whichthe solidiscontinuousat thelinewhereit meets
thetwofluids. Thecondition of equilibriumasgiven by
Gibbsis

c,,C0s@=0,.-0, @)
wherethec’s are interfacial tensions (energies).
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Figurel: Liquid-solid contact anglesschematic diagram for
0 <90° and 0 > 90°. The Young equation when cos 0 ispositive
(asthedirectionsof thevectorsindicate): yg, -7 -7,, C0SO
= 0 and when cos @ is negativeisy,, +y,, cos0-yy =0.
Hencey,,, cos@ andy, will havealwaysanegativesign whether
theangleislower or greater than 90°.

Headso gavesmilar rdationswhenthelinewhere
the masses meet is at the edge of the solid. Thus at
equilibrium

G,, C0SQ =0, ,— O, %)
and
G,p COS B= Ops~ Ogg €)]

which reducesto (1) when o + = t; wherea phaand
beta are the angles filled by the fluids A and B
respectively.

Moredetail sabout the syssemsunder consideration
follows.

THESYSTEM

Thesystem of gpplication of theYoung equationis
that inwhich three homogeneous phasesof matter meet
a planeinterfacesaongaline. Theinterfacestherefore,
are continuous, homogeneous and isotropic. These
phases could be 3fluidsor two fluidsand asolid. One
of the fluids could be agas asisthe case of asolid-
water-vapour system.

Thetemperature, pressureand chemical potentials
must haveva uesuniform throughout the phases so that
theremay bethermd, hydrostatic and physicochemicd
equilibrium. Also the interfaces must have no
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components except such as belong to the bulk
phases’8,

Thetermsof theyoung equation

TheYoung eguationfor asolid-liquid-vapour system
(SLV) reads

Ysv = Yo =Yy COS 0, @)
wherey,, isthesolid-vapour interfacial energy, v, is
thesolidHliquidinterfacia energy, v, istheliquidvapour
interfacia energy and 6 istheliquid-solid contact angle.

Mathematicd relaionsingenerd, contain variables
and congtants. Inthe SLV equilibrium system, y,, and
Y., COs 0 are constants and independent of vapour
pressure, hencey,, should have therefore aconstant
value. Inother wordseq. (4) isvaid only for onevalue
of vapour pressure. In order toidentify such valuewe
proceed asfollows.

Asall they‘sineq. (4) should represent energies
of isotropic interfaces (uniform in properties) asis
required by thetheoretica treatment of heterogeneous
massesin contact andin equilibrium™, thesolid-vapour
interface can only beisotropic a monol ayer coverage.
Aboveand below thiscoverageit loosesitsisotropic
property since part of the solid surface would be bare
bel ow monolayer coverageand part of thesurfacewould
be covered with multilayers of water above monolayer
coverage. Since y4 and vy,,, cos 0 are constant
quantities, theYoung equationisthusonly vaidfor one
valueof y, i.e. thesolid-vapour interfacial energy at
monolayer coverage. Thedifference(yg, —v4 ) inthe
LHS of the Young equation representstherefore the
energy difference between the solid-vapour and the
solid-liquidisotropicinterfaces.

Theredlizationthat thereisan equilibrium adsorbed
film onthesolid surface wasmade by Bangham®. This
filmisrespong blefor thelowering of the surfaceenergy
ysof theclean solid surface changing the clean surface
to asurfacecovered with liquid moleculesthat arein
equilibrium with thevapour phasei.e. theformation of
asolid-vapour interface of lower energy. Thedifference
between thistwo solid surface energies (v, - v,,) is
physically equivaent to asurface pressuré?, thus
sV =T ©)
where nt isthe surface pressure and can have values
depending onthevaluesof y’,, which dependsinturn
ontheequilibrium vapour pressure.
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Bangham did not distinguish betweeny, of eq. (4)
whichissinglevalued, asshown above, andy’, of eq.
(5) considering that n and y’, can have values that
cover dl therangeof vapour pressurei.e. P/P, from (O
- 1), whichisuntrue as shown below.

Theintroduction of Tineqg. (4) producesaYoung
equation that contai nsthe surface energy of theclean
surfacey inplaceof v,

Ys=¥o = Vv cos® + . (6
Thesurfacepressurein theyoung equation

Since y, in eq. (5) is a constant, the value of n
dependsonthevalueof y’,. Asshown aboveyg, is
singlevalued and itsvaueisfixed at the monolayer
coverage, hencerineg. (5) has the value of the surface
pressure at monolayer coverage. This appears
reasonable, since below monolayer coverage « is
continually decreasing asthevapour pressureincreases.
Furthermorefor equilibrium vapour pressures higher
than that at monolayer coverage, the surface pressure
doesnot exist assuch, sincethesolid surface acquires
layersof water arriving at athick filmat the saturation
pressurds 13 and the solid-vapour interfaceisreplaced
by asolid-liquidinterface. The systemisthen not the
three phase system of the Young equation (4) inwhich
asurfacepressureexigts. Infilmsonliquid surfacesthe
surface pressure is equal to zero after monolayer
coverages (13, p. 398).

Thecontact angleand thesign of y, cos@termin
theyoungequation

Thesgnof they,,, cos 6 termof the Young equation
can begppreciated examining Figure 1 wheretwo drops
of liquidwith two different contact anglesare shown.
TheY oung equation when cos 6 ispositiveis(asthe
direction of thevectorsindicate):

Yov — Yo — Yoy €COSO =0,

and when cos0 isnegativeis

Yov T Y COSO — 74 =0,

hencey,,, cos 0 and y, will have aways a negative
sign whether theangleis< 90° or > 90°.

With respect to the val ues of vapour pressurefor
contact angle determinations, in order that the solid-
liquid system bein thermodynamic equilibrium, that is
stableintimewith nolossor gain of water to or from
thevapour phase, theequilibrium vapour pressureshould
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be the same as that of the surface of the drop. The
value of the vapour pressure P/P, of pure water of a
dropisamost equa to 1 at 25°C since a drop of water
of radius of 10°cm hasonly aP/P,value 1 percent
greater than that of aflat water surfaceasthe Kelvin
equationwould indicate4.

Itisworth mentioning thet the contact anglein'Young
equationisanequilibriumangle(theSLV systemisina
thermodynamic equilibrium). Contact anglesdetermined
under non equilibrium conditions (dependent on time)
such asadvancing and receding anglesarenot vaidfor
useintheYoung aswell asinthe equations mentioned
earlier dependent on the Young equation.

Itisworth mention that it ispossibleto obtainthe
vaue of acontact anglefrom the adsorption isotherm
of powder samples through the use of the Gibbs
adsorption integral (61119,

The relation between the terms of the young
equation and thestability of the SLV system

The gpplication of the'Young equationislimitedto
thevalidity of certain relation between the energies of
theinterfacesin additiontotheinterfacesbeingisotropic.
Asappearsfromeg. (4), limiting our consideration to a
solid-water-vapour system, v isgreater invaluethan
14 Sincey,, cos O is aways a positive quantity, as
shown above. Sincey, isalso apositivequantity, v,
isgreater thany,,, since cos 0 hasva ues between zero
and one. Alsothevaueof vy, isbetweenthevauesof
y.andy, B Thereforey, >v,,. Theinequality yg, >
Yq > v,, follows then from the Young equation.
Furthermorewhen
yS\/ > ySL + YLV
or
yS\/ < YSL + YLV’
the discontinuities between the phasesaredifficult to
redize (1", p. 258).

Itisclear therefore that the Young equation and
other relations containing contact angles cannot be
applied to systemswhen the aboveinequalities exist
and the values obtained would be of doubtful
Vd Ue[4’6’13’15] .

The surface ener gy of solids (y,)

Though the Young equation gives differences
betweeninterfacid energiesand not theindividud vaues
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of the energies, the solid-water-vapour systemsthat
obey the Young equation and have water adsorption
isothermsof typel or 11 from which the monolayer of
adsorbate and the vapour pressure at the monolayer
coverage can beobtained*?, averagevauesof thesolid
surface energy can be calculated*. Thecalculations
are based on the combination of the Young equation
withthepair interaction relation®!:

Ys T ¥ —KY¥s =0, @
wherek isaninteraction parameter.

Theresults obtained by thismethod are of theright
order of magnitudefor quartz®, graphitized carbon®
andfor severd clay minera g171920,
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