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INTRODUCTION

The phenomenon of the evolution of heat on wetting
(i.e, construction of a solid-liquid interface by immersion
of solid surface into a bulk liquid) has been known since
the report by Pouillet1 in 1822, However, this phenomenon
did not receive much attention until the early 1930s, The
lack of properly identified surfaces (outgassing techniques)
and difficultiés in the construction of sensitive calorimeters
hampered experimental progress, Also until the advent of a
method for estimating specific surface aréa, the heat effect
could not be put on a sound basis, i,e, energy evolved per
unit area of wetted solid, Following Boyd and Harkinsz, the
Hafkins3 and Bartell4 groups made significant contributions
to the practical thermodynamics of interfacial systems and
to measurement techni@ues. Nevertheless, the influence of
immersional calorimetry in surface chemistry did not become
important, due to difficulties in the construction and
manipulation of the sensitive and complex calorimeters, until
advances in other aspects of surface chemistry emphasized

problems which could only be investigated by heat of immersion

measurements, Under this impetus several highly sensitive

calorimeters5’6’7'

using thermisters or thermopiles as
temperature sensing elements were developed,
Among the many immersional studies which can be related

to useful application, it is possible,
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‘l, To obtain fundamental information cohcerning interactions

of surfaces with adsorbate molecules, particularly where other
techniques are not suitable7.

2, To rate the polarity of solid surfaces from their heats

of immersion in simple organic liquids having different dipole
momentsB.

3. To measure the site energy distributiong.

k, To study the nature and extent of adsorption from solutionlo.
5. To resolve of thermodynamic parameters related to the fluid-
solid contact angle and its temperature derivativell.

Several of the above immersional heat approaches require
immersion of a solid having a film presorbed from the vapor
phase of the immersion liquid, i.e, immersion of a partially
complete solid-vapor interface, General forms of such
experimently observed curves (heatfof-immeréion isotherms)

are shown in Figure 1 where the heat of immersion in ergs/'cm2
of solid surface (hf(s)) is plotted against the fraction of
saturation vapor pressure (P/PO, referred to as relative
pressure) under‘which the solid was equilibrated prior to
immersion, The vapor phase pressure characterizes the adsorbed
film through the adsorption isothermlz. |

Curve (a) in Figure 1 is typical of a homogeneous,
moderately high energy surface, i.,e, a surface exhibiting
high interact;pn energy with vapor or liquid phase molecules,

Curve (b) is the most common type of heat of immersion isotherm,

It reflects a heterogeneous high energy surface, e,g, silica
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immersed into water, The exact form, in particular the
immersion heat of the clean solid (hi(s))’ depends on the
nature of the surface heterogeneity and on specific inter-
action between the so0lid surface and the immersional liquid,
Curve (c¢) is a homogeneous low energy surface, such as

11

Teflon 6, immersed into hexane or octane™, i,e, a non-wetting
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(finite contact angle) system,

When the relative pressure for the presorbed film
approaches saturation pressure for high energy surfaces
(cure a and b) the immersion heat should decline to surface
energy of the liquid (uLv)7'l3. For low energy surfaces,
heats of immersion are generally below Up v and usually
decrease sharply as P approaches P°ll. If a significant
amount of a generally low energy surface consists of high
energy heterogeneities, the heat curve may start above the
liquid surface energy declining below that value as P
approaches P° (Figure 1-d),

As with all equilibrium processes involving molecular
systems, it is mést appropriate to discuss free energy and
relationships based on free energy rather than energy.

~Surface free energy terms (G) may be defined for all inter-
vfacial phases, i,e. Gsv denotes surface free energy of the
solid-vapor interface and GS the surface free energy of clean
solid when it is under vacuum, The free energy change on
adsorption (77 ) may be written |
| (Ggy = Gg) = =T (1)
Surface free energy terms, G, for all interfaces are completely
equivalent to interfacial tension ) (dynes/cm = dyne-cm/bm2=
ergs/cmz), ie. Gg =))sv' Gg =)’S, G, =}/SL' and I%erms are
conventionally used in discussion of free interfacial energies,

The molecule density in the interfacial region, whether

the subject interface is solid-liguid or solid-vapor, defined
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as = Np/x » denoting molecules (NA)‘ adsorbed on the total

g0lid surface area (2.), is expressed by the Gibbs Equationlu,

I = -(a/RT) (d¥/da)
or
d¥ = -R? " (da/a) = -RT dlna .
For an ideal gas, the activity (a) can be réplaced by the
pressure, |
d¥= -RTNdlnP ,
and on integration,
~far=T = RTSP=PP dlnP , (2)
The value of associatgzowith integration over the entire

range of accessible equilibrium pressures is designated

as 7[00 °

™ = RT Sp:pr'dlnp ) (3)
Such superscript no%;?tion will, in thié discussion, always
designate a term applicable at saturation pressure, Standard
thermodynamic relationships relating changes in free energy
(AGg), enthalpy .(AH) and entropy (AS) provide: |

i AG =AH - TAS

(ac/aT)p = - AS

and permit expression of relationships beWeen enthalpy

change (AHad). free energy change (77) and entropy change
(oT/3T )p associated with the adsorption process

AH_ 4 =T-T (dﬁ/dT)p (5)
whereAHad is defined as
| =xP .
AHyg = Hey = Hy | (6)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



