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Effects of Surface Topography in Physical Adsorption of Gases 
on Heterogeneous Solid Surfaces

Wpływ, topografii powierzchni na fizyczną adsorpcję gazów na heterogenicznych 
powierzchniach ciał stałych

Влияние топографии поверхности на физическую адсорбцию газов на 
гетерогенных поверхностях твердых тел

INTRODUCTION

Recently, we have published the paper QJ , where we (consid­
ered two extreme models of surface topography. The first one 

was the patchwise model, where the sites of equal adsorption 
energies are assumed to be grouped into patciies. These patches 
are-large enough to use statistical thermodynamics to describe 
their behaviour, and, to neglect the states of the system when, 
two admolecules, located on different patches, can interact 
effectively. In other words, the whole adsorption system can 
be considered a collection of independent subsystems with ho­
mogeneous surfaces which are only in thermal qnd material 
contact.

The second extreme model of heterogeneous surfaces, assumes 
that adsorption sites of different adsorption energies are

*This research is supported by Polish Academy of Sciences, I Prob­
lem No.03.10.4.01.09..
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distributted completely at random. In other words, the adsorp­
tion system must be treated here as a thermodynamic entity. 
Except for adsorption on pollycrystalline surfaces, it is dif­
ficult to judge apriori which model of surface topography should 
be accepted for the particular adsorption system under 
consideration. So, it is a mystery, why, most of the authors 
writing I on adsorption on heterogenous surfaces, always assume 
the patchwise-model.

In addition to further development of experimental tech- • 
niques which could decide which is the proper model of surface 
topography - theoretical studies should be developed to des­
cribe the effect of surface topography on various thermodynam­
ic quantities. In this work we are going to demonstrate, how 
the surface topography influences.the behaviour of differen­
tial heats of adsorption, in both mobile and localized adsorp­
tion.

THEORY

V
Effects of surface topography arise from the interactions 

between adsorbed molecules; in the absence of these interac­
tions, (Langmuir model or ideal 2D gas), the topography of he­

terogenous surfaces has no effect on the behaviour of adsorp­
tion systems. The contribution from the mutual interactions 
between admolecules to the thermodynamic properties of an ad­
sorption system increases, as the temperature of the system 
decreases. It should, therefore, be expected, that the effects 
of surface topography will be demonstrated mainly in the low- 
temperature region.

This is a fortunate circumstance from the point of view of a 
possible theoretical description. In the low-temperature re­
gion we can safely use the Condensation Approximation, which 
we already used in our previous work.

In CA (condensation Approximation), the adsorption is assu­
med to run in a stepwise fashion; this means, that adsorption 
sites are covered gradually, in the sequence of decreasing ad­
sorption 'energies £ . In other words, the local adsorption on 
the sites having adsorption energy £ , is described by the 

following local "condensation“ isotherm:
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ec(p.E) =
o. p<pc (€,t) 

i. p^pc ГЕД.)
Ci)

At-a constant pressure "p” and temperature “T”. the adsorption 

on sites of different adsorption energy is given by:

ec(p<£) =
Co.£ < £cCp. T)

[i. £> 8c(p. t)
(2)

The overall adsorption isotherm vfp.T) is. according 
(2). given by: 

to equ.

Сз)V(p

where Q^(£) is the differential distribution of sites among 

various adsorption energies. This function is usually called 
the “adsorption energy distribution”. The upper integration 
limit is taken Just as a mathematical convenience, and the 
form of the function £c(p.t) is found appropriate, exact 
fora of the adsorption isotherm governing adsorption on the 
sites having adsorption energy £. Some simple variational 
considerations lead us to the condition (jQ:

6 ( P. £ ) 
c c = I (4)

Similarly, as in our previous publication, we consider here 
the monolayer adsorption with nearest-neighbour interactions 
between admolecules. Both in case of localized and mobile ad­
sorption, we shall accept the simplest, mean-field approxima­
tion for the effect of the mutual interactions between adsor­
bed molecules. In case of localized adsorption, it leads us 
to the well-known, Fowler-Guggenheim isotherm which, for the 
patchwise heterogenous surfaces, takes the form C£]t 

0(p)fS.P.T) Ki 
1 + — exp

£+2 ктсе^ 

- kT

-1

(5)
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whereas, for the random topography'we have:

efr) (e.P.T) B exp -v]} 1 (6)

Above Kj. is the Langmuir constant and Tc = (zn/4k) , where n 

is the number of. the neraest-neighbours, adsorption sites, and 
z is the interaction energy between two molecules adsorbed on 
nearest! neighbour sites. In case, of patcljwise topography, T. 
is the real, 2D critical temperature of the 20 condensation 
of the Bragg-Williams lattice gas on homogenous patches. In 
case of surfaces with the random topography of sites, Tc is on­
ly a measure of interactions between adsorbed molecules.

Let and denote the function Ec(p>T)» for the 
patćhwise, and the random topography, respectively. From eqs., 
(4), (s) and'(б), we obtain:

= - kT In £- - 2 к T (7)
C rx i C

= - kT In £----- 4 к T V " (8)
<-» С К j* c

For the purpose of some model investigations, we shall assume 
the widely accepted, right hand widened gaussian distribution

*X(£) = 2 В £ exp f- ве 2) (9)

which is related to the Dubinin-Radushkevitch pverall behav­
iour of adsorption systems'. The resulted. Overall adsorption 
isotherms v^ (p<t) and v^r^(p,T) are given as:

V^(p,t) = exp £- b(E^) J (10)

2
vfrfp.T) . exp [- o(£«)J (11>

After solving these equations with respect to Inp, we obtain:

. г- . -11/2 T_ . .In p = -2_1_ Г1п + In K. - 2 -£• (12)
kfB’TL T
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In p
-,1/2

1п "TT
_ v ' '-I

+ In - (13)

The isosteric heat of adsorption is found from the relation:

(14)

From (12) - (14) ,

vst 
kT

we obtain:

In 
k <&' T l-

1T/2 
7(pïJ

Tc
(15)

QW - Qf° 
wst Mst 

kT .
In

1/2 
1

77rT_ (16)

- 1
T

V

1

1

2

c
T

where Qs^ is the non-configurational contribution:

Э1П к
Mst (17)

Coming to the mobile adsorption, we shall consider the 2D anal­
ogue of the Van der Waals gas. In case of the patchwise topo­
graphy, this yields the well-known, Hill-deBoer isotherm: 

К" = ~ l£f 
tn

In 0 0 2'7 T, (13)

where Tc is the 2D critical temperature of the 2D Van der Waals 
gas, on an ideally homogeneous sur face(homogeneous patches of 
surface). In case of the random topography we have the well-

-known, Tompkin's isotherm equation[4]:

In £_ = . £ + ln 0 ' fl9}

but this time 0 is defined as-the ratio of the molecules occu­
pying surface regions of adsorption energy S , to (cb/6j, where 

oC is the surface area and b is the area occupied by one 
admolecule.z
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Cerofolini has shown Q2] that replacing ^l/2)by other con­

stant has no essential meaning in the Condensation Approxima­
tion, and we have already explained in our previous publica - 
tien га. why, the constant (1/2) is also an appropriate val­
ue I in case of the surfaces, characterized by a random topog­
raphical1, distribution. Thus, in case of the random topogra - 
phy, we obtain the following pressure-energy relation:

кт ln F -ln 4 -ln (i -v w)- S T0, - 4 ?• (2°) - 
m

which, for surfaces with the patchwise topography, reduces to 
the following, simpler one:

= - kT In (21)
m

From eqs. (is) - (21), we obtain:

The discussion of the eqs. (15) - (1б), and (22) - (23) is giv­

en in the next section.;

NUMERICAL RESULTS AND DISCUSSION

From the above we can see/ that, investigating the behav­
iour ; of the isosteric heats of adsorption in low temperatures, 
can be the source of very interesting information about the na­
ture of adsorption systems. At low temperatures, the isosteric 
heats’of adsorption are related in a very simple way to .the 
heterogeneity and the interaction parameters, as well as, to 
the surface topography. To discuss this in a more detail, we 
have performed some illustrative numerical calculations which 
are shown in Figs. 1-4.
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Relative surface coverage
Fig. 1. Localized adsorption, Bragg-Williams approximation. 
The isosteric heat of adsorption as the function of the over­
all surface coverage, when T/Tç=1.0, for various values of 
the heterogeneity parameter kTßl/2, given in(the brackets at 

' appropriate curves
I

Let us remember, that these figures show the behaviour of 
the isosteric heat of adsorption in the zero-temperatureilim- 

it; only in this limit adsorption ruhs in a fully stepwise 
fashion, assumed in Condensation Approximation. It was gen­
erally assumed till now,that at this temperature limit, the 
function (Эу/ Э Qgt) is identical with the true energy distri 
butionQfffc = Qst) .

It was, therefore, assumed И that extrapolating of the 
experimental data for Qst(,v) , to the zero-temperature limit, 

leads to the true energy distribution for a given adsorption 
system. Now, vie can see that the validity of this conclusion 
is limited, to surfaces with patchwise site topography. For 
this case, the heterogeneity parameter )(B*  can be found from 
the relation Q f vs.jjtT Inij1^, and that the interaction (par­

ameter T does not affect this estimation. In case of surface c
with random topography, however, we must know apriori the par­

ameter Tc, in order to estimate correctly the heteroge-
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Fig. 2. Localized adsorption. Braggj^williams approximation. 
The isosteric heat of adsorption aś the function of the ove­
rall surface coverage, when kTB^/2=0.5, for various values of 
the interaction parameter T/Tr given in the brackets at appro­

priate curves

neity parameter В .In other words, the very popular 
procedure of Drain and, Morrison does not apply in 
this case. • /

Now, let us consider yet the case of localized adsorption 
in more detail. In Fig. 1, the function Qgt(v^ is shown when 

1.0, for three values of the heterogeneity parameter 

B. The form of Q t. (v) presented here is very often found in 
•the experiment. For example, the curves; (1A), (2a) , (за) , and 

IB are similar to those for argon, nitrogen and oxygen on 
rutileCHjOH on silica gel QjJ; nitrogen on carbon 
blacks £9], etc. The shape of the curve (2b) is also very inte­
resting. Such curves were observed in the systems; CH^OH on 
activated carbon or, nitrogen on oxidized (lio) copper jjLOj.

In Fig. 2, we show the form of the function Qgt (Vjfor three 
values of the interaction- parameter (Т /Т), taking every time 
kTB^^=0,5. Here, in addition to the already discussed forms 
of QstW we have a new form (iß). This form is'very often ob­

served in the experiment [10J.
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Fig; 3. Mobile adsorption, 2D Van der Waals gas. The isoster- 
'ic heat of adsorption as the function of the overall surfa - 
ce coverage when ТД =1.0. for various values of the hetero - 
geneity parametr ckTßl/2 given in the brackets at appro - 

priate curves

Now, let us discuss the mobile adsorption on heterogeneous 
surfaces exhibiting the Dubinin-Radushkevich distribution of 
adsorption energies. The behaviour of 0 (v) for such systems
is presented in Fig. 3-4. In fact, there is no essential 
difference between the shape of the curves in Figs. 3-4, 
and those, presented in Figs. 1-2. Thus, the differential 
heat öf adsorption is not very sensitive to the mobility of 
adsorbed phase. It seems also that, in case of mobile adsorp­
tion, the differential heat of adsorption is also less sensi­
tive to surface topography, than it is in localized adsorp - 
tion. Further investigation along these lines will be- con - 
tihued.



Fig. 4, Mobile adsorption, 2D Van der Kfaals gas. The isosteric 
heat of adsorption as the function of the overall surface cov­
erage^ .when кТВ1/2=0,5» for various values of the interaction 
parameter T/Tß given in the brackets at appropriate curves
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STRESZCZENIE

Ważnym czynnikiem determinującym adsorpcję na powierzchniach 
heterogenicznych jest, poza oddziaływaniami między zaadsorbowa- 
nymi cząsteczkami oraz stopniem mobilności, topografia powierz­
chni. Dotychczas tym zagadnieniem nie zajmowano się dokładniej. 
Podjęto badania wpływu rozkła.du miejsc absorpcyjnych na izoste- 
ryczne ciepła adsorpcji, które dokładniej niż izotermy adsorp­
cji odzwierciedlaj? wpływ topografii powierzchni. Przeprowadzo­
no modelowe obliczenia izostatycznych ciepeł adsorpcji dla zlo­
kalizowanej i mobilnej adsorpcji gazów na powierzchniach o pła­
towym i przypadkowym rozkładzie miejsc adsorpcyjnych.
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Резюме

В работе исследовано поведение решеточного газа Брегга-Виль­
ямса на гетерогенных поверхностях, обладающих лоскотным, а так­
же полностью беспорядочным, топографическим распределением ад­
сорбционных центров. Особое внимание было уделено поведению 
изостерических теплот адсорбции в низких температурах, в случае 
поверхностей обладающих экспоненциальным распределением адсор­
бционной энергии. В работе были проведены модельные вычисления 
изостерических теплот для лекализованной и нелекализованной 
адсорбции на неоднородных поверхностях.




