
Introduction

The influence of cylindrical and spherical surfaces on

the saturated vapour pressure of liquids plays a part in

the mechanism of the adsorption of gases in pores. A

variety of methods was developed to describe the

effects [1–5]. In this paper we present a new approach

based on a simple adsorption model. We shall discuss

the possibility to use this mechanism for the estima-

tion of the dimensions of cylindrical pores.

We shall discuss experiments, which consist of

two parts, under isothermal conditions. We shall use

the expression ‘up period’ when the sample is

surrounded by a gas the pressure which is increased

and use the expression ‘down period’ when the

pressure of the gas is lowered. During the ‘up period’

the adsorption takes place in the pores (we consider

the gas molecules which are adsorbed inside the

pores). When at the end of this ‘up period’ the pores

are completely filled, the gas pressure is decreased.

Then desorption will start at the ends of the pores,

from where the desorbing molecules will leave

spherical surfaces of the condensate.

‘Up period’

We consider a hollow cylinder with inner radius, rcyl

and length, lcyl. We consider the adsorbate molecules

as spheres of radius rmol. We define dimensionless

quantities:

Rc=rcyl/(2rmol) and L=lcyl /(2rmol)

The number, n1, of adsorbed molecules in the

first layer has a maximum value, n1 full

,
, satisfying:

n1 full=2�(Rc–1/2)L (1)

the i
th

layer can contain maximally ni full molecules

ni full=2�(Rc+1/2–i)L (2)

We shall make use of a simplified adsorption

model, where we consider only either fully occupied

layers or empty layers. The surface tension of the i
th

layer will be referred to by �i. We assume that the i
th

layer is only attracted to molecules in the adjacent

(i–1)
th

layer so by ni–1 full molecules. This number is

larger than would have been the case if both the i
th

and

the (i–1)
th

layer were flat instead of cylindrical, in

which case the attractive force would have been

caused by ni full molecules. So for the surface tension

�i of the i
th

layer in relation to the surface tension ��

of a flat surface we can write:
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In order to describe the relation between this

surface tension and the saturated vapour pressure psi,

we use the optimisation of the Gibbs free enthalpy.

Thereby we equalise the specific free energies of the

gas phase and of the adsorbed phase and assume that

this equality survives a variation of surface tension

and gas pressure. We get:

(�i–�∞)AAv= –RgTln(psi/p∞) (4)

where p� stands for the saturated vapour pressure for

a gas in contact with an adsorbate with a flat surface,

AAv stands for the surface area of a monolayer of the

adsorbate which contains a number of molecules

equal to Avogadro’s number and where Rg stands for

the gas constant.
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It follows from Eqs (3) and (4):

ln
( ) / ( )

/ –

p

p

A R T

R i

si

s

Av g

c�

�

�

�

�

1 2
(5)

From Eq. (5) we learn that psi<ps i–1, this implies

that in the case of our simplified model the full occupa-

tion of the first layer immediately leads to a complete

filling (nfull) of the hollow cylinder. So when:
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the adsorbed number of molecules will jump to:

n LR
full c

2
� � (7)

‘Down period’

We consider here a hollow cylinder with one open end,

completely filled with adsorbed molecules with a flat

surface at the open end. At the beginning of the ‘down

period’ where we start lowering the gas pressure,

desorption starts and the flat surface at the end will

change into a spherical surface. Let the radius of this

sphere be rsp=Rsp2rmol, let the height of the desorbed

cap of the sphere be: hcap=Hcap2rmol, we can use

( – ) –R H R R
sp cap sp

2

c

22
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We shall calculate the influence of the curvature

on the surface tension, by analogy with the explana-

tion, which leads to Eq. (4). We compare the number of

molecules in the surface (spherical) layer with the

number of molecules one layer lower. The proportion

of those quantities will give us the ratio of the value of

the surface tension, �sp, to that of a flat surface:
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The special influence on those molecules of the

border layer, which are adjacent to the molecules of

the cylinder, has been ignored in these equations.

Using thermodynamics, we derive the saturated

vapour pressure, psp, as in the case of Eq. (5):

(�sp–��)AAv=RgT(lnpsp–lnp�) (10)

From Eqs (9) and (10) we get:
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The last expression we need is one for the

number of molecules, ndes, desorbed from the cap of

the sphere:
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To enable application of the above equation to

the number of remaining adsorbed molecules, n,

during the ‘down period’ we use:

n=nfull–ndes (13)

For our computer simulation presented in Fig. 1

we eliminate nfull, ndes, Hcap, (�sp/��) and Rsp. In Fig. 1,

the quantity psp/p� has been replaced by p/p� along

the horizontal axis.
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Fig. 1 The influence of the dimensions of nano-capillaries on

the � – adsorption (‘up period’) and � – desorption

(‘down period’). The curves refer to water at 293 K and

10
5

Pa leading to: (AAv��)/(RgT)=1.69



The curve of the ‘down period’ in Fig. 1 discon-

tinuously falls to zero at pressure, pfall, when Hcap=Rc.

So according to Eq. (9) when:

� �
sp c c

2
/ ( ) /
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2
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We use when p=pfall:

n R
des max c

3
� 2 3/ � (15)

The remaining number of adsorbed molecules,

nfall, just before a pressure of pfall satisfies:

n LR R
fall c

2

c

3
� � �– /2 3 (16)

and with Eq. (12) we get for the pressure pfall:
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Conclusions

The unknowns, in which we are interested, are Rc and

L. Besides in many situations it will be welcome to

solve also the quantity (AAv��)/(RgT) while in practice

there will be an extra unknown which we did not deal

with so far viz. the number of pores. To solve the four

unknowns we can use the Eqs (6), (7), (16) and (17).

When dividing Eq. (17a) by Eq. (6a) we get an equa-

tion with a single unknown viz. Rc. When dividing

Eq. (16) by Eq. (7) and using the value of Rc we can

solve L. If one should wish to solve the number of

pores or the value of the quantity (AAv��)/(RgT) one

could substitute the values of Rc and L into the four

Eqs (6), (7), (16) and (17).
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