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Highlights 

 A simple model of linear array of mesopores is proposed to study scanning 

 Hysteresis and scanning curves are studied in terms of the sizes of the array 

 The scanning curves can be classified into four groups 

 Scanning curve either span across the hysteresis loop or returns to the same boundary 
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Abstract 
Adsorption of argon at 87K in a linear array of slit mesopores composed of two cavities and three necks has 
been investigated using Grand Canonical Monte Carlo simulation.  Hysteresis and scanning was found to 
depend on the relative size of the necks and cavities and on whether the necks are wider or narrower than the 
critical width that demarcates cavitation from pore blocking.  There are 26 possible combinations for the linear 
array.  By considering the behaviour of hysteresis scanning curves, we are able to identify four distinct groups:  

(i) Group 1: The descending scanning spans the boundary curve of the hysteresis loop due to stretching of 
the condensate in the small cavity. 

(ii) Group 2: The descending curve partially spans the loop and returns to the adsorption boundary. This 
occurs either because the condensate stretches in the small cavity, followed by evaporation via a 
pore blocking mechanism; or because the condensate evaporates as the meniscus recedes in the 
large neck that joins the two cavities. 

(iii) Group 3: The descending curve spans the loop as in Group 1 but there is a small sub-loop associated 
with emptying and filling of the large neck connecting the large cavity to the surrounding gas.  

(iv) Group 4: The descending scanning curve is similar to that in Group 2; but when the large cavity of the 
array is filled with adsorbate, and the small cavity is empty (except for an adsorbed film) the 
ascending curve partially spans the loop. This happens when molecular layers build-up in the small 
cavity (c.f. stretching of condensate in a descending scan) is followed by condensation, which 
results in the scanning curve returning to the desorption boundary (c.f. evaporation of the 
condensate and return to the adsorption boundary).  There is also a sub-loop which has similar 
characteristics to those in Group 3. 
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1 Introduction 

In the past few decades, significant progress has been made in understanding adsorption 

hysteresis, thanks to the synthesis of ordered mesoporous materials, the development of high-

resolution apparatus for adsorption measurement, and the availability of increased computing 

power.  The hysteresis loop in an adsorption isotherm is a valuable tool for probing the 

character of a porous solid, since its size, shape and position are sensitive to adsorbate, 

temperature and the porous structure 1-3.  Thus for example, for a given temperature and 

adsorbate, the boundary loop can be used to derive pore size distribution.  Following an 

earlier analysis by de Boer in 1972 4, the IUPAC in 1985, classified the shape of experimental 

hysteresis loops into four types H1 to H45, 6.   

 

Among the various loop shapes, the type H2, which has a gradually increasing adsorption 

boundary and a steep desorption boundary, is commonly found for disordered solids such as 

silica gel and Vycor.  This loop type has prompted much discussion in the literature about the 

interconnectivity of pore spaces within an adsorbent.   An early attempt to discuss the role of 

connectivity was put forwarded by McBain who proposed an “ink-bottle” pore model in 

which a large cavity is connected to the bulk gas surroundings via necks 7.  It is now well 

known that desorption from this model pore, when filled with adsorbate, can occur either via 

pore blocking or by cavitation.  In pore blocking, a meniscus (at the interface separating the 

adsorbed and gas phases) formed at the mouth of the neck, recedes when the pressure is 

lowered to less than the critical value corresponding to the neck radius, and when it reaches 

the junction between the neck and the cavity the condensate in the wider cavity instantly 

evaporates.  On the other hand, in the cavitation mechanism, the neck is so small that the 

condensate in the cavity is stretched until the so-called cavitation pressure for the condensate 

in the cavity is reached when it becomes mechanically unstable and evaporates, while the 

neck remains (partially) full8-10. 

 

Although the importance of connectivity between cavities via narrower necks has been well 

recognized, the correlation between connectivity and size distribution in porous solids, and 

the measured adsorption-desorption isotherm is still not fully understood.  A step towards a 

better appreciation of this correlation is to scan the hysteresis loop by either decreasing 

pressure from any point on the adsorption boundary (a descending scanning curve) or 
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increasing pressure from any point on the desorption boundary (an ascending scanning curve) 

of the boundary hysteresis loop 11-13.  This procedure can be further elaborated by reversing 

the direction of pressure at any point on any scanning curve to give sub-loops.  The various 

terminologies involved in these processes are summarised in Figure 1a.  Three types of 

scanning curve can be identified as follows 14:  

(i) Crossing between the boundary curves of the hysteresis loop.  

(ii) Returning to the same boundary. 

(iii)Intermediate between (i) and (ii), in which the descending and ascending scanning 

curves converge to the lower and upper closure points, respectively.   

These scanning curves are observed when some parts of the adsorbent are filled with 

adsorbate (Region I), while the other regions (Region II) are still empty, except for molecular 

layers on the pore walls.  The descending scanning curve is associated with stretching of the 

condensate in Region I, followed by evaporation, and the ascending scanning curve is 

associated with further layering of molecules on the pore walls in Region II, followed by 

condensation 15-17.   

 

 

 

Recognizing the potential gain of a deeper insight into pore structure, and the growing power 

of modern adsorption equipment, scanning has been receiving increasing attention in both 

experimental and theoretical studies 18-20.  One of the earliest attempts to model the scanning 

process was the Independent Domain theory proposed by Everett 21.  This theory assumes 

that a porous solid is an assembly of pores that are filled and emptied independently.  

Broekhoff et al. 22 later showed that the experimental scanning is inconsistent with the 

Everett’s theory when more than 50% of the porous network is filled with adsorbate, 

indicating that the domains are no longer independent; a more recent simulation study by 

Coasne et al.23 showed that the original theory must be modified to account for the presence 

of adsorbed layers.  Mason 24 explored percolation in different pore network models to better 

understand the effects of connectivity and pore size correlations on scanning. More recent 

studies include the work of Rojas et al.25 who constructed a dual site-bond model for 

heterogeneous 3D mesoporous networks and Cimino et al.26 who formulated a model based 

on a 3D cubic lattice which gives a quantitative description of the experimental scanning 

data.   
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In this paper, we present a systematic study of hysteresis and scanning in a simple linear 

array of slit-shaped graphitic mesopores, composed of two cavities and three necks.  The 

adsorption and desorption of argon at 87K in this model has recently been simulated 17.  Our 

specific aim in this paper is to dissect the associated scanning behaviour in order to reveal the 

underlying physical mechanism of descending and ascending curves, and to propose a 

classification for the various types of scanning curve.  

 

 

2 The model pore network 

Figure 2 illustrates our model of a linear array of slit-shaped mesopores, composed of two 

cavities and three necks, one of which connects the cavities and the other two connect each 

cavity to the surrounding gas phase.  Details of the geometrical parameters can be found in 

our earlier papers 17, 27. 

3.	Discussion	

3.1 Scanning in Open end pores, Closed end pores and Closed pores 

Adsorption-desorption in three uniform pores provide a reference for subsequent discussion 

of the linear array of mesopores: 

(a) A pore with two ends open to the surrounding gas.  

(b) A pore with one end closed.  

(c) A pore with two ends closed.  

In what follows these will be denoted as O-pore, C1-pore and C2-pore, respectively.  In a real 

material, the C2-pore might represent mesopores with very narrow necks connected to the 

surrounding.  Figure 3 shows the pore models and their respective isotherms for 3, 4, 5 and 

6nm pores. 
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A number of features may be noted from Fig 3: 

1.  Condensation in the O-pore occurs at a higher pressure than that for the C1-pore of 

the same width. This is because more adsorbed layers are required in the O-pore 

before the gas-like core is small enough to induce condensation.  However, a 

meniscus, demarcating the adsorbed film and the gas phase develops in the C1- 

pore,  at the closed end and once it is developed condensation occurs. 

2. For a given pore size, the evaporation from the O-pore occurs at a higher pressure 

than that from the C1-pore because (a) the adsorbate is more cohesive in the C1-

pore because of the stronger adsorption field at the closed end and (b) because 

there is only one end from which evaporation can occur. 

3. The condensation pressure is lowest in the C2-pore because there is a meniscus at 

each end but there is only one in the C1-pore.  Evaporation of the condensate from 

a filled C2-pore is delayed because there is no interface separating the adsorbate 

and the surrounding gas, and therefore evaporation occurs by stretching the 

adsorbate until it loses its mechanical stability.  In small cavities the cavitation 

pressure is reduced because of the stabilization of the condensate by the solid-

fluid interaction when this is favourable to packing (compare the 3nm C2-pore 

with larger pores). 

4. The adsorption boundary for all pores shifts to higher pressure as the pore width is 

increased.  This is because more adsorbed layers are needed in larger pores before 

the core is small enough to induce condensation. 

5. The desorption boundary for the O-pore and the C1-pore shifts to higher pressure 

with pore width, due to the larger radius of curvature of the cylindrical interface. 

 

In the linear array of mesopores with two cavities and three necks, four types of scanning 

behaviour can be observed, which will be discussed in detail in Section 3.6.  The physics of 

the scanning behaviour can be elaborated with the adsorption and desorption mechanisms of 

above three uniform pores; we have selected one pore configuration in each group for this 

purpose. 
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3.2 Group 1 

The pore configurations for Group 1 have the following properties: the three necks are equal 

in size, or two of them have the same width and the third one is smaller.  In this group, the 

descending scanning curve from a partially filled pore with the small cavity full of 

condensate and the large cavity empty spans the boundary hysteresis loop.  The selected 

example for this group is the pore configuration #1 with three necks smaller than the critical 

width (Hc).  This is the simplest case of connectivity, and therefore the adsorption-desorption 

isotherm and its scanning curve are rather straightforward.  Without loss of generality, we 

take the case where the three necks are equal in size.  The isotherm and a descending 

scanning curve (DSC) are shown in Figure 4 and the schematics of the 2D-density 

distribution of adsorbate at various points along the adsorption and desorption branches are 

shown in Figure 5. 

 

Although the main emphasis is on scanning curves, we discuss briefly the mechanisms of 

adsorption and desorption to facilitate our subsequent discussion on the scanning curve.   

Adsorption into an empty array begins with molecular layering on the pore walls of the 

cavities and necks.  Condensation occurs first in the necks (Point A) as in the O-pore, because 

the necks are equivalent to an O-pore prior to condensation.  Once the necks have filled with 

adsorbate, the two cavities become in effect two independent C2-pores, i.e. more layers build 

up on the pore walls until the gas-like core is small enough to induce condensation.  This 

occurs first in the small cavity at Point B, followed by the larger cavity at Point C.  On 

desorption from a completely filled array, the adsorbate in the cavities are stretched up to 

Point D, where a first order evaporation occurs via the cavitation mechanism to Point E, after 

which the necks behave as an O-pore.  Therefore, the evaporation from the necks occurs at 

the same pressure as in the corresponding O-pore of the same size.  The vertical evaporation 

from the two cavities at the same pressures depends on the spatial arrangement of the necks; 

there are two possibilities for this to occur: either the two large necks are of same size, or the 

largest neck joins the two cavities in the middle, which corresponds to Groups 1 and 2, 

respectively.  Clearly, the adsorption-desorption isotherm alone can cannot discriminate 

between these two pore configurations.  A possible solution is to investigate the scanning 

curves. 
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For this Group 1, there is only one possible descending scanning from a partially filled pore 

where the small cavity is filled with adsorbate and the large cavity is empty, except, of 

course, for an adsorbed film on the pore walls; this is the segment B-B’ in Figure 4.  On 

reducing the pressure from any point along this segment, the descending curve spans the 

hysteresis loop and meets the vertical desorption boundary at Point F as the condensate 

stretches in the small cavity the adsorbed layers are thinned in the large cavity.  Once this 

descending curve meets the vertical desorption boundary of the hysteresis loop, evaporation 

occurs from the small cavity.  

The descending scanning curve separates the hysteresis loop into two regions (Figure 4): the 

blue region above the “horizontal” descending curve is associated with the capacity of the 

large cavity while the red region underneath the curve is associated with the capacity of the 

small cavity and the large necks (if they are larger than Hc).  This means that when 

“horizontal” scanning curves are observed in practice the capacity between two consecutive 

curves corresponds to the size of the cavity associated to the condensation pressure between 

these two descending curves. 

The scanning curve is reversible in the sense that if we stop at any point along this curve and 

reverse the pressure we would trace the same curve, i.e. there is no sub-loop.  This is 

confirmed by our recent Monte Carlo simulation 17. 

 

3.3 Group 2 

The common feature for all the pore configurations of Group 2 is that the neck joining the 

two cavities is the largest one.  The descending scanning curve partially spans the hysteresis 

loop and returns to the same (adsorption) boundary at a pressure greater than the lower 

closure point.  To illustrate the behaviour of this group, we select the configuration #2.1 with 

two necks smaller than Hc and the third neck, larger than the Hc, connecting the two cavities.  

The isotherms and the scanning curves for this configuration are shown in Figure 6 and the 

2D-density distributions for various points on the isotherms are shown in Figure 7. 
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There is a sequence of four condensation steps in adsorption: (1) the two small necks (Point 

A), (2) the large neck (Point B), (3) the small cavity (Point C) and (4) the large cavity (Point 

D).   On desorption from a completely filled array there is a first order transition from the two 

cavities by cavitation (Point E to F).   

Although the hysteresis loop in Group 2 is similar to Group 1 in that the condensate in the 

two cavities evaporates at the same pressure, the DSC of Group 2 is distinct from Group 1, 

which could be used as a possible criterion to distinguish between these two groups.  The 

DSC for this pore configuration can begin at any point along the two segments C-C’ and B-

B’.  When the descending scan begins from the segment C-C’, where the small cavity is filled 

with adsorbate, and the large cavity is empty, it spans the interior of the hysteresis loop. 

Desorption proceeds mainly by the meniscus receding from the large neck joining the two 

cavities (behaving like a C1-pore), but there is also loss of adsorbate due to stretching of the 

condensate in the small cavity.  When the meniscus reaches the junction between this neck 

and the small cavity (Point G) the condensate evaporates instantly from in the small cavity at 

Point H (pore blocking mechanism).  The pressure here is greater than the cavitation pressure 

encountered in desorption from a completely filled array (Points E-F) and therefore the DSC 

from Point C does not join the lower closure point would be commonly observed in 

experimental scanning curves.  This is happens because of the wide distribution of cavity and 

neck widths in real porous solids.  As for Group 1, the shaded region between the DSC and 

the adsorption boundary represents the capacity of the small cavity and the large neck.   

The other path for a descending scan is from any point along the segment B-B’, where all the 

necks are filled with adsorbate and the two cavities are empty, except for adsorbed layers on 

the walls.  When the scan begins from B-B’, the large neck joining the two cavities behaves 

like an O-pore; therefore the DSC scans the hysteresis loop and then returns to the adsorption 

boundary at Point I, which is very close to Point H.  The process is simply evaporation from 

the large neck. 

 

3.4 Group 3 

Group 3 is characterized by having the largest neck connecting the large cavity to the gas 

surroundings.  We selected the pore configuration #2.3 as an example, in which the other two 

necks are smaller than the critical width Hc.  The isotherm and scanning curves are shown in 

Figure 8 and the 2D-density distributions are shown in Figure 9. The adsorption mechanism 
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of this linear array is similar that in Group 2.  On desorption, the condensate in the large 

cavity is emptied via the pore blocking mechanism (Point E to F) because the large cavity is 

connected to the gas surroundings by the largest neck with a width greater than Hc.  As 

pressure is reduced further, the condensate in the small cavity is stretched until it loses 

mechanical stability and evaporates at the cavitation pressure.  Thus the desorption boundary 

exhibits two steps in the evaporation. 

 

 

The DSC from any point along the segment C-C’,where the small cavity is filled with 

adsorbate and the large cavity remains empty, reveals interesting behaviour, which has not 

been seen in the last two groups.   The DSC spans the hysteresis loop to Point H, due to the 

stretching of the condensate in the small cavity but mainly due to the two receding menisci in 

the largest neck (behaving like an O-pore).  At Point H there is evaporation from the largest 

neck at a pressure which is slightly greater than the first evaporation from a completely filled 

pore, in which the largest neck behaves like a C1-pore. 

 

The DSC from any point along the B-B’ segment (where all necks are full and the two 

cavities are empty) is the same as that discussed for Group 2, which is associated with the 

evaporation from the largest neck. 

 

The ascending scanning can start at any point along the segment F-F’ where the two small 

necks and the small cavity are filled with adsorbate and the largest neck (behaving like an O-

pore) and the large cavity are empty.  The ascending scanning curve (ASC)spans the 

hysteresis loop, corresponding to molecular layering on the largest neck, followed by 

condensation at the condensation pressure of this O-pore like largest neck.  This pressure is 

the same as the pressure of Point B.  What is interesting is that the DSC from C-C’segment 

and the ASC from F-F’ segment form a sub-loop within the hysteresis loop.  The sub-loop 

occurs over the same pressure range as the DSC from the B-B’ segment, and both describe 

condensation and evaporation in the O-pore like largest neck. 

3.5 Group 4 
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In this group, the configuration has the largest neck connecting the small cavity to the gas 

surroundings.  The ascending and descending curves partially span the hysteresis loop and 

return to the desorption or adsorption boundaries, respectively.  We selected the pore 

configuration #2.2, for which the remaining two necks are smaller than the critical width Hc.  

The isotherm and snapshots are shown in Figures 10 and 11, respectively. 

 

The adsorption mechanism in this pore is similar to that for Groups 2 and 3, while the 

desorption in this group has two evaporation steps as for Group 3, but with a different 

sequence of evaporation steps. The condensate in the small cavity evaporates first by a pore 

blocking mechanism (Point F) because it connects to the gas surroundings via the largest 

neck, followed by the evaporation from the large cavity via cavitation (Point G).  This 

sequence of evaporation distinguishes this group different from the other three groups. 

As in Group 2, the DSC from any point on the segment C-C’, where the necks and the small 

cavity are filled with adsorbate and the large cavity is empty, scans the hysteresis loop and is 

associated with the stretching of the condensate in the small cavity and the receding meniscus 

in the largest neck this being the dominating process.  Once this meniscus has reached the 

junction between the largest neck and the small cavity evaporation occurs by the pore 

blocking mechanism.  The evaporation pressure here is the same as the pressure of the first 

evaporation from a completely filled pore because in both situations the largest neck behaves 

like a C1-pore. 

The ascending scan can start from any points on the segment F-F’ where only the large cavity 

and the two smaller necks are filled with adsorbate.  The ASC, which is due to molecular 

layering in the largest neck and the small cavity, spans the hysteresis loop.   This is followed, 

first by the condensation in the largest neck, which resembles an O-pore (Point J), and then 

by the condensation in the small cavity at a higher pressure (Point K).  It is interesting to note 

that this ascending scanning curve starts from a point where the large cavity has been filled 

with adsorbate, and the scan is associated with the condensation in the largest neck and then 

in the small cavity.  This is in contrast to adsorption in an empty pore where condensation in 

the small cavity occurs first, and is then followed by condensation in the large cavity.  It is 

also interesting to note that the sub loops formed in the ASC and the DSC are related to the 

small cavity and the largest neck (shaded region). 
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Descending scanning from any point along the segment J-J’, where the small cavity and the 

large neck are filled, partially spans the hysteresis loop and returns to the ASC from Point F, 

which is attributed to the evaporation from the large neck behaving like an O-pore.  This 

forms a sub-loop within the main hysteresis loop.  It is clear that the sub-loop is associated 

with the condensation and evaporation of the large neck. 

 

3.6 Classification of pore configurations based on scanning curves 

In a linear array of mesopores with two cavities and three necks, there are 26 different ways 

of arranging the cavities and necks, with respect to their size, and whether the necks are 

smaller or larger than the critical pore width, Hc, which distinguish two modes of evaporation 

in the cavity: cavitation and pore blocking, respectively.  The schematics of the isotherms and 

their scanning curves for these 26 pore configurations are presented in Table 1.  

 

We classify the associated scanning curves into the following four groups illustrated 

in Table 2, each with identifiable characteristics:  

1. Group 1:  

a. Evaporation from both cavities is a first order phase transition and occurs at 

the same pressure, which is either equal to the cavitation pressure (cavitation) 

or greater than the cavitation pressure (pore blocking). 

b. The small cavity is filled with condensate and the large cavity is empty, except 

for an adsorbed film on its pore walls. Descending curves from a partially 

filled array span the hysteresis loop and meet the vertical boundary of the 

desorption branch. 

2. Group 2:   

a. Evaporation is the same as described for Group 1. 

b. The descending curve partially spans the hysteresis loop and then falls 

vertically onto the same (adsorption) boundary instead of onto the vertical 

desorption boundary of the hysteresis loop as in Group 1. 

3. Group 3:  
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a. Evaporation occurs in two stages: a first order evaporation from the large 

cavity followed by a second first order evaporation from the small cavity 

b. The descending scanning curve spans the hysteresis loop and meets the 

junction between the two evaporation steps. 

c. There is a small sub-loop associated with the filling and emptying of the large 

neck. 

4. Group 4: This group has more complex characteristics than the other groups: 

a. Evaporation also occurs in two stages as in Group 3, but in this case, the small 

cavity is emptied first, followed by the large cavity at a lower pressure. 

b. The descending curve from a partially filled array, in which the small cavity is 

filled with adsorbate and the large cavity is empty, is similar to that in Group 

2; partially spanning the hysteresis loop and then falling vertically onto the 

adsorption boundary of the hysteresis loop when the condensate evaporates 

from the small cavity. 

c. The ascending curve from a partially filled array, with the large cavity filled 

with adsorbate and the small cavity empty, partially spans the hysteresis loop 

and falls with increasing gradient onto the desorption boundary as condensate 

occurs in the small cavity. 
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4. Conclusions 

We have carried out an extensive study of adsorption-desorption and scanning in a linear 

array of mesopores consisting of two cavities and three necks.  Depending on the relative size 

of the cavities and necks and their connectivity, there are 26 combinations of pore arrays, 

which can be categorized into four groups according to the character of their scanning curves: 

(i) Group 1: the DSC spans the hysteresis loop and meets the vertical desorption 

boundary of the hysteresis loop.  This is due to stretching of the adsorbate in the 

small cavity; it separates the loop into two regions which are associated with the 

capacities of the large and small cavities,  

(ii) Group 2: the DSC partially spans the loop and returns to the adsorption boundary 

which is due to either evaporation  from the small cavity via pore blocking or 

from the large neck,  

(iii)Group 3: the DSC spans across the loop and meets the junction between the two 

evaporation steps by a mechanism similar to Group 1, but there is a sub-loop 

which is associated with the filling and emptying of the large neck,  

(iv) Group 4: the DSC behaves like that in Group 2 while the ASC from the configuration, 

where the large cavity is full of adsorbate and the small cavity is empty, partially 

spans the loop and returns to the desorption boundary, due to the condensation in 

the small cavity.  The sub-loop is once again due to the filling and emptying of the 

largest neck. 
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Figure Captions 

 

Figure 1. Schematic diagram of (a) adsorption-desorption isotherm with scanning curves; (b) three different 
types of scanning curves. 
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Figure 2. Schematic diagram of the model of linear array of slit mesopores.  The dark region indicates the solid 
phase and grey region shows the bulk gas phase. 
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Figure 3. Top panel: Schematic diagrams of three uniform pore models.  Bottom panel: Simulated isotherms for 
argon at 87K in uniform pores with different widths: (a) open end pores of length 20nm, (b) closed end pores of 
length 20nm and (c) closed pores with lengths the same as their width. 
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Figure 4: Adsorption and desorption isotherms and scanning curves for pore configuration #1.  Dashed lines 
indicate the irreversible phase transition (condensation and evaporation). 
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Figure 5. Schematic of the adsorbate in pore configuration #1.  The labels correspond to those in Figure 4. 
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Figure 6:  Adsorption-desorption isotherms and scanning curves for pore configuration #2.1.  Dashed lines 
indicate the irreversible phase transition (condensation and evaporation).  The shaded region indicates the 
capacity of the small cavity. 
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Figure 7. Schematic of the adsorbate in pore configuration #2.1.  The labels correspond to those in Figure 6. 
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Figure 8:  Adsorption-desorption isotherms and scanning curve for pore configuration #2.3.  Dashed lines 
indicate the irreversible phase transition (condensation and evaporation). 
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Figure 9. Schematic of the 2D-density distribution of adsorbate in pore configuration #2.3.  The labels 
correspond to those in Figure 8. 
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Figure 10:  Adsorption-desorption isotherms and scanning curves for pore configuration #2.2.  Dashed lines 
indicate the irreversible phase transition (condensation and evaporation). 

 

 
Figure 11. Schematic of the adsorbate in pore configuration #2.2.  The labels correspond to those in Figure 10. 
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Tables 

Table 1: Different pore configurations and their adsorption, desorption and scanning behaviours 

1. Three necks are all smaller than the critical width (Hc) 

 

 
2. Two necks are smaller than Hc and one neck is larger than Hc. 

 

 
2.1 the large neck joins the two 
cavities 

 

 
2.2the large neck connects the 
small cavity to the surroundings 

 

 
2.3the large neck connect the large 
cavity to the surroundings 

3. Two necks are larger than Hc and have the same size. 

 

 
3.1 the small neck joins the two 
cavities 

 

 
3.2 the small neck connects the 
large cavity to the surroundings 

 

 
3.3 the small neck connects the 
small cavity to the surroundings 

4. Two necks are larger than Hc and different in size 
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4.1 three necksare in the order:  
small– medium- large 

 

 
4.2 small– large - medium 

 

 
4.3 medium–small- large 

 

 
4.4 large – small - medium 

 

 
4.5 medium – large - small 

 

 
4.6 large – medium - small 

5. Three necks are equal in size and larger than Hc. 

 

 
6. Three necks are larger than Hcwith two small ones equal in size. 

 

 
6.1 the large neck connects the 

 

 
6.2 the large neck joins the two 

 

 
6.3 the large neck connects the 
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large cavity to the surroundings cavities small cavity to the surroundings 
7. Three necks are larger than Hcwith two large ones equal in size. 

 

 
7.1 the small neck connects the 
small cavity to the surroundings 

 

 
7.2 the small neck joins the two 
cavities 

 

 
7.3 the small neck connects the 
large cavity to the surroundings 

8. Three necks are larger than Hcand are different in size. 

 

 
8.1 three necks are in the order:  
small– medium- large 

 

 
8.2 small– large - medium 

 

 
8.3 medium – small - large 

 

 
8.4 large – small - medium 

 

 
8.5 medium – large - small 

 

 
8.6 large – medium - small 
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Table 2.Classification of the pore configurations in 4 groups according to the pattern of scanning curves 

GROUP 1 

 
#1, #3.1, #3.2, 
#3.3, #5, #7.1, 
#7.2, #7.3 

 

GROUP 2 
 

 
#2.1, #4.2, #4.5, 
#6.2, #8.2, #8.5  
GROUP 3 

 
#2.3, #4.1, #4.3, 
#6.1, #8.1, #8.3  
GROUP 4 

 
#2.2, #4.4, #4.6, 
#6.3, #8.4, #8.6  


