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ABSTRACT

This research studies microscopically the adsorption isotherms and isosteric
heats of polar fluids on highly graphite surface. The sharp decrease of isosteric heat
corresponding to its isotherm adsorbed is illustrated with the effect such as
concentration of surface functional group, adsorbate such as water and methanol, and
temperature. The initiated account for adsorption due to the strong fluid-surface
functional group interaction releases a high isosteric which is higher than that of
liquefaction. The further adsorption releases less and reaches the minimum isosteric
heat which is extremely less than that of liquefaction where the molecules start to form
a strong cluster. When the fluid-fluid interaction becomes dominated at higher loading
the cluster becomes bigger, therefore the adsorbed heat reach the heat of liquefaction

as liquid-like.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

1.1 Significance of the problem

Adsorption is a simple technology to separate mixtures or purify wastewater
[3-5]. Applications of liquid adsorption systems have been used such as organic
removal from water or organic solvents, removal of contaminants with the color of
organic substances, isolation of fermentation products, isolation from paraffin leave
aromatic. Applications of gas adsorption systems have been used such as removal of
water vapor from hydrocarbon gas, removal of sulfur from natural gas. The solvent
was removed from the air and other gases and deodorization of air. Gravity happened
in the adsorption process depends on the presence of polar or non-polar fluids and
adsorbent.

Physical adsorption of polar fluids on graphitized thermal carbon black
(GTCB) has been widely studied experimentally and theoretically [1, 2, 6-14]. Due to
the fundamentals of adsorption of this adsorbate-adsorbent interaction are the basic
step to better design of adsorption systems for polar fluids in pore whose walls are

graphitic [15-17].

1.2 Literature reviews

Early experimental studies of adsorption of polar fluids such as water,
methanol and ethanol on graphite surface were made by Kiselev and co-worker
[1, 14], Pierce’ s group [18] and Miura and Morimoto’ s group [8, 19]. They measured
adsorption isotherms with a volumetric apparatus and isosteric heats with a
calorimetric. Their results play the role differed from that of non-polar adsorptions
[12, 20]. Interestingly, Miura and Morimoto data showed the sharp decrease of
isosteric heat at very low loadings. Recently, this was confirmed experimentally by
Do’s group [21], because initially, the strong interaction between polar molecule-
strong active site which release adsorbed heat with a high value (higher than that of

liquefaction) depending on the interaction of fluid-strong active site. Once the all



strong active sites is occupied and when the pressure is slightly increased the further
molecules try to be adsorbed, to grow the cluster due to pressure is not high enough,
resulting the system releases less adsorbed heat. When pressure is further increased the
cluster can be formed the system releases more adsorbed heat due to the strong F-F
interaction to reach the heat of liquefaction at higher loadings. However, the sharp
decrease of isosteric heat could not be observed if the carbon black was not treated at
temperature high enough. This is clearly done by Miura and Morimoto work. Miura
and Morimoto studied water adsorption on graphite with the effect of treated
temperature of adsorbent. The isosteric heat was decreased with increasing of treated
temperature. The concentration of surface functional group at higher temperature
treatment should be less than that of lower temperature treatment. It meant that the
concentration of surface functional group play a role on this behavior. Due to the
amount of active site affect directly to how strong the interaction between F-active
site. There are several parameters that can influence on this interaction such as
adsorbate, temperature. Together with computer simulation this can give detailed
contributions of various interactions: fluid—fluid, fluid-basal plane and fluid-functional
group.

In this research, we study microscopically using grand canonical Monte Carlo
(GCMC) simulation on the sharp decrease of isosteric heat at low loadings. Polar
fluids such as water and methanol are considered to figure out the effect of different
strong polar fluid. Furthermore, the effect of temperature and concentration of surface

functional group is investigated.

1.3 Research Objectives

The main aim of this research is to study the effects of the strength of
hydrogen bonding on Graphitized Thermal Carbon Black by using grand canonical
Monte Carlo simulation. This is achieved through the following specific objectives.

1. To study microscopically using grand canonical Monte Carlo (GCMC)
simulation on the sharp decrease of isosteric heat at low loadings.

2. To study polar fluids such as water and methanol to figure out the effect of

different strong polar fluid.



3. To study the effect of temperature and concentration of surface functional

group.

1.4 Scope

The present research is focused on physical adsorption of polar fluids on
graphitized thermal carbon black using Monte Carlo simulation. The study is separated
into two main parts.

The first part is focused on the adsorption behaviors of polar fluids such as
water, methanol and ethanol on graphitized thermal carbon black at ambient
temperature. We study adsorption isotherms and isosteric heats at low loadings.

In the second part, adsorption behaviors of polar fluids on functionalized
graphite surface are studied. We study the effects of concentration of surface

functional group, adsorbate and temperature.

1.5 Outcomes

We can understand microscopically the adsorptions and isosteric heats of
polar fluids such as water, methanol and ethanol on a highly graphite surface which is
better to design the adsorption of polar fluids in graphitic pore. In this research can be
used to study adsorption of mixtures for separation and purification involving water,

methanol and ethanol.



CHAPTER 1I

THEORY AND METHODOLOGY

2.1 Fluid potential model

There are many different models of water have been proposed; they can be
classified by the number of points used to define the model (Atoms plus dummy sites),
whether the structure is rigid or flexible, and whether the model includes polarization
effects. We believe that a good prediction of vapor-liquid equilibria (VLE) is a
prerequisite for adsorption studies [22]. Therefore, we shall consider the TIP4P/2005
model [23] to represent with only dispersive and Coulombic forces. We use TraPPE
model to describe methanol and ethanol [24, 25]. The molecular parameters of water,
methanol, ethanol and surface phenol group are listed in Table 2.1 and polar fluids

model is shown in Figures 2.1-2.3.

X
(nm)

-0.075695 =N 0.075695

Figure 2.1 TIP4P/2005 of water.
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Figure 2.3 Ethanol model.



Table 2.1 Potential parameters for fluid and surface phenol group models.

Fluids/Functional
x (nm) ¥y (nm) z (nm) o (nm) elky (K) q (e)
group
Water

0] 0 0 0 0.31589 93.2 -

M 0 10.01546 0 - 11128
H(1) -0.075695  -0.058588 0 - - +0.5564
H(2) 0.075695  -0.058588 0 - - +0.5564

Methanol
CHj; 0.1430 0 0 0.375 98.0 0.265
0] 0 0 0 0.302 93.0 -0.700
H -0.02998 0.08961 0 - - 0.435
Ethanol

0 0 0 0 0.31496 85.053  -0.69711
CH, 1.71581 0 0 0.34612 86.291 0.2556
CH; 1.748708 1.988142 0 0.36072 120.15 -

H -0.05828 -0.07509 0 - - 0.44151

Surface phenol group

C, 0 0 0 - - 0.2

0 0 0 0.1364 0.307 78.2 0.64

H 0 0.08992  0.17002 - - 0.44

For a polyatomic molecule with M site centers, the potential energy of
interaction between a site @« on a molecule i with a site b on a molecule j can be

calculated using the following LJ 12—-6 equation:

M M O'(ﬂ'b} 12 G_(t:,b)
(a,b) __ ZZ (a.b) i _ ij
Ui.j = 4'5‘,-,; (a.b) ab) 2.1)
a=l h=1 ’f-‘j' ’i,j

ab). . ; : .
where I;fj’ is the separation distance between the LJ site @ on molecule i and the LJ

i i ab) 5§ 3
site b on molecule j, q.‘f}-”’ and &f ; are the cross collision diameter and the cross well-

depth of the interaction energy, respectively. The cross parameters, o%"” and S,-(f;*b) can



be determined by the Lorentz—Berthelot mixing rules: ¢/%" =(0!%” +0;"")/2 and

(ah) __ ¢ (aa) {h,h) )EIZ

& (8 The interaction energy due to the electrostatic force between a

charge a on a molecule i and a charge f# on a molecule j can be calculated from the

Coulomb law of electrostatic interaction.

M M qaqﬂ
yen - Ly @2
e ;‘;47150 ’,{Tﬁj )

where M, is the number of charges on the molecule, & is the permittivity of free space

a )
A

[0 = 107/(4nc”) = 8.8543 x 10" CJ'm™, ¢ is the speed of light], 7 is the

distance between two charges ¢ and § on molecules i and j, respectively, ¢ is the
value of charge ¢ on molecule 7, and q " is the value of charge 2 on molecule j. In the

present work, for adsorption of adsorbate on surface comparison to experimental data,
surface mediation is taken into account because of the surface influence on the

interaction among adsorbed molecules close to the surface [1, 2].

2.2 Fluid-basal plane interaction energy

We have shown in our earlier work [26] that the graphite surface can be
effectively modelled as a structure-less surface because the simulation results from
this surface model are practically the same as those from the discrete atom model of
the graphite surface. The potential energy between one adsorbate molecule and a

graphite surface is calculated from the 10-4-3 Steele equation [27]:

M o st wop| 1 ﬂ ]0_1[0}(“'”}4_ {O_f(“‘j)], |
247&9 [CT ] [z" ] 2l 6A( P 3 2.3)

S : : 2' +0.61A)

where z;" is the distance of site @ of molecule i from the graphite surface, £/ and

(a.s5)

o;"" are the adsorptive-graphite interaction potential well-depth and intermolecular

collision diameter respectively (Estimated with the Lorentz-Berthelot mixing rule),



ps is the surface density (Taken as 38.2nm™ in this work), and A is the spacing
between the two adjacent graphite layer (0.3354nm). The molecular parameters for a

carbon atom in the graphene layer are o*' = 3.4A and e 1k, = 28K.
Surface functional group 7
TZ,X
Y

C Basal plane

Figure 2.4 Side view of surface phenol group on the basal plane.

2.3 Surface functional group potential model

The strong active sites on the graphitized thermal carbon black are possible
resulted from the procedure at high temperature due to the impurities of gas agent and
the precursor itself. One of the strong active sites is surface functional group that is
possibly formed at the edge of the graphene sheet or on the defected surface [28].
The surface functional groups such as carboxylic, phenol, and carbonyl can be found
[8]. We model the highly GTCB by phenol group located on the graphite surface as
shown in Figure 2.4. The concentrations of surface phenol group can be made by
adding one molecule on the surface center with different surface area. The phenol
group model is taken from the literature [8] where the LJ and Coulombic parameters

are listed in Table 2.1.

2.4 Methodology

2.4.1 Grand canonical Monte Carlo simulation

For modelling an open surface, we used a slit pore wide enough to behave as
two independent surfaces. The box length is more than 10 times the collision diameter,
and the cut-off radius taken to be half of the box length. The standard Metropolis

sampling scheme [29] was applied. The number of cycles for the equilibration and



statistics collection steps was 1x10°% each. In each cycle, there are 1,000 moves of
displacement (With rotation), and insertion (With rotation) and deletion with equal
probability.

The average surface excess for an open surface was calculated from

ra‘. = M (2. 4)
2A

where pj;, is the bulk molecular density, A is surface area of one wall of the simulation

box, V

w18 the accessible volume, and <N > is the ensemble average of the number of
patrticles in the pore.

A thermodynamic quantity of interest that can be readily obtained from the
GCMC is the isosteric heat. Using the fluctuation theory [30], it is calculated from

[31]

9r =qr-r t4rs (2.5)
dr-s = Qr-spp T 9r-src (2.6)
<U>_<N>_<UN> + kT ; total heat (2.7)

_ (UFF>(N)—(U”‘N)

TN (V)N

+k,T ; fluid-fluid (2.8)

Ar_sgp = (UF“SBP)(N>_<UF43PN)
‘ (VY- (N){V)

; fluid-surface basal plane (2.9)

= (Uosra {N) = U _srN) ; fluid-surface functional group (2.10)

e T ) =) w)
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where ( ) is the ensemble average, N is the number of particles, and U is the

configuration energy of the system. Where q is isosteric heat subscript, T is total heat,
F-F is fluid-fluid interaction, F-SBP is fluid-surface basal plane, and F-SFG is fluid-
surface functional group.

There are 3 Monte Carlo moves in grand canonical Monte Carlo (GCMC);
(1) Insertion, (2) Deletion and (3) Displacement Move, shown in Figure 2.5.

(1) Insertion; A random position in the simulation box is selected to insert a
particle. To accept the insertion the total energy of the system before and after move
must be calculated.

(2) Deletion; A particle in the simulation box is selected randomly to delete.
To accept the deletion the total energy of the system before and after move must be
calculated.

(3) Displacement; A particle in the simulation box is selected randomly to
displace. To accept the displacement move the total energy of the system before and

after move must be calculated. If the system is stable (Ujo<0 &Uyew<Uqg) We accept.

e
/7Dclclion
/‘ ) Lz
e, Displacement Move
Inserttion —__| f\
) \Jf"\
{ ) !\.,/' \ )
O / >4 Graphite Surface |
B . s i s o 30w 3o
A L,
1./ @
Y >

-
-~

L,

Figure 2.5 The grand canonical Monte Carlo (GCMC) simulation box.



CHAPTER III

RESULTS AND DISCUSSION

3.1 Water on highly GTCB

Adsorption on perfect graphite surface of water is widely studied in the
literature, where reliable isotherms can be found [1]. Figures 3.1 and 3.2 show the
adsorption isotherms and isosteric heats, respectively, at 293K of water obtained by
our simulation with assumption of perfect graphite surface (Red line with unfilled
circle) and experimental data from the literature [1]. The isotherm and heat curves are
typical for water. Although these patterns have been thoroughly described in the
literature, we shall explain briefly here for the purpose of comparison with the more
interesting patterns of water. In the case for adsorption isotherms and isosteric heats on

perfect graphite surface of water, methanol and ethanol is provided in the Appendix.

—o— Exp. —o— Eixp.
—o— GCMC [perfect graphite] —o— GCMC [perfect graphite]
—0— GCMUC [highly graphite with <+~ GCNC [highly gmphite with
1 molecule phenoV(2x60nm x 60nm)) 1 molecule phenol/(2x60nm x 60nm)|

Surface excess, ;mw!/m2
Surface excess, ].Lmo!/mz
g

10t 10? 10? 10! 10* 10

Figure 3.1 Adsorption isotherms of water on GTCB at 293 K; (a) linear scale and
(b) logarithm scale. The experimental data are taken from the

literature [1]. P is vapor pressure.
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—o— Exp. —o— Exp.
—o— GCMC [perfect graphite] —e— GCMC [perfect graphite]
—o— GCMC [highly graphite with —o— GCMC [highly graphite with
1 molecule phenol/(2x60nm x 60nm)] 1 molecule phenol/(2x60nm x 60nm))
60
5 ° 50
L
2 3
o o
p g ]
£ £
b7 g 0
2 k3
10
oa of
. . r ; . . 0 : : : . :
2 4 6 8 10 12 14 104 10? 107 10 10 10! 10
Surface excess, ;mml/m2 Surface excess, umollmz
(a) (b)

Figure 3.2 Isosteric heats of water on perfect graphite surface at 293 K; (a) linear
scale and (b) logarithm scale. The experimental data are from the

literature [1].

Water could not be adsorbed on the perfect graphite surface until the relative
pressure of 1.42 due to water is a strong polar fluid while the perfect basal plane is
non-polar site, therefore the interaction between water-perfect basal plane is so
weak. However, the sharp adsorption is observed at relative pressure greater than 1.42
due to the confined space is assumed in the simulation. However, the experimental
data showed the uptake of water which is slightly increased with pressure increase.
Because the GTCB prepared from the experiment was not perfect graphite surface.
There may be strong active sites at the edge of graphene layer or on the defect
surface due to the high heat treatment. Therefore, we present in the Figures 3.1 and
3.2 (Line with square) the adsorption of water on the functionalized GTCB
with concentration of 1 molecule phenol per (2 X 60 nm x 60 nm) at 293 K. It has been
found that the water uptake as well as the isosteric heat on the functionalized surface
yields the much improved data. Interestingly, particular at low loadings, the isosteric
heat is sharply decreased which is in agreement with the experimental data from the

literature.
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As the loading is increased (Still less than the monolayer concentration),
molecules, not only interact with the basal plane surface and the surface functional
group, but also with the previously adsorbed molecules, resulting in the isosteric heat
as the sum of the F-F interaction and a confribution from the F-basal plane and
F-surface functional group interactions, which is proportional to the loading. There is a
sharp decrease in the isosteric heat at very low loadings because molecules start to
adsorb on the functional group that the system releases a high isosteric heat (Due to
the strong F-functional group), then the system releases less when the functional group
already occupied by a few adsorbate but cluster have not formed (Molecules just form
and orientate themselves to interact with the functional group with a stable state) due
to the pressure is low enough that polar fluid cluster cannot be formed. The isosteric
heat is turned to increase due to the cluster at higher pressures can be performed. After
many cluster and/or layers have been formed on the surface, the isosteric heat
approaches the heat of liquefaction because the adsorbates in the higher loadings are

liquid-like. The feature will be described microscopically in the next section.

3.2 Effect of concentration of surface functional group

There was a measurement of water adsorption on highly graphite surface at
298 K by Morimoto [8]. The highly graphite surface was treated at different
temperatures 25, 700 and 1000°C. The isosteric heats were decreased at low loadings
with treated temperature increase as shown in Figure 3.3a. This is interesting that
the effect of strong active site plays the role to the sharp decrease of isosteric heat
at low loadings. Together with Figure 3.3b we show isosteric heat of water on
the functionalized graphite surface at 298 K with different concentrations of surface
functional group from 1 molecule phenol per (2 x 16 nm x 16 nm) to 1 molecule
phenol per (2 x 60 nm x 60 nm) for comparison with Morimoto data. It found that
at concentration value high enough (1 molecule phenol per (2 x 16 nm x 16 nm)) the
sharp decrease of heat lower than that of liquefaction (Dash line) cannot be found.
When the concentration is slightly decreased the sharp decrease lower than that of
the dash line can be observed. We shall explain the mechanism by using the
contribution of F-F, F-basal plane, and F-surface function group interactions as

shown in Figure 3.4.
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Figure 3.3 Isosteric heat of water adsorption on highly graphite surface at 298 K;
(a) data from the literature [8, 32] and (b) results from GCMC with

different concentrations of surface functional group.

The heat of water adsorption shows high heat release at the initial stage of
adsorption, which is due to the direct interaction between water molecule and
functional groups by hydrogen bonding because this interaction is much greater than
the interaction between water and the basal plane (See Figure 3.4). Further increase in
pressure leads to the continuing growth of water clusters because the water-water
interaction (Via hydrogen bonding) is greater than water-basal plane interaction. When
this cluster is very smalili the interaction in adsorption is between water and about two
neighboring water molecules on the boundary of the cluster. This leads to a minimum
in the heat curve. As loading is further increased the cluster merges with neighboring
clusters, and water will interact with increasing number of neighbors, giving rise to an
increase in the heat. Finally the isosteric heat approaches the heat of liquefaction

because large water clusters has the bulk water-like behavior.
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Figure 3.4 Isosteric heats of water on highly GTCB at 298 K with the
concentration of surface functional group of (a) 1 molecule phenol per

(2 X 16 nm x 16 nm) and (b) 1 molecule phenol per (2 X 60 nm X 60 nm).

This behavior of water adsorption at low loadings is because of the following
order of interactions: water-functional group>>water—water>>water-basal plane,
therefore, the mechanism of water adsorption essentially follows a sequential
mechanism: (1) adsorption of water on the functional group, followed by (2) water
cluster growth due to the water-water interaction.

We can now summarize the mechanism of water adsorption graphically in
Figure 3.5, and the following steps occur in sequence:

Point A

Direct interaction of water molecule and the functional group is formed. The
system releases the high heat value.

Point B

Few molecule is adsorbed.

Point C

Growth of water on the boundary of small water cluster; the heat of

adsorption is minimized.
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Points D and E
Adsorption of water on either the “wavy” boundaries of clusters or in

between neighboring clusters; the heat is about the same as the heat of liquefaction.
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Figure 3.5 The process adsorption of water on the highly GTCB at 298 K; the
highly GTCB has the concentration of surface functional group of
1 molecule phenol per (2 X 60 nm X 60 nm). Points A-E are indicated

in Figure 3.4b,

3.3 Effect of adsorbate

Figure 3.6 shows methanol adsorption on the highly GTCB at 298 K with
different concentrations of surface functional group with the experimental data from
the literature. The observation is similar to that of water, when the concentration is
decreased the minimum heat is decreased. However, at a given concentration of
surface functional group, the isosteric heat of methanol is decreased more than that of
water as shown in Figure 3.7a. This is due to water-functional group is stronger than
methanol-functional group. What we have seen the contributions that lead the
F-functional group interaction, influence the sharp decrease of isosteric heat at low
loadings; one is concentration of surface functional group and other one is kind of

adsorbate.
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Figure 3.6 Isosteric heats of methanol on highly GTCB at 298 K with the different
concentrations of surface functional group. The experimental data are

taken from the literature [21].
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Figure 3.7 Isosteric heats of polar fluids on highly GTCB at 298 K with the
concentration of surface functional group of 1 molecule phenol per
(2 X 16 nm % 16 nm). (a) Total isosteric heats of water and methanol;

(b) F-F, F-functional group, and F-basal plane of methanol.
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Figure 3.7b, the initial adsorption accounts for the interaction of one molecule
methanol with the functional groups, the isosteric heat is higher than the dash line
(Point A’), followed by adsorption of few methanol molecules around this complex,
the adsorbed heat slightly increased (Point B”). At Point C’ methanol-basal plane is
started higher than methanol-functional group where the adsorption releases the less
heat than previous point. At Point D’, the adsorption reach the minimum heat about
20 kJ/mol where a strong cluster is initiated. At Points E’ and F’, the heat released is
purely by the intermolecular interaction of methanol (Fluid—flnid interaction). As
loadings greater than Point C’ where methanol-basal plane greater than methanol-
functional group, methanol begins to spill over onto the basal plane because of the
methyl group of methanol. However, water case the water molecules do not spill over

onto the basal plane due to water-basal plane is so weak (See Figure 3.4).
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We now summarized the mechanism of methanol adsorption in Figure 3.8.
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Figure 3.8 Snapshots of methanol on highly GTCB at 298 K with the
concentration of surface functional group of 1 molecule phenol per
(2 X 16 nm % 16 nm). Points A’ to I’ are indicated in Figure 3.7b.



CHAPTER 1V

CONCLUSIONS

4.1 Conclusions

We have presented the difference in the isosteric heats of water and methanol
adsorptions on a highly graphitized carbon black. The pattern of the isosteric heat
versus loading shed great insight into how molecules interact with the surface. The
isosteric heats water and methanol exhibit a complex pattern with respect to loading,
but it is a fingerprint in showing the relative interplay between the various interactions,
fluid—fluid, fluid-basal plane and fluid-functional group. The isosteric heats of
methanol and water adsorption were high at the initial stage of adsorption because
molecules favor {o adsorb on functional group due to the stronger fluid-functional
group interaction than F-F or F-basal plane interactions. Once a cluster has been
formed on the functional group, subsequent behaviors of the heat curves of methanol
and water are different. For methanol the heat increases rapidly because the
2D-clusters start to spread on the graphite surface, and finally the heat is the same as
the heat of liquefaction. However, for water, the heat increases with loading and
finally approaches the heat of liquefaction because water does not adsorb on the
graphite surface, i.e. the water molecules adsorb on either the “wavy” boundaries of

clusters or in between neighboring clusters.

4.2 Recommendation

This study is the fundamentals of adsorption. Thus, we recommend that
researcher who interested in gas separation involving polar fluids such as water,
methanol and ethanol can be able to start from our work. In addition, this can be

applied for water treatment using adsorption.
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Water, methanol and ethanol adsorptions on perfect graphite surface

Water, methanol and ethanol adsorptions and isosteric heats graphite surface
at 293 K obtained by GCMC and experimental data is show in Figures Al and A2,
respectively. It has found that the simulation results is quite in agreement with the
experimental data exception of water adsorption. Due to the adsorbent prepared from

experiment was not that a perfect graphite surface.
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Figure Al Adsorption isotherms of water, methanol and ethanol on GTCB at
293 K; (a) linear scale and (b) logarithm scale. The experimental data

are taken from the literature {1, 2.
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Figure A2 Isosteric heats of water, methanol and ethanol on perfect graphite

surface at 293 K; (a) at high loadings and (b) at low loadings. The

experimental data are from the literature [1, 2].

The isosteric heat of water form experimental data at low loadings is lower

than that of the liquefaction that the isosteric heat from GCMC with perfect graphite

surface assumption could not described. Because the total isosteric heat from the

perfect surface is contributed from F-F and F-Solid basal plane interactions as shown

in Figure A3. We provide more evidence when the polar fluids like methanol and

ethanol adsorb on a preface graphite surface by snapshot in Figure A4.
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Figure A3 F-F and F-S isosteric heats of methanol and ethanol on perfect

graphite surface at 293 K. The experimental data are taken from the

literature [1].

(a)

Figure A4 Top view of (a) methanol and (b) ethanol on perfect graphite surface

at 293 K.
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