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Stability of n-alkanes and n-perfluoroalkanes against horizontal 
displacement on a graphite surface 
Yoshihiro Kikkawaa* and Seiji Tsuzukib*

The stability of adsorbed molecules on surfaces is fundamental and important for various applications, such as coating, 
lubrication, friction, and self-assembled structure formation. In this study, we investigated the structures and interaction 
energies (Eint) of propane, n-pentane, n-heptane, perfluoropropane, n-perfluoropentane, and n-perfluoroheptane adsorbed 
on the surface of C96H24 (a model surface of graphite). The changes in Eint (Eint = Eint – Eint(0)) associated with the horizontal 
displacement from the stable position were calculated using dispersion-corrected density functional theory (DFT; B3LYP-
D3), where Eint(0) is the Eint  at the stable position. The maximum value of Eint (Eint(max)) associated with the horizontal 
displacement increased as the chain length increased. The Eint(max) for the three n-alkanes were 1.10, 1.82, and 2.35 kcal 
mol–1, respectively. The values for n-perfluoroalkanes were 0.57, 0.83, and 1.04 kcal mol–1, respectively. The Eint(max) values 
for the n-alkanes were significantly larger than those for the corresponding n-perfluoroalkanes. The Eint(max) value per carbon 
atom of the n-alkanes (ca. 0.30 kcal mol–1) is approximately 2.5 times as large as that of n-perfluoroalkanes (ca. 0.12 kcal 
mol–1). The Eint associated with the horizontal displacement of propane and perfluoropropane on circumcoronene (C54H18) 
obtained by the B3LYP-D3 calculations are close to those obtained by the second order Møller–Plesset (MP2) and dispersion-
corrected double hybrid DFT calculations, suggesting the sufficient accuracy of the Eint obtained by the B3LYP-D3. Thus, our 
quantitative analysis revealed the higher stability of n-alkanes against horizontal displacement on a graphite surface than 
that of n-perfluoroalkanes.

Introduction
The analysis of the structures and stability of adsorbed 

molecules on solid surfaces is important from both basic and 
applied science perspectives, such as coating, lubrication, 
friction, and self-assembled structure formations.1–4 For 
example, lubricants are used to prevent direct contact between 
material surfaces, resulting in the reduction of friction and 
wear. The most common constituents of lubricants are alkyl and 
fluoroalkyl moieties,5–9 which physisorbed on the surfaces of 
sliding materials. It is important to understand the interactions 
between constituent molecules and the substrate, and their 
stability on surfaces, which relates to the durability of the 
surface functionality, to fabricate an interface with tailored 
surface properties.

Alkyl chains are often included as substituents in organic 
compounds and play an important role in intermolecular 
interactions, which significantly affect material characteristics, 

such as reactivity, physical properties, and assembled 
structures.10–13 Recently, many carbon-based materials have 
been developed; therefore, understanding the interactions 
between graphitic materials and organic compounds containing 
alkyl chains has become an interesting subject of research.14–18 
In this context, several experimental19–24 and theoretical 
studies25–30 related to the adsorption of alkanes on graphite 
have been reported thus far. 

Particular to the two-dimensional self-assemblies at the 
highly oriented pyrolytic graphite (HOPG)/solvent interface, 
scanning tunnelling microscopy (STM) has revealed the 
molecular arrangements of the building blocks containing alkyl 
chains.31-34 The alkyl chains can have flat-on and edge-on 
orientations, in which the mean planes of all trans zigzag main-
chain backbone are parallel (flat-on) and perpendicular (edge-
on) to the surface plane of the substrate, respectively. When n-
alkyl chains adsorb to HOPG, a flat-on orientation is preferred 
over an edge-on orientation.30, 35,36

In STM studies, partially fluorinated alkyl chains have played 
as chemical markers to distinguish them from normal alkyl 
chains because the image contrast of fluorinated moiety is 
darker than that of normal alkyl chains.37–43 For example, we 
previously investigated the two-dimensional self-assembly of 
an isobutenyl ether compound possessing semi-fluoroalkyl 
chains.43 Although the blend system enabled the formation of a 
stable physisorbed monolayer owing to the interdigitation of 
the semi-fluoroalkyl and normal alkyl chains, the two-
dimensional structure of a single component molecule with a 
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semi-fluoroalkyl moiety could not be observed by STM at the 
HOPG/1-phenyloctane interface. Less adsorption ability of n-
fluoroalkanes on the HOPG surface than n-alkanes have also 
been reported by the competitive adsorption experiment in a 
binary mixture of them.44 The calculated adsorption energies of 
n-fluoroalkanes on circumcoronene: C54H18 (graphite model 
surface) are smaller than those of the corresponding n-
alkanes.30 The stability of self-assembled monolayers of n-
alkanes and n-fluoroalkanes on graphite will be influenced not 
only by the magnitude of the adsorption energies, but also by 
the stability of adsorbed molecules against horizontal 
displacement on the surface.

As stated above, several experimental and theoretical 
studies have been performed for molecules adsorbed at 
optimal and stable positions on graphitic surfaces. However, to 
our knowledge, no measurements have been reported on the 
barrier heights associated with the horizontal motion of 
molecules on graphite, which are important for immobilizing 
the adsorbed molecules and thus for self-assembly formation at 
the surface. In this study, we evaluated the change in the 
interaction energies (Eint) of n-alkanes and n-perfluoroalkanes 
on the surface of C54H18 and C96H24, which are models of the 
graphite surface, associated with horizontal displacement by 
dispersion-corrected density functional theory (DFT) and 
second order Møller–Plesset (MP2) calculations. The effects of 
chain length and fluorination on the changes in calculated Eint 
were analysed. Based on the results, we discussed the stability 
of adsorbed n-alkanes and n-perfluoroalkanes on a graphitic 
material against horizontal displacement.

Computational details
Gaussian 16 software (Gaussian, Wallingford, CT, USA) was 

used for DFT and MP2 calculations.45 The geometries of C54H18 
and C96H24 complexes with n-alkanes and n-perfluoroalkanes 
were optimised at the B3LYP/6-31G* level46 with Grimme’s D3 
dispersion correction47 (B3LYP-D3/6-31G*). First, the 
geometries of isolated C54H18 and C96H24 were optimised. The 
optimised geometries of C54H18 and C96H24 with all-trans n-
alkanes and n-perfluoroalkanes were used to prepare the initial 
geometries of the C54H18 and C96H24 complexes with n-alkanes 
and n-perfluoroalkanes. The flat-on orientations were used for 
the initial geometries. The geometry of C54H18 and C96H24 was 
fixed during geometry optimisations of the complexes.

The intermolecular interaction energies (Eint) of C54H18 
complexes with propane and perfluoropropane were calculated 
using dispersion-corrected DFT (B3LYP and some double hybrid 
functionals) and MP2 methods with different basis functions. 
The Eint was obtained with horizontally moving planar propane 
and perfluoropropane along the x- or y-axis from their positions 
in optimised structures of the complexes. The Eint of C96H24 
complexes with n-alkanes and n-perfluoroalkanes were 
calculated by B3LYP-D3 in the same manner. The distances 
between the adsorbed molecules and -plane of C54H18 or 
C96H24 were taken from the optimised geometries of the 
complexes (see Figs. 2 and S6), and the distances were fixed 
during calculations with the horizontal displacement. The basis 

set superposition error (BSSE)48 was corrected in the 
calculations of the complexes using the counterpoise method.49 

The change in the interaction energy (Eint) was calculated 
as follows:

Eint = Eint – Eint(0),

where Eint(0) represents the Eint calculated at the position in the 
optimised (stable) structure.

Results and discussion
Accuracy of B3LYP-D3 calculations.

The intermolecular interaction energies calculated at the 
CCSD(T) level using sufficiently large basis sets agree well with 
the gas-phase experimental values.50 However, the CCSD(T) 
calculations are computationally too intensive to calculate the 
C96H24 complexes. Therefore, we evaluated the interaction 
energies of the C96H24 complexes using the B3LYP-D3 
calculations in this study. 

Although dispersion corrected DFT calculations do not 
require large computational resources, the calculated 
intermolecular interaction energies depend on the choice of 
functional and dispersion correction method.51 Therefore, the 
choice of functional and dispersion correction method is 
significantly important. It has been reported that the B3LYP-D3 
show sufficiently good performance in the calculations of the 
intermolecular interaction energies of aromatic molecules with 
alkanes and a perfluoroalkane.30 The calculated interaction 
energies at the B3LYP-D3/6-311G** level are close to the 
estimated CCSD(T) level interaction energies at the basis set 
limit. Therefore, we used the B3LYP-D3 in this study.

In addition, we compared the Eint calculated for C54H18 
complexes with propane and perfluoropropane by the B3LYP-
D3 with those obtained by the MP2 and dispersion-corrected 
double hybrid DFT calculations.51 The Eint obtained by the 
B3LYP-D3 calculations are close to those obtained by the MP2 
and dispersion-corrected double hybrid DFT calculations (ESI). 
The details of the comparison are discussed later. 

The Eint values of propane and perfluoropropane 
associated with the horizontal displacement along x- and y-axis 
from the optimal position on the C54H18 were calculated by the 
B3LYP-D3 and MP2 methods using the 6-31G* and 6-311G** 
basis sets to evaluate the basis set dependence and the 
difference between the B3LYP-D3 and MP2 calculations. The 
medium size basis sets were selected for MP2 calculations, 
since the error cancellation of the overestimation of the 
dispersion interactions by the MP2 calculations compared with 
CCSD(T) calculations and the underestimation by the use of 
medium size basis sets compared with the complete basis set 
limit is expected.53,54 The calculated Eint and Eint are 
summarized in Tables S1–S4 and S5–S8, respectively. The plots 
of Eint associated with the displacement along x-axis (Tables S5 
and S6) are shown in Fig. 1, and those along y-axis (Tables S7 
and S8) are shown in Fig. S1. The Eint values for the propane and 
perfluoropropane complexes obtained by the MP2 calculations 
show basis set dependence. The Eint values calculated at the 
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MP2/6-31G* level are less negative than those calculated at the 
MP2/6-311G* level, owing to the underestimation of the 
dispersion interactions using the small 6-31G* basis set. On the 
other hand, the basis set dependence of the Eint values obtained 
by the B3LYP-D3 calculations is almost negligible. The Eint values 
obtained by the B3LYP-D3 calculations are slightly more 
negative than those obtained by the MP2 calculations. The 
same tendency was reported in our previous work.30 On the 
other hand, the basis set dependence of the Eint is negligible 
and the Eint values obtained by the B3LYP-D3 calculations are 
close to those obtained by the MP2 calculations, as shown in 
Figs. 1 and S1. Although the double hybrid DFT calculations are 
computationally more intensive than B3LYP calculations, the 
good performance of double hybrid DFT for calculating 
intermolecular interaction energies was suggested.52 Therefore, 
we calculated the Eint and Eint using dispersion corrected 
double hybrid DFT (B2PLYP and mPW2PLYP). The Eint values 
obtained by B3LYP-D3 and MP2 calculations are close to those 
obtained by the dispersion-corrected double hybrid DFT 
calculations (Figs. S2 and S3). In addition, the Eint values 

calculated using B3LYP-D3 are close to those calculated using 
PBE055 and BLYP56,57 functionals with D3 dispersion corrections 
(Tables S17, S18 and Fig. S4). Thus, the choice of calculation 
method has little effect on the calculated Eint, and this fact 
suggests that the Eint obtained by the B3LYP-D3 calculations 
are sufficiently accurate to discuss the alkyl chain length 
dependence of Eint and the effect of fluorination on Eint.

Geometry optimisation of C96H24 complexes with n-alkanes and 
n-perfluoroalkanes.

The geometries of C96H24 complexes with n-pentane and n-
perfluoropentane were optimised. To confirm the stable 
positions of alkanes and perfluoroalkanes on the model 
graphite surface, energy calculations of C54H18 complexes with 
propane and perfluoropropane were carried out by scanning 
two-dimensionally (Fig. S5). The mean plane of the carbon 
atoms of n-pentane is parallel to the surface of C96H24 in the 
optimised geometry, as shown in Fig. 2(a). The hydrogen atoms 
of n-pentane are located near the centres of the six-membered 
rings of C96H24. This geometry is favourable for decreasing the 
distance between n-pentane and the -plane of C96H24 and 
increasing the stabilization by the dispersion interactions.30 The 
average distance of the carbon atoms of n-pentane from the -
plane of C96H24 in the optimised geometry is 3.50 Å. The fluorine 
atoms of n-perfluoropentane are also located near the centres 
of the six-membered rings of C96H24 in the optimised geometry 
(Fig. 2(b)), while the average distance of the carbon atoms of n-
perfluoropentane from the -plane of C96H24 is 4.12 Å, which is 
significantly larger than that of n-pentane. Apparently, larger 
atomic radius of fluorine compared with hydrogen is the 
primary cause of the larger intermolecular distance of n-
perfluoropentane.30 The calculated average distances of n-
pentane and n-perfluoropentane in the C96H24 complexes are 
close to those calculated in the C54H18 complexes of n-pentane 
and n-perfluoropentane.30 The optimised geometries of the 

Fig. 1 Plots of Eint for flat-on (a) propane and (b) perfluoropropane associated with 
horizontal displacements along x-axis obtained by dispersion-corrected DFT and 
MP2 calculations: purple triangles, red circles and black squares correspond to Eint 
obtained by B3LYP-D3/6-31G*, B3LYP-D3/6-311G*, and B3LYP-D3/6-311G** level 
calculations, respectively; green plus and blue cross marks correspond to Eint 
obtained by MP2/6-31G*, MP2/6-311G* level calculations, respectively.

Fig. 2 Optimised geometries of C96H24 complexes with n-pentane and n-
perfluoropentane, as viewed from three directions. The carbon, hydrogen, and 
fluorine atoms of adsorbed molecules are coloured in green, pink, and cyan, 
respectively.
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C96H24 complexes with propane, n-heptane, perfluoropropane 
and n-perfluoroheptane are shown in Fig. S6.

Change in interaction energy of n-pentane adsorbed on C96H24 
associated with horizontal displacement.

The Eint was calculated at the B3LYP-D3/6-311G** level with 
changing the position of n-pentane on C96H24 horizontally along 
the x-axis from the position in the stable structure in steps of 
0.2 Å (Figs. 3(a–c)), while keeping the distance from the -plane 
of C96H24 (3.50 Å). The calculated Eint values are shown in Table 
S23. The Eint values of n-pentane (Table S24) are plotted in Fig. 
3(h) (cyan circles). The Eint increases as x (displacement along 
x-axis) increases from 0.0 (a) to 1.2 Å (b), indicating that the 
adsorbed molecule becomes unstable. The Eint reaches a 
maximum value (1.63 kcal mol–1) when x = 1.2 Å (b). The carbon 
and hydrogen atoms of n-pentane projected onto C96H24 
overlap with C–C bonds of C96H24. Then, the Eint decreases, as 
x increases from 1.2 Å (b) to 2.4 Å (c). The Eint is close to zero 
when x = 2.4 Å (c).

The Eint was also calculated by changing the position of n-
pentane horizontally along the y-axis (Figs. 3(a, d–g)). The plot 
of Eint (Fig. 3(h) (blue square)) has two maxima (1.82 and 1.85 
kcal mol–1, respectively) when y = 1.4 (d) and 3.0 Å (f) (y is 
displacement along y-axis). The projection of the hydrogen 
atoms of n-pentane overlapped with the carbon atoms of C96H24 

in (d) and (f), and with C–C bonds of C96H24 when y = 2.2 Å (e). 
The Eint (1.60 kcal mol–1) in (e) is slightly smaller than those in 
(d) and (f). The Eint is close to zero when y = 4.2 Å (g). The 
positions of carbon and hydrogen atoms of n-pentane relative 
to six-membered rings of C96H24 when y = 4.2 Å (g) are similar to 
those when y = 0.0 Å (a). These results clearly indicate that Eint 
of n-pentane changes significantly associated with horizontal 
displacement. The maximum value of Eint (Eint(max)) when x = 
1.2 Å (b) and those when y = 1.4 (d) and 3.0 Å (f) are close.

Change in interaction energy of n-perfluoropentane adsorbed on 
C96H24 associated with horizontal displacement.

The Eint was calculated at the B3LYP-D3/6-311G** level with 
Grimme’s D3 dispersion correction with changing the position of 
n-perfluoropentane on C96H24 horizontally (Figs. 4(a–g)). The 
calculated Eint and Eint values are summarized in Tables S23and 
S24, respectively. The shapes of the Eint plots are similar to 
those of n-pentane. The plot associated with the displacement 
along the y-axis (Figs. 4(d–h)) has a maximum (0.68 kcal mol–1) 
when x = 1.2 Å (b) as shown in Fig. 4h as in the case of n-
pentane. The shape of the plot of Eint associated with the 
displacement along the y-axis (Figs. 4(d–h)) is similar to that of 
n-pentane. The plot has maxima when y = 1.4 (d) and 3.0 Å (f) 
as in the case of n-pentane. The Eint at (d) and (f) are 0.83 and 
0.92 kcal mol–1, respectively. The maximum Eint associated 

Fig. 3 Geometries of C96H24 complexes with n-pentane and plots of Eint: (a) 
Geometry of complex at the optimal position; (b, c) n-pentane was moved 
horizontally 1.2 and 2.4 Å along x-axis, respectively； (d–g) n-pentane was moved 
horizontally 1.4, 2.2, 3.0, and 4.2 Å along y-axis, respectively; (h) Plots of Eint for n-
pentane associated with horizontal displacement obtained by B3LYP-D3/6-311G** 
level calculations. The cyan circles and blue squares correspond to Eint associated 
with displacement along x- and y-axes, respectively.

Fig. 4 Geometries of C96H24 complexes with n-perfluoropentane and plots of Eint: 
(a) Geometry of complex at the optimal position ; (b, c) n-perfluoropentane was 
moved horizontally 1.2 and 2.4 Å along x-axis, respectively; (d–g) n-
perfluoropentane was moved horizontally 1.4, 2.2, 3.0, and 4.2 Å along y-axis, 
respectively; (h) Plots Eint for n-perfluoropentane associated with horizontal 
displacement obtained by B3LYP-D3/6-311G** level calculations. The cyan 
triangles and blue rhombi correspond to Eint associated with displacement along 
x- and y-axes, respectively.
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with the displacement along the x-axis at (b) (0.68 kcal mol–1) is 
approximately 42% that of n-pentane. The maximum Eint 
values associated with the displacement along the y-axis at (d) 
and (f) calculated for n-perfluoropentane were 46% and 50% of 
those calculated for n-pentane, respectively. These results 
clearly show that the changes in Eint for n-perfluoropentane 
associated with horizontal displacement are significantly 
smaller than those for n-pentane. The Eint for n-pentane and n-
perfluoropentane at (a) are –11.63 and –9.30 kcal mol–1, 
respectively. The Eint for n-perfluoropentane is 80 % of that for 
n-pentane. The impact of fluorination on Eint (50–58 % 
decrease) is stronger than that on Eint (20 % decrease).

Origin of Eint change associated with horizontal displacement.
 The Eint can be decomposed into each energy term such as 

electrostatic (Ees), induction (Eind), short-range (Eshort, mainly 
exchange-repulsion) and dispersion (Edisp) interactions. To elucidate 
the cause of the change in Eint with horizontal displacement shown 
in Figs. 3 and 4, the contributions of the change in each energy term 
for n-pentane and n-perfluoropentane on C96H24, were analysed 
while moving horizontally along x- and y-axes. Details of the energy 
decomposition procedure are shown in ESI. The calculated values of 
each energy term are listed in Tables S25 and S26. Fig. S7 shows the 
plots of each energy term as a function of horizontal displacement 
along x- and y-axes. The Ees and Eind are small and nearly constant 
during the displacement. The Edisp is the main contributor of the 
attraction and are almost constant. In contrast, the Eshort shows large 

changes associated with the displacement. The shapes of the plots of 
Eint and Eshort are synchronized as shown in Fig. S7, suggesting that 
change in the Eint (= Eint – Eint(0)) values associated with the 
horizontal displacement in Figs. 3 and 4 is mainly determined by the 
change in the Eshort. The difference between maximum and minimum 
values of Eshort (Eshort) for n-pentane is larger than that of n-
perfluoropentane. The Eshort for n-pentane along y-axis is 2.30 kcal 
mol-1, whereas that for n-perfluoropentane is 0.76 kcal mol-1, as 
shown in Table S26. This difference suggests that n-alkanes have 
stronger resistance against horizontal displacement compared with 
corresponding n-perfluoroalkanes owing to the larger change of Eshort 
associated with the displacement.

Effect of alkyl chain length.
The geometries of C96H24 complexes with propane, n-

heptane, perfluoropropane, and n-perfluoroheptane were 
optimised. The average distances between the carbon atoms of 
the four molecules and the -plane of C96H24 are shown in Fig. 
S6. The Eint and Eint were calculated at the B3LYP-D3/6-311G** 
level with horizontally changing the positions of the planar four 
molecules on C96H24 as shown in Tables S23 and S24, 
respectively.  The distances between the adsorbed molecules 
and the -plane of C96H24 were fixed in the calculations. The 
shapes of the plots of Eint for the four molecules are similar to 
those for n-pentane and n-perfluoropentane, as shown in Fig. 5. 
The plots obtained associated with the displacement along the 
x-axis have a maximum when x = 1.2 Å, while those obtained 

Fig. 5 Changes in Eint of n-alkanes (a, c) and n-perfluoroalkanes (b, d) associated with horizontal displacement obtained by B3LYP-D3/6-311G** level calculations: (a) Changes 
in Eint for propane, n-pentane and n-heptane (pink, cyan and light green circles) by displacements along x-axis; (b) Changes in Eint for perfluoropropane, n-perfluoropentane 
and n-perfluoroheptane (pink, cyan and light green triangles) by displacements along x-axis; (c) Changes in Eint for three alkanes (red, blue and green squares) by displacements 
along y-axis; (d) Changes in Eint for three perfluoroalkanes (red, blue and green rhombi) by displacements along y-axis.
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associated with the displacement along the y-axis have two 
maxima when y = 1.4 and 3.0 Å. The Eint when x = 1.2 Å and y 
= 1.4 Å (Eint(max)) are highlighted in Table S10. The longer the 
chain length, the larger the Eint(max) value. The chain length 
dependence of Eint(max) of n-alkanes is stronger than that of n-
perfluoroalkanes, as shown in Fig. 5. The Eint(max) values for 
propane, n-pentane, and n-heptane at y = 1.4 Å are 1.10, 1.82, 
and 2.35 kcal mol–1, respectively. The Eint(max) values for n-
pentane and n-heptane are 65% and 114% larger than that for 
propane. The Eint(max) values for perfluoropropane, n-
perfluoropentane, and n-perfluoroheptane at y = 1.4 Å are 0.57, 
0.83, and 1.04 kcal mol–1, respectively. The Eint(max) values for 
n-perfluoropentane and n-perfluoroheptane were 46% and 
82% larger than that for perfluoropropane.

The different chain length dependence of the Eint(max) 
values for n-alkanes and n-perfluorlalkanes is further evident by 
plotting the Eint(max) when x = 1.2 Å and y = 1.4 Å, as shown in 
Fig. 6. The Eint(max) values when y = 1.4 Å (displacement along 
the y-axis) are always slightly larger than those when x = 1.2 Å 
(displacement along the x-axis), regardless of the chain length. 
The Eint(max) value per carbon atom of the n-alkanes (ca. 0.30 
kcal mol–1) is approximately 2.5 times as large as that of n-
perfluoroalkanes (ca. 0.12 kcal mol–1).

Although Eint(max) associated with the horizontal 
displacement is not exactly the barrier height for the horizontal 
motion, we can expect that the Eint(max) values correlate with 
the barrier heights. In the former section, it was found that the 
Eint change in accordance with the Eshort, suggesting that the 
barrier is mainly determined by the short-range interactions. 
The calculated Eint(max) values suggest that the barrier heights 
associated with the horizontal motion of adsorbed n-alkanes 
and n-perfluorlalkanes on graphite increased as the chain 
length increased, and that the barrier heights of the horizontal 
motion of n-alkanes are higher than those of the corresponding 
n-perfluoroalkanes probably due to the larger changes of short-
range interactions. Therefore, n-perfluoroalkanes move and 

slide more readily than n-alkanes on graphite materials, 
resulting in the formation of less-stable interfacial structures.

Conclusions
The dispersion-corrected DFT and MP2 calculations were 

applied to evaluate the intermolecular interaction energies (Eint) 
of n-alkanes and n-perfluoroalkanes with C54H18 and C96H24 as a 
model of adsorption on the graphite surface. The changes in Eint 
associated with the horizontal displacement of n-alkanes and n-
perfluoroalkanes on the C54H18 and C96H24 surface (Eint) were 
evaluated. The Eint values associated with the horizontal 
displacements obtained by the B3LYP-D3 calculations are close 
to those obtained by the MP2 and dispersion-corrected double 
hybrid DFT calculations. The dispersion interactions are 
responsible for the attraction between adsorbed molecule and 
graphite model surface, whereas the change in Eint values 
associated with horizontal displacement is mainly determined 
by the short-range interactions. The maximum values of Eint 
(Eint(max)) increases as the chain length increases. The Eint(max) 
values for the n-alkanes are significantly larger than those for 
the corresponding n-perfluoroalkanes owing to the different 
magnitude of short-range interactions. These results suggest 
that the barrier heights of the horizontal motion of n-alkanes on 
the graphite surface are higher than those of the corresponding 
n-perfluoroalkanes and the barrier height increases as the chain 
length increases. 

The present results on the changes in Eint with horizontal 
displacements of n-alkanes and n-perfluoroalkanes are 
essential information for understanding the stability of 
adsorbed species containing alkyl or fluoroalkyl chains against 
horizontal movement. Furthermore, this fundamental 
information is expected to contribute to the development of 
new materials for surface self-assemblies and coatings.
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