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Computational and Experimental Approach to Understanding
the Structural Interplay of Self-assembled End-terminated
Alkanethiolates on Gold Surfaces

Juganta K. Roy?, Erick S. Vasquez?, Henry P. Pintol3, Swati Kumari4, Keisha B. Walters®" and
Jerzy Leszczynskil®

Applications of self-assembled monolayers (SAMs) on surfaces are prevalent in modern technologies and drives the need
for a better understanding of the surface domain architecture of SAMs. To explore structural interaction at the interface
between gold surfaces and a hydroxyl-terminated alkanethiol, 11-hydroxy-1-undecanethiol, (C11TH) we have employed a
combined computational and experimental approach. Density functional theory (DFT) calculations were carried out on the
thiol-gold interface using both the Perdew—Burke-Ernzerhof (PBE) and van der Waals (optB86b) density functionals. Our
ab initio molecular dynamics (AIMD) simulations revealed that the interface consists of four different distinguished phases,
each with different C11TH orientations. Experiments involved deposition of C11TH SAMs onto gold, with the resultant
surfaces examined with X-ray photoelectron spectroscopy (XPS) and ellipsometry. Weighted average projected density of
states (PDOS) of the different phases were photoionization cross section corrected and these were confirmed by
experimental XPS data. Computed molecular parameters including tilt angles and the thickness of SAMs also agreed with
the XPS and ellipsometry results. Hydrogen bonding arising from the terminal hydroxyl groups is the primary factor
governing the stability of the four phases. Experimental results from XPS and ellipsometry along with DFT simulation
results provide insights into the formation of the different orientations of SAM on Au(111) which will guide future efforts in

the self-assembled SAMs

Introduction

Self-assembled monolayers (SAMs) on metal surfaces play a pivotal
role in modern surface chemistry with broad applications ranging
from biosensors to electronics to catalysis in part due to the easy
adaptability and inherent binding preferences of SAMs!.
Specifically, end-terminated alkanethiolates with longer chain
lengths self-assembled on gold (Au) surfaces common and serve as a
representative system for a wide variety of SAMs. The effect of van
der Waals (vdW) 810 and n-m stacking interactions'* 13 are key
aspects of the self-assembly process in order to understand how to
improve the formation, stability and performance of SAMs of the
devices utilizing thiol-Au SAMs.

The mechanism of SAM formation on Au(111) surfaces via gold
adatom moieties (RS—Aua—SR) for saturation coverage is well
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architecture for other thiols or metal

substrates.

understood'*6, A considerable number of experimental studies have
been published addressing the Au-S interaction to determine the
thiol anchored self-assembly mechanisms'”8. Besides, the Au-S
interaction, the final structure formed through self-assembly is that
which is most energetically favorable via balancing multiple types of
interactions such as vdW forces, electrostatic forces and hydrogen
bonding®. Although vdW forces are weak in comparison to the
short-range chemical bonds, their cumulative effect can play a
decisive role in molecular conformation and orientation which
impacts the lattice parameter??, electronic properties?, and stability
of organic/inorganic interfaces®?2. It is known that many self-
assembly phenomena are enhanced directly by non-covalent
interactions?®-?, Therefore, to gain a better understanding and more
accurate prediction of SAMs properties, DFT calculations need to
include van der Waals density functional (vdW-DF) and be validated
by experimental evidence. The focus of this work is the
chemisorption of the thiols via gold adatom configurations, as this is
a stable model for longer alkanethiol SAMs on Au(111) surfaces!®?>,

A considerable number of investigations on SAMs have
examined end-functionalized alkanethiols [HS-(CH2)-G] on Au
(111) substrate as a prototype of the self-assembly process, where G
is (non-alkane) terminal functional group. It is well known that the
presence of end-functionalized group, such as -COOH, -NHz, or -
OH, on an alkanethiol significantly affects the SAMs structure and
the resultant surface properties?®?’. In this work, the electronic
structure of an -OH terminated alkanethiol, C11TH on an Au (111)
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substrate is investigated. Numerous theoretical calculations, such as
density functional theory (DFT)®3% and classical molecular
dynamics®3, have been performed to understand the alkanethiol SAM
assembly process-both with and without terminal functional groups-
but most did not include the vdW interactions?4. In the literature, a
considerable number of DFT studies have examined the methane
thiolates as a model system but very few reports exist for the longer
alkanethiols®®34-3%, In order to accurately describe the SAM
structures that arise for longer chain alkanethiols, theoretical studies
need to be more realistic and consider the vdW interactions. Some
prior approaches take into account the vdW dispersion include
PWQ1374041 GGA-PBE-D2%, GGA-PBE-TS®, and opB86b-
vdW3842; the latter effort revealed that including vdW dispersion
correction not only changes the adsorption energy by ca. 30-40%, it
also results in a structure that is in better agreement with the
experimental results*.

Within this context, our objective in the present work is to gain a
complete understanding of the morphology, electronic structures,
and energetics of the Au(111)/C11TH interface. X-ray photoelectron
spectroscopy (XPS) and ellipsometry were used to examine the
interfaces experimentally along with DFT calculations that include
PBE and vdW-DF functionals. These combined methods provide
results that present new molecular-level insight into the
Au(111)/C11TH interface and could have significant implications
within the broad field of material science with applications ranging
from molecular electronics to drug delivery technologies.

2 Materials and methods
2.1 Experimental details

Ethanol (200 proof) and 11-hydroxy-1-undecanethiol (C11TH, 99%)
were used as received and obtained from Sigma-Aldrich and used as
received. SAM deposition on Au substrates was performed by
placing 10 mm x 10 mm gold-coated flat silicon wafers [Au(111)
coated Si, Platypus Technologies] in C11TH/ethanol solutions for 24
h. After SAM deposition, the wafer was rinsed three times in clean
ethanol and dried under a nitrogen stream. The wafers were
characterized immediately after SAM deposition to avoid any
possible contamination.

Ellipsometry data was collected using a variable angle
spectroscopy ellipsometer (VASE) with a wavelength range of 245 —
1000 nm (M2000, Woollam Co.). A Cauchy layer model with a
refractive index of 1.48 was used for SAM thickness fitting analysis.
XPS data was collected using a PHI 1600 XPS electron scanning
chemical analysis instrument equipped with a PHI 10-360 spherical
detector. An achromatic Mg Ka X-Ray source was used operating at
300 W and 15 kV. XPS data was collected with PHI surface analysis
software (version 3.0) at either a pass energy of 23.8 eV at a 55°
angle of incidence or 187.8 eV at a 45° angle of incidence. A total
of 45 scans were collected and averaged for each sample. A binding
energy range of 0-20 eV was used with a step size of 0.2 eV. Results
from both the ellipsometry and XPS data were compared with the
simulated data.

2.2 Computational details
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Calculations of the interface of end-terminated alkanethiol (C11TH)
and gold surface were performed using the plane-wave based Vienna
ab initio simulation package (VASP)*4 implementing density
functional theory (DFT) and the generalized gradient approximation
(GGA) of Perdew-Burke-Ernzerhof (PBE)*® functional and van der
Waals density functional (vdW-DF) optB86b as implemented by
Klimes, Bowler and Michaelides*®47- It is essential to mention that
conventional DFT has no description of nonlocal electron-electron
correlations (dispersion forces) and therefore is unable to describe
the physisorption of molecules on surfaces accurately. The core
electrons for Au-[Xe]4fl14, C[He], O-1s2 and S-[Ne] are described
by the projected augmented wave (PAW)*; that includes scalar-
relativistic corrections for the Au atom. The Au(111)/C11TH
interface was modelled considering the widely accepted c(4x2)
supercell structure consisting of four Cl11THs with full
coverage*?849 and four layers of Au atoms with a vacuum (in the z-
direction) of more than 15 A to avoid spurious interaction between
neighboring replicas®. Four ligands were connected to the gold
surface via two gold adatoms. The plane-wave energy cut-off of 400
eV and I-centered Monkhorst-Pack grid with 0.032 A spacing
between k-points (e.g., this is equivalent to 13x13x13 and 3x4x1
grids of the corresponding primitive cell of bulk gold fcc and gold-
thiols c(4x2) supercells, respectively) were used to converge the
total energy to < 1meV/atom; the structures were relaxed until the
forces were less than 0.025 eV/A. The computed lattice constant for
bulk gold fcc using PBE and vdW-DF is 4.15 Al and 4.12 A,
respectively which values are in good agreement with other DFT
calculations#5! and experimental value®? of 4.078 Al The total
energy differences AE between structure o (different arrangements
of RS/RSOH chains with Au adatoms) and a unit cell with 4RS at
bridge-fcc sites [4ARS/Au(111)] is calculated with bulk Au as a metal
atom reservoir:

AE = E[a] — E[4RS.Au(111)] — xE[Au(Bulk)]
AE = E[a] — E[4ARSOH. Au(111)] — xE[Au(Bulk)]

Due to the likely metastable configurations that might describe
this interface, simulated annealing along with ab initio molecular
dynamics (AIMD) simulation was employed. Taking into account
the fcc structure of bulk Au within the Au(111) slab, only the
bottommost layer were fixed for all kinds of relaxation and
simulated annealing. On the other hand—due to computational
limitations—two bottommost gold layers were fixed for
equilibration (4 ps) and production AIMD simulation (16 ps). AIMD
simulation at 300 K of the most stable structure o(M8/C11TH) was
performed to study the behavior of Au(111)/C11TH, with the NVT
ensemble. The time step used for simulated annealing and AIMD
simulation was 1 fs. Figure S1 (Supporting Information) depicts
the change in free energy throughout the 16 ps simulation of
M8/C11TH model.

3 Results and discussion
3.1 Au (111)/SCHs

This journal is © The Royal Society of Chemistry 20xx
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In order to describe the atomic and electronic structure of the
adsorbed thiols on the flat gold surface with saturation coverage, we
considered realistic models for gold methyl thiolate proposed by
Hakkinen et al.*4. The gas-phase structures of various models with
different orientations were obtained using both PBE and the modern
vdW-DF functionals. The computed geometrical parameters and
energy differences were correctly reproduced by PBE functional and
vdW-DF approaches and reveals the same trends as PBE (Table 1,
Figure 1). A considerable number of theoretical studies®® have been
done on Au (111)/SCHs without taking into account the vdwW
interactions. The energy differences between M8 and M9 (~0.06

eV) are small to establish stability preference for two models using
PBE approach. On the other hand, the vdW-DF computed energies
for M8 and M9 show that the M9 is more stable by ~0.14 eV, with
this increased stability arising due to the vdW interactions within the
Au(111)/SCHjs interface.

‘Guld . Gold Adatom O Sulphur @ Carbon

Fig. 1 DFT optimized different atomistic models for the saturation
coverage of c(4x2) Au/CHsS interface. Top panel displays the top
view and the bottom panel presents the side view. Blue line indicates
the unit cell.

PBE optB86b
Model Features
Computed Refl4  Computed
(AE)? eV 0.0 0.0 0.0
b
ML (ds-ausur)’, 2.48 2.50 2.49
(AE)?, eV +1.02 +1.28 +2.23
M2 b
(ds-Ausurt)”, 2.27 2.30 2.27
(AE)? eV -0.15 -0.09 +0.09
M7 (dsauad)® A 2,57 2.59 2,57
C
(ds-usur)”, 2.30 2.33 2.30
(AE)?, eV -0.84 -0.78 -0.52
Mg (ds-auag)®, A 2.51 2.52 251
(ds-ausurt)*, 2.31 2.34 2.32
(AE)? eV -0.90 -0.84 -0.65
M9  (dsauad)® A 251 2.52 251
(ds-ausurf)S,
2.32 2.34 2.32

aadsorption energy obtained by PBE or vdW-DF functional per
unit cell, Paverage distances between S and Au adatom and
average distances between S-Au Surface.

This journal is © The Royal Society of Chemistry 20xx
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Table 1 Relative total energies, AE (in eV) and bond length of the
DFT optimized Au/CHsS interface where relative energy per c(4x2)
unit cell is calculated with respect to M1 by using PBE and vdW-DF
functional.

3.2 Au (111)/C11TH

In the following stage, the methyl thiolates were substituted by
C11TH, optimized followed by simulated annealing and AIMD
simulation. To explore the global minima and conformational details
of any soft materials having longer chains, such as the SAMs studied
here, simulated annealing or AIMD is one of the best choices. The
reason is related to their amorphous like structure, as using only
ionic relaxation it is difficult to obtain the global minimum
structure3, In later sections, we will describe the simulated
annealing and then AIMD simulation outcomes along with
experimental observations.

To capture all possible conformations, AIMD in conjunction
with simulated annealing was employed by including the vdwW
dispersion correction. Simulated annealing was performed for all the
models with both PBE and vdW-DF. AIMD was used for the M8 by
employing vdW-DF to consider the long-range dispersion. As both
the M8 and M9 models have similar stability (Table 2), we only
consider M8 as a model and compare the results with experimental
observations. Simulated annealing was done in three steps: heating
up to 300 K, equilibration at 300 K for 1.6 ps and cooling the system
to 0 K. The final structure obtained from simulated annealing is
therefore fully relaxed. The efficiency of simulated annealing
depends on the cooling procedure and to obtain reliable results it is
important to choose the number of ionic steps very cautiously. In
this work, we used two ionic steps for the decrement of every K.
This fully relaxed optimized structure obtained through annealing
was then considered as the initial configurations for AIMD
simulation.

3.2.1 Simulated annealing

Relative energies with and without annealing is tabulated in Table 2.
In case of the simulation without annealing, the adsorption energy is
lower with PBE level of theory than with optB86b vdW-DF. This
energy difference reduces from 1.1 to 1.3 eV with the inclusion of
the dispersive effects using vdW-DF by simulated annealing
approach. Also, geometry obtained from simulated annealing
revealed that the ligands are more inclined towards each other due to
the dispersion correction for the longer alkanethiols. This is due to
the attractive component of the van der Waals functional arising
from the dynamical correlations between fluctuating charge
distributions of the adjacent molecules®.

Method AE (V) M1 M7 M8 M9
. PBE 0 +0.489 -0.738 -0.719
wo-Annealing
vdW-DF 0 +0.687 -0.443 -0.471
. PBE 0 +0.236 -0.639 -0.634
Annealing
vdW-DF 0 -0.212 -1.55 -1.76

J. Name., 2013, 00, 1-3 | 3
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Table 2 Relative total energies, AE in eV, of Au(l111)/ C11TH
complex with and without simulated annealing of the different
models with respect to M1 calculated using both PBE and vdW-DF;
wo-annealing indicates adsorption energy without simulated
annealing of the respective systems.

In the case of PBE, the energy difference between structures
before and after annealing does not deviate significantly. This
reveals that the conformation obtained from annealing are not
different energetically. Observing the structure of each model in
Figure 2, it is obvious that the chain arrangements are not identical.
The chain remains straight during relaxation (Supporting
Information, Figure S2) while they tried to incline to form a
hydrogen bond with each other. Our calculations reveal that in case
of longer alkanethiol chains, van der Waals density functionals are
needed to make distinguish energetically and structurally>%6, The
most important findings that the energy increased by vdW dispersion
is rising from M7 to M9. It varies from 0.045 to 0.113 eV/CHz2 unit,
which is on the same order of magnitude as was observed in prior
experimental (<0.08—0.04 ¢V/CHz unit)” and theoretical (= 0.105
eV/CH: unit) studies*®. Little perturbation may be justified by the
choice of end functional groups which are giving lower energy due
to the hydrogen bonding by the —~OHS3,

Qruad Os  @c

Fig 2 DFT optimized with simulated annealing different atomistic
models of Au(111)/ C11TH interface using vdW density functional.
Top row: top view xy plane and bottom row: side view (xz and yz
planes).

3.2.1 AIMD simulation

Experimental evidence to characterize the Au-S bond is less
prevalent for the longer chain alkanethiols since the Au-S bond is
buried under the long chains. Despite a lower degree of
conformational change for longer chains compare to the short one
due to the weak intermolecular interaction®’, there is a chance to
form different phases can arise due to the flexibility of alkyl
chains?®58,

The arrangement of C11TH SAMs can be characterized by
thickness, tilt angle (0), and azimuthal tilt angle (x). Different
experimental and molecular dynamics study”-335%-61 explored the
SAMs process by quantifying tilt angle, tilt angle direction and the
thickness of the monolayer. However, there is no concrete
conclusion about what happens to the tilt angle for long alkane
chains. Improving upon published results, we were able to quantify
calculated parameters more accurately by using vdW dispersion
correction within the AIMD approach. Due to the flexibility of the
C11TH, we defined the SAM thickness as the distance vector

4| J. Name., 2012, 00, 1-3

between the topmost atoms of C11TH (either C or O atom) and S
atom of the thiol groups. We observed that the thickness of the
SAMs layer changed significantly depending on the exchange
functional and the sampling of ground state procedure. In simulated
annealing, the thickness decreased 1.1% - 8.3% and 9.7%- 15.7% for
PBE and vdW-DF, respectively. Figure 3 shows the thickness and
tilt angle of C11TH obtained from the ellipsometry and AIMD
simulation. The effects of vdW-DF on thickness with simulated
annealing and without simulated annealing is 0.9% - 3.1% and 3.1%-
11.6%, respectively which makes the former one more densely
packed!3. From these results, we can conclude that the van der Waals
interactions give the SAMs a denser structure on the substrate.
AIMD computed average thickness of C11TH for M8 is 12.9A,
which agrees with previous studies®62. The experimental results
obtained from ellipsometry are also in agreement as a thickness of
14.8 A was obtained using a Cauchy layer model for CL1TH (Figure
3B).

Another salient feature of the SAMs is tilt angle which may be
defined as the angle between the surface normal (z-direction) and the
vector passing through the S atom and the centroid of the thiolsS.
Quantification of the tilt angle is more elusive in the case of longer
alkanethiols due to the flexibility of the alkane chain. To see the
morphological changes for different phases, we calculate the filt
angle corresponding to S-O, S-Cu, S-Cio vectors (Supporting
Information, Figure S3). Figure 3B outlines the relationship
between the tilt angle (S-Cu1 vector) and SAM thickness of the M8
model. For other models see Table S1 (Supporting Information).
Although all three types of tilt angle having the same trends, the
computed values can be a representation of the interaction of buried
atoms and the lateral dispersion of the backbone. The flexibility of
the —OH group favors the formation of hydrogen bonds between two
C11THs which ensures the stability of alkanethiols on Au(111)
surface and promotes saturation coverage. This phenomenon can be
easily outlined from the tilt angle distribution of SO and SC11
vectors. This data indicates that the long-range interactions, such as,
vdW interactions between the alkyl chains may be one of the sources
for ordered SAMs surface orientation on Au(111) surface®6264,
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Fig 3 A) Raw variable angle psi and delta ellipsometry data
collected at 70° incidence angle and fitted to a Cauchy model to
determine C11TH thickness. B) Variation in thickness and tilt
angle of model M8.

From the previous discussions, we have established that the tilt
angle is responsible for stable orientation of thiol SAMs on
Au(111) substrates. Different orientations of C11TH on c(4x2)
Au(111) surface is more complex because a very large number
of configurations can be involved. Therefore, a detailed
analysis is required to better characterize their orientation and
stability. Many local minima structures exist as predicted
throughout the AIMD simulation, which supports the phase
transition due to longer chain orientation through Au adatom. In
the case of dense SAM structures, strong steric effects originate
from the chain length of longer alkanelthiolates that favors the
chain to rearrange on the surface by varying tilt and azimuthal
angle®C. This arrangement allows the CH2 unit to be flexible to
minimize the vdW interaction. Accordingly, the tilt angle is the
consequences of the effect of thickness.

Figure 4 represents the different orientations of the model
C11TH/M8. Different orientations of alkanethiol SAMs
appeared at higher coverage on the flat surface of gold*®. A
low-temperature STM study of thiol SAMs revealed different
orientations and stabilities governed by the surface coverage,
and at the saturation point the equilibrium orientation
dominated over two other orientions®®. Decanethiol?667 and
hexanethiols®® systems have been studied by using STM, but
these efforts suggest it is not possible to capture all the
molecular level changes only with experimental techniques and
that molecular dynamics simulation need to be used in
conjunction. The increased chain length of alkanethiols will
affect vdW interaction among the chains and facilitate new
structural orientations to compensate for the stability of the
chains. In our study, we observed four different orientations
throughout the 16 ps simulation time. Among them, three
orientations such as (11) (33%), (11) (31%), and (01) (30%)
have the same contribution while (10) (6%) comrised only a
very small portion (see Figure S1). The lowest energy
configuration of this model is attributed to the (11) orientation
due to the number of hydrogen bonds that form between the
terminal -OH functional group of two adjacent C11TH.

Fig 4 Screenshots of different orientations obtained from a 16
ps AIMD simulation of M8/C11TH (top view). The red dotted
line represents the hydrogen bonding between two adjacent —
OH groups of C11TH. For clarity the hydrogen atoms are not
shown with the exception of hydrogens of -OH functional
group.

This journal is © The Royal Society of Chemistry 20xx
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Examining the side view of the M8/C11TH orientations
(Supporting Information, Figure S4), it can be inferred that
the tilt angle or vdW attraction is responsible for the different
degrees of stability for the SAM layer. In (10), the SAM layer
is more extended compared to other orientations. The angle
between the projected SC11 vectors of alkanethiols and x-axis
in xy-plane described the tilt angle direction. The tilt angle is
greatly influenced by the changes in orientations which suggest
some conformational changes of the longer chains are involved.
However, it is not possible to study the conformational changes
of the longer chains due to the involvement of bending
structures rather than straight. Definitely, a method to
determine chain twist angle would enrich the understanding of
the formation of different orientations, but studies become more
complicated if this effect is also taken into consideration.

3.2.2 Electronic structure

To elucidate the electronic structure of Au(111)/C11TH the
projected density of state (PDOS) was computed in conjunction
with XPS measurements. Figure 5 shows the computed PDOS
of the different models of Au(111)/C11TH from the Au adatom
to the top of the C11TH SAMs of the valence band levels. As a
result, the system behaves like a semiconductor. If we go
beyond the adatom, contribution coming from the other
elements is fully covered by the gold due to the longer chain,
and it is not possible to get the exact structure of buried Au-S
interaction.

J. Name., 2013, 00, 1-3 | 5
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The PDOS for M1 shows four peaks around -3.5 eV to -2
eV composed of O 2p states. Apparently, in all cases C 2p
states are located around -2.2 eV and the contribution of S in
electronic structure is very small. But the Au 5d state of gold
adatom contributes differently. This is clearer in the M8 model
around -3.45 eV. Broadening and increased number of the
oxygen peak is observed around -4 eV to -2 eV when one
moves to the stable structure while the intensity is suppressed.
Figure 6 represents the computed weighted averaged PDOS of
the configurations evolved in AIMD simulation with the
subshell photoionization cross-sections and thickness of ~5.06
A/8.75 A (IMFP[23.5eV]/IMFP[188eV])®*7* from the top C
atom. Eventually, in this study SAMs forming ligands are not
enough sturdy to form rigid structure and also the interval or
duration of orientation evolution is too small. To overcome the
time-lapse, we calculate the weighted averaged PDOS based on
their contribution in the lifetime in each pattern.

Fig 6 DFT computed AIMD averaged PDOS of the valence
band and experimental XPS spectra at two different X-ray
energies: 23.5 eV (left) and 188 eV (right). (a) & (b) computed
PDOS while (c) & (d) spectral modulation of the calculated

6 | J. Name., 2012, 00, 1-3
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PDOS of (a) & (b) with the use of one electron and angular
cross sections to the corresponding orbitals by applying IMFP
at the corresponding X-ray energy. (e) & (f) are the XPS
spectra. The zero point of the binding energy scale was set at
the Fermi level.

(a) (b)

— Total
— 02
—C2p

PDOS

(d)

— Total
— 02p
—C2p

Corrected PDOS

— XPS@23.5¢V

— XPS@18BeV

Normalized Intensity

* Binding Energy (eV) * Binding Encrgy (V)

Corresponding to the X-ray energies #v=23.5 eV and 188
eV, the one-electron angular-corrected photoionization cross
sections corrections have been applied to the computed
averaged PDOS plots taking into account the orbital dipole
asymmetry parameters’. Inelastic mean free path of electrons
(IMFP) corresponding to the two different X-ray energies
hv=23.5 eV and 188 eV was considered. From photoionization
cross-section corrected data, it is observed that despite the
dominance of C 2p orbitals at valence band minima (VBM),
electrons would be photoemitted mainly from O 2p orbitals due
to their high relative photoionization cross section.
Experimentally, the signal-to-noise ratio at higher X-ray energy
is improved; but the resolution is reduced (Figures 6e and 6f).
From the AIMD we have a clear idea about how the SAMs are
behaving and forming different orientations in a very small
window of energy per unit cell. AIMD results provide a reliable
explanation of the observed XPS.

Conclusions

We have presented a combined experimental and theoretical
study that provides a molecular-level description of the SAM
structure, stability of SAMs dependence on different
orientations, and electronic structure of a longer chain
alkanethiol, C11TH, on Au(111). In order to explore the effect
of long-range correlations in this system of thiol SAMs with
longer alkane chains, dispersive forces were included in a self-
consistent implementation of the vdwW-DF method using
optB86b exchange functional. Our vdW-DF enabled AIMD
simulation identified four different configurations formed by

This journal is © The Royal Society of Chemistry 20xx
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the C11TH on Au(111) surface with different stabilities that
were dependent on the hydrogen bond formation. The thickness
and tilt angles distributions of the different configurations were
computed and these results were compared with the
experimental ellipsometry data. At higher energy (188 eV)
photoionization cross section corrected PDOS revealed the
prevalence of O 2p states throughout the valance band. AIMD
weighted averaged DFT computed PDOS were closely
correlated with the XPS results by applying the one-electron
angular photoionization cross section corrected orbitals in the
valence band based on the IMFP for 23.5 eV X-ray energy.
These findings regarding the need to include van der Waals
density functions (vdW-DF) for accurate results involving
longer chain alkanes and non-alkane functional groups can be
extended to understanding many other thiol-metal self-
assembly interactions used in a of wide range applications.
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