
 

 

 

Effect of crystallographic orientations on transport properties of methylthiol-terminated 

permethyloligosilane molecular junction 

Ming-Lang Wang(王明郎)†, Bo-Han Zhang(张博涵), Wen-Fei Zhang(张雯斐), Xin-Yue Tian(田馨月), Guang-Ping 

Zhang(张广平), and Chuan-Kui Wang(王传奎)‡ 

Citation:Chin. Phys. B, 2022, 31 (7): 077303  DOI: 10.1088/1674-1056/ /ac4cbf 

Journal homepage: http://cpb.iphy.ac.cn; http://iopscience.iop.org/cpb   

 

What follows is a list of articles you may be interested in  

 

Valley-dependent transport in strain engineering graphene heterojunctions 

Fei Wan(万飞), X R Wang(王新茹), L H Liao(廖烈鸿), J Y Zhang(张嘉颜),M N Chen(陈梦南), G H Zhou(周光辉), Z 

B Siu(萧卓彬), Mansoor B. A. Jalil, and Yuan Li(李源) 

Chin. Phys. B, 2022, 31 (7): 077302.   DOI: 10.1088/1674-1056/ac5613 

Preparation of PSFO and LPSFO nanofibers by electrospinning and their electronic 

transport and magnetic properties 

Ying Su(苏影), Dong-Yang Zhu(朱东阳), Ting-Ting Zhang(张亭亭), Yu-Rui Zhang(张玉瑞), Wen-Peng Han(韩文鹏), 

Jun Zhang(张俊), Seeram Ramakrishna, and Yun-Ze Long(龙云泽) 

Chin. Phys. B, 2022, 31 (5): 057305.   DOI: 10.1088/1674-1056/ac3baa 

Bias-induced reconstruction of hybrid interface states in magnetic molecular junctions 

Ling-Mei Zhang(张令梅), Yuan-Yuan Miao(苗圆圆), Zhi-Peng Cao(曹智鹏), Shuai Qiu(邱帅), Guang-Ping 

Zhang(张广平), Jun-Feng Ren(任俊峰), Chuan-Kui Wang(王传奎), and Gui-Chao Hu(胡贵超) 

Chin. Phys. B, 2022, 31 (5): 057303.   DOI: 10.1088/1674-1056/ac3caf 

Spin transport properties for B-doped zigzag silicene nanoribbons with different edge 

hydrogenations 

Jing-Fen Zhao(赵敬芬), Hui Wang(王辉), Zai-Fa Yang(杨在发), Hui Gao(高慧), Hong-Xia Bu(歩红霞), and 

Xiao-Juan Yuan(袁晓娟) 

Chin. Phys. B, 2022, 31 (1): 017302.   DOI: 10.1088/1674-1056/ac0795 

Magneto-transport properties of thin flakes of Weyl semiconductor tellurium 

Nan Zhang(张南), Bin Cheng(程斌), Hui Li(李惠), Lin Li(李林), and Chang-Gan Zeng(曾长淦) 

Chin. Phys. B, 2021, 30 (8): 087304.   DOI: 10.1088/1674-1056/ac0a5e 

 

-------------------------------------------------------------------------------------------------------------------- 

http://cpb.iphy.ac.cn/
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac5613
https://doi.org/10.1088/1674-1056/ac5613
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac3baa
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac3baa
https://doi.org/10.1088/1674-1056/ac3baa
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac3caf
https://doi.org/10.1088/1674-1056/ac3caf
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac0795
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac0795
https://doi.org/10.1088/1674-1056/ac0795
http://cpb.iphy.ac.cn/EN/10.1088/1674-1056/ac0a5e
https://doi.org/10.1088/1674-1056/ac0a5e


Chin. Phys. B 31, 077303 (2022)

Effect of crystallographic orientations on transport properties of
methylthiol-terminated permethyloligosilane molecular junction

Ming-Lang Wang(王明郎)†, Bo-Han Zhang(张博涵), Wen-Fei Zhang(张雯斐),
Xin-Yue Tian(田馨月), Guang-Ping Zhang(张广平), and Chuan-Kui Wang(王传奎)‡

School of Physics and Electronics, Shandong Normal University, Jinan 250358, China

(Received 11 November 2021; revised manuscript received 12 January 2022; accepted manuscript online 19 January 2022)

The understanding of the influence of electrode characteristics on charge transport is essential in the field of molecular
electronics. In this work, we investigate the electronic transport properties of molecular junctions comprising methylthiol-
terminated permethyloligosilanes and face-centered crystal Au/Ag electrodes with crystallographic orientations of (111)
and (100), based on the ab initio quantum transport simulations. The calculations reveal that the molecular junction con-
ductance is dominated by the electronic coupling between two interfacial metal–S bonding states, which can be tuned by
varying the molecular length, metal material of the electrodes, and crystallographic orientation. As the permethyloligosilane
backbone elongates, although the σ conjugation increases, the decreasing of coupling induced by the increasing number
of central Si atoms reduces the junction conductance. The molecular junction conductance of methylthiol-terminated per-
methyloligosilanes with Au electrodes is higher than that with Ag electrodes with a crystallographic orientation of (111).
However, the conductance trend is reversed when the electrode crystallographic orientation varies from (111) to (100),
which can be ascribed to the reversal of interfacial coupling between two metal–S interfacial states. These findings are con-
ducive to elucidating the mechanism of molecular junctions and improving the transport properties of molecular devices by
adjusting the electrode characteristics.

Keywords: molecular electronics, crystallographic orientations, non-equilibrium Green’s function
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1. Introduction
Single-molecule electronics aiming to drive elec-

tronic component miniaturization have achieved considerable
progress in the recent years.[1,2] Since the first rectifier was
proposed by Aviram and Ratner,[3] functional single-molecule
junctions have been fabricated by investigating the electron
transport properties for various applications, such as molec-
ular rectifiers,[4–6] molecular conducting wires,[7–9] molecular
switches,[10–12] and molecular transistors.[13–15] In this con-
text, understanding and controlling the electron transfer pro-
cess based on the core functional molecules between elec-
trodes is essential for developing the single-molecule junc-
tions. The single-molecule junction conductance has been
theoretically and experimentally verified to primarily depend
on the molecular geometry and molecule–electrode interface,
which includes factors like anchoring groups, interfacial ge-
ometry, and electrode characteristics.[16–23] Therefore, suit-
able anchoring groups and electrode materials must be de-
termined for designing high-performance single-molecule de-
vices. Common anchoring groups for attaching metal elec-
trodes include pyridine, amino groups, carboxylic acids, ni-
triles, and isonitriles, among which thiol is more popular as
a linker because it forms stable mechanical and electronic
contacts.[24–29] After systematically comparing the conduc-

tance values of alkane molecular chains with various anchor-
ing groups, Chen et al. demonstrated that Au–thiol contributes
the lowest contact resistance, whereas the conductance decay
constant is virtually independent of the anchoring groups.[30]

In addition, the metal electrodes in molecular junctions can
change the Fermi level and influence the energy alignment
with the molecular conducting energy level. In this context,
several studies have reported that the conductance is strongly
dependent on the electrode materials used for constructing
single-molecular devices.[31–33] Owing to their lower work
function, the molecular junctions formed with Ag electrodes
are less conductive than those formed with Au electrodes for
amine-terminated oligophenyl and alkane molecules.[34] Fur-
thermore, the varying of electrode crystallographic orienta-
tions can result in the large variations in electronic trans-
port properties of molecular junctions.[35–45] Moreover, the
high and low conductance measured in alkanethiol molecu-
lar junctions are attributed to the electrode orientation, which
can tune the molecule–electrode interaction.[35] For aromatic
thiophene-based molecules, the (110) crystallographic orien-
tation exhibits superior constructive conductance and negative
differential conductance (NDR).[40] In particular, the NDR be-
havior is verified based on switching molecular junctions for
utilizing the electrode orientations.[37]
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As the most prevalent material in integrated circuits, bulk
Si can be considered as a series of cross-linked Si monatomic
chains in one-dimensional structures. Since the first report on
permethyloligosilanes short chains exhibiting electronic prop-
erties different from those alkane analogs, the saturated σ -
conjugated permethyloligosilanes have been reported to show
a variety of rich electronic properties.[46–56] After the geom-
etry of the terminal methylthiomethyl group was connected
to Au electrodes, the permethyloligosilanes demonstrated the
first single-molecular switch operation via a stereoelectronic
effect.[53] Moreover, the single-molecule junction conduc-
tance trend for thiol-terminated permethyloligosilanes was in-
versely related to metal work function.[56] To the best of our
knowledge, the crystallographic orientation effect of the per-
methyloligosilane molecular junctions has not yet been inves-
tigated. Therefore, it is essential to bridge the knowledge gap
concerning this molecule–electrode interface effect.

In this study, the atomic structures and electronic trans-
port properties of methylthiol-terminated permethyloligosi-
lane molecular junctions containing permethyloligosilanes
with 6, 7, and 8 Si atoms are investigated based on density
functional theory through using the nonequilibrium Green’s
function method. Considering the possible nanostructures
formed using the scanning tunneling microscope break-
junction technology,[35,52] a face-centered crystal Au/Ag with
the crystallographic orientations of (111) and (100) is used
as the electrodes. The calculations reveal that the low-bias
conductance calculated in the linear response limit is domi-
nated by electronic tunneling between the terminal metal–S
bonds formed at the metal–molecule interfaces for all molecu-
lar junctions considered in this work. The low-bias conduc-
tance exponentially decreases with the number of Si atoms
in the permethyloligosilane backbone increasing from 6 to 8.
More importantly, the results of this study suggest that the
interfacial coupling is determined by the electrode character-
istics. In the case of the (111) crystallographic orientation,
the interfacial coupling between the interfacial Au–S states is
stronger than that between the interfacial Ag–S states, result-
ing in a large low-bias junction conductance. In contrast, the
interfacial coupling between interfacial Au–S states is weaker
than that between interfacial Ag–S states for the (100) crystal-
lographic orientations, which yields a small low-bias junction
conductance.

2. Calculation method
We employed the Atomistix ToolKit (ATK) software

package to optimize the geometric structures and evalu-
ate the electronic structures of molecules and molecular
junctions.[57,58] The ATK is a highly efficient ab initio code
for implementing numerical simulations of large systems,

wherein the norm-conserving Troullier–Martins pseudopoten-
tials are used to describe the core electrons, and the finite-
range numerical orbital basis set is used for describing the va-
lence electrons.[59–61] In particular, the C, H, S, Si, Au, and
Ag atoms comprising the molecules and molecular junctions
considered herein are described using a double-zeta plus po-
larization (DZP) basis set. The generalized gradient approx-
imation (GGA) formulated by Perdew–Burke–Ernzerhof re-
lates to the exchange–correlation functional.[62] Additionally,
the real-space grid integration was considered by an equiv-
alent cutoff of 300.0 Ry (1 Ry = 13.6056923(12) eV), and a
4× 4 k-point sampling was employed in the transverse direc-
tion, with a periodic boundary condition used. The geom-
etry optimization was accomplished using the standard con-
jugate gradient method until the energy tolerance was lower
than 1.0×10−4 Hartree (1 Hartree = 4.3597×10−18 J) and all
atomic forces were lower than 0.02 eV/Å.

Subsequently, the transport properties of molecular junc-
tions were evaluated using ATK, which effectively implements
the nonequilibrium Green’s function calculations.[63] More-
over, the molecular junctions include a single molecule and
12 atomic layers of the metal electrodes. The periodic bound-
ary conditions were applied to the direction perpendicular to
the transport direction. The charge density was integrated over
30 energy points along the semicircle, eight points along the
line in the complex plane, and eight poles in the Fermi func-
tion with an electronic temperature of 300 K. The transmission
spectrum T (E) of the molecular junctions was obtained from
the following equation:

T (E) =
1

Ω2DBZ

∫
2DBZ

T (𝑘;E)d𝑘;T (𝑘;E) = Tr[ΓLGR
MΓRGR†

M ],

where Ω2DBZ represents the area of the two-dimensional Bril-
louin zone in the transverse direction, GR

M (GR†
M ) denotes

the retarded (advanced) Green’s function matrix, and ΓL (ΓR)

refers to the interaction between the extended molecules and
left-hand-side (right-hand-side) metal electrodes. In a linear
response limit region, the total conductance can be expressed
as the Landauer–Büttiker equation:[64]

G = G0T (EF),

where G0 = 2e2/h denotes the conductance quantum. e repre-
sents the electron charge, h refers to the Planck’s constant, and
EF is the Fermi energy.

3. Results and discussion
First, the atomic structure and the electronic structure of

the isolated permethyloligosilane are investigated in a trans-
extended conformation. The methylthiol-terminated oligosi-
lanes with 6, 7, and 8 Si atoms (denoted as Si6, Si7, and Si8,
respectively) are used as the central conductive molecules. For
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all isolated molecules, the Si atoms in the oligosilane back-
bone are coplanar with the terminal S atom and C atom in
methylene. The interatomic bond length is independent of the
number of Si atoms, and the length of C–S, C–Si, and Si–Si
bonds are 1.82, 1.91, and 2.37 Å, respectively, corresponding
to the electronic structures presented in Fig. 1. The highest
occupied molecular orbital (HOMO) orbital and HOMO-1 or-
bital, shown in the inset in Fig. 1, are degenerate, and both
orbitals are contributed by terminal S 3p localized atomic or-
bitals perpendicular to the molecular plane. In contrast to
the localized characteristics, both lowest unoccupied molec-
ular orbital (LUMO) and HOMO-2 are delocalized across the
entire molecular backbone. Although the σ -bond comprising
the Si backbone is similar to that in alkane, the oligosilanes ex-
hibit the special σ conjugation due to the reduced energy gap,
with the number of Si atoms increased, as depicted in Fig. 1.
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1.77 eV

-1.77 eV
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Fig. 1. Orbital energy for methylthiol-terminated permethyloligosilanes
with 6, 7, and 8 Si atoms, denoted as Si6, Si7, and Si8, respectively, with
insets showing frontier molecular orbitals of Si6 molecule.

The optimized geometric structure of the Ag(111)–Si6–
Ag(111) molecular junction is illustrated in Fig. 2(a), wherein
two methylthiol groups connect to the Ag adatoms on elec-
trode surfaces cut from a face-centered crystal Ag bulk along
the (111) direction. The optimized Ag–S covalent bond length
is 2.35 Å, whereas the C–Si bond length and Si–Si bond length
are the same as those of isolated molecule, indicating that the
molecular geometry is stable both before and after forming the
molecular junction. The equilibrium transmission spectrum is
obtained as depicted in Fig. 2(b). Two prominent transmission
peaks at −1.02 eV and 3.25 eV decay rapidly towards EF. In
particular, a small shoulder peak centered at −0.33 eV occurs.
The transmission coefficient at EF is 8.9× 10−3. To further
understand these peaks, the projected density of states (PDOS)
on the terminal S and Ag atoms and the eigenchannel are eval-
uated and shown in Figs. 2(c)–2(e). The narrow peak above
EF is caused by the weak coupling between the Ag p-orbitals
and S 3p-orbitals, which are obtained from the LUMO orbitals
by comparing the eigenchannel calculated at 3.25 eV with the

frontier molecular orbitals (FMOs) as indicated in the insets
of Fig. 1. Although the PDOS at −0.33 eV is exceedingly
high, the corresponding transmission peak is extremely small,
which is caused by S 3p-orbitals perpendicular to the molec-
ular plane, resulting in weak coupling with backbone σ -bond
(Fig. 2(e)). Moreover, the broadened peak under EF extends
from −0.86 eV to −1.02 eV, which is primarily contributed
by Ag 4d and S 3p orbitals. Furthermore, the broadened trans-
mission peak in Fig. 2(e) is dominated by the HOMO and
HOMO-1, wherein the splitting of energy level is caused by
interaction between two interfacial states after having been
connected to electrodes. The eigenchannel calculated at EF ex-
hibits the fundamental density distribution on the left-terminal
S atoms and Ag atoms as depicted in Fig. 2(e), indicating that
the interfacial hybrid states provide a dominant contribution
to electron transfer in the vicinity of EF. As the isovalue of
eigenchannel isosurface decreases from 0.15 Å−1.5 (eV)−0.5

to 0.05 Å−1.5 (eV)−0.5, the eigenchannel exhibits an exten-
sion along the molecular backbone through the S–C σ channel
and Si–Si σ channel. The results further demonstrate that the
states contributing to the small shoulder does not contribute to
the transmission at EF, regardless of their vicinity to EF.

Similar junctions are constructed using Si7 (Si8)
molecule and denoted by Ag(111)–Si7(Si8)–Ag(111), and
the optimized geometric structures are almost unchanged.
The Ag–S, S–C, and C–Si bond length are calculated to be
2.37 Å (2.36 Å), 1.83 Å (1.83 Å), and 1.92 Å (1.91 Å) for
Si7 (Si8) molecular junctions, respectively. Overall, the trend
of the equilibrium transmission curve is similar to that of the
Ag(111)–Si6–Ag(111) junction, except that the energy gap be-
tween the HOMO and LUMO decreases, and the HOMO shifts
toward EF as the molecular backbone elongates. Counter intu-
itively, the calculated transmission coefficient at EF decreases
from 8.9×10−3 and 4.97×10−3 to 3.4×10−3 as the molecule
changes from Si6 into Si8, which is prominently expressed in
the inset with the transmission coefficients using logarithmic
coordinates (Fig. 2). This is ascribable to the longer molecu-
lar backbone and weaker interfacial coupling. Therefore, the
conductive mechanism of the Ag(111)–Si6(Si7,Si8)–Ag(111)
molecular junction is primarily dominated by the electronic
tunneling between the two localized Ag–S interfacial states
that can be tuned by the oligosilane chain. For the three
molecular junctions, the conductance calculated in the linear
response limit decreases exponentially with the number of Si
atoms, which can be expressed as G ∼ exp(−βn), where G
denotes the junction conductance, n the number of Si atoms,
and β the conductance decay constant. The β value is fitted as
0.52 per Si atom, which corresponds well with the experimen-
tally measured value of 0.60±0.03 per Si atom. Furthermore,
the tunneling mechanism is confirmed based on the discussed
length-dependent junction conductance.
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Fig. 2. Optimized atomic structure and electronic transport properties of Ag(111)–Si6–Ag(111) molecular junction with Ag electrode along (111)
directions: (a) optimized atomic structure; (b) equilibrium transmission spectra calculated for Ag(111)–Si6(7,8)–Ag(111) molecular junctions, with
inset showing transmission coefficients in logarithmic coordinates; (c) PDOS projected onto adatom Ag atom; (d) PDOS projected onto terminal S
atom; (e) eigenchannel calculated at EF, −0.33, −0.86, −1.02, and 3.25 eV. The isovalue is 0.15 Å−1.5 (eV)−0.5, whereas it decreases to 0.05 Å−1.5

(eV)−0.5, as shown in the inset of eigenchannel calculated at EF; (f) conductance decay constant.

Thereafter, the Au(111)–Si6–Au(111) molecular junction
is constructed, the optimized geometric structure of which is
shown in Fig. 3(a). In this structure, two methylthiol groups
connect the Au adatoms on the electrode surfaces cut from the
face-centered crystal Au bulk along the (111) direction. The
optimized bond length of the Au–S covalent bond is 2.30 Å,
and the interatomic separation of the central molecular back-
bone is almost identical to that in the Ag(111)–Si6–Ag(111)
molecular junction. This indicates that the molecular geom-
etry is independent of the electrode characteristics, and the
Au–S bond is slightly stronger than the Ag–S bond, which
may enhance the low-bias conductance. The transmission co-
efficient at EF is calculated to be 1.70×10−2, which is indeed
higher than that of the Ag electrode. This enhanced conduc-
tance can be ascribed to the Au 5d and S 3p orbitals (Figs. 3(c)
and 3(d)), which are dominated by the HOMO and HOMO-1
of Si6 molecule (Fig. 3(f); inset in Fig. 1). Notably, the Au
5d and S 3p orbitals centered at −0.39 eV do not contribute

to the transmission due to orbital symmetry mismatch, which
also appeared in the alkane–thiol molecular junctions.[65] The
eigenchannel extending along the molecular backbone through
the S–C, and Si–Si σ channel is similar to that in the Ag(111)–
Si6–Ag(111), which indicates that the transmission at EF is
caused by the tail effect of these peaks under EF. Similarly,
with the longer molecules connected to the Au electrodes, the
conjugate characteristic is enhanced as the transmission coef-
ficient at EF decreases as depicted in the inset of Fig. 3(b).
In particular, the transmission coefficients at EF are evaluated
to be 8.8× 10−3 for Au(111)–Si7–Au(111) and 6.03× 10−3

for Au(111)–Si8–Au(111). According to the same analysis
method, the reduced transmission coefficient primarily orig-
inates from reduced interfacial coupling between two Au–S
states at both interfaces, wherein the tunneling mechanism can
be further confirmed by reducing the widths of the transmis-
sion peaks contributed by the HOMO and HOMO-1 during
backbone elongation. Further, the conductance decay con-
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stant per atom is evaluated to be 0.57, which is consistent with
the experimental value of 0.64± 0.02 per Si atom. In addi-
tion, the separation between the peaks across EF for Au(111)–
Si6(Si7,Si8)–Au(111) is 4.02 (3.80 and 3.64) eV, which ac-

cords well with that for the Ag(111)–Si6(Si7,Si8)–Ag(111)
molecular junction. Thus, these results demonstrate that the
transport properties are influenced by the electrode character-
istics.
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Fig. 3. Optimized atomic structure and electronic transport properties of Au(111)–Si6–Au(111) molecular junction with Au electrode along (111)
direction. (a) Optimized atomic structure; (b) equilibrium transmission spectra calculated for Au(111)–Si6(7,8)–Au(111) molecular junctions, with
inset indicating transmission coefficients in logarithmic coordinates; (c) PDOS projected onto adatom Au atom; (d) PDOS projected onto terminal S
atom; (e) conductance decay constant; (f) eigenchannel calculated at EF and −0.81 eV.

The low-bias transport properties of the Ag(111) and
Au(111) electrodes are compared in terms of the conductance
calculated in the linear response limit presented in Fig. 4. Al-
though the conductance decreasing with the augment of the
number of Si atoms is independent of the electrode charac-
teristics, the Au electrode exhibits a higher low-bias junction
conductance. Based on the symmetrical contact, the interfa-
cial contact coupling of molecular junctions can be expressed
as Γ = εh

√
G/G0, where εh represents the energy position of

the conductive molecular orbitals, and G the junction conduc-
tance. The coupling coefficients of the Au(111)–Si6–Au(111),
Au(111)–Si7–Au(111), and Au(111)–Si8–Au(111) molecular
junctions are evaluated to be 105.6, 70.4, and 52.8 meV, re-
spectively. In contrast, the coupling coefficients decrease from
96.2 through 52.9 to 39.7 meV for the Ag(111)–Si6–Ag(111),
Ag(111)–Si7–Ag(111), and Ag(111)–Si8–Ag(111) molecular
junctions. Therefore, the enhanced coupling between the in-
terfacial metal–S states contributes to an improved low-bias
transport property.

6 7 8

Number of atoms

2

18 Ag(111)

Au(111)

↼G
/
G

0
) 

(1
0

-
3
)

Fig. 4. Conductance calculated in linear response limit as a function of Si
atom number in electrode (111) direction.

However, Li et al. recently reported that the electrical
contact provided by Ag electrodes for thiol-terminal silanes
is superior to that provided by Au electrodes. In addition,
the higher conductance in the Ag electrode than that in the
Au electrode is in discrepancy with previously calculated
result.[56] Moreover, Sen and Kaun reported that Au(100)
electrodes can offer a higher conductance than Au(111) elec-
trodes in alkanedithiol single-molecule junctions.[35] There-
fore, molecular junctions constructed by symmetrically con-
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necting molecules to the pyramid tip atom on the surfaces
from the face-centered crystal metal bulk along the (100) di-
rection are investigated. The Ag(100)–Si6–Ag(100) molecu-
lar junction is presented in Fig. 5(a). The Ag–S bond length
is optimized to be 2.36 Å. Moreover, the interatomic sepa-
rations of S–C, C–Si, and Si–Si are calculated to be 1.83,
1.91, and 2.37 Å, respectively, maintaining them with those of
the isolated molecules. Furthermore, the equilibrium transport
spectrum is similar to that of Ag(111)–Si6–Ag(111) with two
prominent transmission peaks across EF. The small variations
are that the peak under EF shifted slightly downward and the
plateau becomes narrower than that of Ag(111)–Si6–Ag(111).
In the PDOS depicted in Figs. 5(c) and 5(d), the peaks un-
der EF are attributed to the Ag 4d–5s and S 3p orbitals, which
are dominated by the HOMO and HOMO-1 based on the in-

spection of FMOs of Si6 molecule (inset of Fig. 1). Addi-
tionally, the eigenchannel in Fig. 5(f) indicates that the trans-
mission at EF is dominated by electronic extension originating
from the interfacial Ag–S state, and the HOMO and HOMO-
1 constitute the conductive channel. As the molecular back-
bone elongates, the reduced interfacial coupling narrows the
plateau of the peak under EF and reduces the transmission
at EF. The equilibrium transmission coefficients at EF for
Ag(100)–Si7–Ag(100) and Ag(100)–Si8–Ag(100) are calcu-
lated to be 2.23×10−3 and 1.42×10−3, respectively. The fit-
ting decay constant β is evaluated to be 0.52 per Si atom
(Fig. 5(e)), which accords with the counterpart for Ag(111)–
Si6(7,8)–Ag(111). These findings further corroborate that the
electron tunneling passes through the same molecular orbitals.
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Fig. 5. Optimized atomic structure and electronic transport properties of Ag(100)–Si6–Ag(100) molecular junction with Au electrode along (100)
direction. (a) Optimized atomic structure; (b) equilibrium transmission spectra calculated for Ag(100)–Si6(7,8)–Ag(100) molecular junction, with inset
showing transmission coefficient in logarithmic coordinate; (c) PDOS projected onto adatom Ag atom; (d) PDOS projected onto terminal S atom; (e)
conductance decay constant; (f) eigenchannel calculated at EF and −1.0 eV.

Finally, we come to investigate the Au(100)–Si6–

Au(100) molecular junction. The optimized geometric struc-

ture is illustrated in Fig. 6(a). The optimized bond lengths of

Au–S, S–C, C–Si, and Si–Si are 2.30, 1.82, 1.92, and 2.36 Å,

respectively, which are independent of crystallographic orien-

tation. The prominent transmission peak under EF in Fig. 6(b)

is dominated by the interaction between the Au 5d and S 3p

orbitals as shown in Figs. 6(c) and 6(d). Furthermore, the

eigenchannel in Fig. 6(f) indicates that the peak is dominated

by the HOMO and HOMO-1 of the isolated Si6 molecule,

and that the transmission at EF originates from its tail ef-

fect. As the central molecule varies from Si6 to Si7 to

Si8, the interfacial coupling weakens according to the nar-

rower plateau of the peak under EF, which consequently re-
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duces the transmission coefficient from 2.93×10−3 through
1.86×10−3 to 1.13×10−3, regardless of the peak progress-
ing upward to the EF. The tunneling mechanism between
the interfacial Au–S states can be corroborated by the expo-
nential decay function defined based on the decay constant
β = 0.45 in Fig. 6(e). Moreover, the conductance in the
linear response limit is derived as a function of the number
of Si atoms, and the results are shown in Fig. 7. In stark
contrast to the results of the electrode (111) crystallographic
orientations, the low-bias conductance of the Ag(100) elec-
trode is higher than that of Au(100), which corresponds to
experimental measurement.[56] The average coupling coeffi-
cients for the Au(100)–Si6–Au(100), Au(100)–Si7–Au(100),

and Au(100)–Si8–Au(100) molecular junctions are calculated

to be 50.9, 38.0, and 24.5 meV, respectively. This is because

the reduced coupling between the interfacial Au–S states can

lead the low-bias conductance to decrease. For Ag(100)–Si6–

Ag(100), Ag(100)–Si7–Ag(100), and Ag(100)–Si8–Ag(100)

molecular junctions, the calculated coupling coefficients are

62.4, 39.7, and 28.3 meV, which can explain the conduc-

tance varying with the molecular length. More importantly,

the Ag(100) electrode offers superior electronic contact with

methylthiol-terminated permethyloligosilanes in comparison

with the Au(100) electrode, consequently resulting in higher

low-bias conductance.
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Fig. 6. Optimized atomic structure and electronic transport properties of Au(100)–Si6–Au(100) molecular junction with Au electrode along
(100) directions. (a) Optimized atomic structure; (b) equilibrium transmission spectra calculated for Au(100)–Si6(7,8)–Au(100) molecular
junctions, with inset showing transmission coefficient in logarithmic coordinates; (c) PDOS projected onto adatom Au atom; (d) PDOS pro-
jected onto terminal S atom; (e) conductance decay constant; (f) eigenchannel calculated at EF and −0.94 eV.
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Fig. 7. Conductance calculated within linear response limit as a function of
Si atom number for electrode with crystallographic orientation of (100).

4. Conclusions

The density functional theory, combined with the
nonequilibrium Green’s function, is used to investigate the
atomic structures and electronic transport properties of molec-
ular junctions, wherein permethyloligosilanes with 6, 7, and 8
Si atoms are symmetrically connected to a face-centered crys-
tal Au/Ag electrode along the (111) direction and the (100) di-
rection. The derived calculations reveal that the low-bias con-
ductance is dominated by electronic tunneling between metal–
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S bonding states at both molecule–electrode interfaces. Al-
though the σ conjugation increases, the decreasing of cou-
pling, which is due to tuning the central permethyloligosi-
lane backbone length, leads the low-bias conductance to de-
cay exponentially. In addition, the interfacial coupling can
be mediated by the electrode crystallographic orientations.
For electrodes along the (111) direction, the conductance of
molecules connected to the Au electrodes is higher than that
of the molecules connected to the Ag electrodes. In contrast,
for electrodes along the (100) direction, the conductance of the
molecular junctions connected to the Ag electrode is higher
than that of the molecules connected to the Au electrode. The
findings of this study are conducive to understanding the trans-
port mechanism and mediating the interactions between the
two metal–molecule interfaces by suitable electrode crystallo-
graphic orientations, thereby improving the electronic proper-
ties of permethyloligosilanes molecular junctions.
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