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Silver Makes Better Electrical Contacts to Thiol-terminated 
Silanes than Gold 
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Abstract: We report that the single molecule junction conductance of 
thiol-terminated silanes with Ag electrodes are higher than the 
conductance of those formed with Au electrodes. These results are in 
contrast to the trends in the metal work function Φ(Ag) < Φ(Au). As 
such, one would expect a better alignment of the Au Fermi level to the 
molecular orbital of silane that mediates charge transport. Additionally, 
this conductance trend is reversed when we replace the thiols with 
amines, highlighting the impact of metal—S covalent and metal—NH2 
dative bonds in controlling the molecular conductance. Density 
functional theory calculations elucidate the crucial role of the chemical 
linkers in determining the level alignment when molecules are 
attached to different metal contacts. We also demonstrate that 
conductance of thiol terminated silanes with Pt electrodes is lower 
than the ones formed with Au and Ag electrodes again in contrast to 
what one would expect from trends in the metal work-functions. 

The fundamental conductance properties of single molecules are 
most often probed with Au electrodes, as Au is both malleable and 
chemically inert under ambient conditions. The use of other 
metals as the electrical contacts in molecular electronics can offer 
new platforms for investigating the properties of molecular 
junctions. For instance, Ag and Pt can potentially enable in situ 
chemical reactions that can influence the bridging organic 
molecules.1 The density of states and optical properties of Ag and 
Pt, differing from Au, can open up new approaches in 
understanding electron transport through molecular junctions 
under illumination.2 Relativistic effects in metal atoms, important 
in heavy elements, can also affect the metal-molecule interaction 
and influence the charge transport.3 Although recent studies have 
shown that Ag,4 Pt,5 Cu,4c,4d and Pd5c,6 can be used as contacts 
to form single molecule junctions, only a limited set of molecules 
have been shown to form stable junctions with these metals when 

compared with Au, especially under ambient conditions. 

 
Here, we describe conductance properties of a series of 

methylthiol- (Sin–SH) and methylamino- (Si4–NH2) terminated 
permethyloligosilanes attached to Ag, Au, and Pt electrodes using 
the scanning tunneling microscope-based break junction (STM-
BJ) technique.7 Thiols are known to form covalent links with Au 
electrodes,8 and can also bind to Ag and Pt electrodes by forming 
Ag—S and Pt—S covalent bonds. The important result we report 
here is that thiol-terminated silanes and alkanes display a higher 
conductance when bound to Ag than Au. Through density 
functional theory (DFT) calculations, we find that the alignment of 
metal Fermi level to highest occupied molecular orbital (HOMO) 
is similar for Ag—S and Au—S linked junctions. We find however, 
that the orbital with most weight on the metal-S bond (the metal-
S gateway state) is closer to the metal Fermi level in the case of 
Ag when compared with Au. The higher-lying gateway state and 
a close alignment of HOMO orbital with the metal Fermi level for 
Ag contribute to the higher conductance value we observe. By 
contrast, experiments and calculations on Ag—NH2 and Au—NH2 
linked silane and alkane4b junctions show the reverse trend where 
Ag—NH2 linked junctions having a lower conductance than Au—
NH2 linked ones. It is important to note that the charge transport 
measurements on alkane-,9 oligophenylene-,10 and oligoacene- 
dithiol11 monolayers formed with Au, Pt and Ag electrodes show 
the opposite trend from what we observe here. We reason that 
the different bonding or electrostatic environment inherent to 
measurements with monolayer compared with single-molecule 
measurement gives rise to the different results. 

Additionally, we find that Pt-Sin-Pt junctions show the lowest 
conductance compared with Ag-Sin-Ag and Au-Sin-Au junctions. 
This result stands in contrast to previous theoretical studies12 on 
benzene-dithiol and experimental studies5c on alkane-dithiol, both 
of which show that the conductance of single molecule junctions 
formed with Pt electrodes is higher than that of the molecular 
junctions formed with other metal contacts such as Au or Ag. Our 
results from measurements with three different metals indicate 
that conductance trends across different metals are not simply 
related to work function trends (Ag: 4.64 eV; Au: 5.47 eV; Pt: 5.84 
eV).13 

Si2-Si4 and Si6 were synthesized through an iterative route, 
as described previously.14 We extended this approach to 
synthesizing the longer hepta, octa, and nonasilane (Si7-Si9) 
oligomers presented here (details see SI). We carried out 
conductance measurements by repeatedly breaking and forming 
Ag, Au and Pt point contacts in the presence of a solution of target 
molecules using a STM-BJ technique.7 The STM is operated 
under ambient condition at room temperature for Ag and Au 
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measurements. For measurements with Pt, we additionally polish 
and sonicate the Pt slug in acetone and flush the setup chamber 
with Argon for 10 minutes prior to the measurement. We use 
mechanically polished Ag and Pt slug and Au-coated mica surface 
as the substrate, and the corresponding metal wire as the tip. 

 
Figure 1. (a) Schematic of thiol linked metal-Si6-metal junctions. 1D 
logarithmically-binned conductance histograms for junctions of (b) thiol-
terminated Si6 and (c) amine-terminated Si4 with Au and Ag electrodes. (d) 
Conductance peak values plotted against the number of silicon atoms in the 
backbone on a semi-log scale. Lines show linear fits to the data following G = 
Gce-βn and corresponding decay constants β are 0.64 ± 0.02 n-1, 0.60 ± 0.03 n-

1, and 0.73 ± 0.02 n-1 for Au, Ag and Pt.  

We initiate each measurement by bringing the tip into 
contact with the substrate to create a metal point contact with a 
conductance higher than 5G0 (G0 = 2e2/h = 77.5 μS), then we 
retract the tip while measuring the current and the voltage of the 
junction. A molecule in the vicinity can bridge the gap between the 
tip and substrate once the metal point-contact breaks (Figure 1a), 
displaying a plateau in the conductance versus displacement 
trace (Figure S1). We collect 4000 - 20000 conductance traces 
for each molecular junction and compile them into normalized log-
binned conductance histograms. Histograms for the amine-linked 
Si4 and thiol-linked Si6 with Au and Ag electrodes are shown in 
Figure 1b, c; others are shown in Figure S2. We generate 
conductance histograms for molecular junctions formed with Au 
and Pt electrodes without any data selection, and apply an 
automated algorithm to exclude the traces displaying long oxygen 
contamination plateaus15 between 1G0 and 0.1G0 before creating 
the histograms for junctions formed with Ag electrodes (see 
Figure S3 for complete histograms). As an additional control, we 
have measured the conductance of thiol-terminated alkanes in an 
argon environment and do not find any change in the molecular 
conductance peak position (Figure S4). For the Pt measurements, 
we note that we do not observe a conductance peak at 1G0 in 
agreement with previous reports.5b,16 This has been explained by 
calculations showing that transport in Pt atomic contacts, unlike 

the single fully open channel 6s for Au, has contributions from its 
d-bands.5b,16  

We fit Gaussian functions to the conductance peaks in the 
histograms to determine the most probable conductance value for 
each silane bound to Ag/Au/Pt metal contacts. We plot the 
conductance value as a function of the number of silicon atoms in 
the backbone in Figure 1d. We first find that the conductance of 
thiol-linked junction decreases exponentially as the molecular 
length increases. Comparing the conductance for each silane 
bound to Au and Ag electrical contacts, we find that thiol-linked 
junctions show higher conductance when formed with Ag 
electrodes, while amine-linked ones show a lower conductance 
when formed with Ag electrodes (as indicated by arrows in Figure 
1d). Interestingly, we observe the same trends in amine-4b and 
thiol-terminated alkanes. (Figure S5) This result suggests that the 
anchoring groups, when attached to different metal contacts, can 
significantly alter the charge transport characteristics. We also 
observe that molecular junctions formed with Pt electrodes have 
the lowest conductance. 

 
Figure 2. 2D conductance histograms for (a) Si8-SH measured with Ag and (b) 
Si4-NH2 measured with Au. (c) Junction elongation length plotted against the 
number of silicon atoms in the backbone for measurements with thiol-linked 
junctions with Ag, Au and Pt electrodes. 

We create 2D conductance-displacement histograms to 
further compare the junction elongation length measured with 
different metal contacts. These histograms, shown in Figure 2a, 
2b, S5, and S6, are created by overlaying all measured 
conductance traces after aligning them along the displacement 
axis at a conductance of 0.5 G0 (Au and Ag) or 0.01G0 (Pt). We 
compare the molecular junction plateau shapes and lengths 
between measurements with the three metal contacts. We find 
that Au-Sin-Au and Ag-Sin-Ag junctions show similar conductance 
vs displacement distribution, while for Pt-Sin-Pt junctions, the start 
of the conductance plateau is not well defined due to the lack of a 
sharp conductance drop following the metal contact rupture 
(Figure S6). We determine the junction elongation length from the 
2D histogram (details see SI Part III) and plot them as a function 
of the backbone length for measurements with Au, Ag, and Pt 
electrodes in Figure 2c. A linear increase in the measured junction 
elongation length with increasing backbone length is observed in 
measurements of the thiol-terminated silanes with all three metal 
contacts, indicating that we are indeed forming junctions that are 
terminally bound through a Au—S, Ag—S, and Pt—S bond. 

To gain insight into the charge transfer characteristics of 
these junctions, we turn to quantum transport calculations of 
model junctions with different anchoring groups attached to Au 
and Ag electrodes. In our ab-initio study we employ density 
functional theory as implemented in the FHI-aims package18 with 
a PBE exchange-correlation functional.19 Scalar relativistic 
corrections are included at the atomic ZORA (zeroth order regular 
approximation) level20. To validate ZORA, additional calculations 
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with TURBOMOLE (scalar relativistic, ECP-level) have been 
performed (see SI). Spectral effects of the spin-orbit interaction 
are treated by performing a single-shot post-processing 
diagonalization of the Kohn-Sham Hamiltonian including the spin-
orbit interaction term.21 Each pyramidal cluster of Au (Ag) contains 
37 atoms and is cut from a face-centered crystal grown in the 
(111) direction with closest interatomic distance of 2.88 Å (2.89 
Å). Transport calculations employ a standard non-equilibrium 
Green’s function method as implemented in the quantum 
transport package AITRANSS.22 

We show in Figure 3 the transmission of junctions of Si4 and 
Si7 bound to Ag and Au electrodes through amine and thiol linkers. 
In all cases, the HOMO level dominates the charge transport, and 
its width and alignment with the metal Fermi energy determines 
the conductance. In the case of amine-linked junctions, the 
essential difference between Au and Ag contacts is a rigid 
displacement of the transmission curve by about 0.4 eV (Figure 
3a). This shift in the transmission curves is consistent with 
experimental values for the work function mismatch, which is ~ 
0.6 eV for the corresponding facets.13,23 

 

Figure 3. Calculated transmission curves and molecular structures for Au 
and Ag junctions formed with (a) Si4 with amine linker groups and (b) Si7 
with thiol linkers. Inset: Gateway state orbitals. HOMO and LUMO orbitals 
are shown in Figures S7-S10.  

The situation is considerably more intricate with thiol linkers. 
We first observe that the overall conductance is enhanced in 
comparison to the amine-case, because the transport-orbitals are 
in better alignment with the Fermi energy. The enhancement is 
stronger for Ag electrodes (factor ~ 5) when compared to Au 
(factor ~ 4), in qualitative agreement with experiment (Figure 1d). 
This difference results from two factors: (i) After replacing amines 
with thiols, the relative shift of the HOMO peaks for Au- and Ag-
based junctions is only ~ 0.1 eV, substantially smaller than the 
work function difference; (ii) In Ag-based junctions an extra 
resonance appears at 400 meV below the Fermi energy, 
attributed to a Ag-S orbital gateway state. In Au-linked junctions 

however, the gateway state is close to the broadened HOMO 
orbital and therefore is not visible as a separate resonance.24 
Despite the gateway orbital being located mostly near the thiol-
group, it carries a significant contribution of the current as the 
corresponding (narrow) resonance energy is close enough to the 
Fermi energy and outside of the broadened HOMO peak. 

We find that silicon molecular wires terminated with thiol 
linkage groups show higher conductance with Ag electrodes than 
with Au electrodes, in contrast, the ones terminated with amine 
linkage groups show the opposite. These results highlight the 
impact of the chemical linkers on determining the charge transport 
characteristics of molecular junctions when attached to different 
metal contacts. We show that as a consequence of the different 
chemical properties of the anchoring group, the conductance 
trends at the Fermi level for different metals may not follow simple 
rules based on the metal work-function. Our supporting DFT 
calculations suggest an understanding that invokes (i) the 
alignment between the molecular HOMO and the Fermi level of 
the metal, (ii) the gateway states as important factors influencing 
the conductance trends in both thiol and amine linked junctions. 
Additionally, we demonstrate that Pt can be used as metal leads 
to form molecular junctions with thiol-terminated silanes and Pt-
Sin-Pt shows even lower conductance than Au-Sin-Au junctions. 
Our results open up possibilities of using Ag and Pt as electrical 
contacts in molecular electronics and deepen our understanding 
of the role that the metal-molecule interaction plays in controlling 
molecular conductance. 
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