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I. Low Temperature J-V measurements
The Si substrate was placed on a stainless steel platform (thickness ~ 1mm) and
then inserted into the cut-away slot of the base. (Figure S1a) The Si, stainless steel
platform, and aluminum base were all in electrical contact. The teflon piece was pressed
down by three set screws and a Viton o-ring made a compressed seal with the Si sample.
(Figure S1b) A type K thermocouple (not shown) was fixed to the underside of the
stainless steel platform, exposed by the hole in the base plate. Hg was poured into the
center cavity of the teflon top and the entire cell was immersed in a N2(l) bath. Electrical
contact to the Hg was made with a suspended Pt wire. Temperatures were recorded
manually through a Watlow 96 PID.
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Figure S1.
Test cell used to acquire low temperature J-V data. (a) Disassembled cell.
(b) Assembled cell. (c) Underside of the teflon top. O-ring area = 0.128 cm2. (d)
Underside of the metal base.
II. Impedance Measurements
Experimental data were recorded as the total impedance magnitude (Z) and phase
angle (φ) as a function of the frequency of the sinusoidal input waveform. Real (ZREAL)
and imaginary (ZIMAGINARY) components of the measured impedance were then
determined through Equations S1.
Z REAL = Z sin(!)
Z IMAGINARY = Z cos(!)

(S1)

For an equivalent circuit consisting of a resistor (R) and capacitor (C) in parallel, the
expected ZREAL-ZIMAGINARY relation is hemispherical.1 For all tested samples, Nyquist
plots (-ZIMAGINARY vs. ZREAL) were generated to assess the applicability of the parallel RC
equivalent circuit model. An example plot for a iso-C3H7-Si(111)/Hg device is presented
in Figure S2. All reported values for Hg/Si junctions were taken from samples that

displayed similar Nyquist plot profiles. However, for high barrier height devices, the
entire hemispherical profile was not always visible in the investigated frequency range.
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Figure S2.
Nyquist plot of imaginary vs. real components of the measured impedance
for a iso-C3H7-Si(111)/Hg device. f = 101-106Hz
III. High Resolution X-Ray Photoelectron Spectra of Chemically Modified Si(111)
Surfaces After Contacting with Hg
High resolution Si2p spectra were obtained for n-Si(111) surfaces modified with
either hydrogen (-H), methyl (-CH3), or propynyl (-C≡CH3) terminal groups after they
had been in contact with Hg for ≥ 20 minutes. (Figure S3) The general acquisition
conditions were as described in the Experimental Section. The resolution of the
spectrometer was insufficient to distinguish completely the Si2p doublet at 100 and 99 eV.
However, no shoulders at higher binding energies (101-104 eV) indicative of monolayer
oxide coverages were observed for any of the three surface preparations, either before or
after contacting with Hg.2,3
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Figure S3.
X-ray photoelectron spectra of the Si 2p region of n-Si(111) surfaces with
different terminal functionalities following removal of Hg contact. (a) –H, (b) –CH3, and
(c) –C≡CH3.
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