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developed by Hu [7,8]. In these compounds, three sulfur
atoms are conveniently sitting at the end of a tripod which
allows the molecules to adsorb on various surfaces includ-
ing gold.

CdS, along with CdSe and CdTe, are viable semiconduc-
tor materials for thin-films photovoltaic devices and have
band gaps in the range 1.4–1.5 eV. These materials can
be used also for the fabrication of hybrid heterojunctions.
The presence of organic layers in heterojunctions tends to
improve surface smoothness and the layers can also be used
for light conversion [9]. But the problem of the contact
resistance between semiconductors layer and metal elec-
trode and trapping levels remains [10,11].

In the present work we present data on the adsorp-
tion of the new compound 7-ethynyl-2,4,9-trithia-tricy-



taking the derivative of the data, using a finite difference
algorithm. Measurements were performed in a cryostat at
temperatures in the range 4.2–298 K. The temperature
was measured using a Si tunnel diode (CY7 purchased
from Omega Technologies Company).

2.3. IETS measurement

The details of our spectrometer are reported elsewhere
[19]. Spectra were recorded with samples cooled to 4.2 K
in liquid helium. Low bias features associated with the
Pb superconducting band gap were recorded and indicate
that tunneling is occurring. Normalized tunneling intensity
spectra were recorded in constant resolution mode [20]
with a modulation voltage of 1 mV. Each spectrum was re-
corded by averaging signal over 20 scans.

2.4. MRAIRS

MRAIRS data were obtained using a modified attenu-
ated total reflection (ATR) attachment, manufactured by
Specac Ltd., housed in a Mattson Cygnus 100 model
7020A FTIR spectrometer. Specifically, the ATR attach-
ment was modified by incorporating a custom built wire
frame spacer to vary the separation between two parallel
sample mirrors. This spacer allows the beam entry angle,
and number of reflections, to be adjusted in order to in-
crease measurement sensitivity. Sample mirrors were made,
two at a time, by evaporating Al films onto glass substrates
in a procedure similar to the one adopted for the deposition
of the Al films for IETS described above. CdS and/or
7ETTD layers were deposited onto the Al films in the same
manner as those used for IETS as necessary. Full details of
our MRAIRS set up, which allows for monolayer adsor-
bate sensitivity, are given elsewhere [21].
3. Results and discussion

3.1. Conduction mechanisms

Different conductance mechanisms are possible in MIM
structures, these include direct tunneling, Fowler–Nord-
heim tunneling, hopping, and others. In order to verify
which mechanisms predominate at various I, V, and T

values, we analyzed the temperature dependence of corre-
sponding conductance–voltage measurements. Fig. 3(a)



assume that, at low voltages and temperatures, direct tun-
neling will be the dominant mechanism. Indeed, for direct



and LUMO levels are participating in creating conduction
channels.

The strength of the coupling between molecular orbitals
and surface states depends on their mutual location. The
greater the energy separation of the levels the smaller inter-
action will be.

3.2. Model barrier parameters calculations

As mentioned in Section 3.1, at low bias and tempera-
ture the I–V curve is linear to a very good approximation.
However, for higher voltages the dependence becomes
exponential. We employed a WKB approximation to cal-
culate the normalized low-bias (from 0 to �0.2 V) conduc-
tance for an assumed TRAPSQR barrier (see Fig. 6).
The calculated normalized conductance was fitted to the
experimental conductance data. As mentioned earlier,
the experimental conductance G–V was obtained from
experimental I–V data by numerical differentiation. A stan-
dard least-squares function, from a commercially available
software package (MATLAB), was used to perform the fit-
ting. The WKB approximation assumes the following
expression for tunnel current density:
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where h is Planck’s constant, �h = h/2p, e is the electronic
charge, x is the distance into the barrier, d is the total thick-
ness of the barrier, E is the total energy of the tunneling
electrons, Ex is the x component of the energy, and
u(x,V) describes the barrier potential. The TRAPSQR
barrier potential has the form:

uðx;V Þ ¼ u1 þ ðu2 �u1Þx=d � ðx=d þ sÞV ; when x6 d; and

uðx;V Þ ¼ u3 � ðx=d þ sÞV for d < x6 s:
u1, u2 and d represent the barrier heights and thickness,
respectively, associated with the CdS layer (with or without
adsorbed 7ETTD), while u3 and s are the barrier height
and thickness for an assumed present alumina layer. This
type of barrier has been used successfully in different types
of systems and known to give reasonable results [24,25,18].
Clearly, several possible sets of parameters exist that will
satisfy the fit, but only those yielding physically realistic
solutions were taken into account. The barrier parameters
obtained by fitting the WKB approximation to our exper-
imental G-V data for (i) Al/CdS/Pb and (ii) Al/CdS/
7ETTD/Pb junctions, as shown in Figs. 7 and 8, are as
follows:

(i) Al/CdS/Pb:

u
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Fig. 7. Normalized conductance–voltage dependence recorded at 4.2 K for an Al/CdS/solvent/Pb tunnel junction (symbols), and WKB approximation fit
to the data (solid line).
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F ance–voltagedependencerecorded at 771 K for an Al/CdS/7ETTD/Pb tunneljunction (symbols),and WKBapproximationfitto thedata(solid line).
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bias since tunneling no longer accounts for the majority of
the charge transport through the junctions at this higher
bias. Since the HOMO LUMO gap for 7ETTD is too large
to decrease the potential barrier, we propose that surface
states-orbital coupling occurs, leading to a significantly in-
creased conductance. One also notices that the G(V,T) plot
for Al/CdS/Pb is highly asymmetrical because of the bar-
rier height asymmetry (3.15 V and 3.8 V for u1 and u2,
respectively). When the molecule is adsorbed on the surface
and conducting channels are formed, the barrier becomes
more symmetrical, and the corresponding G(V,T) plot is
also more symmetrical, since electrons can travel through
those channels avoiding tunneling.

3.3. IET, IR, and calculated spectra

Fig. 9 shows control IET spectra obtained from (a) Al/
CdS/Pb, (b) Al/CdS/solvent/Pb, and (c) Al/alumina/sol-
vent/Pb junctions which display no evidence of significant
contamination. The control spectrum (a) is presented to
illustrate peaks normally seen for CdS samples and there
is some evidence of Al–O in the spectrum at 980 cm�1.
Peaks due to CdS appear as a shoulder at 1110 cm�1and a
o n d u c t a n c e ( n o r m a l i z e d ) -
ig. 8. Normalized conduct
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is a technique that one might consider to investigate this
further, but the ability of XPS to detect any sulfur peaks
related to molecule-CdS surface interactions is extremely
doubtful because a surface-related sulfur peak would be
expected to appear as a shoulder on the essentially bulk
background sulfur peak from the CdS layer and with an
intensity several orders of magnitude weaker. MRAIRS
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