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fabricate nanodevices such as thin film transistors. Chalcogenide A | At
groups are the simplest as junctions because chalcogens are able 1 1 I
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with two covalent bonds. Along this line, we started to study Logarithm of resi N A by CAEM f o
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a view to tuning the electrical properties of organic molecular gnows the range of I0g obtained by +V measurements. Solid lines show
devices because heavy chalcogens (Se, Te) possess differente range of logR of dioctyl dichalcogenides measured using tip 1, dotted
characters as compared with lighter chalcogens (O, S). We reportlines L|J|Sin9| tip 2,fa|n(ég’;18hed |ir:1<§_S Uséif)g tirlJ 3-;;2;9 markers SC;;%W tr$haverage
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depositonto form ighly resisive aLtcoxized monolayers (AMis) 2/E120° overal alues of 68 67 (00,574 (0gSe). The sandard

. . A ' deviation for each sample: 0.78 (§%), 0.83 (O¢Se). The averaged log
under air. The theoretical calculations suggested effective conduct-Rr and the standard deviation for g¥e,-derived films cannot be determined
ing properties of telluride systemslowever, obtained conductivi-  because some of the resistances surpass the limit-fdrrheasurements.
ties of Te systems under ambient conditions are different from that Inset: typical F-Vs for dichalcogenide films (blue, G&»; green, OgSe;
of the calculations. red, OeTe,).

We select ditellurides such as dibutyl and dioctyl ditelluride- (R Itis evident that OgTe-derived thin films have effective insulating
Tex: R = Bu (n-C4Hg), Oc (n-CgHj7)) to form thin films because properties when compared with disulfide and diselenide films. The
tellurol, which is a thiol analogue, is generally unstable under same tendency was observed for butyl dichalcogenide films. The
ambient conditiond Dialkyl (Bu and Oc) disulfides and diselenides —average resistances of the self-assembled monolayers (SAMs) of
were prepared as a control to compare with the ditellurides so thatoctanethiol were similar to that of dioctyl disulfide and were below
the contact resistances on the same alkyl group would be similar 104—10"° times the values of ditellurides. The obtained results
in the conductivity measurements. Dichalcogenide films were indicate that ditelluride can be used as a material to form effective
prepared under air unless otherwise stated. Conductive AFM (c- insulating thin films. It is likely that a selenide junction is a more
AFM) measurements were performed by using a modified SPA effective conductor than a sulfide junction from the results of the
300HV of Seiko Instruments Inc. wita 1 nA/V amplifier under averages (Figure 1), although the variations in the measured
the vacuum conditions of ¥ 1077—2 x 1076 Torr to reduce the  resistances are large. The methodology employed by Cui et al. may
effect of water molecules. Detailed syntheses of compounds andenable us to discuss this point more preciselyhe study along
experimental procedures are described in the Supporting Informa-this line is now underway. These results are in contrast to the high
tion. conductive efficiency of telluride system shown by the calculation

Figure 1 shows the logarithmic plot of conductivity obtained by of a 1,4-(bischalcogeno)benzene systériige consider that this
current-voltage (FV) measurements.—V characteristics are  discrepancy is caused by the chemical effect of the tellurium
known to depend strongly on the tip conditions, for example, tip junction or the formation of multilayer systems of ditelluride. AFM
radius, tip shape, material, and contamination, especially in the caseand photoemission spectroscopy were employed to clarify this point.

of noncovalent bonding systerfid.o confirm the reproducibility, Contact AFM observations were performed to estimate the
we prepared three different osmium-coated gold tips (#dLN2, thickness of ditelluride-derived films. A smooth surface was
and 3) and three films each of dioctyl dichalcogenide,&,c0c- observed for each ditelluride-derived sample. After removing the

Se, O Te, nine samples in total). Each identical tip was used for materials of OgTex-derived films by using contact AFM tips, the
the -V measurements of a series of films of three different dioctyl cross section observed showed that the thickness of the films was
dichalcogenides. Good reproducibility was found even when the ca. 0.5 nm, suggesting the formation of monolayer-like structures.
sequence of theHdV measurements of the three films was changed. Next, X-ray photoelectron spectroscopy (XPS) measurements were
carried out for dichalcogenide samples. Figure 2 shows the core
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We consider at present that high resistance of ditelluride AMs
is due to the oxidized form of ditelluride. This will lead to an
increase of the HOMOGLUMO energy gap that is relevant to the
density of state (DOS) and/or a change of the interface dipole that
68 166 164 162 160 158 590 585 58 575 570 is relevant to the work function and the shift of DOS. We are
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il -1 F and a theoretical approach.
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eV eV by low-cost procedures. Although some papers reported the particles

Figure 2. XPS core level spectra on Au(111). (a) S 2p for dioctyl disulfide. and/or t.h'Ck films of tellurium and/or tellurium 9’?'0'9 prepared by.
(b) Se 3p for dioctyl diselenide. (c) Te 3d for dioctyl ditelluride. (d) O 1s €xpensive procedures such as vacuum deposition and photblysis,
for dioctyl ditelluride. organic ditelluride systems have an advantage of easy preparation,
that is, a low-cost procedure for the formation of smooth AMs with
covalent bond.Se 3p;; and 3p,, peaks are evident at 166.2 and the peculiarities of Te-oxide.
160.3 eV, respectively, in Figure 2b. The existence of a selenide In summary, AFM, XPS, and UPS measurements revealed for
group in the dioctyl diselenide films is confirmed because the the first time that ditelluride AMs having high resistances easily
positions of the peaks are in good agreement with those of selenideform on the surfaces due to the autooxidation of ditelluride in
SAMs on gold® On the other hand, the peaks for Te;gddnd 3d, contrast to the case of the lighter dichalcogenides. The ditelluride
are evident at 585.6 and 575.2 eV, respectively (Figure 2c), AMs could be applied to the selective fabrication of effective resists
suggesting the existence of Te-oxide associated species becausand/or new imaging systems using the feature of tellurium oxide
these peaks are located near the J@®@aks. The existence of in small device circuits. These types of materials (AMs) would be
oxygen is also detected for ditelluride samples as shown in Figure useful to support and develop nanotechnology.
2d, but not for disulfide and diselenide films, indicating the
existence of Te O species. The C 1s peak was also observed at
284 eV for all of the films.

Elementary analyses of the dichalcogenide films were carried
out to lead to the intensity ratio of 0.8:1.3:1.0 for Te, Se, S on the
surface, respectively, after the normalization of the factors such as
the intensity of X-ray and atomic subshell photoionization cross
sections. Because it is well known that disulfides form SAMs, the
results suggest that dioctyl heavy dichalcogenidesT8&and Og-

Se) also form monolayers on the surface. This is consistent with  Supporting Information Available: Compounds, instruments, and
contact AFM measurements. The intensity ratio of oxygen to histograms for +V measurements (PDF). This material is available
tellurium was ca. 2.0. These results suggest that dioctyl ditellurides free of charge via the Internet at http:/pubs.acs.org.
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