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Adsorption of molecules on surfaces of solids can change the Scheme 1. Molecules Used To Adsorb Monolayers on Si/SiOx
solids’ surface properties, and especially their electronic properties,
in a controllable mannér.The most straightforward type of
electronic change is that of the work function and electron affinity
due to the potential drop across a layer of dipolar molecules. The bound to a semiconductor or metal surfAdgichlorosilanes on

Cl;Sl_(CHz)y—O‘QX X = OCHs, CHy H,

y=3,6,11 Br, ], CF3, CN, NOy

expected change is given W = Nu cos 6/eeo, whereN is the oxidized Si yield a 2-D polymeric network of a monolayer of
density of dipolesy is the dipole moment (in Debye}, is the molecules,anchoredoccasionally to the SiQsurface via SO
average angle that the dipole makes with the surface noenisl, bonds!® This system is actually closer to an ideal dipole layer,
the layer's effective dielectric constant (derivable from the mol- situated above, and detached from a surface, than a monolayer
ecules’ polarizabilit§), andey is the permittivity of vacuuni.Indeed, composed of molecules, chemically bound to the surface. The

this approach has been successful by chemisorbing sets ofmolecules were deposited as a siloxamehoredarray (XPS shows
molecules, identical except for one functional group, on a variety full hydrolysis of the trichlorosilanes) onto oxidized (100)Si.
of semiconductor$,including Si? and on metal§.Here we report We characterized the resulting surfaces by contact angle (CA),
on a strong deviation from the expecta¥—u relation. We show ellipsometry, FTIR, UV~vis, and X-ray photoelectron spec-
that it can be attributed to a decrease in the molecular dipole troscopies. These data suggest that the molecules form roughly one
moment, due to changes in molecular conformation and/or order monolayer with comparable coverage for all molecdfé¢dowever,
in the molecular layer. significant structural and electronic differences are found between
In all cases reported until now, theV—u relation was found to the NG and CN derivatives and the others, with the;G&bstituent
hold, within experimental error, with a close i V change for showing somewhat intermediate behavior. Thus, hysteresis between
n-GaAs (nearly 70% of the band gap) with benzoic aéiti$.Such receding and advancing contact angles more than doubles for the
changes may, in principle, control the behavior of metal/- and NO, and CN derivatives as compared to the others.yFer 11,
semiconductor/semiconductor junctions, a matter of interest, for the NG, and CN monolayers show a shift of the symmetric (2&m
example, in the design and optimization of light-emitting diddes and asymmetric Clistretch (3 cm?), and of the tilt angle@, of
and solar cell§. Our present results show thaV cannot be the molecules in the monolayers (251° for OMe, Me, H, |, and
increased without limif. A limit of this type is well known for Br, versus 29t 1° for CF;, CN, NG,) as calculated from polarized
inorganic systems, especially chemisorption of Cs on semiconduc- ATR-FTIR spectrd® The UV—vis spectra of the N@and CN films
tors, which drastically decreases semiconductor electron affinity. on the surface show a shift similar to that obtained in polar
As coverage increases (from 0.01 to 0.1 L), the decrease in electronsolvent!216 This suggests that, on the surface, neighboring mol-
affinity becomes less and less until there is actually an increase atecules provide such a (polar) environment for each other. This is
very high (close to monolayer) coverajéhe reason is the increas-  not observed with the other derivatives. These results suggest less
ing dipole—dipole repulsion that occurs, as the-@3s distance on average ordétf for the NG, and CN monolayers than for the others.
the surface decreases. Beyond a critical Cs density, the system can We measured the work function of the Si/S&dirfaces, modified
decrease its free energy by electrostatic depolarization, a decreas®y the series of monolayers, using a Kelvin Probe setup with a Au
in the surface-adatom dipole moment. In the case of Cs, depolar-reference, under ambient conditions. The work function is derived
ization occurs by actual charge transfer between the Cs and thefrom the contact potential difference (CPD) between the surface
surface. With molecular dipoles, the situation may be different, and the Au referencE.The electron affinity is then obtained by
because of the larger number of degrees of freedom of moleBules. measuring the CPD undsaturating supra-band-gap illumination
To test this, we used mainbrbonded, nonconjugated “insulating”  to cancel the semiconductor’s band bending. The latter was found
molecules and adsorbed them on a nonmetallic surface, to decreaseo be rather independent of the type of substituéiResults fory
the possibility for charge transfer to/from the surface. Furthermore, = 11 are shown in Figure 1. The most striking behavior is that of
we chose a system where the molecules are not arranged in a rigidthe NG, and CN derivatives, both of which are molecules that have
highly organized monolayer. Under these conditions, the dipole large dipole moments in the free state. This behavior was found
dipole interaction may be decreased, for example, by reducing the consistently for the N@and CN derivatives (i.e., also with thesC
distance between positive and negative poles to decrease the neand G series) and for molecules with comparable terminal
dipole, that is, by a change in molecular conformation. functionality on a saturated;galkyl chain, that is, without the
In Scheme 1, we show the series of molecules d3éthe phenyl ethet8 The relatively high dipole moments of the CN and
molecules are identical except for one group that, because of itsNO, derivatives suggest that, if depolarization is an issue, it will
varying electron-donating/withdrawing character, changes the mol- be expressed with these substituents. The dipole moments used in
ecule’s dipole. While in the past we used mainly molecules, directly Figure 1 are those calculated for model free molecules, obtained
t Bar-llan University. from semiempirical quantum chemical calculatiéh3wo dipole
*Weizmann Institute of Science. values for the methoxy derivative are shown, one for the syn and
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to explore these and other aspects of molecular chemical surface

H modifications of semiconductors are underway in our laboratories.
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