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Although covalently bound self-assembled monolayers (SAMSs) T T T T T
have been known for more than two decades and are now integrated < —o—Au
in a number of technical applicatio&s,efforts in understanding 8 —0—Ag )
the factors determining their structure started only recently. While § j&
most work focused on the influence of the structure of the carbon S
backbone, it became apparent lately that the binding geometry CH, = e ]
around the first surface-bound atom (the so-called anchoring group) £
is of outstanding importance. By using suitable hybrid systems, it G
could be shown for the most popular SAM system of thiolates on 10E - 1 L —
coinage metals that the substrate-dependent binding geometry e T 1T
which might be formulated as the hybridization of the sulfur atom g =
is the determining factor for the orientation of the alkyl chains and 2 30 E
consequently the structure of alkanethiol (AT) SAMS.For this % %E o E
particular system, the experimental data implied ahtsmding E’ 20F d - 3
configuration of the chemisorbed sulfur head group on Au(111) 9 (CH s L
and sp bonding on Ag(111) associated with surfa8eC angles > (CH,), = L ]
of ~104 and~18C, respectively 6 Se 10F : . ‘ : _

Theoretical calculations predicted that the substitution of the
sulfur anchoring atom by selenium would result in a more flexible

binding geometry and thus permit a higher influence of the ) ) )
Figure 1. Left: a scheme of the BPnSe molecules. Right: effective

molecu!ar backbone on the erentatlon of the molecules in the thickness of the BPnSe SAMs (top panel) and the average tilt angle of the
respective SAMs. nge we _W'Sh to report that the SUbst"'S_tE biphenyl moieties (bottom panel) in these films as functions of the number
bond is of much higher directional character than previously (n) of the methylene units in the alkyl part of the molecules. The plots

anticipatec® 1! which has direct implications for the basic under- exhibit a systematic zigzag-like variation of the packing density and
standing of the structurebuilding interactions in SAMs and the ~ Molecular inclination in the BPnSe SAMs with varying

design of Se-based SAMSs, in particular. The latter SAMSs can be gpqy5 4 systematic zigzag variation overimposed onto the general
of special interest for molecular electronics since selenium offers ,rease trend.

a better electronic match for the metal surface than usually used g systematic variation suggests that the packing density of
sulfur!2-14 As was shown recently, contact resistance of the anchor o gpnSe SAMs depends on the length of the alkyl part of the

group is of crucial importance for the electronic transport in  gpnse molecules in a specific, “odeven” way. For Au, a higher

2 3 4 5 ]
Number of the CH,-units

molecular junctions®> - packing density is observed for an oddwhereas a lower packing
The systems used in this study are SAMs of hybrid-Bighenyl- density occurs at an even For Ag, the exactly opposite relation
substituted alkaneselenolates, EH4)2(CHz).Se” (BPnSen = between the packing density andakes place. The relative change

2—6), on gold and silver substrates. In the BPnSe films, the i, ihe packing density at going from odd to evear from even to

intermolecular inFeraction betwe(?n the SAM_C(_)nstituents iS pPre- o4dn is approximately 15 and 20% for the BPnSe SAMs on Au
dominately mediated by the biphenyl moieties, whereas the 4,4 Ag, respectively.

relatively short alkyl part does not contribute significantly to this The odd-even variation of the packing density should be
interaction. Under these circumstances, one can expect that the,ccompanied by the corresponding variation in the inclination of
packing density and molecular orientation in the BPnSe SAMS do e 5AM constituents. The respective information can be derived
not depend on the length of the alkyl part if the substrate  fom near-edge X-ray absorption fine structure (NEXAFS) experi-
selenium-carbon linkage behaves as a free joint or the aliphatic ents. The NEXAFS spectra of all BPnSe SAMs (not shown)
linker adapts an arbitrary conformation to suit the arrangement of oy hibited pronounced absorption resonances of the phenyl rings,
the biphenyl moieties, determined by their interaction. However, \yith the dominance of the characteristig* resonance at 285.1
the exactly opposite behavior is observed; see Figure 1. As follows g\, The gbserved linear dichroism of the above resonances, that
from the quantitative evaluation of the X-ray photoemission data, is gependence of their intensity on the incidence angle of linear
the effective thickness of the BPnSe SAMs on both Au and A9 qarized X-ray light, suggests that the biphenyl moieties in the
does not exhibit a continuous increase with increasing length of gpse SAMS have an upright orientation. The derived values of
the aliphatic linkage, expected within the above assumptions, but he ayerage tilt angle of these moieties (with respect to the surface
t Universita Heidelberg. normal) could be obtained from the numerical analysis of the
Universita Hamburg. ata (see refs 6 an or the procedure description).
: NEXAFS data ( fs 6 and 11 for th dure description)
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and an evem on Ag, as schematically shown in Figure 2. This
orientation allows for a more upright orientation of the adjacent
biphenyl moieties (a smaller tilt angle) and, consequently, for a
denser molecular packing, exactly as observed in our experiment
(see Figure 1). Similarly, for an even number of the,GHits in

the BPnSe SAMs on Au or for an odd number of these entities for
the films on Ag, a less tilted orientation of the last segment of the
alkane chain is predicted, resulting in a larger tilt of the adjacent
biphenyl moieties and, thus, in a reduced density.

The most important finding of the present study is that the
bonding configuration of the selenium headgroup is the deciding
factor in the balance of structuréuilding interactions in the
alkaneselenolate SAMs. The energy associated with the persistence
of this configuration is high enough to prevail over the energy gain
associated with the optimal (i.e., dense) packing of the biphenyl
moieties in the BPnSe SAMs. Considering that the similar effects
have been observed in AT SAMs as w&lf,we can conclude on
the generality of this phenomenon, stating that the exact bonding
configuration of the headgroup is an important or even deciding
factor in the balance of different contributions responsible for the

Figure 2. Schematic drawings of the orientation and packing of the BPnSe molecular packing and structure of aliphatic self-assembled mono-
mgleculés in the respective %AMS on Au(111) (top) a?nd Ag%lll) (bottom) layers. Note that different bonding Conflgqratlons of S f’md,se on
for an odd and an even number of methylene entities in the alkyl part. AU @nd Ag substrates can be related to different coordinations on
There is a significant energy contribution from the hybridization of the these two substratés!®
selenium atom, associated with the definite substr&g-C bonding angle
¢, which is different on Au and Ag. Acknowledgment. We thank M. Grunze for the support, Ch.
o _ Wall for technical cooperation at BESSY, and the BESSY |l staff
The results are presented in Figure 1 (bottom panel). As shown in o their assistance. This work has been supported by DFG (ZH
this figure, the average tilt angle of the biphenyl moieties exhibits 63/9-2) and the German BMBF (05 KS4VHA/4).
a systematic zigzag variation with the varying number of@Qhits
in the alkyl part of the BPnSe molecules. For Au, smaller molecular ~ Supporting Information Available: Information on the sample
inclination is observed for odd, whereas larger molecular preparation and experimental procedures. This material is available free
inclination occurs at evem. For Ag, the relation between the of charge via the Internet at http://pubs.acs.org.
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