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We present density functional theory calculations of the electronic structure and tunneling characteristics of
alkanethiolate monolayers on Au(111). We systematically analy@ex /3 full coverage monolayers of
SGH12X molecules with different terminal groups, % CHs, NH,, SH, OH, COOH, OCH| on defect-free
(“perfect”) Au(111). We also study the influence of the surfao®lecule bonding structure by comparing

the properties of monolayers of &&,CH; molecules on the perfect surface and on Au(111) surfaces with
vacancies or adatoms. The tunneling currehtghrough the adsorbed monolayers with a single chemical
contact have been calculated within the Terséfmann approach for voltages betweeth and+1 V.
Computed currents are found to depend linearly on V at low voltage, with typical values®fand 150
pA/molecule at 0.2 and 0.5 V, respectively, in good agreement with several experimental data. Computed
tunneling currents show also a significant dependence on both the terminal group X and the surface structure.
In particular, in order of decreasing intensities, currents for the different end groups are ISH > CHjs

> OH > OCH; > COOH. The relationships between the tunneling current, the work function of the surface
+ SAM, and the lineup of the HOMO with respect to the Fermi energy of the metal surface are examined.

Introduction instance, differences between the computed characteristics
. . for SGsH10CH3 and SGH10CFs monolayers on Au(111jwere
ec-lIJ-Ir(fs Cgﬁéle;%?engg?drif:‘i?:'2?8 eL(ZCstr?rr:og\?;tsé %Orrt_u;r%g:gtsfound to qualitatively agree with STM measurements on SAMs
fundamental investigations of glectrodmolecule—electrode of CHs and CF; terminated decanethiol3In the present work,

Y we use again the simple Tersetflamann approach to perform

. i o .
Jolljentztrlr(m)*nri]r?eoﬁg\r/\/ﬂt]ﬁelisljr?SXte;ﬁlrgfé;ét.th'irzzzg]n%gaale\pé ?;?etg b a more systematic study of ttheV characteristics of prototype
9 J Y SAMs of intermediate chain length alkanethiols on Au(111).

the structure and electronic properties of the molecules and by.l.0 determine how the tunneling current depends on the

et cotact 0 e, ke, i parer, @ e 3 o e, we oridr O3 monaaers. i
y J X = CHs, SH, OH, NH, OCHs, COOH (see Figure 1). In

in which a single molecule is chemically bonded to two identical addition, we investigate the influence of the metalolecule

1—-14 ; .
metal electrodes. ™ On the other hand, experimental studies interface on thé—V characteristics by carrying out calculations

are frequently based on spanning tgnneling microscopy (STM) for both defect-free Au(111) and defected surfaces with vacan-
or conductive-probe atomic force microscopy (CP-AFM) mea- o adatoms. The different end groups are found to affect

Zg;eenr;%rlgz %éﬁilguggnzggﬁ; E);(\ell)oﬁhzgc:jtirrlsgﬁiscor;cS)Fe:EuIesthe =V tunneling characteristics as well as the work function
sandwiched betweeyn WO Nnone uivalentgelectr 5 dgé 40,1516 of the surfacet SAM systems. Similarly, the structure of the
q ) metal substrate affects the tunneling current as well as the

molecules are chemisorbed through an appropriate head grOUpalignment between the molecular levels and the Fermi energy

on a metal surface, representing one of thg electrodes, \.Nh”eof the metal. Correlations between the different properties are
the other contact, which may or may not involve chemical identified

bonding, is formed through the STM or CP-AFM tip.
In this study, we tried to gain new insights into the tunneling Calculations
properties of metat SAM—tip junctions with a single chemical
contact, by performing first principles calculations on the effect
of the molecular end group and surfageolecule bonding
geometry on thé—V characteristics 0f/3 x +/3 full coverage
monolayers of alkanethiols on Au(111). Recent work by our
group®17 indicates that for such junctions, and for SAMs of
short to intermediate length molecules, a simple approach base
on Tersoff-Hamann'é® theory of the scanning tunneling
microscope can quite satisfactorily describe the differences in
tunneling properties of structurally similar molecules. For

The calculations were carried out within density functional
theory (DFT), using the gradient-corrected PW91 functiéhal.
The neglect of van der Waals (vdW) interactions, implicit in
the use of this standard DFT approach, is expected to be a
reasonable approximation for the intermediate lengtk=(6)
achains considered in this work: for instance, recent quantum
mechanical/molecular mechanical calculations have found that
vdW contributions to the stability of alkanethiol monolayers
are significant but not decisive for chains with= 10 and
decrease steadily, becoming negligible for= 4 chains?®

* Part of the “Giacinto Scoles Festschrift” pltrgsoft ps'eudo-p.otentiéPswere used .to describe electron
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TABLE 1: Work Function Modification ( Ad), HOMO
Energy (AE), Energy (Et) of Peak in Terminal PDOS,
Current per Molecule (1), and Molecular Length for SAMs

(* < <

of SGH 12X (X = CHg, NH,, SH, OH, COOH, OCHg) on
Defect-Free Au(111}

AD® AE Er 1 (pA) 1(pA) molecular

C (ev) (eV) (ev) at0.5V at0.2V length (A)
SGH1NH,  —1.50 —0.85 —1.20 165 58 9.92

S £ : . : i SGHpSH ~ —1.00 —0.85 —1.13 151 60 10.30
o« o« f o Py | N f' SGHi,OH  —1.80 —0.85 —2.11 136 49 9.84
SCsH120CHs SCsH12COOH SGH1CH;  —1.05 —0.85 143 58 10.06

SCeH12CHs ° SGH1OCHs —1.20 —0.85 —1.68 112 47 11.09
SCGH1COOH —1.20 —0.85 —2.33 74 31 10.96

SGH12CHagag —1.05 —0.85 99 56 10.06

SGsH12CHs(aga) —0.40 —0.18 171 70 10.06

aFor SGH12CHjs, results for monolayers on Au(111) surfaces with
vacancies, SgH1,CHswac, and adatoms, SE1,CHsadq are also listed.

where the tails of the charge density of the successive slab are
negligible. Note that in the previous expression, which is based
on perturbation theor}# the interaction of the molecule with
the tip electrode is not included.

ol |l -

SCesH12CH3(vac)

SCeH12CHa(ada)
‘.
Results and Discussion

(a) Structure and Electronic Properties of SGH12X, X =
NH», SH, OH, CH3, OCH3, COOH, Monolayers on Defect-
Free Au(111). The optimized structures of the investigated

1 SGH12X monolayers on the defect-free (“perfect”) Au(111)
| surface are shown in Figure 1. To facilitate comparisons, we
V& have chosen geometries in which the apex atom(s) is(are) always

hydrogen(s). In addition, all adsorbed molecules have ap-
proximately the same height (within 1 A), except for the
somewhat “taller” SgH;,COOH and S@H;,0CHs molecules.
Starting from the known case of gd;,CHs, in agreement with
augmented electron density, respectively. Au(111) surfaces wereprevious theoretical studi@$,2° we find that the alkanethiolate
modeled using a repeated slab geometry, with slabs of four sulfur head group prefers to adsorb at the bridge-fcc site, with
layers and a separation 6f20 A between successive slabs. a S-Au bond distance 0f-2.49 A. The computed height of
Test calculations showed that the results do not changethe S head group over the Au surface~ig.1 A, consistent
significantly by increasing the number of Au layers or the with X-ray standing wave (XSW) datafor the c(4 x 2)
distance between slabs. The clean Au(111) surface exhibits astructure of decanethiols on Au(111) (note that for the x(4
V/3 x 23 reconstructio? but it is known that this is lifted in ~ 2) structure, two inequivalent sulfur head groups oé&dfour
the presence of @3 x +/3 alkanethiol monolayer at saturation ~calculated height of 2.1 A agrees with the smaller of the two
coverage?® We thus considered a bulk terminated surface with values found in the XSW experiment). The tilt angle of the
a /3 x /3 surface unit cell containing three Au atoms per alkane chains;-23, is also consistent with experimefitSince
layer and one adsorbed §@»>X molecule on one side only of ~ for the SAMs of the other Si:2X alkanethiolates no precise
the slab. In the case of defected surfaces, one surface vacancgtructural information is available from experime#itsye start
or one Au adatom per unit cell is also present. The Brillouin from the same geometry (adsorption site, packing density, and
zone was sampled with 48 speclapoints. In the geometry tilt angle) of SGH1.CHs and then carry out a full structural
optimizations, the adsorbed molecule and the topmost two layersoptimization according to the procedure described in Calcula-
of the Au(111) slab were relaxed until each component of the tions.
residual force on each atom was smaller than 0.03 eV/A. For each adsorbed monolayer, the work functidhas been

To calculated —V characteristics, we used the expres&idh calculated from the energy difference between the value of the
electrostatic potential in the vacuum region and the Fermi energy
Er.173132The dipole layer arising in the vacuum gap region
because of the periodic boundary conditions was subtracted.
For the clean Au(111) surface, the calculated work function is
@, =5.30 eV, in good agreement with the experimental value

Figure 1. Optimized structures of S81,X (X = NH,, SH, OH, CH,
OCHs, COOH) on perfect Au(111) and $8:,CHsz on Au(111) with
vacancies (vac) and adatoms (ada).

ErteV
| & evyy [, dxdy fEF dEp(xY.Z,: E)

where ps (X, E) is the local density of states (LDOS) of the
Au(111)/SAM system at zero applied bias (implying thanust of 5.31 eV. The work function changes® = ® — @, induced

be small with respect to the system work functioA)js the by the different monolayers with respect to clean Au(111), are
contact area that we take to be equal to the surface area pegiven in Table 1. In all investigated cases, the SAM induces a
molecule (thud corresponds to the current through a single decrease of the work functiod\(P < 0). End groups with a
molecule);z, is the vertical position of the STM tip; andy is large dipole moment, such as OH and Nte¢ad to a large work

an effective velocity of the tunneling electrons that we take to function decreaseA® = —1.80 and—1.50 eV, respectively.

be equal to the Fermi velocity for gold. Fay, we take a point The symmetric thiol (SH) termination gives rise to a work
in the vacuum gap~2.0 A above the apex of the molecule, function changeA® = —1.00 eV, very similar to the value
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Figure 2. Partial densities of states for §@;.X (X = NH,, SH, OH, CH, OCH;, COOH) monolayers on defect-free Au(111). The dashed vertical
blue lines indicate the Fermi energy (which corresponds to our zero energy) and the molecular HOMO, mainly originating from the S head group.

A® = —1.05 eV for SGH1,CH; monolayers, while a decrease
A® = —1.20 eV is found for both S1,0CH; and SGH1»
COOH; for a more detailed analysis of the origin of the work
function changes induced by adsorbed monolayers of thiol
molecules, see refs 17, 31, and 32.

Figure 2 shows the computed partial densities of states
(PDOS) for monolayers of alkanethiols with different end groups
on perfect Au(111). For all adsorbed molecules, the HOMO
(which is mainly contributed by the sulfur atom) is found at
AE ~ —0.85 eV belowEr, independent of the terminal grodip.
This can be rationalized by considering that the structure of
the metat-molecule interface, and thus the interface dipole, is
the same for all moleculég:32Below the HOMO, a prominent
peak appears in the PDOS of all monolayers excepHsE
CHs. This peak, at energlfr ~ —1to —2.5 eV relative tcEr,
originates from states localized on the terminal group itself (see E
Figure 3), mainly from the lone pairs on the N, S, or O atoms Energy (eV)
in the end group. At still lower energies, below at?etﬂ_ ev, Figure 3. Partial densities of states for the terminal groups of the
the band of occupied states from the alkane chains is presenfnyestigated alkanethiolate monolayers on Au(111).
for all adsorbed molecules. The corresponding band of empty

states is at energies abowe eV, so thakr is approximately  (111) surface, with formation of vacancies and/or adat#is3
in the middle of the gap between occupied and empty states);qtivated by these results, we have consideredHSe-Hs

I
{l

k

&

DOS(arb.units)
|
£

)
L

[ I
O
T |

k

F

originating from the alkane chains. monolayers on a defected Au(111) surface that has either one
(b) Structure and Electronic Properties of SGH1.CH3 vacancy or one adatom in eas3 x /3 surface unit cell.

Monolayers on Au(111) Surfaces Containing Either a While there is no strict correspondence between the present

Surface Vacancy or an Au Adatom per+/3 x +/3 Unit Cell. models and the structures discussed in refs 28, 34, and 35, the

Recent studies have provided evidence that alkanethiolatepresent results should provide insights into the effect of adatom
adsorption gives rise to an important restructuring of the Au- and surface vacancies on the electronic structure. On the surface
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Figure 4. Partial densities of states for §€;,CHs; monolayers on é ¢ '""'"""""_"_'_"."": """"""""""""
perfect Au(111) and Au(111) with vacancies and adatoms. The dashed — i . ]
vertical blue lines indicate the Fermi energy (which corresponds to |
our zero energy) and the molecular HOMO, mainly originating from :
the S head group. ;
L
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with vacancies, the alkanethiol adsorption geometry is very
similar to that on the perfect Au(111) surface, with an—-/% -600¢ . . : . z ; . C
bond length of 2.49 A, whereas on Au(111) with adatoms, the 1.0 -08 -06 -04 -0.2 00 02 04 0.6 08 1.0
alkanethiols adsorb just on top of the adatoms, and the 3\u
bond length, 2.26 A, is much shorter. Incidentally, the latter Voltage (v)
adsorption geometry is likely to be similar to that of thiolate Figure 5. Calculated tunneling current per molecule as a function of
and/or dithiolate molecules at break junctids. the applied bias (see text) for (a) §G-X with different terminal groups

(X = NHa, SH, OH, CH, OCH;, COOH) on defect-free Au(111) and
(b) SGH1.CH; on perfect Au(111) and on Au(111) surfaces with
'vacancies (vac) and adatoms (ada).

Figure 4 compares the PDOS for §G,CH; monolayers on
defect-free and defected surfaces. On Au(111) with vacancies
the position of the HOMO of the adsorbed molecules relative
to the Fermi energ¥r of the gold substrate;0.85 eV, is the interface barrier is the samg\E| = 0.85 eV, for the different
same as on the perfect Au(111) surface because the moleculesnonolayers. Under both negative (i.e., electrons tunneling from
have the same-SAu bonding geometry on the two surfaces. the occupied states of the surfacé&SAM to the tip) and positive
Also, the induced work function modificatiody® = —1.05 (i.e., electrons tunneling from the tip to the empty states of the
eV, is the same as on perfect Au(111). Instead, on Au(111) surfacet SAM) voltages, the SAMs of the -COOH- and -OgH
with adatoms, the differences in the adsorption structure give terminated alkanethiols have the smallest conductance, whereas
rise to corresponding differences in the electronic properties: the largest conductance is found for the -SH and >NH

the HOMO is in this case much closer g, AE ~ —0.2 eV, terminated molecules. These differences may be related to the
and the induced work function modification is also smale® combined effect of the work functio® and the energ¥r of
= —0.4 eV (see Table 1). the end group states (see Table 1 and Figure 3), with smaller

(c) 1=V Characteristics. The calculated—V curves for the absolute values dEr (i.e., peak closer t&r) and ® favoring
investigated SgH1,X monolayers on defect-free Au(111) are larger currents. In particular, the relative current intensities for
shown in Figure 5a. It appears tHatlepends linearly oWV at the different monolayers are found to scale approximately as
low voltages, with typical values of about 150 pA/molecule in the values ofb — Ey (= 5.0, 5.4, 5.6, 5.8, and 6.4 eV for -NH
the voltage range betweenl and+1 V. We point out that -SH, -OH, -OCH, and -COOH, respectively). Interestingly,
these values of the tunneling current arg0® larger than those  since ® is largely determined by the dipole field induced by
we reported earlier for similar monolayé#fs'’” in which an the molecular end group, this amounts to a correlation between
incorrect normalization factor was includédFrom Figure 5a, the current and the strength of the end group dipole.
we also note that the differences in current among the different Comparison of our results for tHe-V characteristics with
monolayers are quite significant, up to a factor~e8 within available experimental data shows both satisfactory and less
the voltage range under consideration, despite the fact that thefavorable aspects. On the positive side, the approximately linear
molecules are all very similar{alkanethiolates with the same and symmetric appearance of the computed curves at small
number of methylene units) and that the metalmolecule voltages agrees well with experiments (see, e.g., ref 10).
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tact (e.g., SgH17 and SGoHz1, see Table 1 in refs 2 and 15). References and Notes

On the less satisfactory side, our results do not agree with recent (1) Nitzan, A.; Ratner, M. AScience (Washington, DC, U.2003
CP-AFM measurements for SAMs of §;,X with X = CHg, 300, 1384.

OH, and NH end groups on Au(111), which found that the _  (2) Salomon, A; Cahen, D.; Lindsay, S.; Tomfohr, J.; Engelkes, V.
avergge conductance (Scaled to 1?reontact area) for -OH . '(:Cgl)s?—llgln?hnDéAdEy ﬁgtaegr’. éoocahﬁ)lr}fg}vl L.; Ismagilov, R. F.; Cohen,
terminated monolayers is about 10 and 100 times larger thana, .. Terfort, A.; Rampi, M. A.; Whitesides, G. Ml. Am. Chem. Soc.
for -CHz and -NH; terminated SAMs, respective®.It should 2001, 123 5075. _ o

be noted, however, that the structure of the -OH and >NH Bzég)z\ivgédégig'; Haag, R.; Rampi, M. A.; Frisbie, C. .Phys. Chem.
terminated SAMs was not weII-kr_mwn in ref 30. Thus, we (5) Beebe, J. 'M.; Engelkes, V. B.; Miller, L. L.; Frisbie, C. D.Am.
cannot exclude that the observed differences may to some extenthem. Soc2002 124, 11268.

originate from a different packing density of the molecules in ’ I(:6_) Ehagnéc, m L C\f}enF,{Xt.; Hml\THR' RéE.; J_am)bz, I—\il.\}hS_tkul_%son,
3 ., Frisbie, C. D.; Mujica, V.; Ratner, M. A.; Rampl, M. A.] itesiaes,
the different monolayers. G. M. J. Am. Chem. So@002 124, 11730.
A comparison of the calculateld-V curves fo_r SEH12CH; (7) Engelkes, V. B.; Beebe, J. M.; Frishie, C. 2.Am. Chem. Soc.
on defected and undefected Au(111) is given in Figure 5b. The 2004 126, 14287.

m nnelin rrent intensities for th ifferen (8) Cui, X. D.; Primak, A.; Zarate, X.; Tomfohr, J.; Sankey, O. F;
co p_utgd tunne . g current intensities for t .e d erent cases Moore, A. L.; Moore, T. A.; Gust, D.; Harris, G.; Lindsay, S. Mcience
are similar at positive voltages, whereas a significantly larger \yashington, DC, U'S2001, 294 571.
current is observed for the defected surface with adatoms under  (9) wang, W.; Lee, T.; Kretzschmar, |.; Reed, M. Mano Lett.2004
negative bias. This difference can be attributed to the fact that 4. 643.

; (10) Wold, D. J.; Frishie, C. DJ. Am. Chem. So2001, 123 5549.
for the Au(111)+ adatom surface, the HOMO is much closer (11) Xue, V.. Datta, S.. Ratner, M. AJ. Chem. Phys2001 115

to Er than in the other caseAE = —0.18 versus-0.85 eV, 4292.
respectively, implying a smaller metaiolecule interface (12) DiVentra, M.; Pantelides, S. T.; Lang, N. Bhys. Re. Lett.200Q
barrier for charge (hole) injection. 84, 979.

(13) Piccinin, S.; Selloni, A.; Scandolo, S.; Car, R.; Scoles].&hem.
. Phys.2003 119, 6729.
Conclusion (14) Tomfohr, J.; Sankey, O. B. Chem. Phys2004 120, 1542.

. . . (15) Pflaum, J.; Bracco, G.; Schreiber, F.; Colorado, R.; Shmakova, O.
In summary, we have studied tunneling through alkanethiolate ¢ - ce 1. R.: Scoles. G.: Kahn, Aurf. Sci.2002 498 89.

SAMs on Au(111), forming metalmolecule-tip junctions with (16) Liang, J.; Sun, Q.; Selloni, A.; Scoles, &.Phys. Chem. R006
a single chemical contact, by means of first principles electronic 110, 24797.

; ; ; ) (17) Sun, Q.; Selloni, AJ. Phys. Chem. 2006 110, 11396.
structure calculations combined with TerseHamann’s theory (18) Tersoff, J.. Hamann, D. FBhys. Re. B 1985 31 805.

of the scanning tunneling microscope. The main results of our  (19) perdew, J. P.; Chevary, J. A; Vosko, S. H.; Jackson, K. A;
study are: (i) tunneling currents)(through the investigated  Pederson, M. R.; Singh, D. J.; Fiolhais, @hys. Re. B 1992 46,

i i 6671.
SAIl\/IS of ﬁQBHlZX Tr(])IteCL_Jlef delpen%fa?‘lrgélmaée;_ysgne:;ly (20) Fischer, D.; Curioni, A.; Andreoni, WL.angmuir2003 19, 3567.
on low voltages, with typical values o1o an ) PAL (21) Vanderbilt, D.Phys. Re. B 199Q 41, 7892.
molecule at 0.2 and 0.5V, respectively. Despite the simplicity ~ (22) sandy, A. R.; Mochrie, S. G. J.; Zehner, D. M.; Huang, K. G.;
of our approach, and the inherent deficiencies of DFT in Gl?ggj%Phy& (F;eizl?_1991 4_3,1;18;371.3 201

hi H oirier, G. ELangmuir A 3 .
describing transport propertié%our c_omputed currents per (24) Hayashi, T.. Morikawa, Y. Nozoye, H. Chem. Phy<2001, 114,
molecule for SGH;,CHs agree well with the results of many 715
experimental studies of electrode/${3.+1/electrode junctions (25) Vargas, M. C.; Giannozzi, P.; Selloni, A.; Scoles,JGPhys. Chem.
with a single chemicontaét® (ii) Tunneling currents through B Z(gg)l é%?tsii%?ék 3. Hammer, B. Chem. Phy<2002 116, 784
SGH12 X monolayers (X= CHs, NHz, SH, OH, COQH’ OC@ (27) Fenter, P.; Schreiber, F.; Berman, L.; Scoles, G.: Eisenberger, P.;
on perfect Au(111) depend remarkably on X, with variations Bedzyka, M. JSurf. Sci.1998 412-413 213.
by a factor of~3 for voltages in the range ofl to +1 V. gg; \é\/?‘ng;bJ--gi_iPSellonsi, ?J-SPhggbgggmiS%OOZ 111, 12149.
H : ifina_ cnrelper, rog. surt. Sci 3 .

'I_'hesg differences can be related tc_) the accompanying modifica (30) Gosvami, N.: Lau, K. H. A.. Sinha, S. K. O'Shea, SAppl. Surf.
tions in the work function and terminal partial density of states. g, 2006 252, 3956.
In particular, our calculations predict that alkanethiols with  (31) Renzi, V. D.; Rousseau, R.; Marchetto, D.; Biagi, R.; Scandolo,
-NH,, -SH, and -CH end groups have larger tunneling S-: Pennino, U. DPhys. Re. Lett. 2005 95, 46804.
conductances than those with -OH, -COOH, and -GQCH 20(().’z’izzmHelmel, G.; Romaner, L.; Bredas, J. L.; Zojer,Ahys. Re. Lett.
terminals. (iii) Restructuring of the gold surface via formation (33) Molina, L. M.; Hammer, BChem. Phys. Let002 360, 264.
of vacancies and adatoms causes changes in the-matécule 20((%4%7M?§Z)1/g130vy0h, P.; Sorescu, D. C.; Yates, J. T.Phiys. Re. Lett.
adsorption geometry, Whlqh affect the |nterfaqlal barrier (Ilnegp (35) Mazzarello, R.: Cossaro, A.: Verdini, A.; Rousseau, R.. Casalis,
of the molecular levels with the metal Fermi energy) and, in | . panisman, M. F.; Floreano, L.; Scandolo, S.; Morgante, A.; Scoles, G.
turn, the tunneling currents. In particular, a substantially larger Phys. Re. Lett. 2007, 98, 16102. _
tunneling current at negative voltages is found fosISGCH; (36) Yu, M.; Bovet, N.; Satterley, C. J.; Bengio, S.; Lovelock, K. R. J.;

bound to an Au adatom. This finding, namely, that the tunneling gﬂél(l)'ga;f F1'6|é'l;8§.nes’ R. G.; Woodruff, D. P.; Dhanak, Rhys. Re. Lett.

current depends strongly on the detailed 481 bonding (37) Chen, F; Li, X.; Hihath, J.; Huang, Z.; Tao, Bl.Am. Chem. Soc.
geometry, agrees with recent observations for molecular junc- 2006 128 15874. ' _ '

tions involving two chemicontact.We hope that the results 208%8%’5T32220%-? Filippetti, A.; Sanvito, S.; Kieron, Bhys. Re. Lett.
we have presented in this paper will stimulate and/or be useful (39) Venkataraman, L.: Klare, J. E.: Tam, I. W.: Nuckolls, C.: Hybertsen,

to future experimental studies. M. S.; Steigerwald, M. LNano Lett.2006 6, 458.



