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Figure 1. Proposed structure of the;SigO;, cluster on the gold surface.

Monolayer assembly of discrete inorganic cage molecules hasThe origntation of the cluster is based on a mechanics minimization of
been reported during the past decade by a number of gfoups. 2& 2R B CkL B0 B0 S TV R T T e Al
Single anc_i multiple layer coverage have been Obser\./ed for Au bond vectors and over the triangular holes. Note the remarkable
ggg%ﬁ?;ﬁé%’:; %’;rr:ﬁéa(l:lﬁggrgriﬁhétgﬁzﬁgaff;? deotzillsheaslgjli registration of the cluster SIO 12-membered ring with the six gold atoms
oxane clusters on silicoh,germanium, and zinc selenide. surrounding the binding site.

Controlled formation of inorganic interfaces has led to new 3 ; . . . . .
insights into the spectroscopic interpretation and structure of hv =160 eV
commercially important solid/solid interfacé®.This line of
research is also being utilized to elucidate the surface role of cage
complexes in important technological areas such as catalysis,
corrosion protection, low-temperature dielectric formation, and
lithography*

The interaction of BSigO;, with an evaporated gold surface : , . ‘ , ,
in ultrahigh vacuum (UHV) is described in this communication. 2106 105  -104 -103  -102  -101 -100 .99
The reaction provides a simple approach for the generation of a Binding Energy (6V)
~6 A thick hydrophobic silicon oxide film on gold. Surface
binding is proposed to consist of a silicon vertex of the cage
chemisorbed to a gold surface atom, in contrast to the oxygen,
halogen, or sulfur binding suggested for previous inorganic cage ) ) )
complex self-assembled monolayers (SAMs) (Figuré 4)The energies of-101.1 and-102.3 eV (Figure 2)**! Full-widths at
reaction appears to occur via addition of a8ibond followed half-maximum (fwhm) for these peaks are 0.57 and 1.14 eV,
by reductive elimination of b Si—H activation by the gold respectively. The area ratio is 1:23Valence band spectra were
surface at 20C is a surprising and novel aspect of this chemistry. also obtained. The spectra show six key features between 7 and

Soft X-ray photoemission spectroscopy (XPS) of a clean, 17 eV that are i07|bentical with data previously obtained fqr H
freshly evaporated gold surface exposed to a saturating dose of>e012 0N Si(100).

N
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Figure 2. Soft X-ray Si 2p,, core-level spectra of the interface derived
from HsSisO12 chemisorbed to gold.

HgSigO1 revealed two Si 2g, core-level features with binding The relative peak positions in the XPS suggest that a cluster
silicon atom is directly bound to the gold substrate and the 7.3:1

(1) For general reviews on SAMs see: (a) Ulman,Ghem. Re. 1996 area ratio indicates that just one cluster vertex is surface bound.
8\?&53_3- (b)GKlﬁﬂnépereAr, V\llgg-s.;2\/;/?a:lli 4CG. &hem. Re. 1998 98, 297. (c) Binding of additional cluster vertices to the surface would result

Itesides, G. Cl. Am. . H : . . _

(2) (a) Kéta, B.. Nadjo. L. Surf. Sci.1991, 254 L443. (b) Kéta, B.; in adramatlc change |n'the area ratio. For.example, a two-vertex
Chauveau, F.; Thibald, F.; Béanger, D.; Nadjo, LSurf. Sci.1992 264, binding mode would give a 3:1 peak ratio. The valence band
271. (c) Keta, B.; Nadjo, L.J. Electroanal. Cheml993 854 295. spectra are also consistent with monovertex binding.

(3) (a) Kaba, M. S.; Song, I. K.; Duncan, D. C.; Hill, C. L.; Barteau, M. ) o )

A. Inorg. Chem1998 37, 398. (b) Kaba, M. S.; Song, |. K.; Barteau, M. A. The peak area ratio and binding energy separation are constant

J. Vac. Sci. Technol. A997 15, 1299. (c) Kaba, M. S.; Song, |I. K.; Barteau, i idi i i
M. A J. Phys. Chentl996 100 19577. (d) Kaba, M. S.: Song, I. K - Barteau, as a function of cluster exposufeproviding evidence against

M. A. J. Phys. Cher.996 100, 17528. (e) Song, I. K.; Kaba, M. S.; Coulston, ~ Multilayer formation. Upon multilayer formation at low temper-

G.; Kourtakis, K.; Barteau, M. AChem. Mater1996 8, 2352. ature in other systems, both the peak area ratio and binding energy
505:4159% 2/'1'5325%01”29' B.; Klemperer. W. G.; Gewirth, A. 4. Am. Chem. separation are observed to change dramati¢aBrevious XPS
(é) Prokopuk, N.: Shriver, D. FChem. Mater1998 10, 10. and IR studies performed on silicon substrates indicat&isB,

(6) Yeager, L. J.; Saeki, F.; Shelly, K.; Hawthorne, M. F.; Garrell, RI.L. multilayers are not present at 2C€ at UHV conditions’®."¢
Am. Chem. Sodl99§ 120, 9961.

(7) (@) Banaszak Holl, M. M.; McFeely, F. Rhys. Re. Lett. 1993 71,

2441, (b) Lee, S.; Makan, S.; Banaszak Holl, M. M.; McFeely, FIRAM. (10) The gold substrate consisted of a silicon wafer containing a thin Cr

Chem. Socl1994 116, 11819. (c) Zhang, K. Z.; Meeuwenberg, L. M.; barrier layer and an evaporated gold film. Immediately prior to use, in situ

Banaszak Holl, M. M.; McFeely, F. Ripn. J. Appl Phys1997, 36, 1622. (d) formation in UHV of a fresh gold surface was achieved by evaporation of

Zhang, K. Z.; Greeley, J. N.; Banaszak Holl, M. M.; McFeely, FJRAppI. gold from a tungsten filament. XPS characterization was used to determine
Phys.1997 82, 2298. (e) Eng, J., Jr.; Raghavachari, K.; Struck, L. M.; Chabal, that the surface was pure gold.

Y. J.; Bent, B. E.; Banaszak Holl, M. M.; McFeely, F. R.; Michaels, A. M; (11) Experimental apparatus for synchrotron soft X-ray photoemission

Flynn, G. W.; Christman, S. B.; Chaban, E. E.; Williams, G. P.; Radermacher, spectroscopy and approaches to fitting Si 2p core level spectra have been
K.; Mantl, S.J. Chem. Phys1998 108 8680. (f) Greeley, J. N.; Meeuwenberg,  previous described in ref 7b. Binding energies are referenced to Auatf

L. M.; Banaszak Holl, M. M.J. Am. Chem. S0d.998 120, 7776. 84.0 eV.
(8) (a) Beer, R.; Brgy, H.; Calzaferri, G.; Kamber, l. Elect. Spec. Relat. (12) Esca-Tools and Matlab Version 4.0 was employed for curve fitting
Phenom1987, 44, 121. (b) Bugy, H.; Calzaferri, G.; Kamber, Mikrochim. purposes. The error is estimated to-h&0%.
Acta 1988 1, 401. (13) Spectra were taken at a variety of cluster exposures ranging from 0 to
(9) Banaszak Holl, M. M.; Lee, S.; McFeely, F. Rppl. Phys. Lett1994 >10L (A L=1x 10°Torr s). The gold surface became totally saturated
65, 1097. after ~5 L of exposure.
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Table 1. Vibrational Mode Assignments for RAIRS 0fgBisO12

100 Clusters Adsorbed to Gald
\ H7Si3012 on AUH7Si3012
Y 995 mode description gold 1 cnt? B3-LYP freq % diff between
5 107 and symmetry resolution (intensity)  theory and expt
= 22/81 5(Si—H) E 870w 873 (71) 0.34
E o / \ 1 8(Si—H) Ar  887m 923 (665) 41
g o | 8(Si—H) E 903w 927 (331) 2.7
& 903|| 870 A 9l4ww 941 (36) 3.0
08.9 vodSi-0-Si) E 1075w 1090 (1) 3.2
- A 1109 (286)
| vodSi-0-Si) E 1118w 1159 (17) 2.4
887 1181 A1 1145 (543)
98 L . . T T va{SI-O—Si) E 1181 vs 1177 (1911) 0.34
2400 2000 1600 1200 800 Ay 1176 (1945)
»(Si—H E 2274 vw 2298 (20 0.92
Wavenumber (cm-1) ( ) A, 2281m 2995 gs) )
Figure 3. RAIRS of the interface derived fromdSigO;, chemisorbed E 2302 (342)
to gold. A 2299 (192)
g
A 2308 (27)
Reflection absorption infrared spectroscopy (RAIRS) at T'tm  av % diff 2.1

re§olutionlxvas also used to Characteriz§ the adsorbed clusters 2 The presented intensities are calculated using the total dynamic
(Figure 3)-* The spectrum has the following clearly resolvable gipole, not just the component perpendicular to the surface plane.
peaks: 6(H—Si0s) 887, 903, and 914 cm, v,{Si—0—Si) 1075, . ) )
1118, and 1181 cmt, andv(H—SiOs) 2281 cntt. There are also There is good agreement between theory and experiment which
shoulder features at 2274 and 870 @éniThe 6(H—Si0s), vas further supports the proposed single-vertex model. The average

(Si—0O-Si), andv(H—SiOs) features shift a total of 8, 15, and 0 error in the range 23066800 cm* is 2.1%. This is consistent
cm, respectively, between 1 drb L of cluster exposure to the with the errors described f(_)( other theore_tlcal models of cluster/
surface (1 L= 1 x 1076 Torr s). No accompanying surface surface interface¥. An add|t[onal calculation with gold atoms
(Au—H) is observed; however, at 20C hydrogen should attached to two cluster ver_tlcesz(, symmetry) was completet_:l
recombine on the Au surface to form dihydrogen, similar to _for comparison. Features with moqlerate intensities were predicted
proposals made for alkanethiol SAN. in the 6(Si—H) and »(Si—H) regions that are not observed
experimentally.

The frequencies and intensities of the features observed in the The peak shifting detected in RAIRS as the surface becomes

RAIRS experiment suggest a lowering of cage symmetry flom o, rated with clusters is ascribed to intercluster hydrogen

On to Cg, upon surface binding. The features are consistent with ,,hqing Hydrogen bonding is observed in the solid state fer H
the data collected for other monosubsituted clusters in solution SigO1,.18 Since the number of intermolecular interactions is

such as (COICoH;SigO1z, CeHia—H:SigOs2, and Ph-H/SigO15.1° expected to increase as a function of surface coverage, the peak
The RAIRS results are also qualitatively similar to those observed ghiting suggests clusters are in close contact with each other on
for monovertex binding of 5igO1. to Si(100)7®" the surface, especially at saturation. Peak shifting of this kind is
Infrared band positions and intensities were calculated by using frequently taken as evidence of self-assentbfi2°
nonlocal density functional theory to further support the proposed  The stability of the HSigO;, layer on gold was also investi-
model for bonding at the surfaé®On the basis of the aformen-  gated. Treatments 6f36 000 L oxygen (1 =1 x 10°¢ Torr s)
tioned comparisonCs, symmetric Au-H;SigO;, was used as a  caused no observable change in the Si 2p core levels or RAIRS.
model structure for the calculation. Table 1 illustrates a com- A similar lack of reactivity toward water was also noted by
parison between the experiment and theory as well as the RAIRS. By way of comparison, the AtSi bond in MePhP—
assignments of each spectral feature. Au—SiPh is also stable toward watét.The Si-Au linkage is
There are two major error sources for this theoretical method. 2/SO stable to extended UHV exposure. No change is observed
It does not account for vibrational anharmonicity and it calculates By XPS after 24 h in a vacuum. These tests support the
the total dynamic dipole for the intensity prediction. Due to the Chemisorption of iSisO; to gold and suggest a fairly robust
surface selection rule, only the perpendicular component of the Si—Au boqd_. . I R . .
induced change in the net dipole moment will be observed A surprising St-H activation at 20°C resulting in the
experimentally®1’Thus, low-intensity vibrations with significant chemlsorptlon of ¥Sig01, cluster§ to_go_ld has been presente(_j.
components in thay plane will be extremely difficult to detect. Comb'F‘ed XPS and RAIRS stuq|es indicate the surface consists
Furthermore, resolution of the predicted 1177 and 1176%cm of H7S'8.012 clusters a.ttached via one vertex to a surface gold
modes in the.{Si—O—Si) region as well as the 2299 and 2302 atom (Figure 1). _The mfr_ared assignments have been _supported
cmt in thew(Si—H) region is not expected as these intense bands by nonlocal dens[ty func_tlor!al cglcule}tlons. The gene_rallty of the
will overlap experimentally. gold r_ned|ated StH activation |s_be|ng further st_udled. STM_
experiments are underway to elucidate the orientation and packing
of the clusters on the surfaéke.

(14) The RAIRS apparatus and experimental methodologies have been
described in detail in ref 7f. Both p and unpolarized light were used for these .
experiments. No difference was observed consistent with the expected metal Acknowledgment. Dow Corning and the NSF (DMR-9727166) are
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