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Formation of Alkylsilane-Based Monolayers on Gold
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Modification of metal surfaces through the adsorption of small

molecules has been used to alter the adhesion, corrosion, lubrica- g L\/\/—\ﬁ

tion,! and wetting properties of metals. Self-assembled monolayers E B)

(SAMs) of alkanethiols on gofchave been studied extensively in 2 W

this regard'. The ability to vary alkane chain lengths and end gréups f W

has made them valuable for extending the fundamental understand- 5 W Y

ing of surface phenomena. = : : : = :
Expansion of the variety of chemistry possible at the interface 3000 2900 2800 2350 2000

would greatly enhance efforts to achieve the wide-ranging promises W avenumber (cm )

of this technology. It has been demonstrated that silane will L ., Ralrs data (30562750 and 23562000 cnt?) for monolayers
chemisorb to several clean metal surf&casd alkylsilanes have of (A) octadecylsilane, (B) octylsilane, and (C) hexylsilane on Au. The

been used to modify oxidized surfaceRecently, HSigO;, was RAIRS spectra represent3000 scans at 8 cm resolution ratioed to a
reported to chemisorb on clean gold surfaces at@®ia a novel clean gold background. A solution IR spectrum of octylsilane (D) is included
Si—H activation8 These discoveries set the stage for the synthesis for comparison.
of a new class of alkylsilane-based monolayers. Table 1. Selected Curve Fitting Parameters for Core-Level XPS
Chemisorbed monolayers af-hexylsilane (HsCsSiHz), n- Data
octylsilane (Hst'SiH3), and n-octadecylsilane (k}C1sSiHs) are . parameter HyCoSiHs Hy,CoSiHs HyrC1oSiHs
formed by exposmg freshly (:vaporatefd goIdfsm;]rfaces";[oI s_?turatlng Si20aBE. (V) 997 998 998
_doses é440_ L,1L=1x 10°Torrs) of one of these alkylsilanes Si 2p fwhm (eV) 0.4 0.4 0.4
in an ultrahigh vacuum (UHV) chamber. The samples have been C 1sB.E. (eV) —284.7 —284.9 —285.0
characterized in UHV by reflectierabsorption infrared spectros- C 1s fwhm (eV) 1.2 1.2 1.1
copy (RAIRS) and X-ray photoelectron spectroscopy (XPS). Cllsc area o 62-2 82-9 124 5
The RAIRS spectra of the octyl- and hexylsilane monolayers rel. - lsareara
(Figure 1, B and C) each exhibit fou{C—H) vibrational modes. aRatio calculated by setting the hexylsilane C 1s area equal to six

The peak frequencies and vibrational mode assignments for thecarbons.

octylsilane-based layer are the followingy(CH,) 2856 cnt?, ve-

(CHg) 2879 cnrl, v4(CH,) 2925 cml, andv4(CHz) 2967 cnr? Si 2p, C 1s, and valence band regi¢tm & 160 eV) are detected

(Figure 1B). For the hexylsilane layer, the features are observed atafter more than 24 h of irradiation.

vs(CH,) 2850 cnt! (observed as a shoulderyCHz) 2879 cnr?, Only features originating from the Au 5d and Au 6s levels are

va(CHz) 2925 cmt, and vo(CHz) 2964 cmt (Figure 1C). The observed in the valence band region for a clean gold surface (Figure

spectrum of chemisorbed octadecylsilane (Figure 1A) contains only 2C, 4). Upon chemisorption of the alkylsilane-based layer, features

three features in the(CH) region: vs(CH,) 2850 cnt?, v,(CHy) arising from the C 2s and C 2p levels are detected (Figure 2C,

2923 cn1l, andv,(CHs) 2968 cnrl. A direct comparison to the  1—3). These features are highly reminiscent of those observed for

solution IR spectrum of octylsilane (Figure 1D) illustrates the straight chain alkanes.

absence of the prominem(Si—H) at 2150 cm? from RAIRS The RAIRS and XPS data collected for the silane-based layers

spectra for the silane-based layers. support a proposed bonding geometry in which the alkyl chain
Soft X-ray photoelectron spectroscopy data are summarized in remains intact and the Si atom forms three covalent bonds to the

Table 1. The Si 2p core-level spectra (Figure 2B) have been gold surface. Empirically, the simplest bonding geometries situate

obtained (photon energyw = 160 eV) and consist of a spin the Si atom either above the Au 3-fold hollow or on top of one of

orbit doublet (2p;; and 2p,,) with binding energies 0f-99.8 eV the Au surface atoms as proposed for reactions of silanes with other

and—100.4 eV and full width at half-maximum (fwhm) of 0.4 eV metal surface$?¢°

for each of the chemisorbed layers. The Au 4f core-levels for a  The RAIRS data for the silane-based layers are reminiscent of

clean gold suface are included for reference (Figure 2B, 4). A single straight chain, thiol-based SAMs on gdéfdFor example, the-

C 1s fw = 342.5 eV) feature is observed-a285 eV (Figure 2A). (C—H) features fom-octadecanethiol are observed at 2965, 2919,

The area ratio of 6:8:12 observed for the C 1s silane data is the 2878, and 2851 cni. The peaks correspond to the assignments of

same as that detected for thiol-based SAMs when no correction v,(CHs), v4(CH,), vCHs), andvs(CHy), respectively* The RAIRS

for the attenuation of the photoelectrons through the alkane chainsspectra of octadecylsilane-based layers have features of similar

is made? Contrary to many thiol-based SAM8no changes inthe  intensity atv(CHz) 2968 cnt?, v4(CH,) 2923 cnt?, andv{(CH,)

2850 cntt (Figure 1A). The frequency of,(CH,) indicates that

* Corresponding author. Email: mbanasza@umich.edu. f R ~ R
T Permanent address: Chemistry Department, Bilkent University, 06533 Ankara, the alkyl chain fo_r the S"E_me based monolayer is not as well packed
Turkey. as the alkyl chains of thiol-based SAMs. ThgCHy) feature has
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Figure 2. X-ray photoemission data for (A) C 1s core-levels, (B) Si 2p and Au 4f core-levels, and (C) the valence band region of (1) octadecylsilane, (2)
octylsilane, and (3) hexylsilane chemisorbed on (4) freshly evaporated Au. The binding energies are referenced,te=Aud4f eV.

not been observed for the octadecylsilane monolayer. This may bemonolayers are stable to water, methanol, eftitexane rinses as

a result of the position of the GHjroup with respect to the surface  judged by conventional XPS.

or simply signal-to-noise limitations. This feature is observed for  In conclusion, alkylsilanes form monolayers on freshly evapo-
the shorter chain alkylsilane-based layers; however vtf@Hs;) rated gold surfaces in UHV. The silane remains intact on the gold
mode is far more intense (Figure 1, B and C). Similar RAIRS surface, likely forming three covalent AiBi bonds by means of
comparisons between th#dland alkylsilane monolayers on gold ~ Si—H bond activation. It is envisioned that control of the number
can be drawn for the shorter chains. The ratio of the intensities of of Au—Si bonds could be attained by the use of di- and trisubstituted
the ¥(CHs) to v(CH,) features decreases with increasing chain silanes. This may permit a unique tailoring of the monolayer’s
length. This is consistent with the decrease in the @H-CH; ratio functional properties via selection of a specific bonding geometry.
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