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FUNCTIONALIZED SILOXY-ANCHORED MONOLAYERS WITH EXPOSED AMINO, AZIDO, BROMO, OR CYANO GROUPS
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Summary: The creation of new, uniformly functionalized, surfaces has been achieved with mono
layers bearing NHp, N3, Br, or CN functional groups.

The use of trichlorosilyl terminated amphiphiles to form stable, ordered, self-assembled,
monolayer films is well establishedl, Functionalization of the exposed face of such surfaces
is an important problem with many potential ramificationsZ, Incorporation of reactive func-
tionality, 1like amines, is particularly desirable and correspondingly difficult. We report
herein the creation of such monolayer surfaces by a combination of self-assembly and subse-
quent in-situ modification.

Bromide I is made from commercial w-undecenyl alcohol in >40% overall yield. Reaction of
I with SiCisgH (neat, cat HpPtClg) yields II in 70% yield. Displacement of the Br in I with CN
(NaCN/DMSO, 73%) and treatment of the unsaturated nitrile with SiCl3H (as above, 82%) yields
III. All yields are for distilled materials3.
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Deposition of these surfactants as self-assembled monolayer films was done from 0.02 M
solutions in dicyclohexyl. All surfaces on which monolayers were formed had been pre-cleaned
by an Argon plasma. To provide a well studied reference system for our new films, we wused
monolayer films of octadecyltrichlorosilane (OTS, commercial).lvh

Monolayer characterization was based on wetting properties, IR, and ESCA measurements.
Whereas OTS (deposited on glass or on Si ATR crystals) gave films with contact angles to water
>110° and which were completely oleophobic, water contact angles for II were 81-84° and for
IIT were 69-74°. Neither of these new films was oleophobic. ATR-FTIR spectroscopy showed
comparable intensity polymethylene stretches (2920 and 2850 em-1y for monolayers made of II
and III, and the expected (weak) band at 2247 cm-l for the CN group of films made from III.
ESCA analysis of these monolayers showed the expected bromine signal for monolayers of II and
nitrogen signal for monolayers of III (72 and 403 ev respectivelys).

The monolayer packing of II could be assessed by reduction to the OTS-like hydrocarbon
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using LiAlH,/Et{0. This resulted in the appearance of the IR band expected for a terminal
methyl group (2960 cm'l), as is seen for OTS. Moreover, this new (reduced) surface has
greatly increased contact angles with water and is oleophobic. These changes argue for
efficient reduction of the terminal bromide and that the close-packing of the bromide-termi-
nated monolayer is comparable to that of OTS.

Monolayers of II and III were used to create surfaces with pendant amino groups. The
nitrile groups of films derived from III were reduced either with BH3/THF or with LiAlH,/Et0.
The cyano IR band dissappears and the water contact angle on the reduced surfaces is 52-60°.
NaN3/DMF treatment of the bromide terminated surface from II, results in the appearance of an
IR band for an alkyl azide at 2098 em-1, disappearance of the Br ESCA signal, and a water
contact angle of 70-71°. Reduction of this azido-surface with LiAlH,/Et0 results in disap-
pearance of the azide IR band and generation of a surface with water contact angles of 55-60°.
Comparable nitrogen ESCA signals are obtained from the amino-surfaces whether derived from II
or from III. The close-packing of II, coupled with ESCA and IR monitoring of the bromide to
azide to amine sequence, is strong evidence for efficient functional group interconversion and
for the integrity and packing of these amino-surfaces.

An additional advantage of II and III is their ability to self-assemble on Ge crystals.
A limitation of the functionalizable amphiphile w-hexadecenyltrichlorosilane (HTS)22 1s that
its m-bond prevents efficient self-assembly on the surface of germanium2, II and III are
deposited on Ge to yield ordered monolayer films comparable to those described aboveb. This
bodes well for the construction of thin film microelectronic devices on Ge wafers.
Acknowledgment This work was supported by the Case Center for Adhesives Sealants and Coatings
and by an NIH Research Career Development Award to CNS. Important contributions to the early
stages of this work in our laboratory by Dr. Mordechai Livneh and valuable help with the FTIR
spectroscopy by Mr. Peter Faguy are gratefully acknowledged.

References

1) Bigelow, W. C.; Pickett, D. L.; Zisman, W. A. J. Colloid Sci. 1946, 1, 513.

2) a) w-Hexadecenyltrichlorosilane has proven to be a useful, modifiable, siloxy-anchored
amphiphile: Netzer, L.; Sagiv, J. J. Am. Chem. Soc. 1983, 105, 674. b) Extensive surface func-
tionalization via thiol anchored amphiphiles (on gold surfaces) has been reported; e.g. Nuzzo,
R. G.; Zegarski, R.; Dubois, L. H. J. Am. Chem. Soc. 1987, 109, 733; Nuzzo, R. G.; Fusco, F.
A.; Allara, D. L. J. Am. Chem. Soc. 1987, 109, 2358; Porter, M. D.; Bright, T. B.; Allara, D.
L.; Chidsey, C. E. D. J. Am. Chem. Soc. 1987, 109, 3559; Troughton, E. B.; Bain, C. D.; White-
sides, G. M.; Nuzzo, R. B.; Allara, D. L.; Porter, M. D. Langmuir 1988, 4, 365.

3) After vacuum distillation (kugelrohr), I, II, and III gave the expected NMR, IR, and MS.

4) a) Maoz, R.; Sagiv, J. J. Colloid Int. Sci. 1984, 100, 465; b) Gun, J.; Sagiv, J. J. Col-
loid Int. Sci. 1986, 112, 457; c) Gun, J.; Iscovici, R.; Sagiv, J. J. Colloid Int. Sci. 1984,
101, 201; d) Cohen, S. R.; Naaman, R.; Sagiv, J. J. Phys. Chem. 1986, 90, 3054; e) Pomerantz,
ﬁj? Segmuller, A.; Netzer L.; Sagiv, J. Thin Solid Films 1985, 132, 153.

5) Wagner, C. D.; Riggs, W. M.; Davis, L. E.; Moulder, J. F.; Muilenberg, G. E. "Handbook of
X-Ray Photoelectron Spectroscopy”, Perkin Elmer Corporation, Eden Prairie, MN; 1978.

6) To obtain proper monolayer coatings of any §iClj amphiphile on Ge metal, the surface oxide
layer must be built up. This required sonication of the Ge in hot water (30 min) before
plasma cleaning. However, this pre-treatment did not allow successful deposition of HTS.

(Received in USA 10 Augqust 1988)



