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Covalently Attached Monolayer of Phthalocyanine on Chemically
Modified Silicon Oxide Surface
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Abstract: Highly stable monolayers of 2,9,16,23-tetracarboxyl phthalocyanine on 3-aminopropyl
-triethoxysilane (ATS) modified silicon and quartz substrates were prepared by reaction of carboxyl
and amine. The monolayers were characterized by UV-Vis spectra and AFM measurements. The
results indicated that the ultra-thin films on silicon or quartz were smooth, and the ordered structures
were observed in these films.
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In the past 26 years, probably there is no other single element, whose application has
change the world more than that of silicon. Silicon-based organic-inorganic hybrid is one
of the most important points of study right now, such as the modification of the silicon
surface', building controllable ordered organic functional units on silicon’, etc.. On the
other hand, there have been great interests in self-assembled monolayers (SAMs) or
multilayers in the past 15 years, because of their tremendous promise in applications in
electronics, photonics, and optoelectronics”'’. Many articles reported on the self-
assembled mono- and multilayers of organic semiconductors, and phthalocyanine (Pc)
was one of them**'’. Most of such Pc films were anchored by attraction of opposite
charges. In this paper, we report a kind of monolayer of Pc on silicon and quartz by
covalence, which, as known is more stable than ionic bond, aiming at searching a way to
fabricate silicon-based organic-inorganic hybrids.

P-Silicon (100) wafer and quartz substrates were sonicated with acetone, toluene,
acetone, alcohol in turn first, then were put into 100 piranha solution (30%
H,0,:H,S0,=30:70, V/V) for 2 hours, followed by rinsing them with deionized water
(resistivity = 18MQ) for three times. After drying, the substrates were put into a
homemade reactor, submerged in the vapor of solution of 2 mL 3-aminopropyl-
triethoxysilane (ATS) in 25 mL toluene for 5 h'', then were sonicated with toluene and
acetone, respectively. The pretreated substrates were finally put into saturated solution of
2,9,16,23-tertracarboxyl copper phthalocyanine (TCPc, synthesized according to the
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reference 13) in DMF at 150 . After that, the substrates were sonicated with DMF and
acetone in turn once more. The process is depicting in Scheme 1.

Si and quartz substrates with hydroxy groups on the surface were chemically
modified by the reaction between the hydroxy and ATS via alkoxysilanes on silicon oxide,
leading to form a monolayer of ATS on the surface of substrate. Since ATS bears a
reactive terminal amine group, it can react with one carboxyl group locating on the outer
side of phthalocyanine, resulting in another closely packed monolayer of TCPc on the
modified surface of the substrate. It has been demonstrated that the resulting TCPc
monolayer film is very stable as shown in UV/Vis spectra. The optical absorption keeps
almost the same upon sonication.

Figure 1 shows the UV-Vis spectra of TCPc monolayer on quartz and TCPc diluted
solution in DMF obtained on the Beckman-DUS50 UV-Vis spectrophotometer. The
spectrum of TCPc on quartz is almost identical to that of TCPc in solution with the three
characteristic absorption bands of phthalocyanine at 340.64 (Soret band) as well as 631.13
and 685.52 nm (Q-band), indicating TCPc has indeed bonded to the surface of substrate.
The Q-band of TCPc monolayer is red-shifted 15 and 3 nm, respectively, relative to those
in the diluted solution, which can be attributed to the interactions between neighboring
phthalocyanine molecules, a crystalline behavior of TCPc monolayer'”. It is noticed that
the absorbance at 631.13 nm is about 0.007, very close to the reported one (0.008) from the
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Figurel UV/Vis spectra of TCPc monolayer on quartz (a) and TCPc solution in DMF
(b, the absorption intensity is reduced by 1/10)
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Figure2  AFM images of (a) TCPc-silicon and (b) TCPc-quartz
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macrocycle monolayer®, demonstrating monolayer of TCPc to be on the modified surface
of substrate indeed.

AFM images of TCPc monolayer on silicon and quartz substrates obtained on SFM
(SEIKO, SPI3800N) are shown in Figure 2. The films look homogeneous, and TCPc
monolayer surface on quartz appears more smooth than that on silicon wafer, with a
roughness on the whole area of 7A for TCPc-quartz and 9 A for TCPc-silicon. The
difference in surface roughness may come from different order degree of SiO, on the
surface of quartz and silicon substrates. The ordered structures are also observed in these
films.

In conclusion, highly stable and ordered TCPc monolayers on ATS modified silicon
and quartz substrates were obtained via alkoxysilane on silicon oxide, providing an
approach for silicon-based organic-inorganic hybrids fabrication.
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