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A facile, one-pot immobilization method for a rigid rod-like
helical polysilane, poly(n-decyl-i-butylsilane), was developed
onto hydrophilic surfaces at room temperature in the presence
of triethylamine as a catalyst.

Surface-grafted functional polymers have attracted increasing
attention in recent years in both fundamental study and practical
applications.t Rod-like helical polysilanes, a class of Si-catenated
semiconducting polymers, have many excellent optical and elec-
tronic properties due to highly delocalized o-electrons along the
silicon backbone.23 The end-grafted rod-like helical polysilaneson
solid surfaces may have potential applications such as molecular
electronic and photonic devices.4 Previous studies demonstrated
that a few polysilanes could be grafted onto hydrophaobic surfaces
(Silicon wafer and quartz) by a “cut and graft” technique.4> This
technique, however, is very tedious, multi-step procedure, because
all theseimmobilization treatments require an expensive ultra high-
vacuum line apparatus, highly dry chemicals, highly flammable and
toxic reagents, and skilful technique. Therefore, the devel opment of
an innovative, short-step, safer, facile immobilization process of
polysilanes onto solid surfaces is of an immediate concern, since
polysilanes are sensitive to the graft reaction conditions.

Herein we demonstrate a very simple, mild method to im-
mobilize a highly soluble, rigid rod-like helical polysilane, poly(n-
decyl-i-butylsilane) (PDBS) to hydrophilic surface (quartz and
mica) at room temperature in the presence of small amount of
triethylamine (TEA). PDBS23 used in this experiment was
prepared via the conventional Wurtz-type condensation of n-decyl-
i-butyldichlorosilane in hot toluene.t According to the Wurtz
coupling mechanism proposed previously,® the growing chains of
polysilanes have three possible termini: silyl radical (polysilane-
Si+), silyl anion (polysilane-Si) and silyl chloride (polysilane-Si—
Cl). The polysilane-Si- and polysilane-Si groups may then abstract
hydrogen atoms from toluene and/or crownether molecules during
the polymerization or from alcohol molecules in the subsequent
precipitating process, leading to Si—H termini.6¢ While polysilane-
Si—Cl reacted with ethanol or methanol in the precipitating process,
leading to Si—OR end groups. The final isolated PDBS thus should
have Si-H and/or Si—OR termini. These end groups were
characterized by our FT-IR measurement.t

It is well known that both Si—H and Si—-OR groups are directly
able to react with S—OH groups under very mild reaction
conditions.”15 Therefore, by chemically coupling the S—H and/or
Si—OR end groups of PDBS with OH groups on the hydrophilic
surface of quartz and mica, PDBS-grafted solid surface may be
possible (Scheme 1). The procedure isvery simple. Several freshly
pretreated quartz substratesté and newly cleaved mica substrates
were immersed in a solution of PDBS in isooctane. The
concentration of this solution was 0.01 M (based on the Si repeat
units). A small amount of TEA was added as a catalyst. After

T Electronic Supplementary Information (ESI) available: Preparation of
PDBS and monomer, amechanism for the formation of S—H and/or Si—-OR
end groups in PDBS synthesis, FT-IR chart of PDBS (M,, = 6500, M,,/M,,
= 1.16), comparision of UV spectra of spin-coated sample before and after
washing and comparison of UV spectra of end-gratfted sample before and
after it was immersed in n-hexane overnight. See http://www.rsc.org/
suppdata/cc/b3/b310985h/
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different reaction time, the samples were taken out and repeatedly
rinsed with dry n-hexane which is a very good solvent for PDBS.
The samples were then immersed in fresh n-hexane for 2 h. The
process was repeated once more to completely remove physicaly
adsorbed polymer chains on solid surface. Finally, the samples
were sufficiently washed with n-hexane, and dried over in astream
of nitrogen gas.

Because the rod-like PDBS affords an intense UV absorption
band at 319 nm dueto 73 helical main-chain conformation,23 PDBS
grafted onto solid substrate thus could be easily detected by normal
UV absorption and AFM techniques.

Fig. 1 compares UV absorption spectra of PDBS onto both
hydrophilic and hydrophobic quartz substrates under the com-
pletely identical reaction conditions. When hydrophilic quartz was
used, asharp, intense absorbance band at 319 nm dueto therod-like
helical PDBS can clearly be seen (Fig. 1a). This absorbance,
however, did not significantly decrease after leaving the samplein
n-hexane in the dark overnight.t Contrarily, when hydrophobic
quartz was used, only a very weak absorbance band at 319 nm ,
probably resulted from physical adsorption, was observed (Fig. 1b).
If PDBS was spin-coated onto a quartz substrate surface, the
absorbance band at 319 nm completely disappeared after the
sample was washed with n-hexane in the same way asthat used in
the end-grafted samples (Fig. 1c),T which indicates that physically
adsorbed PDBS chains could be completely removed by this

R TEA R
—OH + H+§ —> $-0 § + Hy
Rz n Rz /n
R TEA R
i—OH + Ro—é§' —>§—o § + ROH
Ry /n Rz /n

R: methyl or ethyl; R4: n-decyl; R2: i-butyl

Scheme 1 Graft of PDBS onto hydrophilic surface of quartz and mica: (top)
graft reaction between Si—-H end groups of PDBS and S—OH groups at
surface; (bottom) graft reaction between Si—-OR end groups of PDBS and
Si—OH at surface.
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Fig. 1 UV spectraof PDBS (M,y = 7.86 X 105, M,,/M,, = 2.12) (a) grafted
on hydrophilic quartz, (b) grafted on hydrophobic quartzs and (c) spin-
coated on hydrophilic quartz after being completely washed with n-hexane.
Reaction conditions for graft: [PDBS] = 0.01M and triethylamine (0.5 mL)
in isooctane (10 mL) at room temperature for 48 h.
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Fig. 2 AFM image of surface-grafted PDBS (M,, = 7.86 X 10%, M,,/M,, =
2.12) onto mica. Reaction condition: room temperature, TEA (0.5 mL) in
isooctane (10 mL), [PDBS] = 0.01 M (based on Si repeat units), reaction
time: for Fig. 2a, 0.5 h; for Fig. 2b, 2 h.

washing method. These results clearly suggest that PDBS was
chemically grafted onto the hydrophilic surface, not physically
adsorbed onto the surface.

The immobilization of PDBS at hydrophilic surface was further
confirmed by AFM observation of the PDBS grafted onto mica.
Fig. 2a shows a tapping mode AFM image of the surface-grafted
PDBS onto mica in air at room temperature. This AFM image
provesacertain rope-like conformation of PDBS expected from the
long persistent length (~60 nm).3 The chain length of an ideal rod-
like PDBS with this M,, was estimated to be 660 nm which is much
longer than the persistent length, an greatly entangled molecular
image (Fig. 2b) of PDBS in a high-grafting density sample on the
mica was thus observed due to supramolecular interaction among
the polymer chains.

Fig. 3 shows the results of time-course UV measurements of
PDBS with two different molecular weights grafted onto the
respective hydrophilic and hydrophobic surfaces. When hydro-
phobic substrates were used, the UV intensity at 319 nm (l330) of al
the samples with different reaction timeis very weak and does not
increase with the reaction time. This means that PDBS cannot be
grafted onto the hydrophobic surface due to the lack of reactive Si—
OH groups of the surface.

On the other hand, when hydrophilic substrates were used, the
I 319 increases with the reaction time for both lower-M,, (M,, = 7.86
X 105, My,/Mp, = 2.12) and ultrahigh-M,, (M,, = 2.37 X 108, M,/
M, = 1.76) fractions. For the lower-M,, fraction, the I3;9 Steeply
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Fig. 3 Time-course change in intensity of Sio-Sio* transition at 319 nm of
two PDBS samples onto hydrophilic and hydrophobic surfaces. (filled
circles) lower-M,, fraction (M,, = 7.86 x 105, M,/M, = 2.12) onto
hydrophilic surface; (open circles) ultrahigh-M,, fraction (M,, =2.37 X 106,
Mw/M,, = 1.76) onto hydrophilic surface; (filled triangles) the lower-M,,
fraction onto hydrophobic surface. Reaction conditions: [PDBS] = 0.01 M
and triethylamine (0.5 mL) in isooctane (10 mL) at room temperature.

increases at thefirst 6 h, then increases gradually and tendsto reach
aconstant value. For the ultrahigh-M,,, the 1319 increases quickly at
the first 10 h, then increases very slowly with the reaction time.
Moreover, the | 319 for the lower M,, fraction increases more steeply
than that for the ultrahigh-M,, fraction. Theinitial graft reactionrate
of the former is greater than that of the latter. This is because the
effective density of the reactive end groups of the ultrahigh-M,,
fraction is much lower than that of the lower-M,, fraction and the
encapsulation of the end groups by the same polymer chainitself in
the ultrahigh-M,, fractionislikely to be more seriousthan that in the
lower-M,, fraction. The end groups of the lower-M,, fraction thus
have more opportunities to react with Si—OH groups on the quartz
surface.

In addition, the value of 1339 (~0.024) of the lower-M,, fraction
after 48 h is about twice, compared to that of the 1319 (~0.011) of
the ultrahigh-M,, fraction after the same reaction time. This
suggests that fewer PDBS chains of the ultrahigh-M,, fraction were
grafted onto the surface than those of the lower-M,, fraction.
Presumably, a great molecular entanglement of the ultrahigh-M,,
PBDS onto quartz happened, leading to a dramatic decrease in
immobilization reaction rate of PDBS onto hydrophilic Si—OH sites
at the surface.

In conclusion, afacile, one-pot immobilization method for arigid
rod-like helical polysilane onto hydrophilic surface at room
temperature in the presence of triethylamine was successfully
developed. Thisnew approach can be applied for immobilization of
other polysilanes. A more quantitative study using quartz crystal
microbalance (QCM) and variable temperature UV and fluores-
cence measurements is currently in progress.
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