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Linear polysilanes with effectiveσ-conjugation are known to
have distinct low-lying two-photon allowed excited states (21Ag

states),1 resemblingπ-conjugated linear polyenes. During the
course of our studies of selective photoreactions induced by
nonresonant two-photon (NRTP) excitation,2 we have discovered
that photodegradation mode of a linear peralkylpolysilane polymer
via the NRTP excitation is quite different from that through the
conventional single-photon (SP) excitation. Photoreactions of
polysilanes using SP excitation have been extensively studied.3

Typically, exhaustive SP irradiation of poly(dihexylsilylene)
(PDHS) with 254 nm (CW) or 248 nm (pulsed) light in the
presence of triethylsilane gives silylene-trapping products Et3-
SiSiR2H (R ) hexyl) and the homolytic cleavage products
H(SiR2)nH (n) 2, 3),3e,f while the final length of the silicon chain
depends on the wavelength of the light used.4 In contrast, the
NRTP excitation of PDHS induces selective formation of medium-
chain oligosilanes containing ca. 10 silicon atoms irrespective of
the irradiation wavelength, probably due to the size effect of the
optical nonlinearity or the two-photon absorption coefficient.5,6

Irradiation of a hexane solution of PDHS (2.0 g/L,Mn )
366 000,Mw/Mn ) 1.23)7 using 532 nm laser pulses (the second

harmonic of a Nd:YAG laser, pulse duration∼6 ns, 100 mJ/
pulse, 10 Hz)8 induced facile photodegradation as shown in Figure
1. The averaged molecular weights decreased rapidly with
increasing irradiation time but the degradation rate strikingly
slowed atMn ) ca. 2500 and converged to ca. 2000 after 45 min
of irradiation (Mw/Mn ) 1.32). The final products were assigned
as a mixture of oligo(dihexylsilylene)s with ca. 10 silicon atoms
on the basis of the UV-vis, IR, and1H, 13C, and29Si NMR
spectra, while the terminal substituents could not be determined
spectroscopically.9a The absorption maximum at room temper-
ature is found at around 290 nm, which is very close to that of
perhexyldecasilane.9b The NRTP irradiation of PDHS in the
presence of excess triethylsilane or ethanol with 532 nm laser
pulses have failed to trap silylenes, i.e., no silylene extrusion
occurs during the NRTP irradiation.
The photodegradation rates were determined by monitoringMn

as a function of the irradiation time (t). If we assume no cross-
linking occurs during the photodegradation of PDHS, the time-
dependence ofMn is represented by eq 1, whereMn

0 is the initial
number-averaged molecular weight andkapp is an apparent rate
constant, which depends on the two-photon absorption efficiency,
the quantum efficiency for the scission, and the laser intensity.
As expected, a good linear relationship was obtained between
1/Mn and t, when the irradiation wavelength and power were both
constant.10

The two-photon nature of the photodegradation of PDHS using
532 nm pulsed laser was evidenced by the following experi-
ments: (1) the power and the wavelength dependence of the
photodegradation rates of PDHS and (2) a photoreaction of PDHS
with CW 514 nm from Ar+ laser. As expected, the apparent rate
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Figure 1. Time course ofMn of PDHS during irradiation with 532 nm
laser pulses (100 mJ/pulse, 10 Hz).
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constantkapp of PDHS in hexane increased in proportion to the
square of the laser intensity at 532 nm as shown in Figure 2. The
dependence ofkapp on the excitation wavelengths (λex) was
investigated between 460 and 640 nm (10 mJ/pulse, pulse duration
∼3 ns, 10 Hz).12 The action spectrum showed a maximum at
aroundλex ) 520 nm as shown in Figure 3a, being good in
agreement with the two-photon absorption spectrum (Figure 3b)
obtained by the two-photon fluorescence (TPF) method, where
the S1 f S0 fluorescence intensity at 350 nm showed the
maximum at the same wavelength of the incident laser light. The
ratio of the NRTP photodegradation rates of PDHS excited by
circularly and linearly polarized lights (Ic/Il) in a room-temperature
solution was found to be 0.80( 0.15, which is good in accord
with that observed for the NRTP absorption intensity using the
TPF method,13 indicating that the ground-state and the excited-
state wave functions have the same symmetry in the point group.
When a hexane solution of PDHS was irradiated with CW 514

nm light (1 W) from Ar+ laser, the photodegradation rate was
ca. 4000 times smaller compared to that induced by the 532 nm

laser pulses (100 mJ/pulse, 10 Hz), even though the integrated
intensity for the former irradiation was identical with the latter.14

The results indicate that the photodegradation induced by the laser
pulses is caused by neither heat-up of the sample nor a very weak
linear singlet-triplet absorption.
Several aspects merit specific comment. The observed two-

photon nature of the photodegradation of polysilanes does not
mean that the excited state responsible for the photoreactions is
the two-photon excited state. In reality, the lowest singlet state
(1Bu state) reached via the facile internal conversion from the two-
photon state would be responsible for the photodegradation of a
polysilane because the photochemical behavior via the NRTP
excitation is closely related to that via the SP excitation. The
fact that the NRTP degradation of PDHS does not give the
corresponding silylene is compatible with the proposed view3f

that only excitation of the shorter chromophores in the polymer
chain up to perhaps Si7 or so causes silylene extrusion, while
excitation of the longer ones does not.
The nature of the two-photon excited states of short-to-medium-

chain oligosilanes has recently attracted much attention both
experimentally and theoretically, in relation to the confinement
of the excited states or the size effect of optical properties of
one-dimensional electronic systems.5,6,15 Using electroabsorption
spectroscopy, the two-photon absorption band of linear Si10Me22
has been found at around 5.32 eV,6 which is 1.15 eV higher in
energy than that of PDHS1 and corresponds to the two-photon
absorption maximum of 233 nm, with much lower signal intensity
than that for PDHS.6 The magnitude of the third-order nonlinear
optical susceptibilityø(3), whose imaginary part is proportional
to the two-photon absorption coefficient, has also been shown
by calculations using Sandorfy-C-PPP model to depend remark-
ably on the chain length.5 The inertness of the medium-chain
oligosilanes upon the NRTP irradiation is not explained by the
transparency of the oligosilanes at 532 nm, because the degrada-
tion profile of PDHS using 470-nm laser pulses was mostly the
same as that shown in Figure 1. The major reason for the
inertness of the medium-chain oligosilanes upon the NRTP
irradiation can be ascribed to the substantial difference of the
exciton nature between the oligosilanes and polysilanes, i.e., a
very low two-photon absorption coefficient of the oligosilanes
compared with the long-chain oligosilanes or polysilane segments
having at least 10-20 silicon chain lengths as suggested by the
segment model of the polysilane chromophore.15,16

In conclusion, the NRTP excitation of poly(dihexylsilylene)
induces facile photodegradation to yield medium-chain oligosi-
lanes containing ca. 10 silicon atoms, being indicative of
substantial difference of the two-photon excited-state nature
between the medium-chain oligosilanes and long-chain polysi-
lanes.

Supporting Information Available: UV-vis, IR, and various NMR
spectra and GPC charts of the NRTP photodegradation products of poly-
(dihexylsilylene) (5 pages). See any current masthead page for ordering
information and Internet access instructions.
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Figure 2. Square dependence of the apparent rate constants of the
photodegradation of PDHS in hexane on the incident laser intensity (532
nm).

Figure 3. Plots of (a) apparent rate constants of photodegradation of
PDHS in hexane and (b) relative fluorescence intensity of PDHS
monitored at 350 nm, against a half of the incident laser wavelengths.
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