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Abstract Optical spectra (ordinary absorption, photoluminescence, electro- 
absorption, and two-photon absorption spectra) have been investigated for 
thin films of polysilanes with a variety of backbone conformations such as 
trans planar, alternating trans-gauche, helical, and disordered forms. The 
results observed have revealed new features of one-dimensional exciton 
states characteristic of each conformation of the polymer backbone. 

INTRODUCTION 

Polysilanes are a-electron conjugated Si-polymers associated with a direct gap 
for the band-to-band transition.' The backbones of polysilanes take a variety of 
conformations such as trans planar, alternating trans-gauche, 7/3 helical, and 
disordered forms, depending on alkyl-substitutes attached to the polymer backbones 
(Fig.1). Optical properties of polysilanes (absorption, luminescence, and nonlinear 
optical susceptibility, etc.) are significantly affected by the conformation structures 
of the backbones. 

In this paper, we have spectroscopically investigated the conformation 
dependence of exciton structures in solid films of poly(dihexylsi1ane) (PDHS), 
poly(ditetradecylsi1ane) (PDTDS), and poly(dibutylsi1ane) (PDBS), which show 
trans planar, alternating trans-gauche (TGTG'), and 7/3 helical conformations, 
rcspect ivel y. 

RESULTS DISCUSSION 

Alkyl-substitutes polysilanes, PDHS, PDTDS, and PDBS were synthesized by 
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66/[334] H. TACHIBANA ET AL. 

the method described previously.2 Photoluminescence (PL) spectra were measured 
by photo-excitation at  4.0 eV using a high-pressure mercury lamp. For the 
measurement of electro-absorption (EA) spectra, sinusoidal electric field (f=l kHz) 
was applied along the normal of the films and the modulated signals were detected at 
a frequency of 2f with a lock-in amplifier. Two-photon absorption spectra were 
recorded monitoring the intensity of the PL as a function of twice the photon energy 
of the exciting laser pulse. 

trans planar 

trans-gauche (TGTG') 

- -  

7 / 3  helical 

FIGURE 1. Backbone conformation of polysilanes 

Figure 2 shows ordinary absorption (OA) spectra for thin films of PDHS, 
PDTDS, and PDBS and their changes upon thermally induced conformational 
transitions from the regular backbones to disordered ones. PL spectra of the ordered 
conformations of these three polysilanes are also shown in Fig. 2. OA spectra show 
the intense peaks due to the lowest singlet exciton transitions; at 3.4 eV for PDHS 
with the trans planar backbone, at 3.7 eV for PDTDS with the alternating trans- 
gauche one (TGTG'), and at 4.0 eV for PDBS with the 7/3 helical one. By contrast, 
the OA spectra are very similar in disordered conformations of these three 
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( a )  PDHS trans planar 

. -. -- - - - - _ _ _ .  

( b ) PDTDS TGTG' 

713 helix 
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FIGURE 2. Ordinary absorption (-) and photoluminescence 6.  -) 
spectra; (a) trans planar PDHS, (b) trans-gauche PDTDS, and (c) 
7/3 helical PDBS. A dashed line represents absorption spectra of 
each conformation after phase transition. 
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polysilanes above the critical temperature for the phase transition. 
For the trans planar and TGTG' conformations, the lowest singlet exciton bands 

shift to high energy (3.9 eV) and the spectral profiles become broader upon the phase 
transition, signaling a decrease in the delocalization of a-electrons along the polymer 
backbone. PL peaks of the trans planar and TGTG' conformations are positioned at 
the nearly same energy of the OA peaks with no Stokes shift. Such a resonance 
emission implies a weak exciton-lattice interaction in polysilanes which is rather 
exceptional among the conjugated polymers. 

On the other hand, the spectral features in PDBS films with 7/3 helical backbones 
appear to differ from the above cases: the lowest exciton band in the 7/3 helical 
conformation was observed to shift to lower energy upon the phase transition to the 
disordered form. Furthermore, an apparent Stokes shift is observed in PL spectra of 
the 7/3 helical conformation, but the PL peak shows up in edge of the low-energy 
tail of the OA peak around 3.6 eV. Such features are often observed in 
semiconductors and molecular crystals showing indirect gap. In the case of the 7/3 
helical forms, therefore, the indirect exciton is considered to be located in the lower 
energy region (3.6-3.7 eV) below the direct exciton (4.0 eV) which shows up as the 
OA peak. 

EA and two-photon spectra in thin films of polysilanes with the three 
conformations in comparison with their OA peaks are shown in Fig.3. EA spectra 
provide important information not only about optically allowed states but also about 
forbidden ones (two-photon excited  state^).^.^ EA signals (F) are observed in the 
same energy region of OA peaks due to the lowest singlet excitons and are well 
reproduced by the calculated first energy-derivative curve of the OA spectra. This 
indicates the Stark shift of the resonance energy of the lowest singlet exciton in the 
external field. The EA peak (X) activated by the external electric field is observed in 
the higher energy region above the peak F. The energy of the peak X is consistent 
with that of two-photon absorption band5v6 and the energy difference between the 
one-photon and two-photon absorption was nearly constant (ca. 0.9-1.0 eV) despite 
the change in backbone conformations. The band F and X can be assigned to the 
ground and first excited states of the one-dimensional (1D) e x ~ i t o n s . ~ * ~  The EA 
signal (X) due to first excited state shows the energy-derivative-like features of the 
two-photon absorption spectrum. An additional EA structures indicated by an arrow 
is observed in the higher energy side of the EA signal X. The ongin of this band may 
be related to second excited states of the 1D exciton or band-to-band transitions. 
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FIGURE 3. Ordinary absorption e- -), electro-absorption (-), 
and two-photon absorption (-. -) spectra; (a) trans planar PDHS, 
(b) trans-gauche PDTDS, and (c) 7/3 helical PDBS. 
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In addition to these excited states, the strong EA signal (A) and two-photon 
absorption band7 are observed around 5.5 eV in PDHS films with the trans planar 
conformation. The EA signal is very sensitive to the backbone conformation and 
disappear upon the order-disorder phase transition, indicating that the transition is 
characteristic of the extended trans planar conformation of polysilanes. The origin of 
this band A has been proposed to be the higher-lying excited state with the character 
of two-electron excitation like the bi-exciton These strong two-photon 
exciton bands (X and A) may play an important role in the third-order nonlinear 
optical process. 

REFERENCES 

1. R.D.Miller and J.Mich1, Chem.Rev., @, 1359(1988). 
2. M.Fujino and H.Isaka, J.Chem.Soc, Commun., 466(1989). 
3. H.Tachibana, Y.Kawabata, S.Koshihara and Y.Tokura, Solid State Commun., 75, 

4. H.Tachibana, Y.Kawabata, S.Koshihara and Y.Tokura, Synth.Met., 4l, 

5.  J.R.G.Thorne, Y.Ohsako, J.M.Zeigler and R.M.Hochstrasser, Chem.Phys.Lett, 

6.TMoritom0, Y.Tokura, H.Tachibana, Y.Kawabata and R.D.Miller, Phys.Rev., 

7.rG.Soos and R.G.Kepler, Phys.Rev., H, 11908(1991). 

5( 1990). 

1385(1991). 

162 455(1989). 

B43, 14746( 1991). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
49

 1
8 

Fe
br

ua
ry

 2
01

3 




