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Photocontrol of Poly(dihexylsi1ane) Chain 
Organization using a Photochromic Monolayer 

K. FUKUDA, T. SEKI and K. ICHIMURA 

Research Laboratory of Resources Utilization, Tokyo Institute of Technology, 4259 
Nagatsuta, Midori-ku, Yokohama, 226-8503, Japan 

The in-plane orientation of a polysilane film on photochromic monolayer was controlled by 
irradiation with linearly polarized visible light. The polymer backbone was aligned in the per- 
pendicular direction to the polarization plane of actinic light. In this photoprocess, the orien- 
tational order could be controlled by the light exposure dose. 
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I" 

Control of polymer chain orientation in thin films is of technological 
importance since it is directly connected to physical properties, such 
as electrical, optical, and mechanical characteristics. Our recent 
interest has been directed to surface-mediated photochemical control 
of polymer main chain, which is anticipated to provide new 
opportunities in  the polymer processing technology. Illumination of 
linearly polarized light (LPL) to surface polymer films involving the 
azobenzene (Az) units leads to induction of orientational anisotropy.' 
Attempts have been made to transfer this molecular information to the 
contacti ng pol y m er chains. 
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In this work, we used poly(dihexylsi1ane) (PDNS) as the 
polymeric material because the UV-vis absorption spectra of PDHS 
favorably provide us the information on both conformational and 
orientational state of the backbone due to the delocaiization of G- 

electron in the Si main chain. Our preliminary results show that the 
molecular orientation of the Az monolayer generated by LPL can be 
utilized for control of PDHS chain orientation.' This paper describes 
some detailed exploration on this new photoprocess. 

EXPERIMENTAL 

The chemical structures of materials and a schematic representation of 
the system are shown in FIGURE 1. A photochromic monolayer of 
Az-containing amphiphilic polymer (6AzlO-PVA) was first 
transferred onto a quartz plate by the Langmuir-Blodgett (LB) method. 
The photochromic monolayer was irradiated with non-polarized UV 

FIGURE 1 
film on a photochromic azobenzene-containing monolayer. 

Schematic representation of PDHS spincast 
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light to enrich the cis photoisomer content and then with linearly 
polarized visible light. Subsequently, the spincast film of PDHS on 
the Az monolayer was obtained from a hexane solution (1 wt %). 

UV-vis absorption spectra were taken on a Hewlett-Packard 
8452A. For polarized spectra, a Clan-Thomson-type prism mounted 
on a rotatory holder was placed in front of the specimen. The light 
irradiation was performed with a 150 W Hg-Xe lamp (San-ei UV 
Supercure-230s) combined with optical filters for wavelength 
selection. 

RESULTS AND DISCUSSION 

Like thermotropic liquid  crystal^^-^ and chromonic dye aggregates: 
the in-plane orientation of the PDHS main chain can be controlled by 
application of LPL. In this experiment, the Az monolayer was first 
irradiated with LPL. Exposure of polarized visible light to Az 
monolayer gave the alignment of Az moiety in perpendicular 
direction to the polarization plane of actinic light. Subsequently, 
PDHS spincast film was prepared on this pre-irradiated Az 
monolayer. 

Before crystallization, the PDHS film had no optical anisotropy. 
In contrast, after sufficient crystallization at morn temperature for a 
week, the PDHS film exhibited a highly in-plane anisotropic nature 
(FIGURE 2). The polarized absorption spectra revealed that the Si 
main chain is aligned perpendicular to the polarization plane of the 
irradiating light. This orientational direction agrees with that of Az 
monolayer. This fact indicates that the orientational information 
possessed by the Az monolayer is transferred to the PDHS films. 

The orientational order of PDHS film was further enhanced 
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upon annealing. The order parameter, S [= (R-l)/(R+2), where R = 
Abs(W)/Abs(O")], evaluated for the ordered phase was 0.38 before 
annealing. The PDHS film was annealed at 100 "C for 3 h. The 
annealing procedure gave the complete transition to the 
conformationally disordered phase. In this case, the PDHS chain 
orientation was highly retained (S = 0.63). Subsequent cooling of 
this sample to room temperature gave an enhanced orientational order 
(S = 0.54) and higher crystallinity. 

Polarization direction V 
of actinic light 

& PDHS . -  -- 
w' 

Chain direction 
0.4 

200 300 400 500 600 

Wavelength / nm 

FIGURE 2 Polarized UV-visible spectra of PDHS film 
crystallized on the azobenzene monolayer irradiated with 
linearly polarized visible light. Probe beam was set at angle 0 
relative to the polarization direction of actinic light. 
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Effect of exposure energy to Az monolayer 
The same procedure was achieved with changing the exposure energy 
to Az monolayer. FIGURE 3 shows the dichroic ratio (DR [= (R- 
l)/(R+l)J) of LPL-irradiated Az monolayer, and orientational order 
parameter (S) induced in PDHS films as a function of exposure 
energy. With increasing exposure energy, the anisotropy of Az 
monolayer became substantially greater. The order parameter of 
PDHS films moderately followed the orientational order of the Az 
monolayer. As the anisotropy of Az monolayers became larger, the 
order parameter of PDHS films increased accordingly. In these 
manners, the orientational order of PDHS chain could be controlled 
by the exposure dose of the LPL. 
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FIGURE 3 Dichroic ratio of Az monolayers (0) and order 
parameter of PDHS films after first ( ) and second 
crystallization (A) as a function of exposure energy. The film 
thickness of PDHS was 40 nm. 
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In the polymer films, the orienting behavior (orientational order 
parameter) may be affected by other factors such as molecular weight 
and film thickness. Further investigation is now underway for 
elucidation of such details. 
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