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Application of the Stark Effect to Evaluation of Asymmetric Orientation
Sturcture in Second-Order nonlinear Optical Materials

Masanao ERA, Tetsuo TSUTSUI and Shogo SAITO

The Stark effect was applied to the evaluation of asymmetrical molecular orientation in second-order non-

linear optical materials: an asymmetrical Langmuir-Blodgett (LB) film and a poled polymer film.

In the case of

the asymmetrical LB film, molecular orientation in three types of LB films, which were fabricated with hetero Y-

type, Z-type and Y-type deposition, was determined from the analysis of the Stark effect spectra.
the hetero Y-type film was proved to align asymmetrically.

Molecules in
However, molecular orientation in the Z-type film

possessed very small asymmetry; the order parameter of the Z-the film was almost equal to that of the symmetric

Y-type film.

In the poled polymer film, we have succeeded in the in situ evaluation of molecular orientation behavior
under poling field and relaxation behavior of the molecular orientation after the poling field was removed.
Above Tg, polar molecules doped in a polymer film behaved as a noninteracting solution under the influence of

poling field.
Tg.
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The relaxation of the polar orientation in the absence of the poling field was observed even below
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Fig. 1 Molecular structures of azobenzene dyes and
polymer matrices used in this work.
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Fig. 2 a) Geometry of measurement for the Stark
effect when molecules are oriented uniaxially
in thin films.

b) Change in absorption AD due to spectral
shift Av.
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Fig. 3 Apparatus for measurements of the Stark effect.
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asmmmetric LB Films: O; hydrophilic group,

[T1; chromophore, ; aliphatic chain.
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Fig. 5 Spectra of the Stark effect AT/T (solid line),
the asborption D (dotted line), the first de-
rivative dD/d A (broken line), for the hetero
Y-type deposition film of 1.
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Fig. 6 Comparison of the Stark effect spectra for the
hetero Y-type, the Z-type, and the Y-type de-
position films of 1.

LR bhB, TOART I AREA—F T XY
{cos 8> BROB L, 05772 XoT, BER
KBO AT YROBE#EIBON, ZOFTTY
Ny ¥ GFRBEOERSE > 5 & HREME - Tt
B L TWA I E DR S n.

Kiz, ZEBEOHEIZ2WTRYT. Fig. 6 13 ZFE
DY 2F NI ARY P LEATOY RIS XUWHR
BaBE IO YRENO LD L L2 D TH S,
ZRREOEF AT Y REOFEF I TIRE I
v, F72, coshY $0.10& YERFEDO0.40 & RRERE
DIETH 572 (Table 1). D ik, FFH»FIEFH
KEATA2EIICZEORELIT- T, RIERICKE
Z OIEHEMO KAV RLbID Z L ERL TS,
XHEH X h REAMHZEORKE, o ZRRESR
FECBWC, ERICESFOREEICL ) YEEDE
BENRR SN Z EITRERD,

Table 1  Order parameter of the LB films of
compound 1.
A, /debye A#/debye {cos 6>
hetero Y 2.0 0.57
Z 0.35 3.5 0.10
Y 0.14 0.04
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Fig. 7 Temporal profiles of the electroabsorption A
T/T at 533 nm for an azo dye 2 in PMMA
under poling field.
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Fig. 8 The dependences of order parameter <cos 6>
of an azo dye 2 in PMMA on poling field.
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Fig. 9 Decay curves of order parameter <cos §> for
an azo dye 2 in PMMA.
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Fig. 10 Decay curved of order parameter {cos 8 :
PSt; an azo dye 2 doped in polystyrene,
PMMA; an azo dye 2 doped in poly
(methylmethacrylate).
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Table 2 A # determined from the second-order
Stark effect.
compound A# /debye
p-nitroaniline 8.7
4-N, N'-diethylamino-4’-nitro-azobenzene 13.9
Dispers Red 21.6
Dispers Orange 15.5
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