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Properties of Photo-regulation of Liquid Crystal Alignment and Generation of
Maxwell-displacement—current for Application with a Medical Engineering Device
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Abstract

Maxwell-displacement-current (MDC) measuring technique has been applied for the investigation of
monolayers of poly(vinyl alcohol)s bearing azobenzene side-chains (6Az5PVA) mixed with p-pentyl-
p’~cyano-biphenyls (5CBs) on a water surface. For mixed monolayers containing trans—form 6Az5PVA
and LCs, displacement current due to photo 1somerization was not generated with alternative
photo-irradiation with UV and svisible light. In contrast, for mixed monolaters containing cis—form
6Az5PVA and LCs, displacement current was generated. Finally, it was found that the alignment layers
deposited in cis-form could photoregualte the orientation of LCs.
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measurement equipment of the Liquid
crystal arrangement.

AR Pt Fol gz uFol FYES 500 We| Xe#d

Z(UI-50D2A W= d2 FEE o] &3l o
Fog v

Aol 360 nm, 450 nme F FF W=
e Ea 3—3‘37} &3 1}91 e 7HAEE o E3

& AR FAsE 4o Env:"ﬂ %.P%Jli%l P
& 243 £ Zggeld AR £9E AX3)
o teHE 9 239 WZEZE o]fate] HEHA
°l7<4 # ol9e) oS = Fo| JFL HA st

ook ddatelde] dellE 500 nm olEhe] st
%" Adste e de HEE A0

5CB 94e #u4 A5FAT Be 35 of
YHE 2w 4y el AR % 714 3

B524ds *MI %71 ﬂ'ﬂ A A 2¢] AEAE B
5% 0}:4, w3 29 4(b)oll LPEM upel ol
BEx7t EdAA W oz W of

(iﬂﬂgé"f—’? W), 94 A4 uufz,ha— B2
da B9 BHoz Hy Arel Fo A 29 7
Iz sa I=

I=1, sin %(2B)sin ndAn(a)/N] (3



€ 3 2 Polarizer
(LQ_?)_LQ_Q_Q_‘\ ITO Glass
\

OOOO%
1

( T > 1%t Polarizer
Light

(@) Al&=A w) gkt

LB Film

5CB Liquid crystal

TLight

(b) EA2A ofgFe}

a8 4. wigkdol ojg HA o Hig.
Fig. 4. Arrangement of the liquid crystal with
polarized film.

" — 1 T T v T
@ i
T F J
=
Lor =
8% |
g’)u
.E%\ L
@ ¢
53 [ 1
T L
= . ) . L
0 z 1 x
3 3" 2
¢-T2) ( Radian)
b Y
a8 5 RdF Fre] o]& A
Fig. 5. Curve of the theory with intensity of

the transmitted light.

A714 Lo dapgel 2%, Be A4 W3 %
I3t A Bate) 2EE ehd

dst Ada)= 77t A A, ZLE Zo
geo} dge B2dgg dehdch £¢, Ae ¢
Abgel 3 vehdr.

@)HozRy olzuly FAE WY APY o
4 Aol # ZAEIE WPl As-EdsA
gelueaiAl ezol BTz Frel Foto] 1}
Bhte Re & $7) o

=

AZIAAA S8 =EA], A19E A12F, 2606 129
g 100; 3BAom 450 dmi 360 e | 480 rien ;::
E:: OE— dp g - E
=9 - 3
S _y00f e
g
. - 3
s oF S
T . E
() T o
T‘ima»(min]
(a) EA2 ANA
. 1005' 3By S50 ri 380 i | 480 rim YE
= - 3
‘§ Qg- -—---—v~c~~—.\/ /' -.-;_
S _jeof 3
—  10of E
2 E
P N
ol ]
- 0 nnnnn . 101 . A
Time {min}
(b) Al AA
a8 6. U4 6Az5PVAS 5CB &3utel 3
EERES
Fig. 6. Optical displacement current of 6Az5PVA
and 5CB mixed molecule on the water
surface.
olyle] o}g® AR/A (O=1/4n, d=25um,

A=633nm)e] AHEAS LA (5CB)E 9&
EYW EZFAES(Amo] 018~023¢)7] W T

29 Wd2HE TRXYSA mdE 90° 3
st #HAd=y a9 59 ol 8/ Axel 7ok

3. Ad 2ot HE

3.1 &8 EXte BX

a9 6(a), (b A FHEH 100 A’dA
EdxA e AlaAR NG 6Az5PVASH AR
AGCB) EFUoR 4B ANFOR mrjz
2 W $AY AR vehdth sdaAz A
A ol e Al o MYAFE 32X

(A
T5

I'-."l
>

=
ey

ll‘



J. of KIEEME(in Korean), Vol. 19, No. 12, December 2006.

T M s m ey o S
OTWWMWW
108 O Cis—form Mixed Monotayes
8 oI a—
@
2
g \\/o\ )
<
=10} d
P | P S S S WP fbebe Lok
2% 56 66 TG

Area per Molecule (A2

™ 7. 6Az5PVAS 5CB £ AsteE vl
Fig. 7. Compare of charge amount with
6AzoPVA and 5CB mixed molecule.

o) AL E%ﬂéﬂl-‘% ofFwiAl Expek AREA
(5CB)Y Ao | FolA F 24 Ateld 43
zrgo] A o ofzxuldl Exte sfolAdsrt A
57 “HTW?P T&Ti ANzAe EFelE B2
Abel olEjA] WMAHMES TA ZEC oRL ofF

ﬂm]ﬁﬂe4ﬂ*ﬂiémiﬂi@ﬂ~%AQBG3
2a}o) 7hAo] fAE L, BAY 45 2go] o
A ofxwlA el BolAd3} ukge P A H
A &7 Witz AL

a9 79 % =y AstEFe €S A
(160AHo2RE & HSHAAXA
HE AlzA2 ofxwlA
e AdFe vug Aot
Y = At W
A=A Hol e dste Wkt %“’JEJ.E}.

o] AzzRE Alx=AwoF W Fol4strt
SAsA g 2da gl ME Fol syt dAEA
o}:—_—:];]_}_—. 208 oF 2= gl;}.

= NE =2 T

32 olystol o3 WMol g X of

2 A% ejgd A4x AY Tze 1Y
4@, bl e ok AzAle ohzwa ¥
A% AW Aol AL wolt 1 4% 2ol

a7 BAY felwe] FPom s sRAY
Wo] dolxz vz AZuEth 18 8a)
LA A
2 ARRE W aPolh FEAA @

= %
ES e
ol dolARe AAVFL AAwG Ao
EX
]

ool on ¥

Aojty, wekr, JA AHdHFS A T
Wz oy wjBEo) A 29 F HAF
TH 7PAFE ZAFEE of
wigkute] EdAAE W3}

it

)j‘

242
Hg F gk

24 A2

1164

— - r ‘r' v v' }A T ——yr T Lo T v T s
& L e 360nm e OFF -~
= :
=
el
5% 1
2> |
.é g‘
) [ . -
@ c
a2
- £
. e 10
Time fmin ]
(@) Al2A] — EWA2A
e T T v
ﬂ 1
=
3
c Q2
8 &
g “wnd
0
2c
g 2 :
(o b B
== . e ]
0 . ,
Time [ min ]
(b) EA2A — A=A
ad 8 A WyAF 4 Fie &4 2
(cis state).
Fig. 8. Transmittance and displacement current

of the LC cell (cis state).

gz wssinen, F, dA FFo] A3
71 &)k ol E LA Bl siy ¢
AR B AFor watn, 1 dFE A
FAE FHatA Do addd 2ol gz shA
F A o8 8he Tt Fe) FFefo]
7] Wl 1Y 494 4

‘“% E%iﬂ]il‘ﬂﬂ A]i\_;‘i-ﬂi S0l o
JEAE FUoEZY WAdRRE I
Ergle A& & 5 Atk o

FER F=R 8N Adokel vEt
k. A, o)A F W o=

A= vkE g %
WA ofFulAl wvjsk o] A A

=



oy i - T
2 . - 360 OFF —|
o H
5 | ]
cf |
owm 7
gj)-—a
£€ | )
g c
Q% : o
FE L o
0 , 10
Time [ min} .
(a) Ed2A — AJ2H
— T SR
2 Lk 450nm i OFF -
o : . :
3 ; H
a — :
8% ri s 1
8= é
EL s
@ |- : 4
2§ i
a2 | ::
b= [T — i
0 1
Time [ min ]
(b) A=A —> EWAA
a8 9. APl WYgAF 2 Fag =24 47

(trans state).
Fig. 9. Transmittance and displacement current
of the LC cell (frans state).

2 9a), (bl vhehd vheh ol
o W37k entA et olzuA
A g ehe gl =elfu
Ak AR £F we Azg
WA 2o A F7) WEo] ol
g7 gioldn Aadn. % =dx
e Thel Aol E ol 4 s

dFEAzY AFo] AYHA Bkrin A

o
o

oge @ S N [

4o ARTHRE 59 o] ANY TFUE
Aol ol sel 9 3
A% 4RBA4el vt AL WA Fuoh

AA, 44 AL o]galA 17 8 99 HHol A
MAAFE BA 24 wYT olgd Zyoz
ALY Furt B FaA e Y2an

1165

A7V AAA RS 8] =EA], 1998 #1235, 20061 129

TRANSMITTANCE [au)}

Y

3 SETUR N
VOLTAGE [V}
(a) EHAA — Al 2H
=L 4
5=,
% R .
E | R
&
 ——e
g [ ]
& RN - S—T .
VOLTAGE [V]
(b) Al — E@AA
2% 10 HY Avbel T BEHGe 23,
Fig. 10. Transmittance measurement with applied

bias voltage.

33 el7ha etol of 8t
a4 44591
Aol A 47
Atk B AgeAs
% EAZA WG o] o o
5CB 44 #4 olgAe] unie s
A%y ARH 2e B ofH
o wEe] AREA BE
A4S ANEA Ge 4
ERAUS2 W A (29
Ak wEA, g4 A4 BRe
Ae wA g7 WEd B AE7)

Z
L
rir
1)
N
S

0]

pos
KN

=

I
i)
e~
D
Ca
@ 2
e
Mo
> B
oo
2

O_L,ml;
4 o
4 oo
e
8

<
=

o

ox

o

N

o e

N Ry

9,

N

=

&
e
Bl

2
e

o ot
L g
N ook B ¥

&

o

o}i
ooy
4

i ijﬂ S
offl i
£ o
]
4z o ot Am
- oo &

FE A7k Aol FHAUIVwE WolNE A
M AUAZL Haoh HES dgpate 3

B & A7) B3R mAlE) WANgon By
Mg ARRA wdo
M BApHol 4 ZHEA
Al 4718 4AE Wi,

=
o
ofy
o2
2
R



J. of KIEEME(in Korean), Vol. 19, No. 12, December 2006.

1.8 ' o

£ 1
§ T Tmna-'omsuc.cdl -1
: ‘ v ]

Q.S: Clgwfarm L cott :

. O : (6] 20

Bias voltage [V}
I 1. A skl o EdsA S BF WU

Fig. 11. Capacitance with applied bias voltage

on trans state.

Y 11T ol AlaA HE A A FH &
o] Z7la o ZmE AgY Frbe) wet 2

Ade, 9t AARFE B2 o4 e WY
oz Watslm PR FL& FHAEIE FHIE
2 @k

o] 3%3 AxE (3 dsiM 2¥ 10(2)%
zro] vehdeh 18 3(hgk #e EdxAY 4A
Ao e a8 10(b)st 2ol F&ol el &
Lo} ol ASRE A ujsko] S ERT
oz Hof glojd #Mghe drtstelm WEIt glo
1 Azhdh

Y HFYE olgete] Fuel
2} 6AZSPVASH o Zé-""fZHSCB) g
Hekol s A

PN rR

Aol A

Atste] Fol A3k vhgel o8
A dgae xao ad zAbstgch 7 A
A ) HHﬁJ“WW“ FEshge Asirt
sAe] g Hel A ehbA 2

2 1>

0
.ﬂlm

o O B o2 2 }-N

o £ 7
N

oo a2
0}1".4 [o)) fl-ﬂ:

mlo

o o 4= command surfaced] 7]E 2
AzBPVA olzWiAd 2A2RE 3 A=

golo] B ATl A8Y B o

(g
S

[1]

(2]

(3l

(4]

(5]

[6]

(7]

(8]

(9]

FoA axzAsY $47bsAdE FA dTst
a1 7bsAE gdstad

a0 28
53, “elo AT, SFTIA, 109, 23,
p. 109, 1989.
AEF, £4F, 284, 495, oAl
Neste dEgy frldEAwe 2 A
T, ANAAARS S =wA, 159, TE, p
627, 2002.
3 H, w2, Ak Eejobn| =4t EF
B Folgdst Aol A Q77 A AR

A8 =8 154, 8%, p. 695, 2002.
T. Seki and K. Ichimura,
langmuir-blodgett deposition of monolayers
of poly(vinyl alcohol)s bearing azobenzene

“Formation and

side—chains of varied spacer length”, Thin
Solid Films, Vol. 179, p. 77, 1989.

M. Iwamono, Y. Majima, H. Naruse, T. Naruse,
T. Noguchi,
maxwell

and H. Fuwa, “Generation of

displacement current across an

azobenzene monolayer by photoisomerization”,
Nature, Vol. 353, p. 645, 1991.

o]z 2], ol YA, FAAS, Hu, olHY, AH
2k M. Iwamoto, ©l&-F, Poly1rn1de Hd #
B o]f38 Au/polyimide/f7] ©EAE/Pb
Tz wgd Ax Hddd g A7
A7 ARAA RS =EA, 178, 28, p 196
2004.

W. Y. Kim and M. Iwamoto, “Maxwell
displacement current across azobenzene
polyimide multilayers caused by photo-
irradiation”, Thin Solid Films, Vol. 585, p.
284, 1996.

Y. Majima, H. Naruse, and M. Iwamoto,

“Detection of optical molecular switching in
by displacement current
Thin Solid Films, Vol. 210, p.

monolayers
measurement”,
82, 1992.

S. Matsumoto and L
Crystals
Kogyo Chosakai Publishing Co., Ltd in japan,
1991.

Tsunoda, "Liquid

Fundamentals &  Applications”,



