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ABSTRACT

In order to improve transmittance and response properties, various compositions of light controllable films
were prepared by phase separation method. The optical and response properties were measured with the
variation of PMMA/suspension ratio and block copolymer/light polarizing particles. According to the increase
of the PMMA/suspension ratio, the separated droplets of suspension were interconnected in the film. Decay
time was 2.6 sec when PMMA/suspension ratio was 0.5:1 and AT(difference of the transmittance at OFF/ON
states) was reduced with increasing of the ratio of PMMA/suspension. On block copolymer/ light polarizing
particles ratio variation, the highest transmittance of the film was 67.4% when its ratio was 0.6:1 and decay
time was varied from 2.15 to 46.6 sec as block copolymer content increased 0.2:1 to 1:1.
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Fig. 1. The operation principle of the film containing DPS. (1) OFF state and (2) ON state. (a; transparent conduc-
tive layer, b; glass or PET, ¢; matrix polymer, d; suspending medium, e; light polarizing particle)
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Solution A: o
[Quinine ,b‘ls.;gf: 10g, |ammonium iodide 1.7 g,
methanot 87 cc,
icellulose acetate/ethyl acetate 750 cc
Mixing solutions A and B
for 8 ~ 10 minute at room|

{Collecting supernatant after]
centrifuging the above solution at|
3,000 rpm for 10 minute

Collecting sediment after|
{centrifuging the above supernatant
at 10,000 rpm for an hour

[

[Preparing a solution of 10 9]
{herapathite in isopenty! acetate

DOIP

L 1
[

Mixing both solutions to a suspension of
herapathite, 2.5% poly(NPMA-b-HEMA)
and 92.5% DOIP

[Preparing a light polarizing suspension after]

Dissolving
poly(NPMA~-b-HEMA) in|

Wrying isopenty! acetate

Fig. 3. The preparation process of the light polarizing
particles and their suspension.
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Fig. 2. The shapes of the light polarizing particles. (1) Rod type and (2) needle type.

Table 1. Experimental Compositions for the Light
Transmission Controllable Films

Variation of Suspension | Variation of Particles
PMMA Ratio Copolymer Ratio
Suspension PMMA Particles | Copolymer
1 2 1 0.2
1 15 1 0.4
1 1 1 06
1 05 1 08
1 1.0

v} -85} (nonsolvent)d] Aetefoll b =57] df Fof) LA
¥39labrt A4 Wz olFshe g A Ik

et = 58 FAShs ZaAlg 2EA A (matrix
polymer)s} 24 g0 FAbsta, 4l 4L 13}y
AFg.AJe] o (partially compatible) diocty! isophthalate
DOIPYPE AMg-3hgdrh

Fig 30l A7) 234}, B35 ¢4 2 d5os
FAE dsole] AzFYEL JehiglEd, PMMA/E
ehofol zANE APANE Swi% £IF3YA+25 wt%
A-B Z-2Z3¢A+925 wt% DOIPZ o] ol Hetel
& Azsly®, 2YTFFA/ETURY 24 W3
#9 E2AE 5wt%h, DOIPE 90~9%4 wi%s & x
A-B 223§l 1~5wt% g WA d=td g A
z3hgch

212, "E cell A%

Aol Az EI3YzE ¢ e AR
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luene 45 wt% 12|31 xylene 35 wt%E o]Fo]zl &9
o] g}

o] 498 ITOY} 2esl PET &4t AzxA
FA7E 100~150 ym H 9 A -3} dry thick-
ness’} YA 3A He g 3% 3l SIPS(solvent induced
phase separation)'® ¥}ol ©)3] PMMA Ague)] &
goo] AHg YAA|Hc)

FEJ A= wet thickness gaugeZ ZA3lgon =
G5 7Aw 7|47 blade 21H-& 24 A A3y
}. 29 ¥ wet film 70C &} 7}t ovenoll A} ok 3027
Azt AxFe FAe pRAEAS} Heb
gl ube} Wzt 2 Ao de of 0um AE
HA Azt ol FA AL Axd PEFE 7)
gozRe] weld ¥ micrometer2 233 )
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Farex.e. UV/VIS/NIR #337](Perkin-Elmer4}, La-
mbda 9)& AHE-3ted 300~800 nm A H9jol A 83}
Aek Cell®] 7PHEA ) $4A)17F 532 optical be-
nchd Al8-3ed 100V, 60 Hzo) wHALS qlrlsle]
ZAstedch SRz AAFIAE HAE 100%2 ¥
o, 341 10%, 44 10%5 A3 o] 80% 7hHA) o)
£88E Ao stgo®, 1 29 a7 Yo7} Fig.
4ol eb} gledl Fig 109] A Fella B3y
A/EF34AkY w7} 06:1a1 S0 2AdE Gebd
Zeojck o)A ast b7 X&L AT ot
rise timeo]i, c-d FiHE AAe] Wete) @ decay
timeoltk. b-c 77+ AA7} ArlEle] Bmaa A
02, d-e F7-& AA} AxkElo} thA) B35 Abejo)ch

3. A% 9 o@

Fig. 5& PMMA/@stole) ul&-¢ W3l A 9s 98
ahek of SEM Abtio}ch, PMMASE @ehol o] & ahu] gof
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Fig. 4. An example of response time by the optical
bench: Measured resuit of the film that copoly-
mer/particles is 0.6:1. (a~b; rise time, b~c;
transparent, c~d; decay time, d—e; colored
(dark blue)).

2:191 74-$Fig. 5-a) 422 AHE AX 129 + 342
HAY A7E 1~3umBH BE W 453 ¥EH
sleh vk fetafof wigo] HAo) aie} zb7] Reld
WA Fo) 43 AAE7] Alabale] efdy o] AFd 23
(connection structure) ¥AF-S Holi ¢ickFig 5-b, ¢).
Fig. 5-dv PMMA/#=te§9] u)7} 05:19 759 =gt
Ho g AHE 7He) 43 dAe] oS AAsS S 3%
dH o 7ixi7l g2 Ed Y45 o)A gl FYT
FEA B4 9 725 el e 439 Y0 g
A 5 Wk

233 SHAIHE rise timed Fig 6¢ll4 & 4 s}
Zo] E3ulgo) ule} 00462 THE 016224 BT
022 o]l decay timed 2.6~49% Apold] ¥o
slct. Fig. 59} Fig.6& F33 n PMMA/dgie]
E3§8o] 05:1, 1:1, 1.5:19] AL oA o] A5 AA"
TZE o]#& 2 9o decay time-2 4.7~4922 FAMg)
#He vehla oy 2:190 A, &, @gde) =]9
T3 YA Y5t & 9] decay time-d 272
). ole AA OFFA d7d Fxfdiud 5]
YA G 599 Brown 5] o|% @43 o]
Folzlchks & 9|3k o] Yl ool wlgo]
FobATE dxo] M2 A% F27) Foll ube} HA ¢}
FTAY {ro] wae] Ay dF el¥FHAD A
E°] Brown %o 98] random3}Ad] H+ torque’}
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(c) PMMA : Suspension =1 : 1 (d) PMMA : Suspension = 05 : 1
Fig. 5. SEM photographs of the film cross-sections according to the ratio of the suspension and PMMA.
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Fig. 6. The schematic representation of the response Fig. 7. Variation of the transmittance of the film accor-
time of the film according to PMMA/suspension ding to PMMA/suspension ratio(O: OFF state
ratio(Q: rise time and @: decay time). and @: ON state).
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o)) ATY 7ZrAa7dsfo} ). o] olfiz AlA oz &
etaf o] ofo] A A E3hgell mte} OFF Aejolrle) &
g8 Fohg ot ON Adiel £3489 Frle A3
o8 %= 9497 dFojth. &, A ON/OFFA] 3
A& PMMA/#E 2] Bl8-o} 059 A$7} 713 #
o] PMMAS] vlgo] HA we} Fo E%ch

AA7E 177 A g8 Feod g A4
3% £33 ol84 EA3} Brown 522 9l
3led randomsiAl #4t=Eo] 917 @-Fol 400 nm Fe
E34go] ¥ 600~700 nm ARG = A FF
E vEhgy) Wi e Yo g AR T Falgol
e wbd, #HAZE siER sl "ACE Ay
Brown +%5Huct ¥4 7sl7] o =& A=
7R o2 7heizl AAEe] HallstA sjdEe] 74,
F3% AuEd ¥ FHEL bk 34} A
= dAg waken wgsgd xEL2 Brown &
Eo 2 g torqueol) 98} random3lA] EArs]7] A1z}
sle] ZE Ao AAdrt F, dAYY o 5
iztell 2hg-she olHAA Y I At AA 2] Brown
+5ERc 9 =) dFel Fig 6ol B 4 %ol
rise timeo} decay time¥.t} 107w} A% w2c}

Fig.8& PMMA/&d= ] wl&¢ H3A A Azg I
£ ¥3FFgelth AAS AsEA & A4
PMMA/@ <o) u]g-¢) 2:1 28] 3 1.5:181 75 400~450
nm Qo Ae} £-5L oF 5% R tia Fon, 600~
700 nmoA| A= oF 10%9] F3&E Reola glch o
uhs) PMMA/Jebe] u)-go] 05:1 223 1:191 7234,
400~450 nmll A ¢F 20%, 600~700 nmol}+} 10% ©)3}
o] £35S ehiind 2ig 2Rego 2 A5 9ot
(Fig. 8-a). o]2} 7o) mpAte]] Wit Fgo] T ol
AL4E B33 8 2= 3gEE A o)Al a1 f¢ o)
A Afel] 7]lsled 400~450 nm sHg o] F3pgol 4
WAoo R %7| ofFolch

99 ol AAE <1713+ Ael(Fig. 8-byol o) £33
T8-S £33 A7 PMMA/3 =] v 8-¢] 2:13} 1.5:1
9] 7% °F 500 nm -2 A 75% AT Z Eoo, 600 nm
F-2oljA] kg F4UE Relm gl PMMA/Re
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2:13} 1.5:19] 742t G2 He & o] F 2 AT o
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Fig. 8. Spectral transmittance of the film according to
the ratio of the suspension and PMMA. (a) OFF
state and (b) ON(100 V-60 Hz) state. PMMA:su-
spension ratio; a) 0.5:1, b) 1:1, ¢) 1.5:1, d) 2:1.
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Fig. 9. Variation of the transmittance of the film accor-
ding to copolymer/particles ratio(C: OFF state
and @: ON state).
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Fig. 10. Variation of the response of the film according
to copolymer/particles ratio(O: rise time and
@®: decay time).
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Fig. 11. Spectral transmittance of the films according
to the ratio of light polarizing particle and
block copolymer. (a) OFF state and (b) ON(100
V-60 Hz) state. Copolymer:particles ratio; a)
0.2:1, b) 04:1, ¢) 06:1, d) 0.8:1, e) 1:1.
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