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ABSTRACT : Fluorescence and electro-optic behaviors of polymer-dispersed liquid crystal
(PDLC) thin films comprising of liquid crystal, 4-z-pentyl-4" -cyanobiphenyl (5CB) and
diacrylates were investigated as a function of surface-treatment of electrode with silane
coupling agent and photopolymerization conditions such as temperature and light-intensity.
Experimental data indicated different molecular alignments and aggregations of 5CB at the
surface-treated electrode and also in bulk polymer matrices depending on the kinds of
diacrylates used as well as on polymerization temperature and light-intensity.

Keywords: polvmer dispersed liquid crystal, fluorescence, electro-optic property, surface-ireat-
ment, photopolymerization.
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Table 1. Diacrylate Monomers and Their Abbreviations Used in This Study

diacrylate monomers

abbr.

diacrylate-A

CH,=CHCO(OC,H,)OCOCH=CH, diacrylate-B
CH,=CHCO(OC,H,),OCOCH=CH, diacrylate-C
CHZ::C[ZH
C=0 0 CH;4 0O CH,
I | | [ diacrylate-D
O—O(CHZ)SC—O—CHz—ﬁI—CHZ—O—C—(|I~CH2~O~C(CH2)5O*C:O
CH;,4 CH; CH=CH,
CHZ:(’ZH
|
C=0 6] CH, O CH;3
| [ | [ | diacrylate-E
O[O(CHZ)SC]Z—O—CH2—(\J—CHZ—-O—C—CII—CHZ—O—[C(CH2)5O]2—C=O
CH,4 CH, CH=CH,
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Table 2. Silane Coupling Reagents and Their
Abbreviations Used in This Study

silanes abbrev.
CHy(CH,)Si(OCHy), CH
(n- Butyltrimethoxysilane)
CH3(CH,),731(0OCHj) 5 CsH
(n-Octadecyltrimethoxysilane)
CF4(CF,),(CH,),Si(OCH,)4 CF
(Heptadeca fluorodecyltrimethoxysilane)
HN(CH,);Si{OCH3); NH
(3- Aminopropyltrimethoxysilane)
HS(CH,)3Si(0CH ;)4 SH
(3-Mercaptopropyltrimethoxysilane)
NC(CH,) S1(OCH3) 5 CN

(2-Cyanoethylirimethoxysilane)

Table 3. Contact Angles for Untreated and
Silane-Treated ITO Substrates’

untreated CH-ITO CH-ITO CF-ITONH-ITOCN-ITO SH-ITO
35° 91° 110° 108" 61°  68°  80°

% Measured by sessile drop method at room temperature with

water.
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Figure 1. Schematic diagram of fluorescence meas-

(b) Normal

urements for photopolymerized 5CB/diacrylate films
using a sapphire cell (a) under total internal reflec-
tion (TIR) conditions with high incident angle or &
larger than 58° and (b) under normal excitation con-
ditions (6<58%).
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Figure 2. Fluorescence spectra of a photopoly-
merized 58.9 mol% 5CB/diacrylate-D film under (A)
total internal reflection and (B) normal conditions
using a sapphire cell with excitation wavelength of
275 nm, 300nm, and 320 nm. Photopolymerization
was carried out at 25°C with a light intensity of
40 mW/em?®.
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Figure 3. Fluorescence spectra of a photopoly-
merized 50 mol% 5CB/diacrylate-D film sandwiched
between C, H-treated glass substrates under normal
conditions with excitation wavelength of 290 nm,
300 nm, and 310 nm. Photopolymerization was carried
out at 25 C with a light intensity of 10 mW/cm?
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Figure 4. Fluorescence spectra of a photopoly-
merized 50 mol% 5CB/diacrylate-D film sandwiched
between untreated, C,gH-treated, and CN-treated
glass substrates under normal conditions with excita-
tion wavelength of 290 nm. Photopolymerization was
carried out at 25 °C with a light intensity of 10 mW/
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Figure 5. Fluorescence spectra of photopolymerized
66 mol% 5CB/diacrylate-D films prepared at (A) 25
¢ and (B) 50 ‘C with a light intensity of 40 mW/cm?
; excitation wavelength, 290 nm.
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Table 4. Mean Values of Droplet Size (zm) for
Photopolymerized 5CB/Diacrylate-D Films Sand-
wiched between Untreated ITO or Surface-Treat-
ed ITO Substrates

. untreated surface-treated ITO
ITO CH CH NH CN SH
A 1.731  2.206 2.540 1.757 1.682 1.807
B 1.280 1.325 1.811 1.313 1.334 1.368
C 1.139  1.286 1.305 1.032 1.052 0.893
4 Photopolymerization temperatures and light intensities; (A)
25 C and 10 mW/cm? (B) 50°C and 10 mW/cm?, and (C)
25 'C and 40 mW/cm?2

conditions
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Figure 6. Transmission curves versus applied volt-
age for photopolymerized 80 wt% 5CB/diacrylate-D
films sandwiched between untreated or surface-treat-
ed ITO substrates; photopolymerization at 25 ‘C with
a light intensity of 10 mW/cm?
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Table 5. Electro-Optical Properties of Photo- < | =
polymerized 5CB/Diacrylate Films Sandwiched

between Untreated or Surface-Treated ITO Sub-
M=o 71#FEH S silane coupling# 2 M]3t

strates’
Vo) VeV To(%) Toog %) CR K /AR FAanel SAE WY 3 Ao 5
5CB/diacrylate-A Aol o3ty HESIHTL HAIAR] M7 -38t B4
untreated 05 344 483 591 1.220.23 < FRNEA R el A8 B, de FEd
CiH 39 239 597 865 145135 & Yeh#len, SHY CN#} 2o T4 B2 &
g; ég igj jzi gzg 1;’2 éf,? Huj A2 A2 AR E £ tujul S vheh)
SH 0.5 36.7 368 426 1.160.13 Ark AR AR Ao} 2ot wEEF, BRI
5CB/diacrylate-B ArE PGS =3 dbjbls Be A} dof
untreated 20 237 237 812 343383 Ak BAARe] W Ee AlHE] A Ea o
C,H 20 212 278 836 301476 BAES AZ7|Me] FHA ] 2 APExl9] v
CF 14 199 352 845 2.404.39 sabe o] Wl 23T, BUE So 23 27
" Joor om0 srs soism RSl SR BO/AY wm waE A @
5CB/diacrylate-C Gt olg9 AzzHE PNLCDY AH%e =
untreated 34 215 319 836 262426 ol7] 9t HF71we] ¥E Ao o3 AFEA}
CH 14 160 449 861 192 4.00 o] vjEt Alole} &%, AT So 23 zAd o)
gi 12 112 557 878 1.57 5.06 ago] Ba/3|% AEle] Aoyt Zad olzjoln,
S Js oMb o1 ses snsm  BRUESl mEA/AR Summs) wuel) Aws
5CB/diacrylate-D of mAg & AEE = U= FEAT FEYol
untreated 23 134 284 814 287472 B Ao},
CH 2.3 6.1 426 88.0 2071053
CF 1.3 59 398 91.7 2.30 9.06 A 3 =2 3
CN 438 20.8 194 81.7 4.21 4.01
SH 3.6 16.2 181 83.7 4.63 493
5CB/diacrylate-E 1. a) H.-S. Kitzerow, Lig. Cryst., 16, 1 (1994); b) G. P.
untreated 2.6 173 742 869 1.17 1.08 Crawford and J. W. Doane, Cond. Mat. News, 1 (6),
C,H 33 215 67.3 859 1.28 1.20 5 (1992); ¢) J. W. Doane, A. Golemme, J. L. West,
CF 3.3 268 655 8483 1.29 0.97 J. B. Whitehead, Jr., and B. -G. Wu, Mol. Cryst. Lig.
CN 2.6 21.9 687 851 1.24 1.06 Cryst., 165, 511 (1988); d) G. Chidichimo, G. Ara-
SH 22 152 706 847 1.20 1.35 bia, A. Golemme, and J. W. Doane, Lig. Cryst.,, 5,
? Photopolymerization was carried out at 25 °C with a light in- 1443 (1989).
tensity of 10 mW/cm®. 2. a) J. L. West and R. O.-Crawford, J. Appl. Phys., 70,
3785 (1991); b) O. Zaplo, J. Stumpe, A. Seeboth,
I el v 23yt dojHh o] dde B3 and H. Hermel, Mol. Cryst. Lig. Crysi., 213, 153
47 AT EE FHAAM &+ A& 3H 2], (1992).
o} B35 M3l uwlE diacrylate ©@Ekd| o} 93 3. a) H.-S. Kitzerow, H. Molsen, and G. Heppke, Appl.
o] Arg Ay A WL 37]0] xjolz ¢lF TE A} Phys. Lett., 57, 2529 (1990); b) H.-S. Kitzerow, H.
W ES A0l ARzl A ALl Ffold] 7]AE = Molsen, and G. Heppke, Appl. Phys. Lett., 60, 3093

(1992); c¢) J. D. Margerum, A. M. Lackner, E.
Ramos, K. -C. Lim, and W. H. Smith, Jr., Lig. Cryst.,
5, 1477 (198%); d) D. K. Yang and P. P. Crooker,
Lug. Cryst., 7, 353 (1990).

4. P. P. Crooker and D. K. Yang, Appl. Phys. Lett., 57,
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