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Abstract There are several methods to fabricate Polymer Dispersed Liquid Crystal(PDLC) films. One of them,
so-called Nematic Curvilinear Aligned Phase(NCAP) film, is based on emulsion technology. To produce
NCAP systems various water soluble polymers, such as partially hydrolyzed  polyvinylalcohol(PVA) and
polyvinyl pyrrolidone(PVP), which can form stable emulsion of liquid crystal(LC) without any stabilizers were
used. In this work, we studied the dependence of emulsion stability on nature and composition of copolymers
composed of water-soluble and water-insoluble moiety. We found that interfacial surface tension depends on the
composition of comonomer, the copolymer concentration in the water, and the nature of hydrophobic chain. The
Acrylamide -styrene(AA-ST) copolymer showed the lowest interfacial surface tension among the tested
copolymers at the same concentration. Since the interfacial surface tension decreases with increasing the
compatibility of copolymer with LC phase the AA-ST copolymer has the best compatibility with LC molecules.
It is believed that molecules adsorbing easily on the surface of LC droplets allows the LC emulsion system to
be more stable.
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+ 503 YAE AAsEAL YUTH1]. FFolle FPEk vt
dhol] HAS Wal, 11 dof] ERAAEE 7HE A= viE
% ol a2 AelEehe ol il Zuluisi, A
o A 5 R 38 ool Atk A4S &
Zlu o] w2} Nematic, Smetic, Cholesteric®] A ZF&2
A BEFE, o]F Nematic 72+ 22 34, 11 ¥4

o HiEFAS 7HA HA| AR Ruo FaPstA wjEE =
54 ol B 2 489 /NS At AiHos
Nematic A 25 WA} o 7 AZs|old o
Setol WA Poldrle 18I WolFl g So=
S4gslo] qlts Alo] ApgEAbe] Egolch24]

E Lo A= WA © Z A 4-cyano-pentylbiphenyl-4
-carbonitrile(LC, 5CB)©. &2 J14J 5 alkyl cyanobiphenyl 7]
9l AEA] HLE A Nematic 32 A4 8
A FESA(HMC,)o| BAFAA Nematic AAHLE O
TS o, YRRl A8E%e o] S ¢
op] Slato] Age AEsHAC

e hu

oldl 7%= 5ol 9y BEo) U FohH 9
microdroplet B& AR F5hz o2 SHEGo|HA] &

of olge) vjgkn 2e) Qlelag i) off AefolA
L oy SEAVE AR HeHs) ol system ]}
7] 9J3t ® O 2= Nematic Curvilinear Aligned Phase
System(NCAP) B Rt} o] W& 7lckslal A&
Q1 oA Lo iRt S-S sk oEH Vs
of 7liE& T ek 53], Bt ARt 249 oY
ASol o RS SN 2404 $84 BF
AHMCO)e]| theh 82 HE ApAEo| o3 HilEo
5 A, 8 249 S0 o] 49 el
M3 o] ATEo]AI7] ke HopzA o &4 el ol
U A8l HolM= Ju|7t 9l EofoltHs5].

a#Rg B Hdooi]= HMC =, acrylamideo]
styrene, methylmethacrylate?} vinylacetate 5 & 359
A7, olge) 72 W B2 S4& 2gea, LCo} of
WAAAN NCAP UEE Alzsha 150 gejeta 1
4e usidnh oleid Ad Amne Edz
LC-HMC®}9] QMg =253l

2.1 N2 & £H717]

Agel  Apgd
vinylacetate(VAc), styrene(ST)-2
|3em,
5CB)9]

methyl methacrylate(MMA),

Junsei B}3FJAF 22 A
4-cyano-pentyl biphenyl-4 " -carbonitrile(LC,
NI} acrylamide (AA)= ZHZF Merck 9}

Aldrich ZJAt|A] AAbE B AR ARSRICH s
A2 Ostwald & Ubbelohde 4 =A| S }—9—0}01] =439
th Aol =g AL EAzleE A& ol gt &
getgon, Az AWy 42 Gomometer(Rame—Ham
Inc) G| & o]83dte ZAslrt E3] LC-HMC2| 7
ZAo= ARE-5}
Atk oldte| L2 EAE $I8to] FTIR(Bio-Rad win-IR),
'H-NMR(Brucker, 300MHz)& A3t}

Catheto-meter(Gaertner Scientific co.)&

2,

B A oﬂ A shAE 223H= acrylamide ©HEFH o)
A33H= THEEA|(ST, MMA, VAOS &9 53 Wiof
sl 28kl E}. ofefell Zkzke] AL HE AT

2.2.1 Acrylamide—styrene Z&&HI(N.1)2] &M

100mL A=+ Fute Eefado] EhAE ol &
FEA st AME BAR o
0.070moles), styrene(ImL, 0.0096 moles), AIBN(0.18g, 3
wt%), dioxane(26mL)S @11 ZASloA 3 £ZZF 7
00 2% fxjsPRA 302 59k WA

acrylamide(5g,

WSS O T A 7EF ZHE Algu} olu] 4§71
4 THS 250mL B]AC] B opAlE] W HFA|
ek o]FA stef DA uAZF YL AL W) oMAIES

< whe} Heal Aqle]7]olA] of 3 Bt AN &
AHR ] OPHESE wet el ThA] HREE|A of
AECR Qe obg AAE 28 wAE 1F A2l
29 ZoF AXA|AHA] acrylamide-styrene FZSHA(N.1)
115g& S, ofeloll ghel Be) 728 trehgick

AIBN
CHy=CH <+ CHy=CH ——% CH,CH —CH,CH

(||:= 5 70T (.j '+=O
NH, NH,

[32! 1] Aacrylamide-styrene 3-53HA|
FTIR(KBr) 3350.05, 3198.68(m), 1664.53(m),
2938.38(w),  1452.93(w), 989.227(w),  1124.15(w),
704.086, 763.149(w), cm’ ; 'H NMR(in D,0), (5:ppm) :
74, 63, 4.7, 34, 3.6, 2.0, 1.7

2.2.2 Acrylamide—styrene Z&8A|(N.2)2| &M

NS Ay sy
0.0048moles) AIBN(0.165g, 3wt%)2] H3}S i} o]
o H2 2 2.18g0| it

styrene(0.5mL,
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2.2.3 Acrylamide—styrene Z&g|(N.3)2| &M

(N.1)Q] AT} S Ashstyrene(1.5mL, 0.0144moles)
AIBN(0.195g, 3wit%), ©] H3l= 2t} oju 8o
0.75go] ST}

FTIR(KBr) 3388.56, 3199.94(m), 2929.52(m),
1664.53(s), 1449.72(w), 870.777, 1118.18(w), 700.501,
761.412(w), cm” ; 'H NMR(in D;0), (§ ppm) : 7.2, 6.1,
4.7, 2.0, 1.7, 2.0, 1.5

2.2.4 Acrylamide—methylmethacrylate 358}
HI(N.4)2| &

100mL 37+ EetAdo] ZHAE ot SHREA st
ANE AR S acrylamide(Sg, 0.070moles),
methylmethacrylate(1mL, 0.01moles) AIBN(0.06g, 1wt%),
dioxane(26mL)E Y1l R4 3lof|A F2F=E 10TCZE 2

fA8HAA] 3046 Bt RESAIFTH

HPS% 2l & AR o] ARk oln A4
A DAHE 250 mL H]FAof] F7] opAlEof Hal KAl
ok oA sto] M 1A7E AAEUS of oAl ES
o} Bl2|al fplae]7]of 3& Bt WA & A4l
| Age] oMESS et WeT opEe s 3

¥ 309 Q4 A2 A A%l 22 BoF
Al Acrylamide-methylmethacrylate 3¢
83gS AAUTH
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Acrylamide—methylmethacrylate Z2&&t
HI(N.5)e|

(N.4)9] A1FHPH 3} =15} methyl methacrylate(1.5mL,
0.0150moles), AIBN(0.065g, 1wt%)2] H3I}IE Fi1 2
B9t AXA]AA] acrylamide methyl methacrylate(N.5).

2.8z A9l

2.2.6 Acrylamide—methylmethacrylate 3&&}
HI(N.6)e| Ed

(N4)2] A¥ulHy} %3} methylmethacrylate(0.5mL,

0.005moles), AIBN(0.055g, 1wt%)2] H3}= =

oF AZRA|AA Acrylamide-methylmethacrylate 55314

(N.6). 3.24gS Atk M€ =5 ool Yehich

—y 20]5—_

CH,

CH;  ABN ]

CH,.—.(l:H <ol | =$ -m;(:j CH-?H‘CH "(|:
7 g el

NH; OCH, NH, )
CH, /.,

[32l 2] Acrylamide-methylmethacrylate 555314

FTIR(KBr) 3352.49, 3198.36(m), 2934.85(m),
1665.27(s), 1616.93(w), 1124.66(w), cm™ ; 'H NMR(in
D,0), (§ ppm) : 7.2, 5.6, 3.6, 3.4, 2.0, 1.5

2.2.7 Acrylamide vinyl acetate 28| (N.7)
o gd
100mL 35 ZEfAIol| ZAE 2ol BFEA sk
AME AXgF thE  acrylamide (5g, 0.070moles),
vinylacetate(2mL, 0.023moles) AIBN(0.07g, 1wt%),
dioxane(26mL)E Y1l AAxoA] dex2 70CE 2%
XSPEA 308 Fob WA AHIHS N6
FUIR o™, Acrylamide-vinylacetate 3%3HA|(N.7)
497gS &3t
2.2.8 Acrylamide—vinylacetate Z&&H| (N.8)
o| &M
N7 Ay FYshH  vinylacetate(1mlL,
0.0116moles) AIBN(0.12g, 2wt%)2] Hl=
Acrylamide-styrene 3-53HA(N.8) 3.34go] A=A
T T2 obol veph i

AIBN
CH,=CH <+ CH,=CH -———% CH,CH-CH,CH
| pl ik ]
B o
|
NH, (l:=0 NH, (]?=O
CH, CH; /,

[22! 3] Acrylamide-vinylacetate 553+

FTIR(KBr) 3351.66, 3197.95(m),
1665.08(m), 1617.45(m), 1122.52(w), cm’
D;0), (6 ppm) : 6.3, 6.8, 4.7, 2.3, 1.4

2934.64(w),
'H NMR(in

2.2.9 Acrylamide—styrene ZE&H|(N.9)2| &AM
100mL 35 ZEfAsol| ZAE 2ol BFEA sk
AME A3 T2 acrylamide(5g, 0.070moles),
styrene(1mL, 0.0096moles)  AIBN(0.12g,  2wt%),
dioxane(10mL)E g1l t}hA] CCly(10mL)E Yo] A4 3}
oA F2xE 70CTE 2% FASHHAA 308 5 vhs

A7k

WSS T T A 7EF e Algu} olu] 471
S TAE 250mL H]Ao| G opAl o] Wil A
ek oA stol FA TAI7F HAE S of o ES

o uhe} welm galie)zle] 38 Fet AT F A4
2e)7]0] opESS we weln ohiEOR Mo
obiES © H7HE T AT ol
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crylamide-styrene -Z=31A|(N.9) 3.2g0] A}
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FTIR(KBr) : 33558, 3199.85(m), 2930.59(w),
1657.32(s), 1454.67(m), 1418.57(m), 1120.72(w) em’
'H NMR(in D;0), (§ ppm) : 7.1, 4.7, 3.6, 2.3, 1.5

2.3 Mzo| £
H A3ofA 4% Acrylamide-styrene, Acrylamide-

methylmethacrylate®} Acrylamide-vinylacetate 553
S0 YES TheR 2E AW 2hoR s 7
e,

2.3.1 Bz EX(case |)

30C gezo] A7 Ostwald WEA] TP 2
FHAE FFrol =] 02wt% GH O Th50]4] 8mL
AeE A9 AHE 5ok

AeA F gt 7HK]of] 1FE AZdskal 1 LR
G dolA S-S FAATA] SRk 3 &
o] W7 7kR| 9] AXkE S48kt 919k 22 o
B Z75 8mLAE Ostwaldf=Ao] Wil o4&
3 7h A=E SAskel

EE oo i
X jo & 2

Lot

2.3.2 Mz =F(case Il)

30C @20l A1 ubbelohde FHEA o SFollA &
Aot TEIAE 5 6wi%-H0S lwt GSIERO
28NS A2 b 24 mLAYE =HA Aok d
EA F 2t 7HA o] nREE Adska O o] oY
= golX EHE FAAZMA 27 & & gHo] Y
Ho7|7HA o] A7HE S 919 owt%gHE 3
AAA 0.04wt%712] FEE FHolA JA=E S5k

>
o
i)
o,
o
l'N
~
>
ol
o
N
do
ol
ok
2
&
i)
my
o
il
oo

shaict.
ST geao] PAT BIPAGE Rl
[e)

0.7wt% s =2 U=

4]:1[1

of %A= AL A =
3 553 %%H Sheklell YRR g Soll F2RARL

[ 1] 3539 34 A=

Copolymers(moles) viscosity(cP)
N. 1 (AA/ST-0.07/0.0096) 0.87
N. 2 (AA/ST-0.07/0.0048) 1.18
N. 3 (AA/ST-0.07/0.0144) 0.91
N. 4 (AA/MMA-0.07/0.01) 1.25
N. 5 (AA/MMA-0.07/0.015) 1.30
N. 6 (AA/MMA-0.07/0.005) 1.32
N. 7 (AA/VAc-0.07/0.023) 1.32
N. 8 (AA/VAc-0.07/0.0016) 1.53
N. 9 (AA/ST-0.07/0.0096) in CCly 1.97

[& 2] ol golofo]=-2eldl FEUANI)} ofeo}
ool = 2Eldl FEEA gl A e

(sec)

Number N.3 (0.7 wt%) N.9 (0.7 wt%)
1 16.25 12.38
2 17.25 19.43
3 20.78 24.24
4 21.12 27.06
5 22.31 27.95
6 22.69 28.62
7 22.91 41.57
8 24.19 45.70
9 2591 61.14
10 28.08 68.00
11 28.20 71.16
12 28.22 82.27

*copolymer N.3(AA:ST=5:1.5)
*copolymer N.9(AA:ST=5:1.0(CCly)

[E 3] AAMMA 53w $=H(sec)
Number | N.6(0.7wt%) | N.5 (0.7wt%) | N.4 (0.7wt%)
1 2.05 2.14 5.58
2 2.06 3.66 5.72
3 2.10 3.67 5.90
4 227 3.75 6.66
5 227 4.49 7.06
6 2.58 5.40 8.33
7 3.06 5.51 8.49
8 3.07 6.06 8.49
9 3.79 6.26 9.20
10 3.89 6.45 11.29
11 4.44 6.47 11.43
12 452 6.52 11.43

*copolymer N.6(AA:MMA=5:05)
*copolymer N.5(AA:MMA=5:1.0)
*copolymer N.4(AA:MMA=5:1.5)
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[# 4] AA-VAc F5HAT] T (sec) [# 5] ol dopto|E-AHANI)ZHE HEY 3=
Number | N.7 (0.7 wi%) | N.8 (0.7 wi%) =2 +31)
1 0.63 12.38 . . concentration .
Fract t No.9 t t!
B 071 1943 ractionation No (Wt%-H,0) ime(t/2)
3 0.72 24.24 Ist. 0.7 >2hr
4 0.72 27.06 2nd. 0.7 >2hr
5 0.74 27.95 3rd. 0.7 >2hr
6 0.89 28.62 4th. 0.7 >2hr
7 0.90 37.66
8 1.02 41.00 _ N
9 1.06 45.70 [® 6] ol dopto| E-AEAN)ZHE HEY 3=
. - =o] AW
10 1.08 61.14 = T3Q@
1 119 68.00 Fractionation No.9 | Cconeentration time(t%3)
12 1.20 71.16 i (wt%-H,0)
P PAA 0.70 5.5sec
*copolymer N.7(AA:VAc=5:2) 0.70 >2hr
*copolymer N.8(AA:VAc=5:1.0(CCls) ard 0.35 >2hr
' 0.21 >2hr
- 0.42 9sec
i — = _I-
2.5 Acrylamide—styrene(N.9) Z2=&H|Q| 070 i
Fractionation && 0.35 >2hr
0.21 >2hr
Acrylamide-styrene F5%H] 3 Z70] CCly -gujjof 4th. 012 ~oh
. r
Al o]Folxl IghE & (N.9)of st eliz=xfol5 o] 0.04 >2hr
83 F=3A| S fractionation@]tl. O] fractiondl= 7| 0.02 5.5sec
48 1959 Hall, 19614 Guzman?} 1967 Cantowo]
1 fe) ]
oA thgsHA AEE £F 71&olth o] 7k & A [E 7] 295 2250 AAE
BellAfi= Hall#] & O]%O]‘m] @ il 1000mL 4 Fractionation (No.9)| reduced viscosity concentration
T ZgaIe] & AAE N9 15wt H0 &4 ' (wt%-H,0)
100mL 93 AAES Axeha szl H Zepaas Lst. 1.88 0.2
AT WY Fehado] obfES Wil WA Holm T o o
A Aol 2w 25T2 FAIFT #YA 2 4th, 0.95 0.2
H7kA] Ao} g &EE 30T, 35CE AAF] &3 o
S IAF TE YzhAlz o] WZIA]7] Qonl. 2]1)
= l:l—|0] 425(,§]40—1]]1_]:/13]—] o ]1_] o]——ﬂe ‘E]_u [:H: 8] _E_Bej % 3—4—}1\‘ (sec),(3rd, 4th.)
Haly ul 31 RIA A 71} A} 71 = Eo &L 77
2el7]el 9l BAAIG e sk gk Rasial Number | Frac® 0.042wt% | Frac@ 0.025wt%
AAE AS violol YWal Mg Ax7]e 3% 5t 7l 1 3.20 1.16
ZAIAA 0.39g AAAEATH6]. 18] AT T U 2 3.21 1.30
A =52 o} B WO F FractionationA]| 7 2. 3 4.33 1.52
oluj 28| 0.56g WA, 3HA 045 A, 4HA) 0.47g ‘5‘ ‘5‘22 ;;3
94, sk 043¢ ARESIC 78 2 el 4 ; 643 241
9} Life timeS 248 A3} npx|at &5 EFE9) 7 6.52 2.62
Aol AY ko Life timee 2H-E 7HS e O] A 8 6.52 3.09
A FEBE BATO] F Aol HiL Ugo] 338 A - o -
& WAl A2 AYE U 4 ek, ofl Eol 25z T o o
=2 AT 12 10.39 5.62
2.6 MEZ 58 MY
OHP & 9o & A4 /43 Acrylamide 55
S SHFTel 12wt FE E7A 531 thd LA
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7 AZRAFTY. o]EA Tk
(2.5mL) Hojma] HE=
Inc)E AHE-SlIA] AHE 2

o},

LCE 3 W&

=
-
Z

L 9ol
=

Z} Goniometer(Rame-Hart,
iag].uz] H 7(4&71—& 5;(4 o].oﬂ

[E 9] Lot thafgh 50 UFE Aole] A5

(6 )(volume of droplet=0.003mL)

monomer sorption
No.| Polymer mixture copolymer O | of szO Eysm
M| My | myn) | Mawen) g/100g phobiety
1 5105 83.06 | 1693 | 18.6
2 AA-ST 5110/ 81.15 | 18.85 | 13.5 v
3 S| L5] 79.1 |2090 | 9.1
4 5105] 82.62 | 1737 |20.8
5| AA-MMA | 5| 1.0] 80.54 | 19.46 | 17.8 v
6 50 157971 ] 2029 |17.1
7 5105 — — [ 19.1
8| AA-VAc S0 — — | 146 i
9 5| 1.5] 8753 | 1247 | 134
Polystyrene
et AR
" Poly vinyl 220
acetate

2.7 AHE=He =

B AF oA A3 acrylamide-3-53HA] 84S 0.
1~0.7wt% 5014 o] &} Z}z}of mlo]az UsS At
&3t LCCAISH Fa5 £4FH 9] droplets Ho|=
AHAE-S Goniometer(Rame-Hart, Inc)S ARg-5ho] AW

o2

e S SAUS oFl & 100 AAISHATHT]
[ 10] AEE=Y 544
component | conct weight | volume r

No. P al o of | Density Ly 3VV
droplet | droplet 4

5 [AA-MMA | 0.7 0.1636 | 0.161 | 1.016 | 0.035 |13.41| 0.544

8 | AA-VAc | 07| 02102 | 0.200 | 1.050 | 0.032 |17.29] 0.584

9-1st | AA-ST | 0.7) 0.1014 | 0.095 | 1.067 | 0.041 |835| 0.456

9-2nd | AA-ST | 0.7) 0.1276 | 0.125 | 1.020 | 0.038 |10.50| 0.50

9-3rd | AA-ST | 0.7 0.1656 | 0.159 | 1.040 | 0.035 |[13.64] 0.54

9-4th | AA-ST | 0.7 0.1730 | 0.166 | 1.042 | 0.035 |14.24| 0.55

Frac*
AA-ST | 0.7 0.1403 | 0.140 | 1.002 | 0.034 |12.35] 053

ac
®

Frac*
o AA-ST | 0.5] 0.1469 | 0.146 | 1.006 | 0.036 |12.69] 0.53

Frac*
o AA-ST | 03] 0.1590 | 0.156 | 1.019 | 0.035 |13.0] 0.54

Frac* | aasT | 0.1 0163 | 0060 | 1019 | 0035|1342 0.54

ac
®

PAA 0.7} 02272 | 0223 | 1018 | 0.031 |18.36] 0.60

2.8 Acrylamide2| Z2Z&tH|ofl 2|5 QtH3=

MY oflEEa HZel

P FEIAE T
wlojtel He 1.
of:g 1 ¢ HelFmiles o HAAIRT oA

= o
meter(Gaertner scientific corp. chicago)Z creamingAlEfjo]|
A 107 A o A9 FAE Ack

0.7wt% FAEL ¥

=
= uUu+x
KeX
=

Awt% FEEA 4

flo mg L

]
du A (AL catheto

[E 11] AAZZ3H9) obgsbe LC o|dAD} 17 2pa

. The
Hydrophobic .
No| copolymer | modificator's E:i]l;ientated T, K
0,
content, mol% (thickness, mm)
1| AA-ST 17.21 1.98 298
2| AA-ST 18.84 1.56 298
3| AA-ST 20.91 1.44 298
4| AA-ST 20.91 1.44 298
5| AA-ST 20.20 1.54 298
Polymer concentration : 0.7wt%
LC concentration : 1.4wt%
Solution volume : 7mL
Creaming time : 10min
3. MEZEN W D

olgl] Z1349] Polyacrylamide-styrene(80/20) 5%
of gt FAHEE 5= Foll sl 1=z =2 UetlSl
. 293} Polyacrylamide 8992 ‘z o] uje} Hx=7} 2]
Mo FASHE s, AAST FEUA 254 5
|4 YA Adl= HMC %71 S71ekel whet A<l
A9l Azl7t FolAEA 244 AEAgol 47D <)

Aol A7t

1.0

@
L

Reduced viscosity, dlig.

a
o
\

0.0 2 4 .6 .8 1.0 1.2
Concentration, g/dl.
[27 4] 184} 2487] wo] B T GHE B -
*=PAA; m=copolymer AA-ST. (80:20) in aqueous
solution
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Awel  ZxgomuE  AASTEETAHEC
AA-MMAS} AA-VAcZZEA A o & Hwghs et
Halek ol AR STHTH MMASH VAc7} 8-oitfof 4]
Ao it osf el Akt Ae &
Qlt}. Life tlme_J 2 AYATE oy e 13 52

A A5 4= ATHBI.

LC droplet)

emulsification

random copolymer

(32 5] A7 LEAE] o Eds}

=
>

1

FFI

FA Sod L 2
ARFE 2915 EEHa Qs
leh, % 19 SOl 4 A

LC
2

ofl A AT =
droplet& )50 Hel
HMC®] E520] whet eretal
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