
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:42
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Free-Standing Polymer-
Stabilized Ferroelectric Liquid
Crystal Film: Chemical Study of
Phase Separation
Hideo Fujikake a , Jun Yonai a , Hiroto Sato a ,
Yuzuru Tsuchiya a , Hiroshi Kikuchi a , Yoshiki Iino a ,
Masahiro Kawakita a & Kuniharu Takizawa a
a NHK Science & Technical Research Laboratories,
1-10-11 Kinuta, Setagaya-Ku, Tokyo, 157-8510,
Japan

Version of record first published: 27 Oct 2006

To cite this article: Hideo Fujikake, Jun Yonai, Hiroto Sato, Yuzuru Tsuchiya, Hiroshi
Kikuchi, Yoshiki Iino, Masahiro Kawakita & Kuniharu Takizawa (2001): Free-Standing
Polymer-Stabilized Ferroelectric Liquid Crystal Film: Chemical Study of Phase
Separation, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 365:1, 397-404

To link to this article:  http://dx.doi.org/10.1080/10587250108025319

PLEASE SCROLL DOWN FOR ARTICLE

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108025319


Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

42
 1

6 
A

ug
us

t 2
01

2 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. and Liq. Cryst ., 2001, Vol. 365. pp. 397-404 
Reprints available directly from thc publisher 
Photocopying permitted by license only 

0 2001 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint, 
a member of the Taylor & Francis Group. 

Frinted in the USA 

Free-Standing Polymer-Stabilized Ferroelectric 
Liquid Crystal Film: Chemical Study of Phase 

Separation 

HIDE0 FUJIKAKE*, JUN YONAI, HIROTO SATO, 
YUZURU TSUCHIYA, HIROSHI KIKUCHI, YOSHIKI IINO, 

MASAHIRO KAWAKITA and KUNIHARU TAKEAWA 

NHK Science & Technical Research Laboratories, 1-10-11 Kinuta, 
Setagaya-Ku, Tokyo 157-8510 Japan 

This paper describes a chemical study of a new free-standing ferroelectric liquid crystal film 
containing a rigid fiber network polymer formed by photopolymerization-induced phase sep- 
aration. The liquid crystal and acrylate polymer separated from a homogeneous solution were 
individually dissolved by different solvents, and examined by high-performance liquid chro- 
matography and gel permeation chromatography, respectively. The liquid crystal component 
segregated from the solution including 20wt% monomer had a purity of more than 96%. and 
contained less than 3% of decomposition products and a little remaining monomer, less than 
0.3%. The measured molecular weight of the segregated polymer exhibited a broad distribu- 
tion from lo3 to I06with a mean polymerization degree of about 100. which increased with 
monomer concentration. Such a free-standing composite film containing a rigid polymer net- 
work is applicable to a shock-resistant ferroelectric liquid crystal display panel because the 
transparent substrates are supported by the composite film. 

I NTROWCT I ON 
A fine polymer structure ' dispersed in fermledric liquid crystal * 
is useful for protecting the fmgile smectic layer shudure of FLC firom 

mechanical shock and force. Ibe mechanical stability of freGstanding films 
containing the polymer and FW overcome the problem of the fragile 

with high-speed electrooptic response, which is desired to realize a video 
image display. The FWpolymer composite film is also applicable to a future 
flexiile-sheet display, which has the advantage of large-size and light-weight 
panel structures, because the disperstd polymer M y  suppotts the flexible 
plasticsubstrates. 

FLC alignment structure of a amventid * *  FLcdevice3 

* Corresponding author: fujikake@strl.nhk.or.jp 

[ 135311397 
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3984 13541 HIDE0 FUJIKAKE er al. 

We have already proposed a new freestanding FLC film containing an 
aligned fiber network polymer, ' which stabilizes and protects smectic layers 
of FLC. The Wpolymer composite film features mechanical stability, a 
high-speed response, and grayscale capability based on spatiaUydistriited 
FLC domain switching.' Although tborougb separation of the FLC and 
polymer is needed to enhance the mechanical stability and improve the FLC 
switching behavior, no analysis method of the phase separation has been 
established so far, and few reports on quantitative analysis of the 
photopolymerization-induced phase Separation have been made. 

In this paper, the chemical constituents of our polymer-stabilized FLC 
(PSFLC) film are clarified using several liquid chromatography methods. The 
purity of separated FIX material and the molecular weight of the segregated 
polymer were evaluated. From these experimental results, the polymerizing 
conditions needed to amtrol the phase separation are disrussed to design a 
free-standingP!mcfilm. 

PHASE SEPARAT I ON +H,-CH +. 
I "  

I 
X 

The compmite film of FLC and 
polymer materials was f m e d  by 
photopolymerization-induced P k  
separation with molecular alignment.' 'Ibe 
monofunctional liquid crystalline aaylate 
monomer * (ucLoo1, Dainippon Ink & x: 
Chem.) was homogeneously mixed with an 
FLC material (CS-1030, Chisso). As the 
nematiephase solution sandwiched between LIOURE 

rubbed polyimide alignment layers (AL synthcsipdpo,ymr, 
1254, JSR) was irradiated with ultraviolet 

* 0 light with a wavelength of 365 mn, the monomer aligned with FLC 
molecules was polymerized. As a dt, aligoed acrylate polymer shown in 
Fig1 was synthesized. The capolymer of the figure was made hm the two 
kinds of auylate monomer mat& with rigid liquid crystalline molecular 
structures X, and the mate& wen in advance mixed in a amcmtration ratio 
of 1:l. The thickness of the compite film was less than 2pm. 

In the pnsent study, we created an anisotropic netwok morphology of 
polymer fiber as a fibril aggregation 9aligned parallel to the rubbing direction 
of the alignment layers on the substrates. m e  polymer morphology formed at 

o=c\o 

#-C -C  O C d i , ,  

* C A  

Mo- 6nmula of Ihc 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

42
 1

6 
A

ug
us

t 2
01

2 



FREE- STANDING POLYMER-STABILIZED FERROELECTRIC [ 135511399 

a polymer concentration ratio of 2Owt% was 
observed with a polarizing mi-, as 
shown in Fig.2. The bright parts in the figm 
showed the formed polymer network The 
polymer fiber network spread out three- 
dimensionally in the PSFLC film between 
the substrates. A scanning electron 

Rubbing D i r e c t i o n  
+-, 

U 

20rm 
microscope @EM-2700 supplied by Nikon 
Instec) captured a more detailed image of 
polymer formed with a 3Owt% photogrephofthplymanenuork 

FLC material was removed. 

polarizing ~aoscope 

concentration, as shown in Fig.3, when the Rubbani b r s c t i o n  - 
FLC PURITY 

The PSFLC film formed by the above 
method was chemically analyzed in the 
sequence shown in Fig.4. The composite 
film on a subshate was separated into the Y 

2 u n  

two materials by different solvents. The 
microscope images of Fig.5 show the 
change in the substrate with solvent 

FIGURE3 SCaMingeleamnmicroscope 
PhMDSraph of the plyma fibers. 

separation. 
From the formed 

composite film shown in 
Fig.S(a), the FLC material 
was first dissolved out with 
ultrasonic vibration 
cleaning using eth 
Subsequently, 

IComposite F i l m  

(i.  : 
remaining polymer shown , I  .............. I i GPC j 

............ 
I i  ............. in Fig.S(b) could be .) V 

Constituent Yo1 ecul or 
We i ght dissolved out with Aria I ,,s i 

tetrahydrofuran (C,H,,O) Ana I ys i s 
solvent, until the polymer 4 Expenmend for the analysis ofthe 

mtih morphology disappeared as 
shown in Fig.S(c). 

The chemical constituents of the exmcted FLC solution were then 
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400/[1356] HIDE0 FUJIKAKE er al. 

(a) Before D i 110 I u t  I on (b) After E t b m  I Di 8.01 ut ion (c) After Tetrahydrofuran 

FEURE5 Optical ~ p k m g q h s o f ~  PSFW fdmdissolvtd by dmta 

Diasolut ion 

separated using a high-performance liquid chromamgnqhy (HPUJ) system 
(Alliance System 486, Nihon Waters) shown in Fig.qa). The extracted FLC 
mta ia l  was dissolved with a solvent of acetonitrile CH,CN (95wt%) and 
water (SM), and the solution permeated a column having a diameter of 4.6 
mm and length of 150 mm, filled with octadecyl with a non-polarity 
molecular structure coated on silica gel with a 3-pm diameter (Develosil 
ODs-HG, Nomum Chem.). 

In th iscase , theFLC 
molecules with larger electric 
polarization mnained in the 
column for shorter times. Each 
concentraton of various FLC 
components separated by 
retention time was detected by 
ultraviolet light abmption, 

in the FLC and monomer 
molecules strongly absohed 
UV light with a wavelength of 
254 nm. The FLC components 
extracted from the composite 
f i l m w i t h a n F L C  
concentration of 2Ow% we= 
separated by the above method, 

the absorption intensities of the 

because aromatic compounds 

as shown in Fig.7. comparing 

FLC Molecule Polymer Molecule 
v. v 
0. 
V v*v 

3 

V V  \I' V 

a Q ................................... i U l t r e v i o l e t  [ 
! Abwrption i Evaporative 

i h t w t o r  i !..htwt?.r ....-... .j 

(a> HPLC (b) GPC 

i ....... " ....................... , D
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FREE- STANDING POLYMER-STABILIZED FERROELECTRIC [ I357]/4O 1 

theFLCbecaUsethesame ? @  1 I I - 1 I . 
absorptionpeakwasdeteded 2 
in the FLc material irradiated 2 8o 

by W light without doping f 
monomer. m e  impurity j 78 ;x 

278 
concentration also increased 

t eame  stronger, as s h o ~ n  in g asthewirradiationintensity . D a p r d F L C c a r c a n t l m : M  . 

L 7 4  ' ' ' ' ' ' ' ' ' 

4 

.I:i 
' I  
0 

FLc.Theopticaldamaget0 Y 

reduced by optimizing the 
Wintensityand~pectnun.'~ f 

amount of the detected FLC. 2 
men the FLC was mixed at p 
a 8owt% concentration, the t: 

the FLC material should be f eo- 

Figure9showsthetotal S m -  

g 80'  

. 
lkl 
arrtiy,."i 

,*' Experimental ' 

.' . 
I 

- ,.a;' - w Light 1ntenrity:4od/an2 . D
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4024 13581 HIDE0 FUJIKAKE et al. 

FLC and polymer was recognized in the above analysis, this confirms that the 
formation method based on photopolymerization-induced phase separation is 
useful for fabricating PSFU: Ilms. 

NOLECULAR WE I GHT 
~ r ~ m  the polymer/ 

tetratlydmfuran solution of 
Fig.q the molecular weights 

O.* - 

10 15 2 0 2 2  
Retent ion 1 i me (III i nuted 

permeation chrmnatography 

Nihon Waters) shown in 2 5 

Fig.*). The polymer with 

lawr molecular weight FlOURE10 anomamgraphofthe~polyma.  
rapidly passed through a 
column having a diameter of 75 mm and a total length of 600 mm filled with 
porous polystyrene (PLgeMp, Fblymer Labs.) with a 5-pm diatneter, 
because the polystyrene gel effectively captures polymer that has a smaller 
molecular weight. So the retention time i n d  with decreasing molecular 
weight of the obtained polymer. The chauge in amount of polymer passing 
through the column was m d  with an evaporative detedor that senses 
small light scattering fmm polymer. m e  compmmts of the polymer obtained 
firom the solution with 20wtk monomer were separated acading to 
retention time, as shown in FiglO. 

The measured xetention time for each polymer component was then 
convexted into a molecular weight by using the conventional relationship 
between retention time and m o l d a r  weight of the s&ndard polymer of 
narrowly distributed polystyrene (EasiCal, Polymer Labs.). The distn’bution 
of molecular weight of the polymer formed at various FIX ammtrations 
was shown in Fig.11. The molecular weight curve of the polymer segregated 
h m  the solution containing 8 h t %  FIX had a broad distriiution from 10‘ 
to 109 It is found that polymer with various molecular weights was formed in 
the FIE-rich solution. 

By calculating the ratio of the obtained molecular weight of the polymer 
to the average molecular weight (295) of the monomer, we evaluated the 
mean degee of polymerization of the polymer as about 100 at 8Owt% FLC 
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FREE- STANDING POLYMER-STABILIZED FERROELECTRIC [ 1359]/403 

1 .o 

0.8 

concentration. PolyaDr 

we also recognized f ' w a n t r  

that the mean molecular 

with decreasing Fu: 
concentration, as shown in 

amcentration was more 
thanm%lthemechanical 0 

substrates was achieved. 
'The polymer concentration F I ~ I J M ~ ~  M o m w d g h t o f t h - m p o M = .  

and degree of 200 , # , I . , . , .  

ld 1 
strength for sustaining Molecukv Weight 

polymeMon are important @ uv L i h t  Intensity: 40nu/cm* . 
indices to heighten the 8 1 8 0 -  

Psm. 
When the UV 

varied, the molecular weight 
of thepolymershoweda , I , , . I , I , , 
small change, as shown in 50 80 70 80 B o l o 0  

Fig. 13, although the number 
of free I.dd& for FIGURE12 MolerularwightdcpadenaofthepOlymron 
polymerizing ineased in FLc-mim. 
the W m m e r  solution 1.0 

with the stronger w $ 
irradiation. 'The slight 
deaease in molecular 
weight at strong W 
intensities may be oused by 
suppression of molecular 
drafting needed for 5 O2 

polymerizing due to o .  

stabilization of the polymer 
in the phase FIGURE13 Molrmlarwightofthcsegrcgatodpolymcrfw 

Doped FLC Cmmbatbn(wl9b) 

. 

agregation and Id Id Id Id Id 1d 
Molearlar Weight 
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4044 13601 HIDE0 FUJIKAKE et al. 

process. We also conlirmed that the aggregated polymer contained a small 
amount of FLC materials (less than O.Olwt%) by HPLC analysis of the 
polymer solution. The high-purity of the polymer aamnted for the 
mechanical strength of the composite film. 

CONCLUS IONS 
We clarified the purity of the FLC and the molecular weight of the 

polymer in a freestanding PSFLC film formed by photopolymerization- 

completely separated in the composite film. but the FLC amtained a few 
wt% of decomposition produd. It is necessary to reduce chemical damage to 
the FLC material caused by ultraviolet hda!ion. 'Ihe molecular weight of 
the aggregated polymer increased with increasing polymer concentration and 
had a bmad distribution up to 106. 

The obtained rigid polymer network with higher polymer concentration 
will allow PSFLC films to use plasticsbeet suktrates. A M e d  study of the 
smectic layer structure in the polymer network should be performed. 

induced phase separation. llle FLC and polymer materials were almost 

We thank T. Ando of Nikon Instec Corp. for taking the Scanning 
elecfron micmscope piaureS and T. M d g e  of the Science Univemity of 
Tokyo for his experimental Cooperation. 
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