
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:32
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

Electro-Optical Properties of
Cellulose Based PDLC Type
Cells: Dependence on the Type
of Diisocyanate Cross-Linking
Agent Used
P. L. Almeida a , M. H. Godinho a , M. T. Cidade a &
J. L. Figueirinhas b
a Depart. de Ciěncia dos Materiais and CENIMAT,
FCT/UNL, 2825, Monte da Caparica, Portugal
b CFMC/UL. Av. Prof. Gama Pinto 2, 1699 Lisboa
Codex, and IST, Av. Rovisco Pais, 1096, Lisboa Codex,
Portugal

Version of record first published: 24 Sep 2006

To cite this article: P. L. Almeida, M. H. Godinho, M. T. Cidade & J. L. Figueirinhas
(2001): Electro-Optical Properties of Cellulose Based PDLC Type Cells: Dependence
on the Type of Diisocyanate Cross-Linking Agent Used, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
368:1, 121-128

To link to this article:  http://dx.doi.org/10.1080/10587250108029938

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108029938


PLEASE SCROLL DOWN FOR ARTICLE

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:

32
 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


0 2001 OP.4 1Overseas Publisher% Arrociationl N.V. 
Puhli*hed hy license under thc 

Gurdon and Breach Science Puhlishers ~mpl-mt. 
a member of the Taylor Pr brancis tiroup. 

Printed in tlie I .SA 

Electro-Optical Properties of Cellulose Based 
PDLC Type Cells: Dependence on the Type of 

Diisocyanate Cross-Linking Agent Used 

P.L. ALMEIDA", M.H. GODINHO", M.T. CIDADE" and 
J.L. FIGUEIRTNHAS~" 

aDepart. de CiZncia d m  Mattariais cind CENIMAT, FCVUNL, 2825 Monte da 
Caparica, Portugal and 'CFMC/UL, AI?. Prof: Carna Prnto 2, 1699 Lirhon 

Codex, and IST, Av. Rovisco Puis, I096 Lirhoa Codex, Portugal 

We have studied the effect of different diisocyanate crozs-linking agents 011 the eleclro-opti- 
cal properties of cellulose derivativc based PDLC type cells and on the dielectric properties 
of the films used on their preparation. Each optical cell was asscinbled with a cross-linked 
film produced with a dilferenl type of diiwcyanate and with the nematic liquid crystal (E7). 
One was assembled with a non cross-linked film. The six dirferent cells werc then analysed 
by light transmission and the results were correlated with the dielectric properties of the cel- 
lulosic films used in each one of them. It was found that the cell with thc higher contrast is 
the one prepared with the film cross-linked with I ,4-diisocyanatobutane (BDI) [ 6 ] .  Based un 
the results obtained, we propose a mcchanism to describe the electro-optical behaviour of 
these systems. 

Keywurdx crusdinked hydroxypropylccllulose films; liquid crystals; PDLC; electro-optical 
properties: dielectric properties; dielectric constant 
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PL. ALMEIDA et rr i .  

INTRODUCTION 

Hydroxypropylcellulose (HPC) is readily available at low cost and 

exhibits a good stability toward UV light [ 11. HPC can form solid films 

that act as barriers to air and moisture [2], therefore, it can be used in 

coatings that can impart gloss and do not become sticky, even at high 

humidities, because of their low equilibrium moisture content 12, 31. 

HPC is biodegradable and can also be used as a packaging material [3- 

51. Recently, it was found that solid films of HPC and HPC cross-linked 

with diisocyanates can be used as the matrix of a polymer/liquid crystal 

composite system with application in the production of electro-optical 

displays [ 6 ] .  The electro-optical behaviour of such cells depends on the 

nature of the cellulose derivative used, the nematic liquid crystal, the 

kind of cross-linking agent used, the preparation conditions o f  the cells 

and the rugosity of the films' surface. It was pointed out that one 

advantage of this kind of systems over conventional PDLC type 

systems [7], is the possibility of preparing the polymer film in absence 

o f  the liquid crystal component [8]. 

In this work we have determined the frequency dependence of 

the dielectnc constant in the solid films of HPC as a function of the type 

of cross-linking agent used in their preparation. A qualitative 

relationship between the type of cross-linking agent, the dielectric 

constant of' the cross-linked HPC solid films and the electro-optical 

properties of the cells was investigated. 
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ELECTRO-OPTICAL PROP. OF CELLULOSE PDLC [3891]/123 

EXPERIMENTAL 

Solid films were prepared from solutions of HPC (commercial reagent 

grade Aldrich Mw=100 000 g mol-') and acetone (Pronalab), cross- 

linked afterwards with an amount of 7.0 % wlw of cross-linking agent 

according to the procedure described previously [6].  

The different cross-linking agents used were: 1,4- 

diisocyanatobutane (BDI) (Aldrich), 1,6 diisocyanatohexane (HDI) 

(Aldrich), 1,8 diisocyanatooctane (ODI) (Aldrich), 1,12 

diisocyanatododecane (DDI) (Aldrich) and toluene diisocyanate 

(TDI)(Companhia Petroquimica do Barreiro - CPB, Portugal). 

The complex dielectric constant of the films was determined 

with a HP 4284A bridge. The radius of the circular electric contacts 

used was 1 .O cm, and the measurements were made at room temperature 

(23 "C) at frequencies between 20 Hz and 1MHz. 

The composite material was obtained by covering both surfaces 

of the solid film (= 25 pm thick) with a 10 pm thick layer of the nematic 

liquid crystal E7 (commercially available from Merck, UK). 

Six samples were produced, five with films cross-linked with 

different diisocyanate cross-linking agents, and one with a non cross- 

linked film. 

The voltage dependence of the transmission coefficient of the 

optical cells was measured using Helium-Neon laser light and an AC 

generator operating at the frequency of 1kHz. All the electro-optical 

results were obtained for normal sample incidence at room temperature 

(23 "C). 
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RESULTS AND DISCUSSION 

Figure 1 and table I display the electro-optical results obtained for the 

six different cells studied. The effect of the use of different types of 

diisocyanate on the electro-optical properties can be observed. These 

results suggest that the type of diisocyanate used has a strong influence 

on the cell's minimum transmission and therefor on the cell's contrast. 

The cell prepared with the film cross-linked with BDI shows the lowest 

minimum transmission (0.012), while the cell made with the film cross- 

linked with TDI shows the highest maximum transmission (0.8 18). 

Although the BDI cell has a lower maximum transmission (0.762), it 

shows a much higher contrast (61.28) than the cell with the TDI film 

(4,16) (Table I). 

0.2 

0 

0 50 100 150 
~ p p 1 l . d  V0lb.g. (VrmSJ 

200 

FIGURE 1 Voltage dependence of the light intensity transmission 
coefficient obtained for the six samples analysed (see Table I). 
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ELECTRO-OPTICAL PROP. OF CELLULOSE PDLC [3893]/125 
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TABLE I Summary of the electro-optical characteristics of the samples 
referred to in Fig. 1 .  The contrast is defined as the ratio of the maximum 
transmission in the transparent state to the transmission for V=O in the 
opaque state. V,,, was calculated from the voltage dependence of the 
transmission coefficient and represents the applied rms voltage 
necessary to reach 90% of the maximum transmission of the sample. 

Typeof Minimum Maximum Von 

None 0.074 0.7726 10.44 55 
BDI 0.012 0.762 1 63.51 80 
HDI 0.065 0.763 1 11.74 65 
OD1 0.038 0.7333 19.29 65 
DDI 0.03 1 0.6979 22.51 80 
TDI 0.197 0.8 180 4.160 50 

Contrast 
C.L.A." Transmission Transmission (Vrms) 

a C.L.A. c, Cross-Linkiig Agent 

+ DDI 

+ HDI 

* OD1 

+ TDI 

+None 

* 001 

10 100 loo0 10000 1wooo 1oooow 
Fraquency (Hz) 

FIGURE 2 Frequency dependence of the real permittivity (e'/co) 

obtained for the six samples analysed (see Table 11). 

Figure 2 and table II display the real part of the complex 

dielectric constant results obtained for the six different cells studied. 
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126/[3893] P.L. ALMEIDA f t  < I /  

The effect of the use of different types of diisocyanate on the dielectric 

properties can be observed. 

TABLE I1 Summary of the real permittivity and conductivity values for 
a frequency of 1 kHz referred in Figure 2.  

Type of C.L.A. a &'I&() (€,)b CJ (a' m.'y 
None 4.5089 1,1533E-08 
BIII 
H13I 
0111 
DIII 
TDI 

4.4924 3.8945E-08 
4.0309 9,l 878E-09 
3.5921 7,5902E-09 
4.8384 1,5604E-08 
3.2626 4,354 1 E-09 

a C.L.A.o  Cross-Linking Agent. E, = E' / E ~ ,  Conductivity 

Figure 3 displays the real permittivity results obtained, as a 

function of the voltage V,, for the six different cells studied. A 

tendency of increase of V,, with increase in the real permittivity seems 

to dominate the electric behaviour of the samples. 

The Yon voltages obtained for the different cells correspond to 

switching electric fields substantially higher than those normally 

required to reorient nematic layers of 10 pm thickness as those found 

for instance in twist nematic cells. One is then faced with the question 

why such relatively high fields are required for switching these systems. 

The first hypothesis would be to have the majority of the applied 

voltage falling on the cellulosic film due to a low value of its dielectric 

constant, comparatively with the values for E7 ( ~ , , / ~ ~ = 1 9 ,  EJ /q,=5.2)[10], 

since the optical cell is approximately a capacitors series circuit. If thls 

was the case, an increase in the dielectric constant of the cellulosic film 
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ELECTRO-OPTICAL PROP. OF CELLULOSE PDLC [38951/127 

should produce a lower switching voltage, contrary to what is seen 

experimentally. Other explanation that seems much more plausible has 

to do with the process of reorientation of the nematic layers in between 

the polymeric film and the glass substrate. Loolung at the Figure 1, we 

observe that the voltage dependencies of the transmission coefficients, 

for the majority of the cells studied, show a minimum value for applied 

voltages below 10 V, the corresponding fields are compatible with the 

switching fields for 40 pm thick oriented nematic layers [I  11. We 

propose then the following scenario to explain the high voltages 

required by these kind of cells: 

Up to the voltage when the transmission shows an absolute 

minimum V,,, only the director in the core of the nematic layers 

reorients under the external field action, the director near the rough 

polymeric surface does not change its orientation. The largest optical 

mismatch between the liquid crystal in the surface and in the core of the 

nematic layer is then obtained at Vmn. For voltages above V-, the 

director near the surface begins to reorient and the optical mismatch 

between the surface and the core of the nematic layers begins to 

decrease, increasing the overall light transmission coefficient. This 

hypothesis is in agreement with the light scattering results obtained 

recently in these kind of systems [12], where it was concluded that the 

most important contribution for the transmission coefficient comes from 

refractive index mismatches between the core and the surface of the 

nematic layers. In this scenario V, will be mostly determined by the 

surface interaction between the nematic and the polymeric film leaving 

to second plane the influence of the films dielectric constant on V,. 
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FIGURE 3 Relation between the Voltage V,, and the real permittivity 
(E'/E~) for 1 kHz. 
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