
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:48
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

Optical Characterization of
Discotic Liquid Crystalline
Films
Tatiana Sergan a , Milind Sonpatki a , Jack Kelly a
b & Liang-Chy Chien a b
a Liquid Crystal Institute
b Chemical Physics Interdisciplinary Program
Kent State University, Kent, OH, 44242

Version of record first published: 24 Sep 2006

To cite this article: Tatiana Sergan, Milind Sonpatki, Jack Kelly & Liang-Chy Chien
(2001): Optical Characterization of Discotic Liquid Crystalline Films, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals
and Liquid Crystals, 359:1, 245-257

To link to this article:  http://dx.doi.org/10.1080/10587250108035584

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,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108035584
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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:

48
 1

6 
A

ug
us

t 2
01

2 



Mol Crysf. andLiq Cry5t.. 2001. Vol 359, pp 245-257 
Reprint5 available directly from the publisher 
Photocopying permitted by license only 

0 2001 OPA (Owrseas Puhlishers Association) N.V 
Published by liceiise under the 

Gordon and Breach Science Publishers implint 
Printed in Malaysia 

Optical Characterization of Discotic Liquid 
Crystalline Films 

TATIANA SERGANa, MILIND SONPATKIa, JACK KELLYab and 
LIANG-CHY CHI EN"^ 

aLiquid Crystal Institute and 'Chemicul Physics Interdisciplinary Program Kent 
State Universit.y, Kent, OH, 44242 

We studied the distribution of optic axis and alignment of discotic molecules in discotic films 
with one free surface. The nematic structure of the films was fixed by photo-polymerization 
of discotic monomers. The distribution of optic axis within the films was studied using a null 
ellipsometry technique. We found that most alignment layers provide flat adhesion of the 
molecular discs yielding splay or homeotropic alignment of the optic axis within the film 
depending on the anchoring energy and concentration of polymerization agents. Two chemi- 
cally modified polyiniides were found to provide planar orientation of the optic axis and the 
molecular discs adhered with their edges to the substrate. The films can be used as optical 
compensation layers in liquid crystal displays. 

Kuvwords: discotic liquid crystal; optical compensation films; photo-polymerization; align- 
ment of discotics; liquid crystal displays 
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1. INTRODUCTION 

Although nematic liquid crystal displays (e.g. twisted nematics, bend 

cells) have enjoyed greater success than other types liquid crystal 

displays, their introduction into certain high volume applications such 

as large area desktop monitors has suffered as a result of their poor 

viewing cone. The poor viewing angle performance and image 

inversion of the liquid crystal display is due to the positive 

birefringence of the liquid crystal layer incorporated between two 

polarizers. This residual birefringence produces undesirable light 

leakage for off-normal viewing in display modes that use two crossed 

polarizers in the dark state. The idea of optical compensation using 

passive birefringent films was developed in order to overcome this 

shortcoming. The ideal compensation film for producing a good dark 

state has negative birefringence and optic axis that minors that of the 

liquid crystal layer. One of the most promising materials for 

fabrication of negative films with desired optic axis distribution are 

discotic liquid crystals [ 1-41. They possess negative birefringence with 

the optic axis perpendicular to the molecular plane. In order to use the 

discotic as a compensation layer for liquid crystal displays, one should 

control the alignment of its disc-like molecules. In this work, we 

studied the alignment of thin layers of triphenylene derivatives that 

show a discoidal nematic phase and the distribution of optic axis in 

discotic films sheared on glass substrates coated with alignment layers. 

The mesophases and textures of the materials used for film 

preparations are described in the article “Polarizing Microscopy of 
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OEICAL CHARACTERIZATION OF DISCOTIC FILMS [567]/247 

Chiral Discotic” published in this journal issue. The molecular 

distribution in the layer was fixed by light-induced polymerization of 

side groups of discotic monomers within the nematic mesophase 

temperature range. We studied the influence of different types of 

alignment layers on the distribution of the optic axis in discotic films 

and found the conditions for planar, splay, and homeotropic alignment. 

2. EXPERIMENTAL DETAILS. 

In our work we studied a discotic compound from a group of 

2,3,6,7,10,11 hexa-alkoxytriphenylenes (figure 2 (1,2)). The functional 

groups produce a wide temperature range nematic phase T=104- 

180°C. The distribution of molecules in this compound can be fixed 

by polymerization of epoxide groups. Epoxides are Lewis bases and, 

therefore, their ring opening by cationic species, e.g. by Lewis acids, is 

easy. We used an Irgacure 261 photo-initiator by Ciba Additive Inc. 

for the photo-polymerization process. The concentration of photo- 

initiator was varied in the range 0.3-1%. For the films with twisted 

optic axis, we used a mixture of discotic compounds with epoxide 

functional groups (figure 1 (1,2)) and a triphenylene based discotic 

with the functional groups containing a c h i d  center (figure 1 (3)). The 

concentration of chiral dopant did not exceed 1.5% by weight and was 
adjusted to get the desired pitch according to the twisting power of the 

chiral discotic in the discotic matrix p = 0.01 8 p m -’. 
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Discotic epoxy monomers and chiral dopant: 

8 /o\ 

8 /O\ -C-Q-OCH~-CH-CH~ 

-c+o-c-(cH~)~cH~ (3)  

R = -C+O(CH~)~-CH-CH~ (1) 

(2) 

RO OR 8 y p 3  

RO 

Fluorinated Polyimide (F-PI): 

FIGURE 1 .  Chemical formulas of discotic compounds 
and fluorinated polyimide. 

Discotic monomers were found to be soluble in a variety of 

chlorinated solvents. We used 10-20% of monomer in toluene for film 

casting. The films with the thickness of 1-8 microns were sheared 

using rods #3-10 or spin coated on substrates covered with different 

alignment layers. Film thickness was measured with a profilometer 

from Tencor Instruments. We used substrates coated with different 

commercial polymers: rubbed polyvinyl alcohol spin-coated on glass 

plates from 3% water solution, rubbed polyimides Nissan 751 1 and 

35 10 spin coated on glass substrates using 25-30% solid in solvent and 

baked at 180' C and polyimide Dupont 2555 spin coated on glass 
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OPTICAL CHARACTERIZATION OF DISCOTIC FILMS [569]/249 

plates using 25% solid in solvent and baked at 275" C. We also used a 

fluorinated polyimide (figure 1 (3)) spin coated on glass plates fiom 

3.4 weight % in 1,Zdichloroethane and baked at 100" C, glass 

substrates treated with silanes, poly(dially1-dimethyl ammonium 

chloride) (PDDA) and obliquely evaporated SiO films as an alignment 

layers for discotic films. After coating, the films were annealed for 5- 

60 min on a hot plate at 1O0-13O0C, within the temperature range of 

nematic mesophase. Photo-polymerization of triphenylene epoxy 

monomers occurred during subsequent irradiation of the films with 

non-polarized W light with a power density 27 mW/cm2 in the 

wavelength range A =320-475 nm. The exposure time varied fiom 200 

seconds to 30 minutes. 

The photo-polymerization studies were carried out using IR 
spectroscopy with a Nicolet Magna-IR 550 spectrometer before and 

after W light irradiation. In this case, the discotic material with 

photo-initiator (0.5% by weight) was spin coated on NaCl plates. 'H 

NMR spectra of monomer with photo-initiator were recorded in 

CDCL, solution before and after UV light irradiation using Varian 

Gemini-200 spectrometer. 

3. STUDIES OF PHOTO-POLYMERIZATION PROCESS. 

To characterize the photo-polymerization of the discotic monomer, we 

monitored the changes in iR spectra as a function of UV dose. No 

changes were detected during material heating to 130" C. However, 

after W light exposure in the time interval of 200-1800 s at 130"C, a 
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new absorption peak appears between 3300-3500 cm-'. Its intensity 

increases with increase of exposure time. We associate this peak with 

the formation of 0-H end-groups after ring opening of the epoxide 

groups. 

Detailed studies of the photo-polymerization process were 

carried out using 'H NMR. They were performed with a lower 

concentration of photo-initiator (0.12%) and lower intensity of the UV 

light source (power density 10 mW/cm2). The studies revealed the 

formation of oligomeres at the beginning of the polymerization 

process (broad peak at 3.8-4.1 ppm, i.e. the region associated with 

methylene attached to oxygen)). As the polymerization progresses, a 

new peak appears at 5.3 ppm. It can be associated with vinyl protons 

attached to the aromatic ligand of the photo-initiator, i.e. new species 

formed after proton transfer to growing polymer chains. Both 

techniques confirmed that the irradiation of discotic monomers by W 

light in the presence of photo-initiator induces the polymerization 

process. 

The polymerized films were found to be insoluble in common 

organic solvents. Such a dramatic change in solubility supports their 

polymerized nature. 

4.ELLIPSOMETRY TECHNIOUE. 

The distribution of the optic axis in the films was studied using a null 

ellipsometry technique [ 5-61. The measurement method is a 

transmission ellipsometry (polarimetry) technique featuring a polarizer 
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OFTICAL CHARACTERIZATION OF DISCOTIC FILMS [57 11/25 I 

and a quarter wave compensation plate fixed at 45' with respect to 

horizontal direction and a rotating analyzer that should be initially 

crossed with the polarization incident on the sample. The sample is 

mounted between the polarizer and the quarter wave plate with the 

shearing direction either in the horizontal or vertical direction. This 

configuration provides measurements of the phase shift between the 

two eigenpolarizations of the film. The light from a He-Ne laser 

propagating through the polarizer becomes linearly polarized at 45' 

with respect to the horizontal direction. The sample converts the 

polarization form linear to elliptical. The polarization is M e r  

transformed into almost linear polarization by the quarter wave plate. 

The direction of polarization of the light coming out of the quarter 

wave plate depends on phase shift between the two eigenpolarizations 

of the sample. This is determined by rotation of the analyzer to the 

position of minimum light leakage. In the case of normal light 

incidence the angle of the rotation of the analyzer Q is connected to the 

in-plane retardation of the sample (n,--nJd by the relationship (nY 

n$d=Ap'l80, where d is the thickness of the sample, n, and n, are 

two principal refractive indices for the light polarized in horizontal and 

vertical directions, respectively. In the case of oblique light incidence 

(obtained by rotating the sample about a vertical axis) the phase shift is 

calculated numerically from Maxwell's equations for light propagation 

in a biaxial medium using Berreman's 4x4 matrix method [7]. 
The optic axis distribution was determined under the assumption that 

the sample is either biaxial, with the two principal dielectric axes 

coincident with the plane of the film, or a stack of uniaxial films with a 

tilted optic axes. 
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5.RESULTS AND DISCUSSION. 

The film textures and distribution of optic axis within the film 

depends on the alignment layers. We found that non-rubbed glass 

substrates, glass treated with silanes, lecithin and PDDA yield 

schlieren textures that indicate oblique alignment of the optic axis [I]. 

Most of the rubbed alignment layers (polyvynyl alcohol, polyimides 

3510 and 2555) and obliquely evaporated SiO layers produce a 

uniform film with small in-plane optical retardation. However, the 

phase measurements confirm that they have splayed optic axis 

distribution. Figure 2 (a) shows curves for the phase shift Q versus the 

incidence angle of the testing beam 6' for this type of film measured 

a 

FIGURE 2. Measured and modeled a, vs B curves 
for discotic splayed layer (a) and distribution of 
molecules in the splayed layer (b). 
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OPTICAL CHARACTERIZATION OF DISCOTIC FILMS [573]/253 

with its shearing direction along the horizontal. The curve is 

asymmetric around the head-on direction (8 = 0). The phase shift 

between the two eigenmodes is smaller when the light propagates 

almost along the optic axis (negative 6 )  and is big when the beam is 

inclined to it. This suggests that the average optic axis is tilted. 

Detailed modeling shows that the optic axis changes its orientation 

from almost homeotropic near the rubbed substrate to 30' tilted at the 

film-air interface. The plane 

of splay is parallel to the 

rubbing direction. The 

projection of the optic axis is 

along the rubbing direction. 

The estimated birefringence 

value of the splayed films is 

n,-n,=O. 04. Figure 2(b) 
FIGURE 3 .  Homeotropic alignment 
of discotic molecules. shows the possible 

orientation of discotic 

molecules that produce this optic axis distribution. The studies show 

that the air interface provides high pretilt angles for the optic axis; 

however, the discs adhere flat to most alignment layers. We found that 

homeotropic alignment can be uniform within the film if the 

concentration of photoinitiator is as high as 1-3%. In this case the film 

has no in-plane retardation (nx-ny)d=U, however, it exhibits out-of- 

plane retardation (n,-n,Jd=40-60 nm and no-n,=0.U3 where n, is the 

refractive index for light polarized along the film normal. Figure 3 

shows the possible alignment of discotic molecules in homeotropic 

films. We suggest that two processes determine the structure: the 
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photo-polymerization and the anchoring. It is possible that the photo- 

polymerization process induces the stacking of disc-like molecules. 

The substrate anchoring forces the stacks to form the homeotropic 

structure. 

We also found, that fluorinated polyimide and thin layers of 

polyimide 75 1 1  provide planar alignment of optic axis of discotic 

films. Figure 4(a) shows 9 versus B curves for two orthogonal 

azimuths for the shearing direction of the planar discotic film: 1 -  

horizontal and 2-vertical. The symmetry of the curves confirms that 

the three principal axes of the dielectric tensor coincide with a 

a b 

FIGURE 4. Measured and modeled p vs B curves for planar discotic 
film (a) and distribution of discotic molecules in planar film (b). 

Cartesian frame with two axes (x and y) in the film plane and one axis 

coincident with the shearing direction (the y-axis). The curve fitting 

revealed the following relationship between the three principal indices 

of refraction: ny=ne<nx=nz=no and (n,-ndd= -50 nm. The higher in- 
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OPTICAL CHARACTERIZATION OF DISCOTIC FILMS [575]/255 

plane refractive index appears along the shearing direction. The film is 

negative and uniaxial with the optic axis perpendicular to the shearing 

direction. This relationship suggests that the discotic molecules are 

packed as shown in figure 4(b). 

The structure can be fixed by photo-polymerization if the 

concentration of chiral dopant does not exceed 0.3-0.5%. The cured 

planar films have birefringence of n,-n,= 0.05-0.1 with the film 

thickness in the range 0.5-3 microns. The measurements obtained by 

ellipsometry technique agreed with refiactometry measurements of the 

planar films performed with an Abbe refiactometer. We found that the 

ordinary index falls in the range n,=1.614-1.618 and the extraordinary 

n,=1.55-1.57. The birefringence of the film varies depending on the 

order parameter of each structure, giving a wider range for 

extraordinary index n, than for no, which was nearly the same for all 

studied films. 

The ability of some alignment layers to provide planar 

alignment of optic axis in discotic films allowed us to consider a 

negative film with twisted optic axis. The addition of a discotic dopant 

with chiral centers produces winding of the optic axis. The resulting 

textures depend on the concentration of c h i d  discotic and the 

thickness of the layer, featuring either planar alignment or fingerprints. 

The director twist angle in a planar film of a particular thickness is 

determined by the twisting power of the chiral dopant. For example, to 

produce a 10 pm thick film with a 90' twist that matches the 

birefringence of the first minimum twisted nematic cell 

(And = 500nm [S]), the concentration of the dopant should be in the 
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range of 1.1-1.5%. However, such thick films exhibiting planar 

alignment and uniform twist are difficult to obtain due to the weak 

anchoring to the alignment layers. We obtained films with thickness 

up to 8 pn and twist angles 45-90'. The twist angle was estimated 

using a polarizing microscope. Further studies are needed in order to 

improve the film uniformity. 

6 .  CONCLUSIONS. 

We studied the alignment of discotic molecules on different alignment 

layers and found the conditions for fabrication of the negative 

retardation films with splayed, planar and homeotropic alignment of 

optic axis. The vast majority of alignment layers provide conditions 

for the molecular discs to adhere flat to the substrate. Two types of 

alignment layers (fluorinated polyimide and thin layers of polyimide 

751 1) provide planar orientation of the optic axis With the molecular 

discs adhering with their edges to the substrate. The air interface 

provides conditions for a tilted optic axis. The photo-polymerization of 

discotic monomers induces rotation of the molecular discs. The 

simultaneous action of processes during the photo-polymerization and 

anchoring forces provide the formation of tree types of structures. The 

most common is the splayed configuration of the optic axis featuring 

pretilt angles of 30' and 90' near the film-air and film-substrate 

interfaces, respectively. Increasing the concentration of photo-initiator 

to 1-3% induces the formation of structures with homeotropic 

orientation of optic axis. The relatively strong anchoring of rubbed 

fluorinated polyimide layers yields uniaxial films with optic axis 
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OPTICAL CHARACTERIZATION OF DISCOTIC FILMS [577]/257 

perpendicular to the rubbing direction. Using the chiral discotic 

compound for fabrication of planar structures, we obtained films with 

twisted optic axis. 
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