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Abstract 
Photopolymerized reactive mesogens are commercially used in 
LCD compensation film applications and are currently under 
development for a number of other passive optical elements for 
LCDs.  We have fabricated reactive mesogen films and present 
an opto-mechanical study of their properties under strain for 
various temperatures.  The modulus as a function of temperature 
is studied for two liquid crystal alignments (parallel and 
perpendicular director alignments). This fundamental study 
provides valuable insight into the optical and mechanical 
performance of mesogen films for display applications. 
  
1. Introduction 
Functional polymer films are now integral to the performance of 
liquid crystal displays (LCDs) well beyond their original roles as 
absorbing polarizing films.  Birefringent films have served as 
optical compensators and retarders, but reflective polarizers, 
brightness enhancement films, and scattering films have also 
become prominent and an active area of display research.  Many 
of these devices can be embossed or created by stretching. There 
are several new approaches that require the photopolymerization 
of reactive liquid crystals (LCs) in a preferentially ordered state.  
For instance, Fuji-Films have developed a discotic compensation 
film [1] and Philips has commercialized compensation films 
based on reactive mesogens [2].  Reactive mesogens are unique 
in the sense that you can apply all known liquid crystal 
techniques to manipulate their alignment (e.g. surfaces, fields, 
etc.) and create optically functional configurations whose order 
can be captured indefinitely with photopolymerization.  This 
process of creation and capture has tremendous value in passive 
optical element films for displays applications.  
 
The dependence of the film birefringence as a function of strain 
is of particular importance if they are adapted to flexible 
substrates in the future and the temperatures and strain imposed 
on these films during processing is vital to manufacturing.  Their 
prospective applications in the display arena will continue to 
grow with the development of large screen displays and flexible 
display applications.  Reactive mesogens (RMs) are low 
molecular weight liquid crystals that can be polymerized to form 
high-molecular weight structures. Figure 1 illustrates four types 
of reactive mesogen polymers manufactured at EM Industries.  
Our reactive mesogen used in this study, has a nematic range of 
70°C to 126°C - the temperature range at which processing must 
occur to successfully capture the liquid crystal order during 
photopolymerization.  
 
Several alignment mechanisms, such as surfaces and/or external 
fields, induce preferential alignment in these low molecular 
weight LCs; this enables one to control and tailor the optical 
function of the film.  In fact, the standard alignment ‘tricks’ that 
one utilizes for low molecular weight liquid crystals can all be 
employed on reactive mesogen systems. The orientational order 

and alignment created by surface and/or fields can then be 
captured via photopolymerization to produce unique optical and 
material properties, such as films with exceptional thermal 
stability and mechanical robustness, films that can perform 
optical retardation functions, films that can transform or rotate 
the plane of polarization of incoming or exiting light, and even 
films that reject a well defined band of light.  Reactive mesogens 
were pioneered by Broer and coworkers at Philips [2].  There are 
many positive attributes and exciting applications for reactive 
mesogen materials.  
 
Our main focus in this paper is to understand the basic 
mechanical properties of these ordered films as a function of 
temperature, which can be extremely useful information for the 
processing of these films at the manufacturing stage and in 
understanding their in-service issues when integrated onto a 
display. 
 
 

 
 
 
 
 
 

2.  Sample Processing  
The alignment in our reactive mesogen film is controlled using 
conventional LCD processes, where a polyimide layer (SE-2170, 
Nissan Chemical) is spin-coated onto the glass substrate, oven 
baked at 180°C for 1-hour, and uni-directionally rubbed with a 
velvet cloth. Our mesogen samples are composed of 98% 
reactive liquid crystalline monomer and 2% photo-initiator 
(Darocur-1173, Ciba).  A dogbone template, standard film 
template for mechanical studies, was constructed using a 
polyethylene terephthalate (PET) template of ~200-µm thickness.  
The template was placed between two polyimide treated and 
rubbed glass substrates.  The reactive mesogen mixture was 
heated into the nematic phase and capillary-filled into the PET 
template, as shown in Figure 2.  A hotplate was used to maintain 
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Figure 1:  Reactive mesogen materials that are   
commercially   available    from EM Industries.  
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a temperature of 80°C where the nematic liquid crystal phase is 
stable.  The parallel and perpendicular ordered nematic 
configurations were examined (i.e. the tensile axis is either 
parallel or perpendicular to the alignment of the polymer as 
shown in Figure 2). 
 
 
Polymerization in all films was induced using a metal-halide UV 

lamp.  The films were subsequently delaminated by separating 
the substrates and carefully detaching the RM dogbone from the 
PET template. The processing temperature of these films can be 
adjusted as to modify the order parameter.  In Broer’s paper 
paper, the reactive mesogen films were formed at 80°C.  It 
should be noted that these films retain their order over very large 
temperature ranges, from room temperature to elevated 
temperature > 150°C [2].   Our temperature studies in this 
contribution are all performed post-process (i.e. after the film is 
formed and photopolymerized).  
 
 

3. Results  
Our films were subjected to tensile loading conditions using a 
miniature tensile testing machine (Rheometrics Minimat 2000). 
The samples were loaded at a strain-rate [based on nominal 
strain] of 0.05 mm s-1 in uniaxial tension while both the load and 
displacement were recorded. Two ordered nematic 
configurations were examined with respect to the tensile axis for 
parallel and perpendicular alignment of the nematic director.  
The samples were positioned inside the oven chamber for three 
exclusive sets of temperatures and optical and mechanical tests 
were performed in-situ on the films. The moduli for the parallel 
and perpendicular alignments were recorded at oven 
temperatures of 30°C, 50°C and 70°C.  The mechanical response 
for perpendicular dogbones at the same temperatures, are shown 
graphically in Figure 3(a), and the Modulus for both alignments  
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Figure 3: Temperature dependence of stress-strain for 
perpendicular alignment (a). Young’s modulus for parallel 
and for perpendicular alignments (b). 

at those temperatures are depicted in Figure 3(b).  The strain at 
failure for the three samples shown in figure 3(a) is dependent on 
the edges of the film; however, the critical variable is the 
modulus or slope.  It’s interesting to note that the difference in 
modulus (∆E) at low temperatures between the two 
configurations decreases with increasing temperature, up to the 
point where they nearly approach the same value at 70°C.  This 
is similar to the behavior of thermotropic liquid crystal polymers 

Figure 2: Diagram of the sample processing, director
orientation with respect to the tensile axis, and
optomechanical tensile testing setup. 
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as they approach a major relaxation temperature as reported by 
Green and coworkers [6].  This may be attributed to the 
mechanical behavior of the reactive mesogen as a polymer where 
the increase in temperature increases chain mobility and the ease 
with which the ordered mesogenic units can be reoriented and is 
likely to be dependent on the initial ordering of the film.   The 
processing temperatures of these ordered films, within the 
nematic temperature range, could then be studied to determine 
the degree of orientational order as a function of temperature. 
Reactive mesogens exhibit anisotropic mechanical 
characteristics. Thus, the difference between Young’s modulus 
of the parallel and perpendicular alignments may be due to an 
increase in the number of rodlike units aligned parallel to the 
tensile axis.  Therefore, a higher modulus results when there’s a 
higher order parameter in the film [4].  
 
Figure 4 depicts surface photographs of two reactive mesogen 
dogbone alignments captured using a polarized microscope at a 
magnification of 200X.  One can visually identify the bulk 
alignment marks captured by the reactive liquid crystal and 
rubbed glass substrate upon curing the liquid crystal polymer.  
There are certainly defects that existed in the film prior to 
polymerization that were captured.  However, the applied strain 
does influence the film and creates optical inhomogeneities, as 
shown in Figure 4.  Studies are underway to understand the 
formation of defects and domains in these films under strain.   
The characterization and performance of the reactive mesogen 
above the processing temperature is of interest. We analyzed the 

dogbone samples at 90°C, above the preset curing temperature of 
80°C and study their mechanical and optical response.  The 
stress-strain curve of Figure 5 depicts the effect of high 
temperature on the reactive mesogen. We can compare these 

results to that of Figure 3, and observe the effect that such high 
temperatures have on the maximum stress and allowable strain. 
There’s an obvious decrease in the stress, and the strain at failure 
occurs 5% earlier, but the measured strength or modulus of the 
reactive mesogen does not change significantly from the results 
obtained above where E ~ 0.2 GPa. 

We have also studied the opto-mechanics to determine their 
birefringence as a function of strain at a given temperature. We 
employed lasers with near similar wavelengths so that we can 
determine the optical birefringence as a function of strain.  We 
used 612 nm and 633 nm wavelength lasers to simultaneously 
probe the sample.  Since these wavelengths are close together 
one can assume that there is little dispersion in this range and 
therefore we can separate important fitting parameters discussed 
later in this paper. A very interesting behavior was revealed in 
the optical response for the perpendicular-alignment, as shown in 
Figure 6.  Most prominently, the amplitude of the modulation 
was no longer constant, but rather, increased with strain.  
Additionally, the period of oscillation decreases with increasing 
strain, and the strain at break was substantially higher (~10-12%) 
for most samples.  The only aspect of our simple uniaxial 
birefringent plate model that could capture the behavior of the 
increasing amplitude is a reorientation of the optical axis within 
the plane of the substrate toward 45°.  Perhaps this could be due 
to a bulk realignment of the polymer chains or a local reordering 
of particular links.   
 
To model the results in terms of their optomechanical response, 
one can follow the a-plate model and derive the transmission as a  
function of strain for parallel, T|| and perpendicular, T⊥,  
directions: 
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Figure 4:  Polarized microscope photographs of 
perpendicular (top) and parallel (bottom) -aligned 
reactive mesogen dogbones.  

  Figure 5:    High temperature response of the stress-strain 
  curve for parallel and perpendicular alignments processed 
  at 80°°°°C. 
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Where To is the power incident on the polarizer, λ is the 
wavelength of the probe laser, d is the thickness of the film 
dependent on strain d (ε)=do (1-νε), and θ is the angle between 
the effective optical axis of the ordered reactive mesogen and the 
transmission axis of the polarizer. 
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The transmission characteristics of a strained polymer film are 
dependent on the product of two unknown parameters: ∆n and ν, 
the birefringence and Poisson’s ratio.  This is the underpinning 
reason whey we use two laser wavelengths so that we can 
separate out these terms.  The solid lines in Figure 6 represent the 
model fits to equations (1) and (2). 
 
Room temperature experiments resulted in very little change in 
the birefringence, when the order of the film is parallel to the 
tensile axis.  This is evident from the fact that the amplitude does 
not change as a function of strain.  Our fits reveal ∆n = 
0.116±0.01 and ν = 0.47±0.015.  The value for ν is reasonable 
since the bonding is strongest along the tensile axis and weakest 
in the transverse directions, making ν = 0.5 possible.  This would 
suggest a high level of compressibility for our material. 
  
In the case of perpendicular alignment at room temperature, a 
very different result was obtained. As shown Figure 6, the 
amplitude increases at higher strains.  We are currently looking 
at various mechanisms that could create such an effect.  If we 
ignore the increasing amplitude effect, we can fit the data using ν 
= 0.44±0.015 and ∆n = 0.124.  A better fit can be obtained by 
varying the birefringence by 1% strain as shown in Figure 6. We 
are currently performing similar experiments at various 
temperatures.  The phenomena of the samples strained 
perpendicular to the tensile axis are puzzling.  We are currently 
looking at optical microscope photographs of these films to 
better understand their optical response. 
 
4.  Conclusions 
Birefringent films fabricated from reactive mesogens are of great 
interest because of their potential use in displays. The roll-to-roll 
manufacturing processing of these films is highly affected by 
both temperature and strain, and understanding the mechanical 
behavior with changing temperature and how this affects the 
optical performance of the film will enable better quality 
production during and after processing.   
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Figure 6: Transmission of a parallel and perpendicular-
aligned reactive mesogen film at (a) 612nm and (b) 633nm 
(◊◊◊◊ – experimental data, black curve – fixed birefringence 
model, gray curve – varied birefringence model) 
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