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 The phenomenon of self-oscillation is abundant in nature, which often occurs in response to various environmental 

stimuli. The most common stimuli for these processes are heat and light. Oscillations based on bending are one type of 

self-oscillating phenomenon. In this study, oscillations frequency and amplitude of liquid crystalline polymer network (LCN) 

structures with light are investigated. Due to the anisotropy of LCN, which originates from a specific orientation in the LCN 

surfaces, all studies are performed with polarized light to accurately determine the effect of different orientations of these 

networks on frequency and oscillation parameters. The different polarizations of light show different oscillating behaviors 

in terms of amplitude and frequency of the LCN oscillation. To investigate the factors affecting the amplitude and 

frequency, such as temperature and optical behaviors, the effect of increasing the power of the polarized light source on 

the behavior of these materials is evaluated. 

1. Introduction 

By living in nature and observing its various phenomena and 
wonders, humankind has always thought of using and creating 
these phenomena for himself and his goals. Seeing birds, he 
thought of flying and built airplanes, and perceiving the 
different properties and activities of animals and plants over a 
long period led to the creation of many synthetic materials 
that were nature-inspired and exhibited the properties seen in 
nature.1–3 Today, soft and intelligent materials are using in the 
field of soft robotics, thus making it possible to achieve 
numerous goals with various dimensions. Among them, 
stimuli-responsive materials that undertake macroscopic 
deformations in response to different stimuli are of great 
interest to scientists as they do not require complex 
installations to operate.4,5 

One important class of theses material are liquid crystalline 
polymer networks (LCNs), which are almost entirely prepared 
from LC monomer precursors. Materials within this class are 
famous for their elasticity, intrinsic anisotropy, and self-
assembly.6 They could be elastomeric or in glassy form. The 
glassy form LCN generally tend to have glass transition 
temperatures ranging from 60 to 100°C with moduli parallel to 
the nematic director in the range of 1–2 GPa.7  

Among of various and effective stimuli on the LCN systems, 
light is the most favorable stimuli, which can be precisely 
controllable, and safe availability.8–10 Indeed, light  
characteristics such as wavelength, intensity, etc., can strongly 
influence the photophysical and photomechanical outputs 
observed in the LCN systems.11,12 To enhance the 
photomechanical effects in the LC systems, embedding light-
sensitive dyes into LCNs13–20 as well as molecular alignment 
and the structure of LCNs21–23 result in reversibly mechanical 
deformations18,24,25 and, self-oscillation,26,27 upon photo 
actuation.  

 Self-oscillation is especially interested for scientists due to 
its great potential in various fields, such as flying robots, power 
generation, and sensors.28 Many researches have been studied 
the mechanism and necessities of self-oscillation.29,30 LCN self-
oscillators with different structures has been designed mostly 
based on Azo dyes/moieties. The first photo actuated LCN 
oscillator was reported by White’s group. They used a 
monodomain azobenzene-containing LCN to obtain a 30Hz 
photo-driven oscillation. The mechanism of these Azo-LCNs 
was established on the trans to cis isomerization of 
azobenzene linkage and sequentially radiating both sides of 
the cantilever.31 They also observed an increase in the 
frequency (up to 270Hz) by diminishing the cantilever length, 
as well as reducing the air pressure.32 Polarization of light as 
another essential characteristic was studied for deformations 
and oscillation of Azo-LCN cantilevers.33,35 Flexural-torsional 
self-oscillation was illustrated in Azo-LCNs with less 
azobenzene concentration. Correspondingly, different LCN 
cuts based on the angle of the long axis of the cantilever with 
the nematic molecular direction axis were exposed to the light, 
and oscillations with different frequencies and amplitudes 
were observed. It was demonstrated that increasing the 
intensity and temperature leads to a rise in the oscillation 
amplitude.34 Some advanced self-sustained oscillation modes 
have been conducted using the Azo LCN mixture at which basic 
forms of oscillation: bending, twisting, contraction-expansion 
and self-sustained freestyle oscillator.29 Also, a chaotic 
oscillation for fluoro-azobenzene LCNs derived by sun-light 
was described.36 In all the mentioned reports, the photo-
sensibility of the LCN structure is based on the utilization of 
azobenzene chromophore. Recently, a new LCN, without Azo 
dyes, using photo stabilizers have been reported that could 
self-oscillate in bending mode with splay molecular alignment. 
Indeed, photo-thermal effect in the critical position of the 
cantilever bending, self-shadowing causes self-sustained 
oscillations at ~6 Hz.30, 37   



 

 

The above-mentioned works mostly focused on the 
oscillation behaviours based on the materials characterises. 
But the light as a leading factor should be investigated in more 
details. There is no doubt that different light characteristics 
can impact on the mechanical responses of the LCN.  Indeed, 
depending on incident beam intensity, light-matter 
interactions are classified into two optical domains: “linear and 
non-linear.” Indeed, according to the optical properties of 
LCNs including anisotropy, molecular direction, and refractive 
index, investigating on the linear and non-linear optical 
responses of LCNs are so essential. For the detailed study on 
polarized light-driven oscillation behaviours in LCN, we study 
on linear and non-linear optical responses of LCNs. By 
understanding those properties in the LCNs and obtaining their 
optical responses, we develop the LCNs applications as well. 

This work concentrates on the LCN films containing a 
photo-thermal component as the photo-responsive moiety, 
illustrating self-oscillation when exposed to the light source. 
We study the polarized light effect on these LCNs and explore 
the role of polarization on parameters like temperature, 
oscillation, and liner and non-linear optical behavior. For the 
first time, the non-linear optical behavior of LCN films like the 
non-linear absorption coefficient is reported using open-
aperture Z-scan setups. This investigation reveals new aspects 
of the processes involved in the mechanical behavior of LCN 
polymers. 

 

2. Experimental  

2.1. Materials 

The reactive monomer mesogen used for the syntheses of the 
LCN was RM82 (Mw =120000, Sigma Aldrich) and was used 
without purification. Irgacure 651 (supplied by Ciba, Basel, 
Switzerland) is a highly effective UV photoinitiator for initiating 
the polymerization of unsaturated RM82 mesogen prepolymer 
systems.38 Tinuvin 460 (BASF) was used as UV light absorber. In 
Figure 1, the chemical structures of the component materials 
in LCN polymer film are shown. Polyvinyl alcohol (PVA), was 
used to obtain parallel alignment layer (homogeneous 

orientation), and lecithin aqueous solution (1% wt), was used 

to obtain vertical alignment layer (homeotropic orientation), 
were of the highest available purity from Merck. 
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Fig.1. Chemical structures of component materials in LCN 

polymer film 

2.2. Polymerization of the liquid crystalline networks 

For the LCN polymerization, RM82 (96.5 wt %) monomers 
were used, and for photo stabilization of the LCN, 2.5 wt % of 
Tinuvin 460 was added to RM82 monomers. Irgacure 651         
(1 wt %) photoinitiator was used for easy polymerization inside 
quartz cells with splay surface alignment. RM82 monomers, 
Tinuvin 460, and Irgacure 651 were dissolved inside the 
dichloromethane (highest available purity from Merck) and 
mixed using Laboratory Mixer (50 rpm 60 min), so the solvent 
completely evaporates. The obtained mixture was melted and 
drawn into 20μm thick quartz cells by capillary action in the 
isotropic phase (103°C). The splay cells were made of one 
rubbed planar quartz (coated with PVA) and one homeotropic 
quartz (coated with lecithin). The cell gaps were adjusted to 20 
μm using spherical spacers that glued planar and homeotropic 
quartz sheets together with Nova65 uv glue. For photo-curing, 
the mixture sample was cooled to the nematic phase (91°C) 
and subjected to a 365 nm UV light (power density 12 
mW/cm2) for about 30 min followed by a thermal post-curing 
at 120°C for 10 min.  

 

2-3.Characterization instruments 

Vertex 70, FT-IR spectrophotometer, was used to record the 
vibration spectra over the wavenumber range 400–4000 cm-1. 



 

 

A double beam Shimadzu UV-2450 UV–Visible 
spectrophotometer was used to record the absorption spectra 
over a wavelength range of 200–900 nm. Spectroscopic 
instruments were combined with a cell temperature controller 
with an accuracy of ±0.10 °C. The scanning electron 
microscopy (SEM) images of the LCN films that illustrated 
mesogens alignment at the films’ thickness were collected 
with a MIRA3 FEG-SEM instrument. The atomic force 
microscope (AFM) analysis was performed on a Nanosurf 
Mobile S instrument. 

 

2-4. Optical setup  

Two optical setups were used in this study. Firstly, to measure 
the photo-driven oscillation of the LCN and secondly, to record 
the optically non-linear behavior of the LCN. Photo-driven 
oscillation of the LCN cantilevers was directed with a linearly 
polarized 405 nm collimated UV-light (a diode laser, with a 
spatial mode close to Gaussian TEM00, works at the 
wavelength of 405 nm). Figure 2 shows the photo-driven 
oscillation of the LCN setup. The beam was expanded and 
collimated with a spherical lens, and the polarization direction 
of the beam was controlled with a Fresnel rhomb (Newport). 
Cantilevers were in 2.5 mm ×2 cm dimensions and were 
exposed to the light at the point about 2mm bottom of the 
clamp. The focused beam irradiates the planar side of the film, 
which is hanged by a clamp. Oscillations of the LCN cantilevers 
were characterized by a camera operating at a frame rate of 
60 Hz. The oscillation frequency was determined optically 
(with a photodiode and an oscilloscope). The amplitude of the 
oscillations was measured from the captured images using 
video analysis software (Tracker). 

The open aperture Z-scan technique was performed to 
obtain the non-linear absorption coefficient. Figure 3 shows 
the Z-scan setup. A Gaussian light beam with a wavelength of 
405 nm was employed for the Z-scan experiment to study the 
non-linear properties of the LCN films. A lens with a focal 
length of 100 mm was placed in front of the sample, and a lens 
with f = 5 cm was used after the sample to collect the output 
light from the sample on the detector. In the focal point, the 
radius of the focused light beam (obtain by knife-edge 
experiment) was approximately 0.35mm. The non-linear 
absorption coefficients can be determined according to the 
changes in the obtained transmission curves, collected via a 
photodiode and an oscilloscope. 

 

Fig.2 Photo-driven oscillation of the LCN setup, a) LCN 
placement and oscillation in set-up,b) Measurement of 
temperature, frequency and amplitude of LCN oscillation 

 

Fig.3 Schematic diagram for open aperture Z-scan system 

3. Results and discussion 

3-1. Morphology of the liquid crystal network polymers 

Glassy LCN films were formed by photo-polymerization of the 
crosslinking nematic monomers RM 82, FT-IR spectra before 
and after photo-polymerization of RM 82 presented in Figure 
S1 in the supplementary information, according to the 
presented method in section 2.2 in a splay alignment. The 
splay configuration causes a gradual change of molecules’ 
director in the thickness of the film. This type of configuration, 
oriented structures such as LC, has two refractive indices (ne 
and no), generating a refractive index gradient. This 
configuration is extra-important when using polarized light. It 
should be noted that acrylate functional groups in the RM 82 
cause the formation of a polymer network. The polymerization 
of the LCN network is affected by the initial orientation of the 
nematic RM 82 mesogen monomers, so polymerization forms 
anisotropic structures under the surface alignment layer. Due 



 

 

to the polymerization of LCN inside oriented cells, study of the 
surface morphology of the LCN samples is necessary using 
AFM and SEM. Figure 4 shows the AFM images in the planar 
orientate side (front). AFM images analysis in the planar and 
homeotropic oriented side of LCN presented in Figure S2 in the 
supplementary information showing grooves of 0.7 μm wide 
and 0.5 nm deep in the surface. In the homeotropic oriented 
side with an approximate average width of 0.2 μm and a depth 
of 0.7 nm were determined. The surface roughness (Ra) is 
about 0.14 nm on the parallel oriented side and 0.32 nm on 
the homeotropic part orientate side. Increasing the roughness 
increases the surface area.39 

 
(a) 

 
(b) 

Fig.4 AFM images in a) the planar orientate side (front) b) the 

homeotropic oriented side.  

The cross-section of the LCN in the SEM shows in Figure 5, 
which clearly demonstrates the change of orientation from a 
homogeneous to homeotropic alignment pattern. The AFM 
and SEM show that the surface orientations are present in the 
surface of synthesized LCN polymer, and these orientations 
gradients continue in the LCN bulk. 

 
Fig.5 The LCN cross-section SEM microscope images.  

 

3-2. Polarized light effects on the self-oscillation behaviors of 
the liquid crystal network polymers 

Thin transparent LCN films attached to the retaining clip in the 
setup (Fig .2), and the sample cantilever were exposed to light. 
The long axis of the cantilever (x) is in the same direction as 
the rubbed planar side, and (E) represents the polarization 
direction of light. 

Subjecting this cantilever to a polarized collimated 
exposure (405nm and 162 mW cm-2 at distance of 50 cm from 
the sample) causes bending planar orientated side of the LCN 
film towards the light followed by continues self-oscillation, 
LCN oscillation with Parallel and perpendicular Polarized Light 
presented in Video files S1 and S2 in the supplementary 
information, as shown in Figure 2. The oscillations were 
continuous for about 1 hour, and when they stopped, the 
cantilever restarts its oscillation after a while, with the 
frequency close to the previous. The actuation is triggered 
with a polarization parallel to the long axis of the cantilever    
(E II x), established oscillations with a frequency of 8 Hz. The 

polarization perpendicular to the x (E ⊥ x), and the 45° 
polarized light to the long axis of the cantilever (E45°) resulted 
in oscillations in the direction of the exposure light with the 
frequency and amplitude parameters given in Table 1. 

 

Table 1. Parameters of LCN cantilever oscillations for different 

polarizations of light beam 

Polarization Frequency (Hz) Amplitude (mm) 

Parallel (E II x) 8 1.3 

Perpendicular (E ⊥ x) 6 2.5 

45° to the x (E45°) 14 2 

 

As can be seen, the highest oscillation frequency is observed in 
light with a polarization of 45°, and the largest amplitude is 



 

 

obtained in light with perpendicular polarization. It should be 
noted that in the case where the polarization of light is parallel 
or perpendicular to the x-axis, in principle, the component of 
ne (at the front side of the LCN surface) and no (at the backside 
of the LCN surface) are to adjust the main factor in light 
absorption on both sides of the sample and causes oscillation, 
respectively. But in the case where the polarization of light is 
45o, refractive index components are effective in all parts of 
the LCN and cause light absorption and oscillation. Although 
the obtained oscillation frequencies in all cases are extremely 
low frequencies (ELF), but their sum in 45° polarized light is 
interesting. 

Oscillation frequency (E II x) + Oscillation frequency (E ⊥ x) = 
Oscillation frequency (E45°)                                                             (1) 

The natural frequency equation for this type of cantilever 

(non-damped) is given by:40 

                f =
(α)2

2πL2 √
ε I
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Where α=1.875 is a constant depending on the oscillation 
mode, I is the basal area moment of inertia, A is the area of the 
cross-section at the base of the cantilever beam, L is the length 
of the sample, ε is the modulus of elasticity, and ρ is the 
density of the sample. For the cantilevers with the constant 
substance and density, especially with the same temperature 
variations, the frequency will be equal to: 

                     ƒ = 𝛾 √𝜀 × 𝑇ℎℎℎℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠2                                    
(5)  

𝛾 =  
(𝛼)2

2𝜋𝐿2 √
1

12𝜌 
                                                 (6) 

It is clear that the studied cantilever changes in frequency are 
related to its tensile modulus and thickness. Of course, it 
should be noted that the temperature variations in the LCN 
cantilever with light at different polarizations are almost the 
same, and the density changes are negligible. Indeed, a series 
of experiments using a thermal infrared camera verified that 
the temperature at both sides of the LCN cantilever varies 
when exposed to the different polarizations of light. When the 
film was exposed to parallel polarization (E II x) of light, with a 
laser light power of 162 mW cm-2, the planar side (front) of it 
had a higher (~1°C) temperature than that of the homeotropic 
side (planar oriented side temperature=59°C). When a 
perpendicular polarized light was irradiated on the sample, 
with a power of 162 mW cm-2, the temperature was higher 
(~0.5°C) at the homeotropic surface, as compared to the 
sample planar side (homeotropic side temperature = 58°C). In 
45° polarized light, temperatures at the planar-oriented side of 

the film (temperature = 58°C) are higher (~1°C) than that of 
the homeotropic side.  
 
It is noteworthy that in the same LCN sample, changing in light 

polarization would be led to differences in oscillation 

frequency. The oscillation frequency variations in the studied 

LCN sample with polarized light depend on two parameters. 

The first effective parameter in the LCN frequency of the 

oscillation with polarized light is the modulus of elasticity. Its 

temperature dependency at high temperature differences is 

very important in the oscillation frequency.41 However, in a 

same sample of LCN the modulus of elasticity is constant and 

when this sample is exposed to different polarized light, 

changes in the modulus of elasticity are negligible. 42   

        The second effective parameter in the oscillation 
frequency of the LCN sample with polarized light is the 
sample’s thickness. The parallel polarized light is absorbed in 
the planer-oriented layer. For the perpendicular polarized 
light, the highest absorption occurs in the homeotropic 
oriented layer, and for the 45° polarized light, all of the LCN 
samples contribute to light absorption. Therefore, it can be 
assumed that the effective thickness in the absorbance of 
differently polarized light will be different. Consequently, it can 
be said that the reason for the higher oscillation frequency of 
45° polarized light is due to the higher effective absorption 
thickness in the sample compared to the parallel and 
perpendicular polarized light. Due to the larger oscillation 
frequency with parallel polarized light compared to 
perpendicular polarized light, it seems that the thickness of the 
planer-oriented layer is larger than the thickness of the 
homeotropic layer in the LCN polymer bulk. However, due to 
the fact that the surface anchorage between the rubbed PVA 
(~10-3 J/m2)43 and the LCN surface during polymerization is 
much larger than lecithin (~10−5 J/m2)44 with LCN surface, so it 
seems logical that after LCN polymerization, the thickness of 
the planar layer is greater than the homeotropic layer. Figure 6 
shows the polarized absorption spectra of the LCN sample. The 
amount of absorbance with parallel and 45° polarized light is 
more than the amount of absorption with perpendicular 
polarized light. This difference in thickness can also justify the 
absorbance and temperature difference between the two 
sides of the LCN sample.  

 

Fig.6.The LCN absorbance spectra with parallel, perpendicular 

and 45° polarized light. 



 

 

   It should be noted that in polarized light in 45 degrees, 
the orientation of LCN molecules (parallel to the surface at the 
front and vertical to the surface at the rear) causes the 
absorbance of this polarized light in the parallel and vertical 
layer to follow Malus’s law.45 So that vector component of 45 ° 
polarized light for absorbance in the studied LCN must be 
break into two components. The parallel component in the 
parallel layer and the vertical component in the vertical 
molecular layer of the LCN can be interacted. Resultant Vector 
components in the parallel and vertical directions are smaller 
than the main component. Therefore, the amount of 
absorbance in each parallel and vertically oriented layer will be 
less than the absorbance as compared to parallel polarization 
in parallel oriented layer and vertically polarized light in the 
vertically oriented layer. However, due to the fact that both 
layers have an absorbance component, even less for the 45° 
polarized light, the total absorbance presented in the Figure 6 
will be the sum of absorbance of each resultant vector 
components of 45° polarized light in the each layers and its 
amount is slightly higher than the absorbance of parallel 
polarized light. 

Another interesting point in the oscillation results 
presented in Table 1 is the oscillation amplitude. It seems that 
the different orientation RM polymer network structure at the 
two sides of the cantilever surface, which resulted from the 
orientation in the polymerization step, causes different 
oscillations in the two sides of the cantilever.  The front side of 
the cantilever shows oscillation (E II x) with a lower amplitude. 

The backside of the cantilever shows oscillation (E ⊥ x) with 
higher amplitude. Of course, the amplitude of each side can 
indicate the maximum expansion of that surface and, 
therefore, the possible amplitude in that situation. 
Consequently, it can be assumed that at light polarization of 
45o, the oscillation of the LCN with a specific frequency occurs. 
In this case, the combination of the planer and homeotropic 
alignment side layer oscillation occurs, Fig.7a, with a constant 
frequency of 14 Hz. In this case, the combined oscillation, 
destructive oscillation, shows amplitude with a range of 2 mm 
for 45° polarized light. By increasing the power of the laser 
light to 300 mW cm-2, at a distance of 50 cm from the sample, 
the temperature at both sides of the LCN cantilever changes 
compared to the 162 mW cm-2 laser power. So the parallel 
polarization results in the temperature of 60°C for the planar 
side and 59°C for the homeotropic (back) side. For 
perpendicular polarized light, the planar side had a 
temperature of 59°C and the homeotropic side 60°C. Finally, 
for the 45° polarized light, the temperature at the planar and 
homeotropic oriented sides of the film was 60°C. This increase 
in laser power did not affect the oscillation frequency but led 
to irregular oscillation amplitude compared to the                  
162 mW cm-2 laser power. 

In low power light source, it seems that the factors 
affecting the oscillation process and they have reached a state 
of equilibrium, which results in a regular oscillation amplitude 
in the LCN sample. However, as the power of the light source 
increases, the influence of the effective factors on the 
oscillation of the LCN changes in comparison with the previous 
state, in other words, it becomes out of balance, which results 
in an irregular oscillation amplitude.  

The amplitude of the oscillation at two different powers of 
the laser light source is shown in Figure 7. The amplitudes 
obtained for each state are fitted with a sine function, the 

dotted line, and in the low power mode, the 162 mW cm-2, the 
amplitude is exactly fitted in a sinusoidal function with high 
regression, R2=0.98, in the oscillation mode with parallel, 45o 
and vertical polarized light and the amplitude value are the 
same for each case. Also, the range of temperature changes at 
the Hinge point, LCN exposed area with light, is about two 
degrees Celsius. 

 

(a)

(b) 
Fig.7. Mechanical oscillations, amplitude and temperature 

changes of the Hinge point, of the LCN during irradiation with 

UV laser Light a) 162 mW cm-2 b) 300 mW cm-2. 

       
        As shown in Figure 7b, by increasing the power of laser 
light source to 300 mW cm-2, and due to the intervention of 
other effective factors, which is led to de-balanced the system, 
and remaining the constant frequency, the amplitudes for 
each case cannot be fitted a single sine function. The fitting 
result in this situation by combining the sine functions gives an 
acceptable result with R2=0.9. It means that there are different 
amplitudes in each oscillating state and in comparison with 
low laser power light; a specific range for the oscillation of 
each case cannot be attributed. Also, the range of temperature 
changes at the Hinge point is about four degrees Celsius. The 
general increase of the LCN surface temperature changes at 
the Hinge point, by increasing the power of the laser, can be 
explained via two reasons; 
         The first reason is the increase in light intensity, which 
can lead to an increase in the linear light absorption in the LCN 
that leads to an overall increase in the temperature in the LCN 
sample. The second reason is the high intensity of the laser 



 

 

light resulting in the non-linear behavior of the LCN sample. 
Higher non-linear absorption in the homeotropic side of the 
LCN can increase the temperature in this part of the LCN and 
eliminate the temperature gradient between the two sides of 
the LCN surfaces with 45° polarized light. For this purpose, the 
non-linear absorption of LCN with parallel, perpendicular and 
45° polarized light, relative to the planer-oriented side with 
300 mW cm-2 laser light source, was recorded. In the simplest 
case, the light-induced changes at total absorption of materials 
are equal to: 46, 47   

α (I) = α˳+ βI                                                              (6) 

Where α is the total absorption, I correspond to the light 
intensity and α˳ and β represent the linear absorption and 
non-linear absorption, respectively. In general, linear 
absorption is much more prominent in value than non-linear 
absorption. At high power light in materials with high non-
linear optical behavior, such as LCs, non-linear absorption has 
a value comparable to linear absorption. The non-linear 
absorption coefficients of the LCN were obtained by open 
aperture Z-scan curve, Fig.8, in parallel, perpendicular, and 45° 
polarized light.  
          The non-linear absorption of the LCN has the valley 
pattern, meaning a positive non-linear absorption and a 
reverse saturable absorption (RSA) mechanism for the LCN. 
According to Figure 7, the light transmission through the 
sample is significantly reduced at high laser powers, linear 
absorption and nonlinear absorption coefficients of studied 
LCN presented in Table S1 in the supplementary information, 
which means increased light absorption. Higher absorption will 
lead to an increase in the temperature. Henari48 has shown 
that excitation under a CW laser leads to thermal effects, 
which increases the excited-state absorption (ESA). Moreover, 
two-photon absorption (TPA) needs a pulse laser source with a 
beam intensity higher than 108 (w/cm-2).49 So for the LCN in 
parallel, perpendicular, and 45° polarized light, RSA is occurred 
by excited-state absorption (ESA). 
          High non-linear absorption in the homeotropic oriented 
side is the reason for the increase in the temperature of the 
homeotropic oriented surface compared to the 162 mW cm-2 
laser exposed power case.   

 

 

Fig.8. Open aperture Z-scan curves LCN with parallel, 

perpendicular and 45° polarized light. 

 

4. Conclusions 

 Optical designs normally focus on the wavelength and 
intensity of the light while neglecting its polarization. 
Understanding the polarized light’s effect on oriented and 
anisotropic materials is crucial for many optical responses and 
applications. Polarized light provides accurate information 
regarding the ability of the oriented layers of LCN. Examining 
the LCN oscillations with a planer and homeotropic oriented 
surfaces with polarized light showed that the surface 
orientation is an essential parameter in creating oscillation, 
frequency, and oscillation amplitude. The importance of planer 
and homeotropic surface alignment in the polymerization 
stage of LCN polymer and the difference in light absorption 
components on both sides of LCN causes temperature and 
refractive index gradient on both sides of the LCN. These 
gradients control the frequency and amplitude of the 
oscillation. 
           The results showed that the oscillation frequency of the 
LCN with polarized light and the temperature dependency 
depends on the thickness of the planer and homeotropic 
oriented side. In addition, the overall frequency of the studied 
LCN sample is directly related to the vibration frequency of 
both oriented sides. In the oscillations amplitude with 
polarized light, both oriented sides have specific amplitudes 
with parallel and perpendicular polarized light, and the 
destructive wave composition of these amplitudes occur with 
45o polarized light. 
         Finally, increasing the power results in an increment in 
the non-linear optical behavior of the LCN, this leads to 
temperature variations between the two sides of the LCN. On 
the other hand, the oscillation behavior in this situation shows 
irregular amplitude. 
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