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FREEDERICKSZ TRANSITION IN NEMATIC LIQUID 
CRYSTALS WITH CARBON NANOMATERIALS 

Emil PETRESCU1, Cristina CIRTOAJE1*, Ștefan POSTELNICU2 

Carbon nanoparticles are some of the most studied nanoparticles by 
chemists, physicist and engineers all around the world. Their unique physical 
properties including mechanical strength, electrical or thermal conductivity indicate 
a great potential for material science applications. While graphene sheets present a 
good dispersion in nematic liquid crystal and seem to decrease the Freedericksz 
transition reducing the power consumption of LCDs, the nanotubes increase the 
stability of the host being more suitable for phase modulators. In both cases, we 
need only small amounts of substance, so the beam intensity is not affected, and the 
device quality is still very good.  
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1. Introduction 

Since the nanoparticle’s discovery, it was proved that their properties are 
significant different from those of bulk material from the same substance. They 
were used in different devices, including in liquid crystals to improve the stability 
or the electro-optical properties of LCDs or LC-phase modulators, diffraction 
gratings, etc. [1-8] Carbon based nanomaterials, such as graphene, fullerenes, 
nanotubes benefit an increased interest from scientists and engineers from various 
field due to their great potential and environmental safety. Babak Taheri and 
collaborators demonstrated that the use of graphene flakes on the sprayed scaffold 
boosts the power conversion efficiency (PCE) of small-area cells up to 17.5% that 
corresponds to an increase of more than 15% compared to standard cells [9] 
studies that are also sustained in [10-12].  

Carbon nanoparticles are structures with remarkable properties, but they 
have some disadvantages when trying to use them in many materials or devices. 
These disadvantages are the cost of production and the possibility to integrate 
them into existing technologies. Multiwalled carbon nanotubes (MWCNT) are 
composed of an atomic structure of long tubular shape obtained by rolling the 
carbon sheet along an arbitrary axis just like tobacco leaves in a cigar. Yet, to be 
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used at their highest potential their properties must be studied at microscopic level 
as single particles, not as bulks. The biggest problems occurring when trying to 
determine nanoparticle’s parameters are dispersion and orientation. Dispersion 
can be improved by chemical methods such as coatings and functionalization, and 
by physical methods by thermal agitation and/or sonication. Yet the orientation 
problem remains, and it is crucial for optical properties. Thus, it can be a good 
idea to find a material that can be used as an organized environment and can 
induce this organization to the nanotubes. 

Liquid crystals (LC), known for revolutionizing the display technology, 
represent great candidates for this job. Generally, they own a property which is 
currently exploited. This is represented by the existence of mesophases i. e. 
intermediary phases between two states of aggregation (eg from liquid properties 
to solid). This state is called liquid crystal. These states combine the order of the 
solid with the flow property of the liquid and vice versa. As shown in [13-18] 
carbon nanotubes present a tendency to align their long axis parallel to the 
molecular director of nematic liquid crystals, so LC-s are ordered structures and 
induce orders in carbon nanotubes. 

The general idea is that carbon materials are promising, due to their 
physical properties, potentially reduced costs and low environmental harm. It is 
our purpose to improve the carbon-based materials by developing theoretical 
models for several parameters such as dielectric permittivity, conductivity, or 
mechanical strength. The procedure is quite like the one presented in [19] where it 
can be seen that every theory is laboratory tested and improved until a good 
agreement between them is found. The main advantage we can provide for 
nanomaterials is the flexible and ordered host medium i. e. the liquid crystals. Due 
to their tendency to align with nematic director, well dispersed graphene can be 
easily studied just as we did with other nanoparticles in previous research [19-22]. 

 
2. Experimental set-up and method 
 
One of the most known and used property of liquid crystals is their ability 

to change the orientation when subjected to an external field. This property allows 
the user to control the optical properties of the sample by the applied field. Yet 
this can only be possible if the field intensity is higher than a limit called the 
Freedericksz transition threshold. We aim to study this parameter for several 
samples of liquid crystals with carbon nanoparticles (nanotubes and graphene) to 
check the improvements that can be achieved for each of them. 
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Fig. 1 Experimental set-up for the Freedericksz transition study: (1)-laser generator, (2)-

power source to apply voltage on the sample, (3)-sample, (4)- crossed polarizers and (5)- 
photovoltaic cell 

 
The set-up used for the  Freedericksz transition threshold, is presented in  

Fig.1. A laser generator (1) sends a laser beam through the sample (3). The 
sample is subjected to a voltage by a power source (2) and placed between two 
crossed polarizers (4). Finally, the emergent beam is collected by a photovoltaic 
cell (5).  The intensities were recorded manually or automatically for each sample 
and the Freedericksz transition voltage was evaluated from Intensity versus 
voltage plot. 

The samples were made from 5CB liquid crystal composite with different 
carbon-based nanoparticles at very low concentrations which may help gaining a 
good dispersion. Mixture composition is given in Table 1. The mixtures were used 
to fill LC-cell from Instec with planar alignment and a 15 micrometers cell gap. 
The measurements were performed at a constant temperature of 26o Celsius. 

 
Table1  

Mixture composition for the analyzed samples 
Sample name Sample content Concentration (mass fraction) 

a 5CB  
b 5CB + SWCNT 0.047% 
c 5CB + MWCNT 0.43% 
d 5CB + graphene nanoplatelets 0.5% 
e 5CB + (GQD) 0.5% 

 
 

3. Results and discussion 
 
The emergent intensity versus applied voltage plots recorded for each set 

of samples are presented in Fig.2. All the recordings were made at room 
temperature at few degrees above the solid-nematic transition. For each set the 
Freedericksz transition threshold (UF) was determined as the point where the 
emergent intensity presents a slight variation (increase or decrease depending on 
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the nematic director orientation). In the samples containing carbon nanoparticles, 
there are local disturbances of the molecular director induced by the anchoring 
process on the nanoparticle’s surface. This reorientation changes the refractive 
index of the extraordinary ray and thus the initial emergent intensity is different 
from one sample to another. The obtained plots are shown in Fig. 2. 

 
a) 

 
b) 
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c) 

 
d) 

Fig. 2 Beam intensity versus applied voltage plots for a)  5CB,  b) 5CB + SWCNT, c) 
5CB + MWCNT, d) 5CB + graphene nanoplatelets, e)5CB + (GQD) 

 
The transition threshold voltages were evaluated for each sample and the 

experimental values obtained are given in Table 2. From the results obtained in 
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previous work performed on similar systems [1,17], we noticed that the 
Fredericksz transition of nematic composites with different nanoparticles leads to 
a multiplication factor  depending on the anchoring angle of molecules on 
the nanoparticle’s surface and on the nanoparticle electric property shape and 
clustering tendency: 

 

  
 (1) 

 
where 

 

  
  

 (2) 
is the Freedericksz transition voltage of the pure nematic without any 

nanoparticles adding. 
Using the experimental results, this amplification factor is determined and 

the results are presented in Table 2.  
 

Table 2  
Freedericksz transition threshold values for 5CB and its composites with carbon 
nanoparticles and the multiplication factor corresponding to each sample 

Samples UF0[V] UF[V] κ 
5CB+0.047% SWCNT 0.35 0.41 0.27 
5CB+0.43% MWCNT 0.35 0.28 -0.56 
5CB+0.5%graphene 

nanoplatelets 
0.35 0.49 0.49 

5CB+0.5%GQD 0.35 0.29 -0.46 
 
Generally, the value of k is negative for a homeotropic orientation of the 

molecules on the nanoparticle’s surface and positive for planar anchoring [17,18] 
but the process is more complex and depends on particular properties of each 
nanoparticle.  Furthermore, nanoparticle’s clustering inside the sample leads to 
micrometric bulks and the molecules present a homeotropic anchoring on the 
bulk’s surface.  

As it can be observed from the experimental results, MWCNT 
(multiwalled carbon nanotubes) and GQD (graphene quantum dots) present an 
advantage for composites that can be used in LCD devices as they reduce the 
Freedericksz transition and thus, the power consumption increasing the lifetime of 
portable displays (cell phone, tablets, laptops etc). Furthermore, they don’t have a 
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significant influence on the emergent intensity. As it can be observed from Fig.3 
the maximum intensity of GQD composite presents a slow decrease when 
compared to 5CB cell while the MWCNT has the same maximum intensity as 
5CB. On the other hand, SWCNT (single-walled carbon nanotubes) and graphene 
nanoplatelets not only increase the Freedericksz transition but also absorb a lot of 
the incident radiation. Yet we must notice that they present a better dispersion 
than MWCNT so, with proper adjustments of concentration, they might present 
some advantages for LC-based device, but this research will be continued in the 
future. 

4. Conclusions 
 
Carbon based nanomaterials affect the electro-optic properties of LC-cell 

by changing the molecular orientation on certain regions inside the cell and thus, 
the Freedericksz transition threshold. The transition threshold (UF) can be 
decreased in certain cases by using the proper nanoparticles in very low 
concentrations. MWCNT and GQD reduce the UF values by 20% which is a great 
advantage in power consumption of LCDs. 
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