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LIQUID CRYSTAL NANO-PARTICLE COMPOSITES -

DISPLAY APPLICATIONS  
 

Abstract 

 

In the past a large number of 

researches has been doned out to enhance 

the  properties of LCs via different 

techniques, other than chemical synthesis. 

One technique to achieve this aim is the 

dispersion of NPs in liquid crystalline 

materials. Doping, i.e. the  amalgamation 

of very small quantities of an additive into 

an LCs, is one of the important methods to 

enhance the properties of LCs. Liquid 

crystal–nanoparticles composites (LC-NPs) 

have emerged as a multidisciplinary field 

of research and attract great attention of 

scientists from the field of soft matter 

research as they can effectively be used to 

enhance the properties of LCs. Various 

types of nanomaterial are used to optimize 

the liquid crystal as per uses. The material 

of this chapter focuses on the enhancement 

of the electrical and electro-optical 

properties of nematic liquid crystals 

(NLCs) by mixing with nanoparticles. 

These LC-NPs composites are widely 

important for display applications.   
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I. INTRODUCTION 
 

A liquid crystal display (LCD) is a flat-panel display, electronic visual display, or 

video display that uses the light modulating properties of LCs. LCDs are convenient to 

display arbitrary images (as in general-purpose computer display) or fixed images which can 

be displayed or hidden, such as preset words, digits, and 7- segment displays as in a digital 

clocks. LCDs are used in large range of applications including computer monitors, 

televisions, instrument panels, aircraft cockpit displays, and signage. They are usual in 

consumer devices such as video players, gaming devices, clocks, watches, calculators, and 

telephones and have replaced cathode ray tube (CRT) displays in wide applications. Few 

researchers prepared a novel LCD device employing nematic materials instead of other liquid 

crystalline materials. NPs have shown an fascinating and feasible way of manipulating the 

properties of LCs, which will likely prove to be of significant importance for LC-based uses 

in devices and display applications. In this chapter nanocomposites have been prepared by 

dispersion of Barium titanate nanoparticles (BTNPs) in 4-pentyl-4'-cyanobipheny (5CB) 

nematic liquid crystalline material. Because of permanent dipole moment ferroelectric NPs 

(BTNPs) induce realignment of neighboring LC molecules, (i.e. parallel correlation between 

NPs and LCs) enhanced electro optical properties of LCs. To study the various display 

parameters in only N phase I have dispersed BTNPs in 5CB. 5CB is a basic display material 

and its thermodynamic [1-5], dielectric [6-20], and electro-optical [21-30] properties are 

reported earlier by several workers.5CB possesses only nematic (N) phase in the temperature 

range 17-34.5ºC [31-33]. The molecular structure of 5CB is shown in the Figure 5.1. BTNPs 

with a diameter of 100 nm have been procured from Sigma-Aldrich. Nanocomposites are 

prepared by dispersion of BTNPs in 5CB. In this chapter different dozes of (0.05, 0.5 and 5.0 

wt % BTNPs) are dispersed and various physical parameters have been studied.  

 

 
 

II. RESULTS AND DISCUSSION 

 

1. Thermodynamic Study: Amalgamation of BTNPs in NLC was studied under PLM. This 

method explains the first result if a particular nanomaterial signs to aggregates [34]. There 

is no any proof of aggregation of NPs during analyzing the nanocomposites in the N 

phase under PLM. DSC was used to find the effect of BTNPs on the nematic-isotropic 

transition temperature (TNI) or isotopic-nematic transition temperature (TIN) in the heating 

and cooling phases. Precise observations of transition temperatures of liquid crystal-

nanoparticles composites (LC-NPs) are required to examine the fruitfulness for liquid 

crystal display (LCD) applications [35]. Nanocomposite materials have been provided 5 
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thermal cycles before writting original data in order to sustain the system. DSC 

thermograms of pure 5CB and its nanocompositesare shown in heating and cooling cycles 

(Figure 1.2a & b) at the scan rates of 5.0 °C min
-1

. A heating and cooling rate dependent 

observations of all transitions of 5CB and its nanocomposites has been performed. DSC 

was drive at different scanning rates between 2.5 °C min
-1

 and 15 °C min
-1

. As the scan 

rate decreases, all transitions move toward lower temperature in the case of heating 

whereas shift toward higher temperature in the cooling [36]. 
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Extrapolated transition temperatures at the scan rate of 0 
°
C min

-1 
have been found 

through least square fit [37] which give following phase sequences in the heating and 

cooling cycles: 

 

 Heating cycles: 

 

5CB: Cr-(17.0 
º
C)-N-(34.5 

º
C)-I 

5CB + 0.05 wt% BT NPs: Cr-(16.9 
º
C)-N-(34.2 

º
C)-I 

5CB + 0.5 wt% BT NPs: Cr-(16.6 
º
C)-N-(33.2 

º
C)-I 

5CB + 5.0 wt% BT NPs: Cr-(16.5 
º
C)-N-(33.1 

º
C)-I 

 

 Cooling cycles: 
 

5CB: I-(34.0 
º
C)-N 

5CB + 0.05 wt% BT NPs: I-(33.8 
º
C)-N 

5CB + 0.5 wt% BT NPs:  I-(32.9 
º
C)-N 

5CB + 5.0 wt% BT NPs:  I-(32.8 
º
C)-N 

 

Pure 5CB have been studied by different researchers [1-5]. From the experimental 

observations, it is noted that the transition temperatures, i.e. TNI (or TIN) of the 

nanocomposite are sifted downwards as to pure 5 CB. Neither of the pure 5CB and its 

nanocomposite samples crystallizes up to lowest temperature i.e. up to -15 °C. From the 

above-mentioned DSC data we are concluded that enhancing the concentartion of BTNPs, 

decreases the TNI (also TIN), which also proven by PLM. Most important experiments 

showed that the mixing of the ferroelectric NPs (BTNPsand Sn2P2S6) leads to an increase 

in the TNI of the nanocomposites [38-41], but a decrease of TNI in few experiments was 

also shown [42-45]. In this experiment there is an significant decrease in the TNI as the 

concentration of BTNPs in 5CB increases. In the case of 5CB + 0.05 wt% BTNPs, TNI 

decreases by ~0.3 °C, in 5CB + 0.5 wt% BTNPs, it decreases by 1.3 °C, while in 5CB 

+5.0 wt% BTNPs, it decreases by 1.4 °C. According to Gorkunov and Osipov [46] due to 

the spherical NPs, the average distance between mesogenic molecules of the liquid crystal 

(LC) matrix is enhanced and then LC matrix is diluted. This decreases the strength of 

intermolecular interactions, decreases the Nematic ordering and decreases the transition 

temperature in to the N phase. Lopatina et al. [47] have shown that the dipolar induction 

interaction between ferroelectric NPs and the surrounding NLC medium may result in a 

substantial decrease of the TIN. According to Gupta et al. [48] another cause of reducing 

in TNI (or TIN) is that BTNPs increase the disorder in the system and destabilize the liquid 

crystalline phase. From the thermodynamic data, it is concluded that at low 

concentrations (<1wt %), TIN reduces rapidly with increasing concentration. But at higher 

concentrations (>1wt %), TIN decreases with slow pace as compared to low 

concentrations. Same results are also reported by Gorkunovet al [49]. at low NP 

concentrations, there is no chance of phase separation and decrease in the TIN is due to 

dilution effect, whereas at higher concentration phase separation may take place within a 

range of NPs concentrations. Vardanyan et al have been reported that only a fraction of 

NPs are homogeneously mixed in LC matrix but higher concentration shows aggregation 

of NPs [50]. These studies also suggest that for low concentrations, due to the good 

miscibility, TIN decreases rapidly with the increasing concentration whereas while going 
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in high concentration region, decrease of TIN gets slow. The Latter seems due to the 

development of phase separation.  

 

2. UV-Vis Study: The spectra for 5CB, BTNPs and its nono dispersed sample are shown in 

Figure 1.3. The 5CB plot gives a longest absorbance at wavelength (    ) of 302 nm 

and BTNPs show      at 285 nm (see inset of Figure 1.3). These findings are in good 

with respective      reported in literatures [51, 52]. The optical band gap of pure 5CB, 
BTNPs and its nano composites have been calculated using relation [53, 54] 

            
                                           (1.1) 

 

Where   is the absorption coefficient     
       

 
 , where   and A are the path 

length of the cell and absorbance),    is the photon energy,    is the optical band gap. 

Exponent   is an index which assumes the values 1/2, 2, 3/2 and 3 corresponding to the 

direct allowed, indirect allowed, forbidden direct and forbidden indirect transitions, 

respectively.   

 

 
 

The best correlation is obtained by scheming (αhν)
 2 

vs.    , demonstrating that the 

    of pure 5CB and its nanocomposites is due to the direct allowed transitions (for m= ½ 

the fitting parameters chi
2
=0.00012 and R

2
=0.99587)[55-57]. Thus the values of     have 

been deliberate by plotting (      versus    and extrapolating the linear portion of the plot 

to (     =0 (see Equation1.1).     plots for pure BTNPs is shown in Figure1.4. The 

calculated     of BTNPs  from the intercept of the straight line at   = 0 has been found to 

be 4.03 eV. According to Wempleet al. [58] particles larger than 15 nm,    is about 

equivalent to that of barium titanate in bulk.    Plots for pure 5 CB, and its 

nanocomposites are shown in Figure 1.5. The    of pure 5CB has been found to be 3.82 
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eV (seeFigure1.5a).   for5CB + 0.05 wt% BTNPs (Figure 1.5 b), 5CB + 0.5 wt% BT 

NPs (Figure 1.5 c) and 5CB +5.0 wt% BTNPs (Figure 1.5 d) have been determined to be 

3.80 eV, 3.82 eV and 3.81 eV respectively. Diminution in    for 0.05 wt% BTNPs is 

accountable for the boost in the conductivity. 

 

 
 

 
 

Figure 5: Determination of the optical band gap (Eg) of pure 5CB and its nanocomposites. 

Figure a, b, c and d are for pure 5 CB, 5CB + 0.05 wt % BTNPs, 5CB + 0.5 wt % BTNPs and 

5CB + 5.0 wt % BT NPs, respectively. 
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3. Electro-Optical Study: In Figure 1.6 transmission intensity with voltage is plotted for 

pure 5CB and its nanocomposites in nematic phase at 23 °C, which provide knowledge 

regarding threshold      , switching voltage (  ) and the steepness (slope) of the 

transmission voltage curve (TVC). Bright and dark states are found under the PLM at the 

lower and higher applied voltage respectively due to the reorientation of nematic 

molecules along the direction of external applied voltage. The reorientation of nematic 

directors with the reason of electric field from bright state (Figure 1.6 Inset a) to dark 

state (Figure 1.6 Inset b) is also known as Freedericksz transition [59, 60]. The voltage 

necessary to attain transition is called threshold voltage (      At small voltages less than 

    molecule lie in the planar alignment and therefore a bright condition is observed. 

When the applied voltage is increased above     the molecules step by step turn to the 

homeotropic orientation and a dark state is observed. 

 

 
 

The    is taken as       , where    and    are the voltages resultant to the 

transmission intensity of 90% and 10% of the maximum value. The lower value of    

(~0.5-1.0) is helpful for the applications. High steepness of the slope ( (       )/    

   )) of the TVC is also useful. I have illustrated the character of dielectric 

anisotropy     , in order to view the electro-optic parameters, where       
    

     
  

and   
  are the longitudinal and transverse components of relative permittivity 

respectively. The variations of   
  and   

  components of relative permittivity of the host 

5CB along with its nanocomposites on temperature scale are shown in Figure 1.7. The 

values of the   
  and   

 for pure 5CB are in good with the literature data [61].  
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Figure 1.7 shows that the    
 is approximately unaffected with the escalating 

concentration of BTNPs, while the   
 component significantly decreases in dissimilarity to 

the outcome reported previously [40, 61]. Therefore    decreases with the increasing 

concentration of BTNPs.    participated an imperative character in the process of twisted 

NLCs displays. The    is given by [60, 62-64] 

 

                         
   

     
 

 
  

      

 

Where     is the splay elastic constant of the material and has been predictable by 

using the experimental values of     and ∆  . From the equation, it can be seen that     is 

directly proportional to the square root of     and inversely proportional to the square 

root of    of the material.    is also directly proportional to square of order parameter 

(S
2
) and  ∆    S; then we have          [65].   

 , 
 
 and average (  = (  

 + 2  
 
  /3) 

components of the permittivity,      ratio of the      
  ,     ,  , slope of the TVC 

(                          )), and     are given in Table 1.1 for the N phase at 

23.0 °C.      may decrease as the order parameter decreases (i.e. ∆  ) due to the existence 

of suitable NPs. Note that the decrease in the     observed in previous studies [61] was 

accounted by assuming that     remains unaffected with the accumulation of the NPs, 

while experimentally an increase in ∆   was observed. However in current exploration, I 

find that both      and ∆   decreases with adding of NPs. Such drop of the 

Freedericksz   and of the S induced by inorganic magnesium oxide (MgO) NPs in the N 
phase has also been reported earlier [66]. In this study primarily for 0.05 wt% of BTNPs 

mixed sample, the decrease in the ∆   is 5% and the ulter in the value of K11 is 32% (see 

Table 1.1) which is eventually decreasing the    by only ~2% as compared to that of 
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pure sample. However for 0.5 wt% of BTNPs composites, decrease in the ∆   is 7% and 

the change in the value of K11 is 52%, hence decreasing the    by about 17% compared 

to pure sample. On the other hand    for higher concentration (>1 wt %) is not distorted 

as much predicted.     for 5.0 wt% of BTNPs has decreased by 8%, at the same time K11 

and ∆   decreases by 46% and 14 % respectively. Reznikov et al. [61] has reported that 

higher concentration (>2-3 wt %) of submicron particles create almost rigid liquid crystal 

suspension. Due to this,     does not change significantly for 5.0 wt% of BTNPs 

dispersed systems. From Table 1.1, we can infer that    decreases as concentration of 
BTNPs increases i.e. up to 0.5 wt %, at the same time steepness of the T-V curve 

increases. Decrease in the    is mostly accountable for the enhancement in the steepness 

of T-V curve. For 0.5 wt% of BTNPs,    and steepness are unaffected compared to the 

pure sample. 

 

 
 

4. Dielectric Study: Dielectric anisotropy of the N phase is governed by the Maier and 

Meier theory [67]  

 

    
   

  
    

 

   
                     

 

Where   is the number density of molecules and S is the order parameter, ∆α is 

the anisotropy of the polarisability,   is the resultant dipole moment of the molecule, β is 

the angle between the dipole moment and the long axis of the molecule and F is the 

feedback factor and                     . According to Equation (1.3),     

appreciably depends upon both   and S.   is predictable to decrease with the amplify in 

the doping concentration of BTNPs and due to the     decreases with the increasing 

concentration of BTNPs. one more cause is that order parameters of LC and ferroelectric 

NPs interrelate with each other and the dipole moments of ferroelectric NPs join anti-

parallell to dipole moments of NLC molecules. This corresponds to a lesser value of 

  
 and hence     according to the Kirkwood et al. [68]. According to Vardanyan et al. 
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[69], NPs increase the relative number of 5CB dimmers, which in turn decrease the     of 

the system.  

 

Frequency dependence of  
 
  for the pure 5CB and its nanocomposites shows that 

data are approximately invariant up to 10MHz. This indicates that there is no relaxation 

mechanism for the planar orientation of molecules in the frequency window of our 

measurements. Therefore, I could not find out the relaxation frequency corresponding to 

the molecular rotation about the long axis. However, it could be feasible to observe a 

relaxation mechanism in the homeotropic aligned molecules due to the rotation of about 

their short axes [70-72]. 

 

The variations of the experimental data of   
 and   

  with frequency in the N phase 

are shown in Figure 1.8 for pure 5CB and its nanocomposites. The data of permittivity ( 

  
 ) and loss (  

  ) for 5CB and its nanocomposites lie on the Cole-Cole semi circles as 

shown in Figure 1.9.From the value of the distribution parameter obtained from the 

fitting of the experimental data as well as from the Cole-Cole [73-75] plots shown in 

Figure1.9 (plots are complete semi circles), it is evident that the observed relaxations are 

a typical Debye process [76, 77]. 
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The variation of relaxation frequency 〖(f〗_R) with the inverse of the 

temperature is shown in Figure 1.10.f_Rof the pure 5CB is 3.54 MHz in the N phase (at 

23.0 °C) (see Figure 1.8 (a)). The experimental values of the f_R are in good conformity 

with the data [78] reported previously. The observed values of f_Rat 23 °C for 0.05 wt% 

BTNPs, 0.5 wt% BTNPs and 5.0 wt% BTNPs dispersed in 5CB are 2.98 MHz, 3.0 MHz 

and 3.37 MHz respectively. These data recommend that f_R corresponding to flip flop 

motion of the molecules about the short axis is slightly decreased in the case of 

nanocomposites as compared to pure 5CB.  
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The activation energy    for the observed relaxation process was determined by 

the Arrhenius equation [79, 80] 

 

logf_R= logf_0-W_A/ N_A  kT       (1.4) 

 

Where, W_Ais the activation energy, N_A is the Avogadro number, k is the 

Boltzmann constant and T is the absolute temperature. From Figure 1.10, slopes of log 

f_Rvs inverse of temperature plots have been obtained by the method of least square fit. 

With the help of slopes of the straight lines, W_A have been obtained for 5 CB and its 

nanocomposites.I have determinedW_Aof 63.9 kJ mol-1 for the pure 5 CB sample in the 

N phase. The observed values of the W_A are in good agreement with the data [78] 

reported earlier. The observed W_Aare 60.3 kJ mol-1, 63.5 kJ mol-1, 64.2 kJ mol-1 for 
0.05 wt% BTNPs, 0.5 wt% BTNPs and 5.0 wt% BTNPs dispersed in 5CB respectively. 
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From above mentioned results, it is concluded that〖 W〗_Ahas decreased for 0.05 wt% 

BTNPs. However, for other concentrations, 〖 W〗_A increases. 
 

The frequency dependence of the total conductivity parallel (  ) to the director of 

5CB and its nanocomposites are shown in Figure 1.11 (a) in N phase at 23.0 °C. From 

figure it is observed that at low frequencies conductivity is constant while at higher 

frequencies it frequency dependent [81, 82]. Temperature dependence of longitudinal 

ionic conductivity          is shown in Figure 1.11 (b). It can be seen that for 0.05 wt% 

BTNPs composite system,  i  increases by two orders of magnitude and for 0.5 wt% 

BTNPs composites  i  is approximately similar with respect to that of pure 5CB. Singh et 

al have reported that due to dispersion of BTNPs in NLC conductivity anisotropy 

increases [39]. Whereas for 5.0 wt% BTNPs composite, i  decreases as compared to pure 

5 CB. At 23.0 °C, the  i  are 9.40 × 10
-7 

S m
-1

 for pure 5CB and that of composites are 

6.67 × 10
-5 

S m
-1

 (0.05 wt %), 9.91 × 10
-7 

S m
-1

 (0.5 wt %) and 1.78 × 10
-7 

S m
-1

for 5.0 

wt%. The solid lines in Figure 1.11 (a)show Arrhenius behaviour of the conductivity. 

The reason of conductivity enrichment is that, availability of additional space facilitates 

the motion of ions in the samples [31].One important result is that with increase of the 

doping concentration,  i decreases because higher concentration formsnanoscale 

ferroelectric NPs aggregates [83-86]. According to Shaydyuket al [87], higher 

concentrations (4.5 wt %) of montmorillonite (MMT) nanoplatelets in 5CB show strong 

tendency of aggregation. Due to this in the case of higher concentrations (5.0 wt% 

BTNs),  i  is decreases in our case as well. I have create enhancement in the only 

longitudinal component of the  i  due to the facile motion of BTNPs in the longitudinal 

direction of the nematic director. The unchanged value of the   signifies that there is no 
significant movement of BTNPs along the transverse direction of the nematic director. 
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III. CONCLUSION 

 

From the experimental observations and discussion, the followings can be concluded: 

 

1. By escalating concentration of BTNPs in 5 CB it has been found that nematic-isotropic 

transition temperature decreases by 0.3 °C for 0.05 wt %, 1.3 °C for 0.5 wt % and 1.4 °C 

for 5.0 wt % of BTNPs. 

2. Longitudinal component of the dielectric permittivity decreases appreciably though 

transverse component of the dielectric permittivity remains stable with rising 

concentration of BTNPs.Hence dielectric anisotropy too decreases by about 5 % for 0.05 

wt %, 7 % for 0.5 wt % and 14 % for 5.0 wt % of BTNPs. 

3. The relaxation frequencies of an observed relaxation mode corresponding to the     flip-

flop rotation of the molecules about their short axis initially decreases for 0.05 wt % but 

above this concentration they are increasing with the increasing concentration of BTNPs 

in 5CB.  

4. The activation energies of an observed relaxation mode corresponding to the flip-flop 

rotation of the molecules about their short axis initially decreases for 0.05 wt % but above 

this concentration they are increasing with the increasing concentration of BTNPs in 

5CB.  
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5. The longitudinal component of ionic conductivity has enlarged by about two orders of 

magnitude for 0.05 wt % BTNPs nanocomposites while on increasing concentration it 

decreases. 

6. Optical band gap of 5CB (3.82 eV) has decreased to 3.80eV for 0.05 wt %, 3.81eV for 

0.5 wt % and 3.81eV for 5.0 wt % of BTNPs. 

 

7. Threshold voltage decreases by 2 % for 0.05 wt %, 17 % for 0.5 wt % and 8 % for 5.0 wt 

% due to dispersion of BTNPs in 5CB. Switching voltage, splay elastic unvarying have 

decreased whereas steepness of TVC curve has amplified. 
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