














V 

 

LIST OF TABLES 

  Chapter 1: 

Table 1.1: Molecular structures, phase sequences and transition 

temperature (
o
C) of first FLC and AFLC compounds 

09 

  Chapter 2: 

Table 2.1: 
 

Molecular structure and phase transition tempera-

tures of hosts 

45 

Table 2.2: 
 

Molecular structure and phase transition tempera-

tures of dopants 

46 

Table 2.3: Composition and Phase Transition Temperatures of 

Host Matrix (HM)                                                            

47 

  Chapter 3: 

Table 3.1: Molecular structures, phase sequences and transition 

temperature (
o
C), during cooling, obtained from 

OPM and DSC of DP1 and H5 

57 

Table 3.2: Composition, phase sequences, transition tempera-

tures (
o
C), during cooling and SmC* thermal range 

(ΔT) of the mixtures obtained from OPM and DSC 

59 

Table 3.3: Comparison of fitting parameters of Ps for DP1 and 

its mixtures M2, M3, M4 

68 

Table 3.4: Comparison of important display parameters of the 

formulated mixtures at 30
o
C  

72 

  Chapter 4: 

Table 4.1: Molecular structures and transition temperature (
o
C) 

obtained from OPM and DSC of DP2 

82 

Table 4.2: Composition, phase sequences, transition tempera-

tures (
oC) and SmC* thermal range (ΔT) of the 

mixtures obtained from OPM and DSC 

82 

Table 4.3: Comparison of fitting parameters of Ps 87 

Table 4.4: Comparison of display parameters of the formulated 

mixtures at 20
o
C   

90 



VI 

 

  Chapter 5: 

Table 5.1: Molecular structures and transition temperature (
o
C) 

obtained from OPM and DSC of DP3 

96 

Table 5.2: Composition and phase transition temperature of the 

mixture 

96 

Table 5.3: Fitting parameters of Ps and θ of M14 101 

Table 5.4: Variation of important display parameters with 

electric field at 18
o
C 

105 

  Chapter 6: 

Table 6.1: Molecular structures, phase transition temperatures of 

DP4, DP5, DP6, DP7 
112 

     Table 6.2: Composition of the mixtures, phase sequences and 

transition temperatures 

112 

Table 6.3: Fitting parameters for PL, PH, GM,  XM and SM 

relaxation 

123 

  Table 6.4: Important display parameters of the formulated 

mixtures at room temperature (20
o
C) 

130 

Chapter 7: 

Table 7.1: Composition and phase transition temperature of the 

mixture M19 

138 

  Chapter 8: 
 

Table 8.1: Phase sequence of the Mixtures, Hosts and Dopants 151 

Table 8.2: Composition and phase transition temperature (
o
C) 

of the mixtures 

151 

Table 8.3: List important display parameters of the formulated 

mixtures 
152 

Table 8.4: List display parameters of commercial mixtures 153 

 

 



VII 

 

LIST OF FIGURES 

  Chapter 1: 

Figure 1.1: Liquid crystal phase in between crystal and liquid 

phase 
05 

Figure 1.2: (a) C2h symmetry of SmC phase  

(b) C2 symmetry of SmC* phase 
06 

Figure 1.3: Bistability of SmC* phase 07 

Figure 1.4: Helicoidal structure of (a) SmC* phase and (b) 

SmCA* phase 

07 

Figure 1.5: The local molecular arrangements of (b) the 

antiferroelectric phase; (a) the positive and (c) the 

negative electric field-induced ferroelectric phases 

09 

  Chapter 2: 

Figure 2.1: Two measurement geometries: (a) planar and (b) 

homeotropic 
26 

Figure 2.2: Observed textures of MPOBC 27 

Figure 2.3: Experimental set-up for DSC measurement 28 

Figure 2.4: A typical dielectric spectra for a Debye type liquid 

crystal 
31 

Figure 2.5: Cole-Cole plot for a Debye type spectrum 31 

Figure 2.6: Cole-Cole plot for a non-Debye type spectrum 33 

Figure 2.7: Schematic arrangement for dielectric study 35 

Figure 2.8: Typical X-ray diffraction photograph of an oriented 

(a) nematic (N) and (b) smectic phase (SmA) 
36 

Figure 2.9: Observed X-ray diffraction photograph of MPOBC 36 

  Figure 2.10: Schematic diagram of synchrotron X-ray diffraction 

set up with samples in liquid crystal cell  
38 

Figure 2.11: Schematic diagram of the experimental set-up for the 

spontaneous polarization and switching time 

measurement 

39 

Figure 2.12: Observed polarization peak with base line 39 

Figure 2.13: Observed polarization bump and response time (τ) 41 



VIII 

 

  Chapter 3: 

Figure 3.1: (a) Phase diagram of the mixtures of compounds host 

H5 and dopant DP1  

(b) DSC thermograms of mixtures M2, M3 and M4 

during cooling cycle 

59 

Figure 3.2: Observed textures of DP1 (a, b, c) and mixture M4 

(d, e, f, g) 
61 

Figure 3.3: Low angle diffraction photograph of (a) DP1 and (b) 

M4 

(c) Intensity profile in SmC* phase (60
o
C) of DP1 

and M4 

62 

Figure 3.4: (a)Temperature variation of layer spacing (d001) in 

SmC* phase and apparent molecular length (l) in N* 

phase of DP1  

(b)Temperature variation of layer spacing of 

mixtures M2, M3, M4 in SmC*phase 

62 

Figure 3.5: Temperature variation of correlation length (ξ) of (a) 
DP1 and (b) mixtures M2, M3, M4 in SmC* phase 

63 

Figure 3.6: Temperature variation of ε′
+ of (a) H5 at 500Hz (b)  

DP1 at 0.3 kHz, 1.1 kHz, 5 kHz, 10 kHz and 30 kHz 

and of (c) M2, M3 and M4 in SmC* phase at 500Hz 

 (d) Plot of real and imaginary part of dielectric 

constant at 72
o
C (SmC*) of DP1 

 (e)Temperature dependences of dielectric increment 

Δε′
+ (open squares) and GM critical frequency fC 

(closed circles) 

 (f) Effect of bias voltage on GM critical frequency in 

SmC* phase 

65 

Figure 3.7: Temperature variation of spontaneous polarization 

(PS) of (a) DP1 and (b) the mixtures M2, M3, M4 
67 

Figure 3.8: Temperature variation of response time (τ) of (a) 
DP1 and (b) the mixtures M2, M3, M4 

69 

Figure 3.9: Temperature variation of tilt angle (θ) of (a) DP1 

and (b) the mixtures M2, M3, M4 
70 

Figure 3.10: Temperature variation of rotational viscosity (γφ) of 

(a) DP1 and (b) the mixtures M2, M3, M4 
71 



IX 

 

  Chapter 4: 

Figure 4.1: (a) Phase diagram of the mixtures 

 DSC thermograms of (b) M8 and (c) M9, M10, 

M11, M12 and M13 during heating cycle at 5
o
C/min 

84 

Figure 4.2: Observed textures of mixture M8 84 

Figure 4.3: Temperature variation of the dielectric permittivity 

(ε′
+): (a) M8, M9 and (b) M10, M11, M12 and M13 

85 

Figure 4.4: Temperature variation of spontaneous polarisation 

(PS): (a) M8, M9, M10 and (b) M11, M12 and M13 
86 

Figure 4.5: Variation of spontaneous polarisation (PS) with 

electric field: (a) M8, M9; (b) M10, M11 and (c) 

M12, M13 

87 

Figure 4.6: Temperature variation of the optical tilt angle (θ): 
(a) M8, M9, M10 and (b) M11, M12 and M13 

88 

Figure 4.7: Temperature variation of response Time (τ): (a) M8, 

M9, M10 and (b) M11, M12 and M13 
89 

Figure 4.8: Temperature variation of rotational viscosity (γφ): (a) 

M8, M9, M10 and (b) M11, M12 and M13 
90 

  Chapter 5: 

Figure 5.1: (a) DSC thermograms during heating cycle 

(b) Observed texture of SmC* phase at 18
o
C of M14 

97 

 

Figure 5.2: (a) Low angle diffraction photograph   

(b) Intensity profile in SmC* phase (25
o
C) of M14 

98 

Figure 5.3: Temperature variation of (a) layer spacing (d001) and 

(b) correlation length (ξ) in SmC* phase of M14 
99 

Figure 5.4: Temperature variation of (a) critical frequency (fC), 

(b) dielectric increment (Δε), (c) Plot of real and 

imaginary part of dielectric constant at 52
o
C and (d) 

Cole-Cole plot at 52
o
C of M14 

99 

Figure 5.5: Variation of spontaneous polarization (PS) of M14 

with (a) electric field and (b) temperature 
102 

Figure 5.6: Temperature variation of tilt angle of M14: (a) θopt 

and (b) θX-ray 
102 

Figure 5.7: Variation of response time (τ) of M14 with (a) 

Electric field and (b) Temperature 
103 



X 

 

Figure 5.8: (a) Temperature variation of rotational viscosity (γφ) 

(b) Arrhenius plot of rotational viscosity (γφ) of M14 
104 

  Chapter 6: 

Figure 6.1: DSC thermograms of M15, M16, M17 and M18 

during heating cycle (rate 5
o
C /min) 

114 

Figure 6.2: Observed textures in the mixture M18: (a) SmC*A, 

(b) SmC*, (c) SmC*–SmA* and (d) SmA* 
114 

Figure 6.3: Observed small-angle synchrotron diffraction 

photographs in the mixture M18 

115 

Figure 6.4: Temperature variation of (a) layer spacing and (b) 

correlation length of M15, M16, M17 and M18 
117 

Figure 6.5: Selected dielectric absorption spectrum of PL and PH 

modes relaxation in (a) M15 and (b) M18  

(c) Exemplary fitted data of M18 at 34
o
C 

117 

Figure 6.6: Temperature variation of relaxation frequency (fC) of 

(a) MIX15, (b) M16, (c) M17 and (d) M18 
118 

Figure 6.7: Temperature variation of dielectric increment (Δε) of 
(a) M15, (b) M16, (c) M17 and (d) M18 

119 

Figure 6.8: Selected dielectric absorption spectrum of GM mode 

relaxation in (a) M15, (b) M16, (c) M7 and (d) M18; 

(e) Exemplary fitted data of M18 at 50
o
C; (f) ITO 

relaxation mode in empty cell 

121 

Figure 6.9: Dielectric absorption spectrum of GM mode 

relaxation in (a) M15, (b) M16, (c) M17 and (d) 

M18 with bias electric field 

122 

Figure 6.10: Selected dielectric absorption spectrum of SM mode 

relaxation in (a) M15, (b) M16, (c) M17 and (d) 

M18; (e) Exemplary fitted data of M15 at 90
o
C 

124 

Figure 6.11: Variation of spontaneous polarization (Ps) with (a) 

electric field (at 20
o
C) and (b) temperature of M15, 

M16, M17 and M18 

126 

Figure 6.12: Temperature variation of (a) θopt  and (b) θX-ray of 

M15, M16, M17 and M18 
127 

Figure 6.13: Temperature variation of (a) switching time (τ) and 
(b) rotational viscosity (γφ) of M15, M16, M17 and 

M18; Inset of (b) represents Arrhenius plot of 

rotational viscosity (γφ) 

129 



XI 

 

  Chapter 7: 

Figure 7.1: (a) Normal smectic layers, (b) Zig-zag defects and 

(c) corresponding optical stripe pattern due to 

buckling of layers 

136 

    Figure 7.2: DSC thermogram of M19 during heating cycle 

(5
o
C/min) 

139 

Figure 7.3: Polarized photomicrographs of M19 at 25
0
C (a) 

5V/µm (b) 15V/µm 
139 

Figure 7.4: Variation of induced tits with electric field at selected 

temperatures: (a) θopt and (b) θx-ray  
140 

Figure 7.5: Variation of (a) layer spacing and (b) relative layer 

spacing with temperature  

(c) Variation of layer spacing and layer shrinkage 

with electric field. 

141 

Figure 7.6: Variation of switching time (a) with electric field at 

20
o
C and (b) with temperature at 2 V/µm 

143 

   

LIST OF APPENDICES 

 

APPENDIX A: 

 

(I) List of selected books and monographs on liquid 

crystals and (II) Datasheet of some commercial 

liquid crystal mixtures 

155 

APPENDIX B: (I)List of Publications and (II) List of papers 

presented in seminars and conferences 
160 

  

 

 INDEX                                                                                                    163-164 

 

 

 

 


