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TGBZ phase in a series of propionates containing two 
stereocenters 

by SHUNG-LONG WU* and WEN-JIUNN HSIEH 
Department of Chemical Engineering, Tatung Institute of Technology, Taipei 

10451, Taiwan, R.O.C. 

(Received 12  April 1996; in final ,form 14 August 1996; accepted 14 August 1996) 

A homologous series of chiral materials, (R)-2-pentyl (S)-2-( 6-( 4-( 4-alkoxyphenyl)benzoyloxyj- 
2-naphthy1)propionates (R,S)PmPBNP (in= 7-14), derived from a naphthalene ring as part 
of the core structure in conjunction with a chiral tail containing two stereocentres has been 
synthesized for the investigation. The twist grain boundary smectic A* (TGBX) and smectic 
C* (TGBF) phases were characterized by the microscopic textures of compounds packed in 
two untreated glass slides, Can0 wedge cell, or homogeneously aligned cell. It was found that 
the occurrence of these phases depend remarkably on the nature of alkyl chain length m; in 
the case of shorter alkyl chain length (m=7-10), the TGBX phase behaves as a metastable- 
like phase mediated between N* and SX phases in a short temperature range, whereas in the 
longer chain length (m = 11-14), both the TGBX and TGBE phases become thermodynamically 
stable phases with a wide temperature range. Consequently, this series of chiral materials 
resulted in two different mesophase sequences: N*-TGBX-SI--SF and N*-TGBX-TGBZ. A 
kind of parquet texture displaying two types of domain with different relative directions of 
the smectic layer normal was found in the SF phase from the materials (m= 9-14) packed in 
2 pm homogeneously aligned cells and cooled down from the isotropic liquid without applying 
an electric field. The magnitudes of spontaneous polarization (P,)  in the S z  and TGBE phases 
showed that the P ,  values are nearly the same for all compounds at the same temperature 
below the Curie point. Dielectric measurements revealed no significant occurrence of soft 
mode switching in the TGBX phase. 

1. lntroduction 
The discovery of twist grain boundary phases: TGBR 

TGBc and TGBE phases in chiral liquid crystalline 
systems [ 1-41, has stimulated a great interest in investi- 
gating these new types of materials. The structural 
designs for the studies, however, were limited and mainly 
based on the first series of chiral materials, l-methyl- 
heptyl 4-[(  4-alkoxyphenyl) propioloyloxy] biphenyl-4- 
carboxylates, that revealed a TGBX phase [l]. Thus, 
the core structures of the materials generally found were 
propiolate esters [ 1,443, tolane esters [3, 71 and esters 
of structurally similar homologues [S, 91 composed of 
three benzene rings. A recent report showed that the 
cinnamoate esters composed of two benzene rings also 
exhibited a TGBX phase [lo]. Amongst them, chiral 

groups connected to the core that promote the formation 
of helical or twisted phases were optically active alkan- 
2-01s, lactic acid, and a-halohydrines that were derived 
from L-amino acids. The correlation of molecular struc- 
ture to the appearance of TGB phases was reviewed 
[ 111 herein. 

In this paper, we report for the first time a new series 
of chiral materials with totally different molecular struc- 
tures that exhibit a TGBX phase. This series, (R)-2-pentyl 
( S ) -  2- ( 6  -( 4 - ( 4  - alkoxyphenyl) benzoyloxy)-2-naphthyl)- 
propionates, (R,S)PmPBNP (m = 7-14), contains a naph- 
thalene ring as part of the core structure in conjunction 
with a chiral tail containing two stereocentres and has 
the general formula: 

CH3 CH3 

*Author for correspondence. 
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784 Shung-Long Wu and Wen-Jiunn Hsieh 

The influence of the alkyl chain length on the formation 
and stability of the TGBX and TGBZ phases, and some 
physical properties such as spontaneous polarization, 
and the dielectric permittivity of the S$ phase are also 
presented and discussed. 

2. Experimental 
2.1. Chnracterizution of’ materials 

The chemical structures for all materials prepared 
were analysed by nuclear magnetic resonance (NMR) 
spectroscopy using a JEOL EX-400 FT-NMR spectro- 
meter. The purity of the final compounds was checked 
by thin layer chromatography. Further confirmation for 
the purity was performed by elemental analysis using a 
Perkin-Elmer 2400 spectrometer. The magnitudes of 
specific rotations were measured in dichloromethane 
using a JASCO DIP-360 digital polarimeter. Transition 
temperatures and heats of transitions were determined 
by differential scanning calorimetry (DSC) using a 
DuPont DSC-910 calorimeter at a running rate of 
2OC min-’. Mesophases were identified by observing the 
textures using a Nikon Microphot-FXA optical micro- 
scope under crossed polarizers with a Mettler FP82-HT 
hot stage in connection with a Mettler FP80-HT heat 
controller. The magnitudes of spontaneous polarization 
(P , )  of the S$ phase were measured by the triangular 
wave method [ 121 with the frequency of lOOHz and the 
amplitude of 38.5 Vp-p. The dielectric measurements 
were carried out using a HP4284A precision LCR meter 

(R) 

(20 Hz-1 MHz) with a Lakeshore DRC-93CA temper- 
ature controller at the heating and cooling rate of 
0.5”C min with a temperature accuracy of i 001°C. 
The homogeneously aligned liquid crystal sample cells 
with 5pm cell gap and 0*25cm2 conducting area were 
purchased from Linkam Scientific Instruments Ltd., UK. 
The sample cells with 25pm cell gap and 0-25cm2 
electrode area were purchased from E.H.C. Co., Japan. 

2.2. Preparation of materials 
The chiral starting material for the synthesis of the 

compounds (i7,S)PmPBNP is (S)-2-( 6-methoxy-2- 
naphthyl jpropionic acid, purchased from Tokyo 
Chemical lndustry (TCI) Co. Ltd., with optical purity 
greater than 99 per cent enantiomeric excess. The syn- 
thetic procedures were carried out in the same manner 
as described previously r13] and are shown in the 
scheme. The acid 1 was esterified with (R)-2-pentanol in 
the presence of N,N‘-dicyclohexyl carbodiimide (DCC) 
and 4-dimethylaminopyridine (DMAP) to produce the 
ester, (R)-2-pentyl (S j-24 6-methoxy-2-naphthy1)pro- 
pionate Ia. The methoxy group of this ester was 
demethylated by treatment with tribromoborane (BBr,), 
and the resulting hydroxy group of (R)-2-pentyl (S)- 
2-(6-hydroxy-2-naphthyl)propionate I b was sub- 
sequently esterified with a variety of 4-( 4’-alkoxy- 
pheny1)benzoic acids 2 by the treatment of DCC and 
DMAP to produce the target compounds. The synthetic 
details of these compounds are described below. 

I I 
CH, CHj 

Ih 

DCC, DMAP 

(R,S)PmPBNP 

Scheme. Mechanistic procedures for the synthesic of compounds (R)-2( 6-( 4-(4’-alkoxyphenyl) benzoyloxy)-2’-naphthyl)propionates. 
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785 TGB; phase LCs with 2 stereocentres 

2.2.1. (R)-2-Pentyl (S)-2-(methoxy- 
2-naphthyl)propionates, l a  

The (S)-2-( 6-methoxy-2-naphthy1)propionic acid 
(25 mmol) and (R)-Zpentanol (27.5 mmol) were dis- 
solved in dry dichloromethane (100ml). After the addi- 
tion of DCC (27-5mmol) and DMAP (2.5mmol), the 
solution was stirred at room temperature for 5d. The 
precipitates were filtrated and washed with dichloro- 
methane. The filtrate was successively washed with 5 per 
cent acetic acid, 5 per cent aqueous sodium hydroxide 
and water, dried over anhydrous magnesium sulphate, 
and concentrated in vacuum. The residue was purified 
by column chromatography over silica gel (70-230 mesh) 
with dichloromethane as eluent. The product I a was 
obtained with the yield of 84 per cent and used directly 
without further purification. 'H NMR (CDCl,): 6 (ppm) 
0.7-1.7 (m, 13 H), 3.8 (q, 1 H), 3.9 (s, 3 H), 4.9-5.0 (m, 
1 H), 7.0- 7.7 (m, 6H).  

2.2.2. (R)-2-Pentyl (S)-2-(6-hydroxy- 
2-naphthyl)propionoates, Zb 

To the ester I a (4.5 g, 0.015 mol) dissolved in dry 
dichloromethane (57 ml) was added BBr, (2.5 ml) at 
-20°C. The mixture was stirred at -20°C for 5min, 
and at  0°C for 50min. After diluting with dichloro- 
methane (1 17 ml), the solution was poured into a mixture 
of saturated ammonium chloride (57 ml) and crushed 
ice (53 g), the organic layer was separated and washed 
with brine-ice, dried over anhydrous sodium sulphate, 
and concentrated in vacuum. The residue was purified 
by column chromatography over silica gel (70-230 mesh) 
using dichloromethane as eluent. The alcohol I b  was 
collected after recrystallization from hexane with a yield 
of 73 per cent. Elemental analysis (per cent): calculated, 
C 75.48, H 7-75; found, C 75.34, C 7.64. 'H NMR 
(CDCl,): 6 (ppm) 0.8-1.6 (m, 13 H), 3-8 (9, 1 H), 4.9-5.0 
(m, 1 H), 6.3 (s, 1 H), 7.0-7.7 (m, 6 H). 

2.2.3. (R)-2-Pentyl (S)-2-(6-(4-(4f- 
alkoxyphenyl) benzoy1oxy)- 
2-naphthyl )propionates, (R ,  S) PmPBNP 

A mixture of 4-(4'-alkoxyphenyl) benzoic acids 2 
(1-16 mmol), alcohol 1 b (1.05 mmol), DCC (1.26 mmol), 
and dry tetrahydrofuran (3 ml) was stirred at room 
temperature for 5 d. The precipitates were filtrated and 
washed with dichloromethane. The filtrate was success- 
ively washed with 5 per cent acetic acid, 5 per cent 
aqueous sodium hydroxide and water, dried over anhyd- 
rous sodium sulphate, and concentrated in vacuum. The 
residue was purified by column chromatography over 
silica gel (70-230 mesh) using dichloromethane as eluent. 
The esters (R, S)PmPBNP were collected after recrystal- 
lization from absolute alcohol with yields of 63-90 per 
cent. All materials were identified in a satisfactory results. 

Typical example of (R,S)P12PBNP is given as follows: 
Elemental analysis (per cent): calculated, C 79-35, H 
8.37; found, C 78.96, H 8.36. 'H NMR (CDCl,); 6 (ppm) 
0.1-1.9 (m, 36H), 3.8-3.9 (9, 1 H), 4.0-4.1 (t, 2H),  
4.9-5.0 (m, 1 H), 7.1-8-3 (m, 14H). Specific rotation, 
[a]D25'6= -0.61" (c 0.620g lOOml-'). 

3. Results and discussion 
3.1. Transition temperatures and mesophases 

The mesophase transition temperatures for materials 
(R,S)PmPBNP were determined by DSC in conjunction 
with optical microscopy. Mesophase identification was 
carried out principally by observing the microscopic 
textures of the materials sandwich-packed between the 
untreated glass plates. Ferroelectric S z  phases were 
further characterized by other electro-optical methods 

Representative DSC thermograms for compounds 
(R,S)PmPBNP (m=9 and 12) are depicted in figure 1 
on cooling. Figure 1 (a) refers to the cooling trace of 
(R,S)P9PBNP indicating that, as the temperature is 
lowered from the isotropic liquid (I), the phase transition 
occurs initially from the I to N* phase at 142WC, and 
subsequently to the TGBZ phase at 140-8°C. A significant 
transition of the TGBX to the S z  phase appears at the 
shoulder of the exothermic peak of the N* to Sx 
transition, demonstrating that the TGB* phase is medi- 
ated between the transition of N* and%: phases in a 
short temperature range as predicted by De Gennes 
[ l5]  and Lubensky and Renn [16] due to pretran- 
sitional effects. Similar thermal traces are also observed 
for the compounds with shorter alkyl chain lengths (m = 
7, 8 and 10). It is seen, however, that there is a slightly 
different DSC pattern in figure l(b) obtained for com- 
pound (R,S)P12PBNP. On cooling from the isotropic 
liquid, the I-N* transition occurs at 132.6"C, and is then 
followed by the N*-TGBX transition at 126.4"C. On 
continuously lowering the temperature, the TGBX phase 
range remains as wide as 13°C and is subsequently 
transformed to the TGBZ phase at 113.4"C and remains 
until crystallization. These thermodynamically stable 
TGBW and TGBE phases are also found in the com- 
pounds with longer alkyl chain lengths (m= 11, 13 and 
14). All mesophases detected are enantiotropic. 

The resulting mesophases and their corresponding 
transition temperatures are listed in the table. The phase 
behaviour of the (R,S)PmPBNP series as a function of 
the alkyl chain length m, is plotted in figure 2. It is 
clearly shown that the transition temperatures for both 
the N*-TGBX and TGB2-S: transitions gradually 
decrease, however, the temperature ranges of the 
TGBX phase increase from 1.3"C to 56°C as m increases 
from 7 to 10, correspondingly. The decline of the N*- 
TGBX transition temperatures accompanied with the 

~ 1 4 1 .  
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Figure 1. DSC thermogram for (R,S)PrnPBNP. (a) m = 9  and 
(b )  m= 12 on cooling. 

rise of the Sz-S: transition temperatures results in a 
decreasing thermal stability of the SX phase which is 
then completely suppressed by the existence of TGBX 
phase as m is extended to greater than 11. Surprising as 
it mag seem, the thermal stabilities of the TGBX phase 
are not significantly changed by increasing m from 11 
to 14. The diagram also reveals that lengthening the 
alkyl chain from m = 7 to 10 favours the formation of a 
ferroelectric S z  phase, and further lengthening m pro- 
motes the formation of thc TGBE phase. 

Transition enthalpies were determined by DSC and 
are also summarized in the table. It is very difficult to 
obtain separate transition enthalpies of the N*-TGBE 
and TGBX-S: transitions in the case of shorter alkyl 
chain length (m=7-10), since they so closely overlap as 
seen in figure 1. Thus, the enthalpies of both changes 

are summed and contained in the N*-TGBX transition. 
The cnthalpies of the S2-S: transition are not detectable 
in the DSC traces, however, the enthalpies of the 
TGBX-TGB: transitions, with the exception of m = 11, 
are detectable but rather small. It seems that both the 
SX-S,* and TGBX-TGB: transitions are of second order 
in nature. 

3.2. Microscopic observutions 
Compounds (R,S)PmPBNP sandwich-packed bet- 

ween two untreated glass slides were carried out in the 
cooling and heating cycles for the microscopic observa- 
tion of the textures. The N* phase appears in all 
members as characterized by the planar and par- 
amorphotic textures. On cooling to the TGBX phase, in 
the case of shorter alkyl chain length (m=7-lo),  the 
planar texture of the N* phase remains and simply 
selectively reflects the colour. However, the par- 
amorphotic texture alters to a spiral shape of filaments 
accompanied with homeotropic (dark) S, domain as 
shown as an example in figure 3 for m=9.  This spiral 
filament texture does not resemble the Dermis texture 
reported for most TGBX substances [ I ,  4, 6, 71. 
However, further investigation of the compounds packed 
in Can0 wedge cells showed a texture of filament zones 
and Grandjean plane disclination lines, and in homogen- 
eously aligned cells exhibited a cholesteric texture, dem- 
onstrating the existence of the TGBE phase [7,  171. 
Recently, a similar texture has been observed in a binary 
mixture of non-chiral with chiral substances in the 
TGBX phase close to the TGBE phase [ lS ,  191. Sprial 
filaments significantly reduce as the temperature 
decreases and completely disappear as the TGBi-S); 
transition occurs. Consequently, the SX phase displays 
typical fan-shaped and homeotropic textures. As the 
temperature continues to cool down immediately after 
the S i  phase, striated fan-shaped and pseudo- 
homeotropic (dark) textures appear characteristic of the 
S: phase. It is worth noting that the pseudo-homeotropic 
texture selectively reflects coloured light with changes in 
temperature; at lower temperatures the texture appears 
blue and at higher temperatures it appears red, as can 
be seen from figures 4(u) and (h) ,  respectively. This 
texture is called the 'petal' texture [ 201, characteristic 
of the S; phase, normally observed when the helix of 
the S z  phase is of a pitch such that iridescent light in 
the visible region of the spectrum is reflected. 

Similar microphotographic textures of the TGBX 
phase are also detected in the case of longer alkyl chain 
lengths (m= 11-14), with the exception that the spiral 
filaments remained unchanged in the whole temperature 
range of the phase. It has to be pointed out that the 
textures of these homologues depend remarkably on the 
thickness of the samples prepared between two untreated 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
7
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TGB2 phase LCs with 2 stereocentres 787 

Table. Transition temperatures and enthalpies AH (in italics) of chiral compounds (R,S)pmPBNP on cooling 

TPC and AHjkJ-' mol-I (in italics) 

m I N* TGB,* s'4* Sc*/TGBc* Cr m.p. 

7 152.5 150.1 148.8" 0 98.0" 0 97.3 0 115.1 

8 147.9 0 146.4 0 143.7" 106.1" 84.1 0 109.1 

9 142.8 140.8 0 136.0" 105.9" 0 79.1 0 97.1 

10 139.4 0 136-6 0 131.0" 108.4" 66.9 89.5 

11 134.3 127-5 0 114-1" 0 73.7 85.5 

12 132.6 126.4 0 11 3.4" 0 69.0 0 82.6 

13 138.5 133.7 0 119.7" 686 83.8 

14 1365 0 132.8 119.4" 7 1.1 80.5 

E 37.85 39-84 1.59 054 b 

1.67 0.50 29.69 30.12 

1.21 1.09 17.46 18.32 

b C 

b C 

1.14 064 013 16.04 1720 b 

C 1.17 0.92 26.25 27.12 

1.21 0.88 0.04 26.84 27.90 

1.38 0.63 0.25 18.21 1931 

1.93 0.96 0.29 29.52 30.45 

" The transition temperature was obtained by microscopic observation. 
The enthalpy of the TGB,*-S,* transition was added to the N*-TGB,* transition value. 
The enthalpy was too small to be measured by DSC. 

16C 

140 

,u 120 
1 

5 
8 
s g 100 

F- 

80 

60 I , , , , , ,  

7 8 9 10 11 12 13 14 15 

AUcyl chain length, m 

Figure 2. A plot of the transition temperatures as function of 
the alkyl chain length for (R,S)PmPBNP. 0, I-N*; 0 ,  
N*-TGBX; 0, TGBZ-SZ; ., Si-S;" or TGBZ-TGB;"; A, 
Sg-C or TGB,-C; A ,  m.p. 

glass slides. For example, the TGBX texture may appear 
as coloured spiral filaments spread over most of the 
microphotographic domain as shown in figure 5 and 
remain nearly unchanged in the whole temperature range 
of the phase. As the temperature lowers immediately 
after the TGBX phase, the texture displays not only 

coloured spiral filaments but are accompanied with 
striated disclination lines in certain areas as shown in 
figure6. A similar texture has been observed by Shao 
et al. [3], and proposed as evidence of the existence of 
the TGBE phase. 

Furthermore, an interesting microscopic texture was 
found in the materials packed in 2pm homogeneously 
aligned cells and cooled from the isotropic liquid without 
an applied electric field. The texture in the SE and 
TGBZ phases exhibit two types of domain with different 
relative directions of the smectic layer normal as shown 
in figure 7 obtained for compound m=9. This texture 
has been reported by Komitov et al. 11213, in some 
ferroelectric liquid crystal materials possessing the N*- 
S? phase sequence and is called a parquet or stripe-like 
quasi-periodic texture. This parquet texture detected for 
longer chain members (m= 9-14), illustrates that the 
formation of the texture has no connection with the 
origin of the Sz-SFj or TGBZ-TGBE phase sequence. 
The occurrence of this texture may presumably be 
attributed to the nature of interaction between liquid 
crystal molecules and homogeneously aligned 
polyimides. 

The results of the DSC study and the microscopic 
observations also clearly reveal that the TGBX phase 
behaves differently and depends remarkably on the alkyl 
chain length. One can conclude that in the case of 
shorter chain length (m< lo), the TGBX phase behaves 
in such a way as a metastable-like phase mediated 
between N* and SX phases and thus appears in a shorter 
temperature range, whereas, that of longer chain length 
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788 Shung-Long Wu and Wen-Jiunn Hsieh 

Figure 3. Thc planar and spiral filament textures of the Figure 5. The coloured spiral filament texture of the TGBX 
TGBX phase obtained for (R,S)P9PBNP under crossed phase obtained for (R,S)PllPBNP under crossed 
polarizing inicroscopy at 139.8'C (magnification x 600). polarizing microscopy at 120.2"C (magnification x 600). 

Figure 6. The coloured spiral filament texture with striated 
disclination lines of the TGB? phase obtained for 
(R,S)Pl lPBNP under crossed polarizing microscopy at  
108.1"C (magnification x 1200). 

61 

Figure 4. The petal and striated fan-shaped textures of the The parquet texture of the S,* phase in the homogen- 
S z  pfiase obtained for (R,S)P9PBNP under crossed eous alignment cell with 2 pm thickness obtained for 
polarizing microscopy at (a) 107-3°C and (b) 102.5"C (K,S)P9PBNP under crossed polarizing microscopy at 
(magnification x 600). 11 16°C (magnification x 150). 

Figure 7. 
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TGB: phase LCs with 2 stereocentres 789 

( m 2  1 l),  TGBX phase behaves as a thermodynamically 
stable phase and consequently exists in a wider temper- 
ature range. 

3.3. Spontaneous polarization 
The magnitudes of the spontaneous polarization (P,) 

for all materials were measured as a function of temper- 
ature in 2 pm homogeneously aligned cells. It is noted 
[3] that both the TGBX and TGBP phases could be 
converted to normal SX and S; phases by the application 
of an electric field resulting in electroclinic and ferroelec- 
tric switching, respectively. Examples obtained for com- 
pounds related to two different Curie points: Tsx-s~ (m = 
8, 9) and TTGBx-TGBr (m= 12) recorded at the frequency 
of 100Hz and amplitude of 38.5VP-, are shown in 
figure 8. It is clearly shown that the P ,  values are nearly 
identical at the same temperature below the Curie points. 
Moreover, the magnitudes of spontaneous polarization 

60- 

40 - 

20 - 

0 1 ' , ' , ' , ' , ' I ' , ' I  -8 

-60 -50 -40 -30 -20 -10 0 10 

T-T, /"C 

Figure 8. Magnitude of the spontaneous polarization plotted 
as a function of temperature for (R,S)PmPBNP. 0, m =  
8; 0 ,  m=9; A, m=12. 

32 

24 

16 
E' 

8 

O ! ' , '  I '  I '  I '  I '  

40 60 80 100 120 140 1 
Tenperatwe /"C 

1 

Figure 9. Temperature dependence of dielectric constant E' of 
(R.S)PmPBNP (m=8-10) at 1KHz. 0, m=8; x, m=9; 
n. m = 10. 

are evidently independent of the nature of the S2-S; or 
TGBT-TGBE transitions. 

3.4. Dielectric properties 
The real part of the dielectric constant E' measured as 

a function of the temperature (on cooling) for some 

30 

20 

E I' 

10 

0 
10' lo2 lo3 lo4 lo5 lo6 

Frequency I Hz 

El 6 Eft 

4 10 

2 

0 0 
10' 102 lo3 lo4 lo5 lo6 

Frequency/ Hi 

(b) 

10' lo2 lo3 lo4 lo5 lo6 
Frequency / Hz 

12 

8 

Eft  

4 

0 

(4 
Figure 10. Some representative dispersion curves of 

(R,S)PlOPBNP, plotted as E' and E" versus frequency in 
(a) the TGBX phase at 134.2"C, (b) the Sx phase at 1222°C 
and (c) the Sg phase at 93.7"C. 
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790 TGB, phase LCs with 2 stereocentres 

representative compounds (m = 8-10) at a frequency of 
1 kHz is plotted in figure 9. Sharp phase transitions of 
the S; to the corresponding S z  phase can be clearly seen 
from the dispersion curves. Interestingly, the results also 
indicate that the dielectric constant in the TGBX phase 
appears nearly the same as that in Sw phase, and suggests 
that the TGBX phase has a low dipole polarization in 
the applied electric field. 

More detailed macro- and micro-molecular motions 
of molecules in the mesophases investigated by fre- 
quency-dependent dielectric measurements for com- 
pound (R,S)PlOPBNP are presented in figures 10 (u)-(c). 
Figure 10(a) refers to the dispersion curves of 
(R,S)PlOPBNP in the TGB; phase at 134.2'C. The real 
part c' is not stable at low frequency but it keeps nearly 
flat at about 4.8 between l00Hz and 10kHz, indicating 
no significant occurrence of the relaxation process in 
the TGBX phase. The dispersion curves of figure 10(h) 
measured in the Sx phase at 122.2"C show that the real 
part E' keeps nearly flat at about 4.5 between l00Hz 
and 10 kHz. Around 10 kHz, they show a drop of E' and 
a loss of peak c", probably resulting from a soft mode 
tilt fluctuation [ 221. Figure 10(c) shows the dispersion 
curves in the SF phase at 93.7"C. The E' reaches about 
27 at low frequency and drops to about 4 at 10kHz, 
and a loss peak of E" appears at the relaxation frequency 
around 3 kHz. This feature may result from a Goldstone 
mode phase fluctuation [ 221. 

4. Conclusions 
A new series of chiral compounds (R,S)PmPBNP (m  = 

7- 14) has been demonstrated to exhibit two frustrated 
phases: TGBZ and TGBE. Moreover, the stability of 
these phases depends remarkably on the nature of the 
alkyl chain length m; as m< 10, the TGBX phase behaves 
as a metastable-like phase, whereas, as mB 11,  both the 
TGBX and TGBF phases become thermodynamically 
stable. Consequently, this series of chiral materials results 
in two distinguishable phase sequences: N*-TGBZ-SX- 
Sg and N *- TGBZ-TGB;. 
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