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Study of Reentrant Nematic and 
Smectic Phases Using Dielectric 
Relaxation? 
C. LEGRAND, J. P. PARNEIX, A. CHAPOTON,$ NGUYEN HUU TINH, 
C. DESTRADES 
$C.H.S., LA CNRS 287, P4, Universite de Lille I, 59655 Villeneuve d'Ascq, 
5C. R.P .P ., Domaine Universitaire, 33405 Talence, France 

(Received July I Y, IY84) 

Dielectric properties are reported of new pure substances exhibiting reentrant nematic 
and reentrant smectic phases. The quasistatic dielectric constants (ci;,e:, c,',) and the 
dispersion of c;. c: and c: is the radiofrequency range (5Hz-1GHz) have been in- 
vestigated. The current experimental dielectric behaviours are examined and discussed 
using our experimental data. 

INTRODUCTION 

Many aspects of molecular motion and structure in mesophases can 
be revealed by dielectric characterization. Recently, this method has 
been used to investigate reentrant We have continued 
these studies using other pure substances or mixtures exhibiting reen- 
trant b e h a v i o ~ r . ~  We report here some new dielectric measurements 
on similar compounds recently synthesized in the C.R.P.P.5.h 

EXPERIMENTAL 

The substances investigated with their chemical formulae and phase 
sequences are given in table 1. It can be noted that the compound 

tPresented at the Tenth International Liquid Crystal Conference, York, July 15- 
21. 19x4. 
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REENTRANT NEMATIC AND SMECTIC PHASES 2 79 

DB,0N02 shows a triple reentrant behavior while the compound 
llONBBA exhibits smectic C, F and G phases below the reentrant 
nematic phase. 

The dielectric permittivity (E* = E’ - j E”; dielectric constant, E’; 
dielectric loss factor, E”) was measured using two Hewlett-Packard 
Analyzers driven by a H.P. table computer (figure 1). The experi- 
ments were carried out at variable frequency and constant temper- 
ature. For a given temperature, the two components of the permit- 
tivity V.S. frequency were automatically deduced. The data were 
available in real time on a printer or a plotter (in the range 5Hz- 

HP 0 7  

COMPUTER 

PRINTER . .  

- 
FIGURE 1 The r*(f)  experimental set-up. 
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FIGURE 2 The experimental cell. 

lGHz, 150 experimental points were produced in about two minutes). 
The experiments were made using a new parallel plate cell (figure 
2). The sample was introduced into the cell by capillary action. The 
required sample volume was very small (lower than 5 mm3). The cell 
was temperature controlled (? 0.2"C) up to 200°C. A 1.2 T static 
magnetic field was applied to orientate the sample. It was estimated 
that the overall uncertainty in E' was 2% and lower than 5% in E". 

RESULTS AND DISCUSSION 

The variation of the static dielectric constants €1, E:, EC of llONBBA 
and DB,0N02 with temperature are given in figures 3 and 4 re- 

/ 

S C  Nrc G sw N I 

4 1 . 1 -  1 .  t .  t t. 
90 100 110 120 130 140 150 160 1-70 180 lSOt("l 

FIGURE 3 The static permittivities V.S .  temperature of 110NBBA. 
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282 C. LEGRAND ef al. 

spectively. The l lONBBA dielectric anisotropy he’ = el; - E; shows 
the usual trend where A d  increases in the high temperature nematic 
phase when T decreases, remains almost constant in the S,, phase 
and then increases in the low temperature nematic phase and in the 
smectic C phase. DB,0N02 however, shows an unusual behaviour. 
The anisotropy of the mid-temperature reentrant nematic phase N,e, 
remains constant with temperature. This is perhaps related in some 
way with the existence of two adjacent S,, phases. When the tem- 
perature is decreasing, A d  decreases from the second reentrant ne- 
matic phase Nre2 to the Sc phase where it changes sign. 

Both compounds show similar dynamic behavior in their different 
mesophases. Typical Cole-Cole plots (E’ (E”)) of the permittivities 
E;, E: in the mesophases and €2 in the isotropic phase of l lONBBA 
and DM,0N02 are shown in figures 5 and 6 respectively. 

As usual,’ one can observe a strong Debye relaxation mechanism 
for E; (“flip-flop” molecular orientation around a transverse axis) at 
low frequencies. In the perpendicular direction and in the isotropic 
phase, the dispersion observed is widely spread showing the existence 
of numerous relaxation mechanisms due to the rotational and li- 
brational motions of molecules. Note that the drastic increase of d‘ 
towards the very low frequencies is connected with the sample con- 
ductivity. 

The most important results relate to the variation with temperature 

a- 
SAd 
140°C 

FIGURE 5 Cole-Cole plots of IIONBBA. 
a E; in the S,, phase T = 140°C 

(F in MHz) 
b r: in the S,, phase T = 140°C 

(F in MHz) 
c c: in the isotropic phase T = 181°C 

(F in MHz) 
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REENTRANT NEMATIC AND SMECTIC PHASES 283 

a, & 
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0 
5 

b, c 

~~ 

sA1 
120°C 

&* 

S A 1  
120°C 

5 7 ' &  
FIGURE 6 Cole-Cole plots of DB,0N02.  

a E; in the S,, phase T = 120°C (F in MHz) 
b e: in the S,, phase T = 120°C (F in MHz) 

of the critical frequency fc of the 6,; dispersion. Figures 7 and 8 show 
that the logfc V.S.  1/T plot is linear in each phase. Hence assuming 

an Arrhenius dependence fc - e exp ( - - g), one can deduce the 

process activation energy W in each phase, from the straight line 
slope. The results are as follows: 

11  ONBBA 
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tt t t 1 t 

1 f r (  10'~9<"') 
FIGURE 7 Relaxation frequencies V.S.  the inverse temperature and activation ener- 
gies for 11ONBBA. 

The activation energies satisfy the following inequalities: 

wNre >> wSAd 

The first inequality has been previously observed with compounds 
exhibiting reentrant1.2.4 or non reentrant phenomenon.8 The second 
one is rather usual. For a classical Sc phase it has been observed that 
w, - ws,.9 

In this case, the inequalities are the following: 

These results seem to indicate that the molecular associations are 
different in the low temperature and high temperature nematic and 

In all previous ~ t u d i e s , ' . ~ , ~ . ~  concerning reentrant nematic phases, 
it has always been observed that: WNre > WN. With DB90N02,  we 

s A , j  phases. 
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FIGURE 8 Relaxation frequencies V.S. the inverse temperature and activation ener- 
gies for DB,ONO,. 

obtain WNre, < W,. This can be connected with the appearance of a 
low temperature reentrant S,,, phase instead of a S,, phase.6 

This could also explain why WsA, > WNrel,  when the reverse trend 
W,,, < W ,  has always been o b ~ e r v e d . ' . ~ , ~ . ~  

Note that the WsA, value is rather inaccurate due to the small 
temperature range of this phase (6°C). For the same reason, it was 
impossible to determine W,,,, (3°C). 
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