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LOW FREQUENCY DIELECTRIC RELAXATION BEHAVIOUR 
AT THE N-SA AND SA-Sc TRANSITIONS OF BS5 
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+ Inst i tute o f  Chemistry, Agricultural and Pedagogical 
University, 3-go MaJa 54, 08-110 Siedlce, Poland 
lnst i tu t  f u r  Physikalische Chemie, Technische Hochschule 

Inst i tute o f  Physics o f  the Jagellonian University 
Petersenstr .  20, 0-6100 Darmstadt, FRG 

Reymonta 4, 30-059 Krakbw, Poland 

* 

Abstract  I t  i s  shown that the dielectric relaxation time, connec- 
ted wi th  the reorientation about the shor t  molecular axis, changes 
more o r  less continuously at  the transitions: N-SA and SA-SC o f  
4-n-pentylphenyl- 4 ' -n-octy loxy-thiobentoate (gS5). Y e t  there is 
an evidence o f  pronounced steps in the intensity o f  the absorption 
at  both transitions. The activation energy has about the same value 
in all liquid crystalline phases. I t  meansthat the S A  and Sc pha- 
ses, having liquid like order within the layers, do not d i f fer  distinc- 
t ly in molecular dynamics. However, the s t ructure o f  both smectic 
phases has an impact on the dielectric increments. 

I NTR OD U CT I 0 N 

Dielectric properties o f  the nematic, SA and Sc phases of 8 S 5  
have been previously studied in the radio and microwave frequency 
ranges on the thick sample oriented by means o f  the magntetic f ield o f  
0.5 T . There are a few papers devoted t o  dielectric relaxation p ro -  
pert ies o f  the Sc phases showing up in other homologous series . 
I t  has been found that  the low frequency absorption curves maxima are 

upon the transition t o  the layered structures.  This ef fect  
i s  caused by the dipole-dipole correlations on one hand and some 
st ructura l  changes on the other. In one case the low frequency di-  
e lectr ic absorption shows also up perpendicular t o  the orienting ma- 
gnetic f ield but it was most probably caused by some imperfections in 
the alignment 3. In addition, it was found f o r  alkoxyphenyl-alkoxy benzoates 
that  the slopes o f  the Arrhenius plots are about the same in the N, SAl 
and Sc phases . 
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I t  i s  surprising that  the t i l ted Sc st ructure exhibits such a high 
reorientational mobility o f  molecules around their  shor t  axes, especially 
in comparison wi th  the orthogonal SA structure.  This e f fec t  i s  probably 
partially caused by some distortions o f  the layer planes in the magnetic 
f ield which aligns the director and creates defects.  So, the aligned Sc 
phase consits of "domains" in which the director i s  parallel t o  the 
f ie ld but the layer normals are evenly distr ibuted on the cone wi th  coning 
angle o f  2 8 ,  where 8 is the tilt angle. 

The aim o f  th is paper is t o  study the N-SA and SA-Sc  transitions 
by measuring - as suggested before - the low frequency dielectric spec- 
trum in much wider frequency range .  To this end a wide band dielectric 
spectrometer6,  covering the frequency range between 1 Hz and 13 MHz, 
has been applied. The measurements done f o r  8 S 5  give answers t o  
two  questions: 

low frequency dielectric relaxation and the ri l  relaxation time vary at 
the phase transitions as well as within the liquid crystall ine phases? 
2. Is the low frequency relaxation seen f o r  the Sc phase in the 
direction perpendicular t o  the orienting magnetic field? 

1 

1. How do the dielectric i n c r e m e n t ( A ~  = E !lo- € 1 1 ~  - - 2 ~ ' ' ~ ~ ;  o f  the 

EXPERIMENTAL 

Two components o f  the complex electr ic permittivity, E:= EL - i ~ ' ;  

f o r  k=I( and I, have been measured in the frequency range f rom 1Hz up 

t o  13 MHt on the thin samples ( d = 25 pn 1 o f  sS5 aligned by 
means o f  the magnetic f ield o f  1.2 T. The dielectric spectrometer used 
has been described elsewhere' . Transition temperatures f o r  the substance 
studied are the following: Cr.  - 3OoC - Sc- 54OC - SA- 6 3  O C  - N - 85OC - 1 ' .  
The orientation o f  the sample, obtained by slow cooling of  the nematic 
phase in the magetic field, was optically controlled. Accurate measure - 
ments o f  E' and E" have been done f o r  both principal directions in the N 
and the orthogonal SA phase, and also f o r  the Sc phase parallel t o  the 
director ( 3 1 ,and perpendicular t o  it. 
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RESULTS AND DISCUSSION 

Figure 1. presents the low frequency dielectric spectrum taken 
fo r  the Sc phase at  d i f ferent temperatures. The same kind o f  rneasure- 
ments have been done fo r  the N and Sc phases. 

FIGURE 1. 
phase o f  e S 5 .  Solid lines are Lorentzian curve f i ts .  

Low frequency dielectric spectrum obtained fo r  the Sc 

In Figure 2. one can see how the intensity o f  the absorption curve 
vary at  the N-SA and SA-Sc transitions. A t  the f i r s t  t ransi t ion the 

jumps f rom 0.35 t o  about 0.1 whereas at  the second it increases 
stepwisely f rom 0.1 t o  0.2. These resul ts allow us t o  draw the fol low- 
ing conclusions: 

1. A pronounced decrease o f  the E " ~ ~ ~  at  the N - SA transi t ion.  
i.e. between the two  uniaxial phases, i s  caused by the interlayer 
dipole-dipole correlations7pe what has been shown previously' by analys- 
ing the behaviour o f  the fll component extrapolated t o  low frequen- 
cies ( E 

2. An increase o f  the dielectric absorption at  the SA-Sc t rans i -  
t ion is probably due t o  the reduction o f  dipole-dipole correlat ions coming 
presumably f rom the defects in Sc st ructure created by the strong 
orienting magnetic field. 

% a x  

1. In th is paper it i s  experimentally proved. 
I10 
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3. The absorption peaks are pure Debye-type spectra characte- 
r ised by a single dielectric relaxation time ( T i ,  1. I t  means that  one has 
t o  do here wi th only one molecular process connected wi th  the reor ien- 
tat ion o f  molecules about their  shor t  axes ( 180'- jumps).  

P 9 
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Io6 f [Hzl 103 106 105 

FIGURE 2. A Comparison o f  the low frequency dielectric spectra 
obtained fo r  the N, SA and Sc phases. 

In addition it was found that  there is no low frequency re la-  
xation fo r  planar textures o f  both SA and Sc phases. Assuming that 
the electr ic permittivity tensor ( $ 1 is diagonal in the director f rame 
(x.y,z 11 $1 one can get that  in the laboratory f rame (X,Y,Zll$o) the 
following expressions fo r  the principal components: E ~ = $  ( E x x  + E~~ I 
and E ~ ~ = E ~ ~  . I t  means that  due t o  the homogenous distribution of the 

YY 
d i rector on the conical surface wi th  angular f ield 2 9 ,  the E~~ and E 

components become mixed. The Sc phase under investigations is then 
uniaxial f rom the dielectric standpoint. In the case o f  highly ordered 
t i l ted smectics ( e.g. Sl* 1 one can obtain dielectrically biaxial phase, 
the layers o f  which are either parallel o r  penpendicular t o  the meas- 
uring electric f ield . 9 
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Due t o  the dipole-dipole correlations present in both smectic 
phases it i s  di f f icul t  t o  calcualte the 8 tilt angle f rom the rat io  o f  the 
respective dielectric increments. I t  has been done before f o r  one o f  
the a l k o x y b e n ~ o a t e s ~  and the authors obtained a resonable value f o r  8. 
Using their  method o f  computing one obtains fo r  8S5 8 = (47  2)' which 
i s  definitely too high value. However, it shows that  the dipole-dipole corre-  
lations reduce the EII  componet as well as €'Aax very strongly. 

- \ \ 
I 

I 

On the other hand molecular dynamics i s  not much disturbed 
upon going f rom the N t o  the Sc phase via the SA one. I t  is  seen 
very clearly in Fig. 3 showing an Arrhenius plot spanned over all three 
liquid crystalline phases. 

12.5u 11.5 2.8 2.9 3.0 I 1 
3.1 3.2 9 CK-9 

FIGURE 3. 
o f  e S 5 .  Solid line i s  a least square fit t o  the experimental points. 

Arrhenius plot o f  rII fo r  the nematic, SA and Sc phases 

The values o f  the activation energies are about the same fo r  the all 
liquid crystalline phases and the average value amounts t o  ( 9 5  4 )  

k;/rnole. One can also notice that  there are practically no steps o f  
TI( at  both transitions. A conclusion can be then drawn that the mole- 
cular dynamics is - in the case o f  e S 5  - insensitive t o  the phase 
transi t ions and the dipole-dipole correlat ions do not influence the value 
o f  activation energy. 
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