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RELAXATION PHENOMENA IN 'HIE NEhlhl'lC, NISMATIC 
HEENrRANT AND SMECTIC A PI IASISS STUDIEI) l3Y I)IELEC'l'HIC 

SPECTROSCOPY 

,S. IYRRoBEL' , ~ f , ~ R O ~ ~ l K k , R . ~ ~ A ~ R ~ ~ # ~ K l  *,R GESTRJAIM *, FI< IfAASE *, S.JIII.LER 
Institute of Physics of the Jagellonian University, 3U-059 Kiak6rv. Reynionla 4. Poland; 
Institute of Cltemistry.,WAT. Pl-01-489 Warsaw, Kaliskicgo 2, Poland; 

P. Deparlment of Physics. Uppsala University. S-75121 IJppsala, Box 530, Sneden; ' lnstitule of Physical Chemistry, TH Darmstadt, Pelersenslr. 20, D-64287 Darmsfadf, Germany. 

Abstract Dielectric propertics nnd relaxation pmcrscs of hlnnry mixture (MIX I) and 
qurternary mlxtarc $MIX II), both wmpo8ed of 4-mlk~lphen~lrmrbonglorgd'-egnnophen~Is 
and -4'-cyanobiphcnpls, hmw heen studied by dielectric spectrorcolb) In the frequency 
r n n p  from 5 fat to 10 CHI- Dielectric masurcments haw bfen done for two prfnclpnl 
mllpments of the N, SmAd and NR phnm. In the caw of M I X  I1 the pmrnllcl component of 
dielectric permittivity shows a pronounced decrease in the Sm Ad phase ~ I I C  to dipoledipole 
comlrtion. This anomaly is much weaker for MIX 1. Lon frtqticncy spectra for both 
mixtures conrid of two well wparated al,sorptlon peak. connected, rerpectivcly, with 
biphenyl and triitbcnyl r l n ~  enllties. By fitting a .wm of two Cole-COIF functions it lpns 
pouible to compute dkleetric parrmtters of the rcluatioii pruccsses r~bwrvcd. In both 
rises the relunlinn times exhibit Arrbeniur type belirvior with nctlvrllon cneqv higher in 
the NR thmn In SmAd mnd N phases. At high frqecncies (from IOMIIz 4 0  IOGHz) a broad 
s~~ectmm. originating from m number of relaxation procewcs, have been otmncd. 

INTIIODUCTION 
Since the discovery of nemrtic reentrnnt (NR) phase by P.E. Clrclisi in 1975 its 
existence has been proved for ninny compouiids and for mniiy ntulticomponent 
systems as well. 1'Le most intriguing puzzle is tlint the NR phase shows up below 
a more ordered smectic Ad (SmAd) phase. The SmAd phase has the layer thickness 
between the moleculnr length ( f )  and its double, The emect of reentrance is caused 
by clinnge of equilibrium between correlnfed and non-correlated entities of 
molecules resulting from the competition betwecii long range arid short range 
order of molecules in the presence of thermal bath. Dielectric sorclroscofy is a 
good tool to study both structure rnd molecular dynamics o f  the N, SmAd and NR 
phases. In this paper a dielectric study of two mullicomponent niixtures is 
presented. Both mixtures exhibit nn "island" of SmAd phase2 surrounded by a 
nematic "sea" ( Figures la  and b ). As is seen (Ire mixtures are composed of two 
phenyl ring (2Ph) : 4-alkylpltenylearbonyloxy-4'-cynnophenyls and t h e e  plienyl 
ring (3Fh): 4-alkylphcnylcarbonyloxy-4'-cyanobiphei1yls. 

EXPERIMENTAL 
Low frequency dielectric spectra of MIX I rnd MIX I1 have beer1 measured in the 
frequency rnnge from 5 llz to 13 Mlfz using HP419tA impedance analyzer. The 
thickness of the saniple layer placed in a capacitor made of two gold coated glass 
plrles, wns 36pm . The sample was aligned homeotropically in thr N (or NR) by 
either mngnttic field of 1.2T or electric field of 1 MV/ni. Planar niignmest was 
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obtained by the mrgnetic field. Time domain spectroscnpy (TDS) was used l o  
study the high frequency relaxation processes in the frequency rnnge between 
10MHz and 10 GHz. 

Exemplnry mixtures studied : MJX I and MIX II hrd compositions denoted 
in Figures I n  and lb  by vertical dashed lines. The phase diagrams studied by 
nienns of polnrizing microscopy are as follows: 

MIX I:(glass;r) - NR - 17.3 - 19OC - SmAd - 71OC - N - 116.9OC - Is, 
MIX 11: (glassy)- NR - 44OC - SmAd - 74OC - N - 146.1OC - 1s. 

After some time the NR phascs go into a glassy state. The SniAd nnd NR are 
monotropic phases. 

The dielectric spectrn were analyzed in terms of two relrxdion mechrnisms 
by fitting the following model: 

* Ego1 - + Elp - € 1 ~  

1 + (iw*l)'-a' (1) 
'H = '11.. -+ 

(jwrl~-a 

w l i m  Z and Z ' nre respective relaxdibn times for Ibe 2Ph and 3Ph nioleculps, a nnd 
a' Are prrnmeten responsible for distribution of the rtlrxntioii times, E liO and & llm 
nrc, nspcctively, the stntie diclectric pmniltivity nnd Its high fivqumcy limit, end 
E 11~1 is  the qunsi-stntic didcctiic permittivity for the high B-cqocncy process mid nl  the 
snme time the high frtquency limit for the low fqueney daxaliou process. 

1 2t0, 

t S % k t , & ~ C O O ~ C N  1 O 0 h . C I H , ~ O C O O Q C N  

FIGURE 1 Phase diagrams for binary (a) quaternary (b) mirtures . 
RESULTS AND DISCUSSION 
Static dielectric permitlivitiw mensured at low frequencies for both mixtures are 
shown in Figures 2 and 3, respeetivtly. In the SmAd phases of both niaterials there 
are somt anomalies seen in the tempernture dependence of the E 10 component o f  
dielectric permittivity. In the case of the four component mixture (MIX 11) this 
snonialy is pronounced and it originates from strong antiparallel dipole-dipolr 
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correlations wlticli are fnvourwl in the Inyered stnicture of the SitiA,~ phase. Similar 
behavior has been reported before for 80CB3 and for r mixture showing SmAI 
phase4. An increase of &lo in the Sm& phase of MIX I is due to misrlignment. 
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FIGURE 2 Stntic dielectric permiltiviles ( E lo and & 10 ) obtriiied for MLX I . 

FIGURE 3 Static dielectric perniittivities (Ello and &LO) obtained for MIX II . 
The low frequency dielectric syectrn obtnined for the NR plirse of MIX J rnd 

for (Ire N phase of MIX I1 are shown In Figures 4 nnd 5, respectively. They consist 
of two well seprrated dispersion regions coming from 180°-jumps of 2-phenyI(ZPh) 
and 3-pLcnyl (WI) molecules around Lhelr short ~ x e s .  The splitting of Ihe two 
processes is quite good in the N, SmAd a i d  in the low temperrtiire rnnge of the 
N phase, so it was possible lo make decomposition of the spertruni nccordirig to 
Eq.(l). In the high tempernture range of the N phase both rehxalion processes 
merge in one brord spectrum which is dirCicult Lo decompose uniquely. 
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FIGURE 4 n) Dielectric spectrum for tlre NR phnse at MIX 1. Neat solid line 
represents a lenst-squrre fit of Eq. (I) to the erperinientrl poiiits. b) ColcCole 
plots of the above spectrum. Fat solid lines represent two main coiitribulions to the 
spectrum origiiiating from two different molecular species ( 2Ph arid 3Ph ). 

0 L 103 

2Ph 3Ph 

'2 L 6 8 10 12 1L 16 18 20 22 
€11- Ell01 Eil €110 

FIGURE 5 a) Dielectric spectrum of N phase of MIX ll. b) Cole-Colr plot (cf.Fig.4). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
2:

00
 2

1 
A

ug
us

t 2
01

2 



DIELECTRIC SPECTROSCOPY OF N, SmA, AND N, PHASES [1215]1227 

The relrxation times computed for both niolecrilar processes w e  presented in 
the Amheniris plots ( Figurt 6 ) having distinctly dimerent slopes in the consecutive 
liqriid crystrlline phases. One should note that the activation energies for both 
molecular processes are the highest in the NR phases (Table 1) what confirms 
dinier formation models697. For both molecular processes the activation energies 
obey the following condition: A ENR > A EN 2 A ESmA& 

L 
0 

0 .  
MIX I1 3Ph o o  

-11 i 
Int(s1 ; 

-1 6 i! -18 -1 7 2 .a 

FIGURE 6. Arrhenius plots of both molecular relrxation times ( 2 nnd 2') . 
TABLE I Avernge activation energies ( A  E in kJ/mol) obtained in dimerent 

phases of MIX I1 for two molecular processes. 
- 

Phase NR SmAd N 

Molecule 
31'11 (87.0 k 3.3) (68.3 rf: 1.2) (68.3 rf: 10.2) 
2 I'll (82.8 f 2.2) (52.2 f 1.4) (65.4 16.6) 

As is seen from the Arrhenius plots (Figure 6 )  there is n reasorirble splitting 
of the two molecular relaxation modes. This relation could be uiidcnlood in view 
of the tlreoreticrl 697 and x-ray structure investigations. 

It is worth pointing out that generally the activntion energies for 2Ph 
molecules are lower than those for 3Ph molecules. In addition, fhe activation 
energies for the NR phase arc distinctly higher than for the N one. ' Ib is  may mean 
that both kinds of molecules are more rigid in llie N, phrse and/or dimer 
Torninlion process takes plnce, l l i e  Tact that we ste separate relrxntion processeg. 
coming from the molecules having dislinctly dimerent lengths of their molecular 
bodies shows that the low frquency diekctric process is coniiectccl with n single 
molecular response rather than collective one. At last one should point out that the 
slope of the Arrlienius plots in all liquid crystalline phases studied, increases with 
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decnnsing temperature what supports the idea of n temperature driendent dimer 
formntion rnte. One cnn notice the biggest curvature in the rieiiirtic reentrant 
phnse. Similar results obtained for MIX I will be published1'! 

In the high frequency rnnge n brond dielectric relnxntion spectrum has been 
found with an nvernge relaxation time of the order of 10-9 s. The gap between the 

nnd the refractive index squared originates from many molecular and 
collective processes. They merge lo one brond dieleclric absorption bnnd with a 
distribution parameter of 0.4. 

Further studies of such systems like MIX I and MIX I I  are of grent 
iniportnnce as they mny lend to finding out either r n  antifermelectric phnse 
(SmA2) with strong negntive dipoledipole correlntion as described in8 or  even I 
ferroelectric phase with strong positive dipoledipole correlation. 

CONCLUSiONS 
1. The dielectric nnisotropy is positive in nll liqiiid crystalline phases studied. 
Ilowever, there is a pronounced decrease of the pnrnllel component of tlie dielectric 
permittivity in the SmAd phase of MIX II which might be primarily dale to dipole 
dipole correlation present in its layered interdigitnted struelure. MIX I exhibits a 
SmA phase with very weak dipoledipole correlation. 

2. The dielectric spectrr measured for the N, SmAd mid NR plinses nre composed 
of two quite well separated dispenion regions originating from tlie molecitlar 
reorientation of two and three phenyl species. This indicates tlint both relnxation 
processes are non-collective in their nature. 

3. The nrtivation energy in the NR phnse is distinctly higher thnn in the N and 
SmAd phases. The following condition is  valid for activation energies: 

AENNR ' >EN A ESmAd 
found in this study for two molecular relaxntion processes. 

4. Temperntiire dependent slope of the Arrheniirs plots for two moleriilnr processes 
shows that the rate of dimer formntion increases with decrensing temperature. 
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