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The relaxation times r of the slowest processes in the parallel dielectric permittivity of various 
nematic guest-host systems have been measured as a function of temperature. A correlation 
between r and its temperature dependence is found, indicating increasing temperature dependence 
for increasing T, independent of structural details of the guest molecules or properties of the 
host matrices which, however, had similar clearing temperatures. Alternations in r for a homol-
ogous series of guest molecules are observed. Increasing host permittivity leads to increased 
values of r while the viscous properties of the host show little influence on r. 

1. Introduction 

R e l a x a t i o n a t radio frequencies in the dielectric 
permitt iv i t ies of nemat ic substances has been 
studied b y m a n y authors [1]. In isotropic l iquids of 
molecules of a size similar to nematogenics the rota-
t ional motion of polar molecules leads t o re laxat ion 
phenomena in the 100 M H z region. I n nematics , 
similar processes occur which are, however , com-
plicated b y the anisotropic nature of the fluid. F o r 
the longitudinal p e r m i t t i v i t y a m u c h slower process 
in the 1 M H z region is also observed. I t can be attri-
b u t e d t o the " 1 8 0 ° - j u m p s " b y which , roughly 
speaking, t h e molecules switch f r o m parallel t o 
antiparallel a l ignment (up or down) w i t h respect t o 
the director. 

This j u m p process is expected t o be a v e r y slow 
isolated mode, wrell dist inct f rom t h e fas t modes of 
orientational real ignment preserving the up- or 
down property . F o r this reason one expects t h a t 
this jumping process is well described b y a single-
re laxat ion t ime formalism which leads to the clas-
sical D e b y e formula for the dispersion of the parallel 
dielectric p e r m i t t i v i t y in accordance wi th m a n y 
observations [2]. In systems wi th more t h a n one 
component several slow re laxat ion processes for the 
individual species h a v e been separated w h e n t h e y 
differed suff iciently in their re laxat ion t imes [3]. 
I n simple theories of rotat ional dif fusion in iso-
tropic liquids the v iscosi ty determines the rotat ional 
diffusion coefficient and hence the re laxat ion t ime 
for reorientation [4]. B y ana logy i t has been sus-
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pected t h a t the slow re laxat ion in n e m a t i c s is cor-
related with viscous properties of t h e nemat ic . I n 
the present invest igat ion wc consider a series of 
relat ively long molecules dissolved in nemat ic host. 
B y v a r y i n g the structure of the solutes and of the 
solvents we obtain some insight in the factors deter-
mining the re laxat ion t ime of the solutes and its 
dependence on temperature. F o r appl icat ions these 
relaxation processes are interesting w i t h respect to 
tw ro-frequency addressing schemes for twisted 
nematic displays. These methods util ize t h e change 
in sign of the dielectric anisotropy w i c h m a y occur 
upon changing the f requency , due t o t h e above-
mentioned relaxation processes [5]. F o r these ap-
plications large re laxat ion t imes w i t h w e a k tem-
perature dependence are desirable. 

2. Experimental, Substances and Parametrization 
of Measurements 

T h e measurements have been m a d e in a capacitor 
with an area of n cm 2 and a plate spacing of 1 m m 
provided b y a teflon ring. T o el iminate the influence 
of s tray capacitances a g u a r d ring construct ion was 
used. T h e measurements were m a d e w i t h a W a y n e -
K e r r B 642-bridge in the low-frequency range up to 
20 k H z and wi th a Wayne-Iverr B 602-bridge be-
tween 100 k H z and 10 M H z . I n t h e range between 
20 k H z and 100 k H z a labor-made bridge wras used. 
T h e connecting cables were k e p t short for low 
inductance. W h e n evaluat ing the measurements 
wre took into account their inductance wrhich, how-
ever, led to sizable corrections only for frequencies 
above 3 M H z . T h e nematic l iquid crysta l was 
oriented b y a magnet ic field of a b o u t 7 k O e in 
which the surface orientation of the director pene-
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Table 1. Composition, clearing temperature T c , dielectric 
permittivities ey and £±, flow aligned shear viscosity rjs, 
average Debye relaxation time Th, amplitude of relaxation 
(5ch and estimated ratio for the rotational viscosity y\ over 
rjs for the pure host mixtures. 

Host mixture HI H2 H3 

Components MBBA (54), PCH5 (55), E6 (18), 
(mole%) E7 (19), 

4ECH2 (24), PCHE3 (23), E8 (12), 
M18 (16), 

5ECH1 (22) PCHE5 (22) M21 (17), 5ECH1 (22) 
M24 (18) 

Tc [°C] 58.8 62.7 62.5 
«II (25 °C) 4.01 16.30 24.10 
s± (25 °C) 5.01 5.45 6.80 
Vs (25 °C) [cP] 25 24 77 
rh (25 °C) [jxs] 0.204 0.172 0.456 
<5eh (25 °C) 0.38 13.2 20.3 
(yi/rjs) est. 4.5 6.0 4.6 

trates b y less t h a n 5 [im into t h e bulk. T h e tem-
perature was k e p t constant wi thin 0.1 K b y a 
circulating water thermostat (Haake F 3 K ) . 

Three nematic host matrices h a v e been used 
which are characterized in T a b l e 1 . T h e y where 
chosen as representatives h a v i n g var ious polar i ty -
(dielectric permitt iv i t ies g|| a n d e±) and viscous 
(flow aligned shear v iscosi ty rjs) properties. I n order 
t o y ie ld large mesophase ranges each of t h e m con-
tains several of the fol lowing components : 

CH3O 

C/)HJ 

C„H, 

C/.Hc MBBA 

0 
c ^ o 0CmH2m+i nECHm 

• O ' - o ^ © - « 
PCHEn 

PCHn 

C/iH2n+1 0 CN 

En 

M3 n 

T h e numbers before and af ter the short names 
indicate the number of C-atoms in t h e a lcyl sub-
stituents except for t h e b iphenyl component M 

where it has become a custom t o indicate three 
t imes the number of C-atoms. 

A s guest molecules we have used several pyr imi-
dine derivatives of the general structure [6] 

r = \ N 
N = C 

SJf 

- O 

/ r y j © 
which we denominate b y T P n . A subscript T P k n 
indicates t h a t t h e benzene r ing number k w a s 
hydrated. T h e only two-ring sys tem invest igated 
w a s the Schiff base S [7] 

NEC 6 ™ 13 

T h e longest molecules invest igated were the diesters 
D E k of the structure [8] 

k = 
\_J 

1 2 

This index k indicates t h a t in position number k the 
hydrogen was subst i tuted b y a m e t h y l group. Be-
cause of the length of these guest molecules t h e y 
are expected to show dielectric re laxat ion processes 
well separated f r o m those of t h e shorter host mole-
cules. 

Solutions of r o u g h l y 10 mole. % of all t h e guest 
molecules with t h e host mixture H 1 h a v e been in-
vest igated. T h e hosts H 2 and H 3 were o n l y used 
w i t h the molecule D E 2 . 

T h e complex parallel p e r m i t t i v i t y e\\ w a s deter-
mined as a funct ion of the f requency / of t h e elec-
tric field and of the temperature. T h e f requency w a s 
var ied in steps of a factor ~ 1 .5 in the range where 
en changed appreciably . T h e measurements were 
f i t ted b y a D e b y e - t y p e re laxat ion formula of t h e 
form 

dsi 
(2.1) £I|M = £ l l , 0 + 2 T 

z = i
 L i cor i 

where co = 2 n j . 
Table 1 contains the values of the re laxat ion 

t imes Th and of the ampli tudes <5eh of the pure host 
mixtures which were obtained f r o m a single-relaxa-
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Pig. 1. Cole-Cole plot of the longitudinal dielectric permit-
tivity £|| in the frequency range 50 kHz < / < 3.5 MHz for 
the solution of TPi7 in HI at a temperature of 39 °C. The 
solid circle corresponds to L—l, ös = 3.525 and r = 0.278 
[is in (2.1). The points are measured. 

t ion t ime fit (L= 1 in (2.1)). A characterization of 
the re laxat ion of the pure host b y a single relaxa-
t ion process is o f ten a good approximat ion in these 
mul t icomponent mixtures of molecules of similar 
size [9]. Furthermore, in our case the interest was 
focussed on t h e re laxat ion behaviour of the added 
guest molecules which occurred at considerably 
longer t ime scales. T o e x t r a c t the guest relaxation 
t imes T f rom the measurements the characterization 
of the host re laxat ion b y a single re laxat ion time th 
p r o v e d to be sufficient for the hosts H 2 and H 3 , 
in which cases r and Th differed b y a f a c t o r of more 
t h a n 30. I n the case of H 1 it was not e v e n necessary 
t o t a k e into account the host re laxat ion in the 
fitting procedure (rh smaller b y a fac tor of 3 to 15) 
because in addit ion the ampli tude of the host relaxa-
t ion process deh was b y a fac tor of 10 smaller than 
the one for the guest molecules. In these cases a t w o 
term expression [L — 2 in (2.1)) would h a v e been 
inadequate , owing to the l imited measuring ac-
c u r a c y a t t h e high f requency ranges where the host 
re laxat ions become effect ive. T h e Cole-Cole-plot of 
F i g . 1 gives an indication of the qual i ty of the agree-
m e n t between experimental points and fitting curve. 

3. Results and Discussion 

A t y p i c a l g r a p h of the logarithm of the D e b y e 
re laxat ion t ime r of the guest molecule versus the 
reciprocal absolute temperature is shown in Figure 2. 
T h e curve is acceptably well linear a l though one 
observes near the clearing temperature an enhanced 
reduct ion in r while a t low temperatures there 
seems t o be an indication of an enhanced rise. 
T a b l e 2 contains a compilat ion of the experimental 
results obtained for the various solutions. The tem-

3.0 3.2 3.4 1000/T(K) 

Fig. 2. Logarithm of the guest relaxation time r versus 
reciprocal temperature for TPi7 dissolved in HI. The mea-
sured points are well fitted by the Arrhenius line (3.1) 
except at temperatures near the clearing point. 

perature dependence of r ( T ) is characterized b y a 
temperature T a w hich w a s obtained from adapt ing 
an expression of the form 

r(T) = too • e x p { T a / T } (3.1) 

to the linear portion of the measured In r-versus-
T - 1 graphs. In an Arrhenius t y p e interpretat ion 
T a multiplied b y B o l t z m a n n s constant is an act iva-
t ion energy. A further q u a n t i t y of interest is the 
amplitude de ((2.1) for L = 1) div ided b y the 
molar i ty of the solute per unit vo lume. This quan-
t i t y depends on the order parameter and magnitude 

Table 2. Guest concentration c, lowest relaxation (guest 
relaxation) time r and corresponding amplitude 6e (2.1) 
at 25 °C and activation temperature Ta (3.1) for several 
solutions. Also given are the clearing temperatures T c 
(guest) of the pure guest material. 
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TPi3 HI 0.348 0.563 11.64 7.77 194.5 
TPi4 HI 0.347 0.583 11.58 7.79 179.6 
TPi5 HI 0.346 0.771 11.44 7.91 175.5 
TP16 HI 0.343 0.779 11.23 8.00 163.0 
TP]7 HI 0.340 0.942 11.21 8.21 159.8 
TP]8 HI 0.339 1.020 11.57 8.31 152.3 
TP 5 HI 0.278 1.246 14.05 8.26 241.0 
TP25 HI 0.277 1.323 13.25 8.30 231.0 
TPi,25 HI 0.277 0.650 11.29 7.89 175.0 
S HI 0.410 0.705 9.09 7.81 96.4 
DEI HI 0.219 3.004 17.38 9.37 159.7 
DE2 HI 0.218 3.254 17.82 9.44 174.7 
DE2 H2 0.194 11.27 10.06 11.60 174.7 
DE2 H3 0.203 14.15 11.52 11.67 174.7 
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of the molecular dipole and is also influenced b y 
so lvent properties as expressed for instance b y 
react ion field and c a v i t y factors [10]. Since we h a v e 
no densi ty data avai lable, Table 2 instead contains 
t h e <5fi-values divided b y c, the mola l i ty of solute, 
t a k e n per unit mass of solution. F o r comparison 
purposes this q u a n t i t y is equal ly useful because 
we e x p e c t in our systems only small variat ions in 
densi ty . 

T h e values of r measured at constant tempera-
ture TR = 298.2 K show a clear correlation with the 
va lues of as can be seen in F igure 3. The larger 
t h e guest relaxation t ime T x (^R) of a guest-host 
sys tem x , the larger is its act ivat ion temperature 

x • A linear re laxat ion of the form 

12.0 

kg/mol 

2 r 7a,x= n . R l n f r x ^ l O / T o ] (3.2) 

described the general trend of the measurements 
rather satisfactori ly a l though it neglects some more 
detai led features. T h e particular choice of the 
reference temperature TR is of no significance for 
t h e v a l i d i t y of a re laxat ion of the form (3.2) as can 
be seen b y writing 

Tö,i= ~ Töl• (3.3) 

A reference temperature independent characteriza-
t ion of (3.2) is hence g iven b y the t w o parameters 
To ant T o . Our measurments yield the fol lowing 
values 

T0 - 1 . 3 3 ns , TQ = 392 K , (3.4) 

Pictor ia l ly the relation (3.2) implies t h a t the 
s tra ight lines (3.1) in the In T versus T~l plots 
(Fig. 2) have a c o m m o n intersection occurring a t 
the point (In TO, ^Y 1 ) - However , To lies far a b o v e 
the clearing temperature of the hosts whence To is a 

Ini(̂ is) 
Fig. 3. Activation temperature Ta of the relaxation time 
of various large molecules in nematic matrices versus 
logarithm of the relaxation time at 25 °C. The measured 
points fall reasonably well on the line (3.2) with the param-
eters of (3.4), which is also plotted. 

Fig. 4. Logarithm of the relaxation times and amplitudes 
of the relaxation process at 25 °C for a homologous series 
of TPin dissolved in the host matrix H 1. Also shown are 
the activation temperatures Ta which, similar to In r, 
show an alternation. 

fictive re laxat ion t ime. I n addition one must per-
haps remember here t h a t the three host materials 
h a v e v e r y similar c laearing temperatures, some 
60 K below To- I f the relation (3.2) applies to 
further systems at all, w e suspect t h a t t h e y must 
p r o b a b l y h a v e similar host clearing temperatures. 

T h e homologous sequence of the T P i ? i shows 
distinct alternations in In T (25 °C) as well as in T & 

which are superimposed onto the considerable 
increase in these quantit ies wi th increasing a l k y l 
chain length (Figure 4). T h e molecules w i t h an odd 
number of carbon a t o m s in the a l k y l chain show 
enhanced values compared with the even ones. This 
a l ternation parallels the behaviour of the clearing 
temperatures of the pure guest molecules as shown 
in the last column of T a b l e 2. T h e property of odd-
chain homologues to show enhanced nematogenic 
tendencies, thus, seems t o correlate wi th a reduced 
probabi l i ty of undergoing 180° reorientational 
jumps. 

Also shown on Fig . 4 are the amplitudes de ((2.1) 
w i t h L = 1) divided b y t h e molar i ty of the solute. 
Surpris ingly these va lues show a minimum around 
the h e x y l compound. F r o m the similarity of the 
surrounding we e x p e c t t h a t reaction field and 
c a v i t y contributions [10] v a r y little while the 
magni tude of the molecular dipole m o m e n t is 
expected t o be the same for the whole series. T h e 
chain length thus seems to influence the dipolar 
order possibly v ia average conformation properties 
and geometrical compat ib i l i ty with the host molec-
ular arrangement . 
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Of interest is furthermore a comparison of t h e 
influence of the different molecular core structures 
on the dielectric relaxation properties. Comparing 
the TPfc5 compounds, a striking feature is t h e 
influence of hydrat ing the first benzene ring, w h i c h 
reduces the re laxat ion t imes b y a b o u t a fac tor of 
two. On the other hand hydrat ion of ring © has 
l itt le effect on t h e va lue of the re laxat ion t ime. 
H o w e v e r , as expected, the length of the rigid core 
of the molecule has the dominant influence on t h e 
values of r [11]. 

T h e ampli tude d e j x ^ of the terpyrimidines 
T P 5 decreases considerably upon h y d r a t i o n of the 
benzene ring © possibly due t o reduction a n d 
misal ignment of the molecular dipole. H y d r a t i o n 
of ring © in turn has again little influence. 

Interesting differences are seen for the molecule 
D E 2 in the three host mixtures. Most obvious is t h e 
strong increase of r wi th increasing average dielec-
tric constant e of the host (Table 1). On the other 
hand, if e is t a k e n as a parameter which influences 
T it seems t h a t the v iscosi ty is unnecessary as an 
additional parameter . A l m o s t no change of 7]s is 
seen in going from H I to H 2 where r increases b y 
more than a factor of three, while between H 2 and 
H 3 a big change in rjs and little change in r is ob-
served. This surprising [11 , 12] finding is h a r d l y 
modified if instead of rjs the rotat ional v iscosity is 
considered. F r o m viscosity measurements on class 
specific b inary mixtures [13] one would deduce for 
the ratios yi/??s the estimates quoted in T a b l e 1, 
which v a r y only b y 3 0 % . A f u r t h e r interesting 
result is the va lue of de/c observed in the three 
different host materials. A l t h o u g h low values of 
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de/c seem to correlate to some e x t e n t wath high 
£-values of the host, t h e difference between H 2 and 
H 3 indicates t h a t other parameters must be of 
importance. 

4. Conclusion 

F o r t h e slow dielectric relaxation processes of 
large molecules in nematic solvent it appears to be 
a rule t h a t the slower t h e relaxation, the stronger is 
its temperature dependence. Quant i ta t ive ly this is 
expressed in (3.2) t o (3.4). Secondly, for structural ly 
similar molecules the relaxation t ime is higher in 
cases of increasing nematogenic tendencies of the 
pure solutes. In homologous series alternations in 
the re laxat ion t imes are observed. W i t h regard t o 
the host properties it appears t h a t its dielectric 
properties strongly influence the re laxat ion times of 
the guest molecules while the viscous properties of 
the host are of minor importance. This last indica-
t ion is rather unexpected [11, 12] since in the sim-
plest theories for isotropic liquids a direct correla-
t ion occurs. 

F r o m the point of v i e w of applications the con-
nection between r and its temperature dependence 
is against the need for large r and low temperature 
dependence. On the other hand the lack of influence 
of the host v iscosity on r m a y give hope to find 
systems suitable for t w o frequency addressing wi th 
fair ly low viscosity . 
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