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Based on the Ma ier {Meier theor y, a mo del is prop osed in whi ch the
electric permitti vi ty values of the cholesteric li qui d crystals can be lin ked

to their molecular parameters (ñ | d i p o le m o m e n t ; ˜ | po la r i z a bil it y ) .
T o accomplis h this pro j ect there w ere deÙned the transf ormation principl es
from the liqui d crystal structure frame to the molecular frame, and a metho d
for renderin g the single m ol ec ul e parameters ( ñ; ˜ ) into a set of averaged

quantities of the macroscopic ensemble w as o˜ered. This model w as used
to calculate a dip ole moment and p olari zab il i ty for two liqui d crystallin e
materials from electric permittivi ty measurements. T he results are compared

w ith the data obtained from M P 3 calculati ons.

PAC S numb ers: 61.30.Eb

1. I n t rod uct io n

The cholesteric l iquid crysta ls (cholesterics) also kno wn as chi ra l nem ati cs
are characteri zed by spi ra l sym metry axi s (a hel ix) form ed in thei r volum e [1].
One could believe tha t the dielectri c properti es of the cholesterics are predi ctable
on the basis of the physi cal parameters of a sing le molecule consti tuti ng the l iqui d
crysta l . It should imply a step forwa rd in di scussing the physi cal pro perti es of thi s
group of materi als. Starti ng f rom the descripti on in term s of m es o p h ase thi s step
wo uld enabl e us to atta in the level mo l ec u l e . Three parti cular probl ems must be
cl ariÙed before such m odel is ẽ ected :

1. Ori entati onal order of the m olecul es of the l iqui d crysta l .
2. D eÙniti on of the local Ùeld.
3. R elati on between \ m acroscopic param eters" ( " ; n ) and \ molecul ar pa-

ram eters" (ñ; ˜ ).

(373)
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For nemati c l iquid crysta ls these pro blems have been solved by Ma ier and
Mei er [2]. These autho rs have m ade an extensi on of the Onsager theo ry [3]. In thei r
theo ry a m olecule is represented by an ani sotro pi c polari zabi l i t y ˜ wi th pri ncipa l
elements ˜

k
and ˜ ? in spheri cal cavi ty of radius a . Furtherm ore, there is a per-

m anent di po le m oment ñ tha t m akes an angle Ù wi th the di recti on ˜ k (di recti on
of long axi s of ell ipti c molecule). Thi s calcul ati on involves the fol lowing appro x-
im ati on: the anisotro py of the electri c perm i tti vi ty is not ta ken into account for
calculati ons of the cavi ty factor, reacti on Ùeld facto r, and the interna l Ùeld factor.
Thi s appro xi matio n impl ies tha t interna l electri c Ùeld is ta ken to be isotro pic, just
as in the case of the Vuks equati on for nonp olar m olecules [4].

Ma ier and Mei er equati ons account sati sfactori ly for m any essential f eatures
of permi tti vi ty of nemati c liqui d crysta ls wi th polar molecules and are sti ll used for
calculati ons of the m olecular parameters from electri c perm i tti vi ty m easurem ents
(see f or exam ple [5]).

An extensi on of the Ma ier and Mei er theo ry to the cholesteric l iqui d crysta ls
wi l l be attem pted in thi s study .

2. Ex p er im ent

The m easurements described in thi s study concern the cholesteric phase of
two l iqui d crysta l m ateri als. Fi rst of them , [4-(2-m ethyl but yl) phenyl 4 0 -cyano-
1,1 0 -bi phenyl -4carb oxyl ate] shortl y cal led as D4, is produced at laborato ry of Pro-
fessor R. D ¨ browski .

The other one, kno wn as C E8, ([4- (2-methylbut yl ) phenyl 40-octyl -1,1 0-bi -
phenyl -4carb oxyla te] is suppl ied by BD H:

Two m easuri ng conÙgurati ons are avai lable: the Ùnger pr in t texture, when
the hel ix axi s L l ies in the plane para l lel to the electro des and the Grand jean
t exture when the helix axi s L is perpendicul ar to the surface of the sam ple. It
m eans tha t, wi th respect to the laborato ry reference system, the m easurem ents
are m ade either in the di recti on para llel or perpendicul ar to axi s of the hel ix.
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El ectri c permi tti vi t y wa s m easured using cells pro duci ng uni form al ignm ent
of the sampl es of 25 ñ m thi ckness. The m easurem ents were m ade using Hewl ett
Packard Im pedance Ana lyzer 4192A. Temperature wa s stabi l ized in a Mettl er m i-
cro scopic hot stage and Uni pan 650H tem perature contro l ler. Therm al stabi l i ty
of Ï 0 : 0 1 K could be easily mainta ined. Bi refri ngence of the sampl es wa s mea-
sured wi th the modiÙed wedge m etho d. The lens of curvature radius 21.7 m m was
empl oyed. The interf erence pattern was obta ined at Ñ = 5 9 0 nm monochro matic
l ight and the distances between dark fri nges measured using the cal ibrated eye-
pi ece of the m icroscope. The opti cal measurements were perform ed using the same
tem perature contro l .

3 . T heor y

Bef ore attem pti ng the di scussion of di electri c properti es of the cholesterics i t
wo uld be worthwhi le summ ari zing the speciÙc features of thi s ki nd of a structure.
The ani sotro pi c m olecules of whi ch a liqui d crysta l is com posed exhi bi t ori enta -
ti onal order. D i recti on of the local opti cal axi s is shown wi th the uni t vecto r n |
the d i r ec tor . Its di recti on changes smoothl y in the vo lum e of the l iqui d crysta l as
described by the equati ons of hel ix orderi ng of a pi tch p . Local ly, i.e. in the volum es
thi nner tha n the pi tch: d § p , the orderi ngs of cholesterics and the nemati cs are
indi sti ngui shable. On these pri nci ples, the appl icati on of the pro cedure used in the
outl ini ng the m odel of the di electri c properti es of the nem ati cs to the cholesterics
system seems well justi Ùed.

The orderi ng of the l iquid crysta l cholesteric phase is characteri zed by the
occurrenc e of the spira l sym metry axi s L perpendicul ar to the di rector n . W ith
the electri c perm i tti vi t y m easured at the two avai labl eexperim enta l conÙgura ti ons
the determ inati on of the permi tti vi t y tensor " h

i j
becomes possibl e. In the case of

the Ùnger pri nt texture, in whi ch the electri c Ùeld is perpendicul ar to the di recti on
of the helix axi s (E ? L ) " h

?
i s measured. The paral lel com ponent " h

k
of the electri c

perm i tti vi ty " h
i j

i s obta ined from the m easurem ents for the sam ples exhi bi ti ng the
Grandj ean texture i.e. E k L . In the main axi s f ram e deÙned wi th respect to the
hel ix axi s (L k X 3 ) the electri c permi tti vi t y tensor " h

i j
i s of the form

" h
i j =

0

@
" h

?
0 0

0 " h
?

0

0 0 " h
k

1

A : (1)

The tensor " h
i j

can be tra nsform ed to the coordi nates system Ùxed wi th the di recto r
n fram e. The tra nsform ati on pri nci pl es have been discussed previ ously [6].

The relati ons between the components of the perm i tti vi ty tensor " i j (ex-
pressed in the n vecto r coordi nates system ) and " h

i j are fol lowing [6]:

" h
k

= " ? ; (2)
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" h
?

=
1
2

( "
k

+ "
?

) : (3)

" k and " ? are the elements of the electri c perm itti vi ty tensor " i j . In the m ain axi s
representa ti on so chosen tha t the X 3 is al igned para l lel to the di recto r (nem ati c
typ e order), i.e. n k X 3 , the tensor " i j can be wri tten

" i j =

0

@
" ? 0 0

0 "
?

0

0 0 "
k

1

A : (4)

Theo ry of Ma ier and Mei er [2] deri ved the equati ons, whi ch correl ate dielec-
tri c pro perti es of nem ati c l iqui d crysta ls to m olecular parameters. In thi s study
tra nsform ati on rul es from nemati c to cholesteric order were used to compl ete pro-
cedure described by these autho rs.

Hence the addi ti onal assumpti ons wi l l be m ade:
| Lo cal ly, i .e. at the depth d less tha n the helix pi tch (d § p ) the distri -

buti on of the m olecular sym metry axes is governed by the distri buti on functi on
deÙning the order parameter S , as i t is in the nemati cs.

T o calcul ate cavi ty facto r h , reacti on Ùeld factor f and interna l Ùeld factor
F the fol lowing mean values are used:

" =
" k + 2 " ?

3

˜ =
˜

k
+2 ˜ ?

3

m ean values of the electri c permi tti vi ty and polari zabi l it y;

f =
" À 1

2 ¤ " 0 a 3 (2 " + 1 )
; F =

1

1 À f ˜
; h =

3 "

2 " + 1
:

| Com ponents of the polarizabi l i t y tensor of cholesteri c l iquid crysta l are
given by equati ons

h ˜ k i
h = N ˜ À

1

3
Â ˜ S ; h ˜ ? i

h = N ˜ +
1

6
Â ˜ S (5)

(N | numb er of m olecules, Â ˜ = ˜ k À ˜ ? ).
| Ori enta ti onal polari zati on along and perpendicul ar to the L (hel ix axi s)

are given by

h ñ 2
k

i
h =

1

3
ñ 2 1 +

1

2
(1 À 3 cos2 Ù) S ;

h ñ 2
?

i
h =

1

3
ñ 2 1 À

1

4
(1 À 3 cos2 Ù) S : (6)

Accordi ng to Eqs. (5) and (6), in the cholesteric phase the l iqui d crysta l
perm i tti vi ty tensor " h

i j becomes

" h
k

= 1 +
N hF

" 0

˜ À

1

3
Â ˜ S + F

ñ 2

3 k T
1 +

1

2
(1 À 3 cos2 Ù)S ; (7)
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" h
?

= 1 +
N hF

" 0

£

˜ +
1

6
Â ˜ S + F

ñ 2

3 k T

ç

1 À

1

4
(1 À 3 cos2 Ù) S

Ñ¥

: (8)

The dielectri c ani sotro py of a cholesteric, deÙned as Â " h = " h
k

À " h
?

can be ex-
pressed as

Â " h =
N hF

" 0

ç

À

1

2
Â ˜ S + F

ñ 2

4 k T

À
1 À 3 cos2 Ù

Â
S

Ñ

: (9)

In the isotro pi c phase (sim i larly as for the nemati cs), when S = 0 and addi ti onal ly,

" h
?

= " h
k

= "; " k = " ? = ";

Eqs. (7) and (8) wo uld reduce to the Onsager form ula [3]:

" =
N hF

" 0

˚

˜ + F
ñ 2

3 k T
:

Opti cal bi refri ngence (Â n ) m easurements have been m ade for two materi als
D 4 and CE8 in the cholesteri c phase. The resul ts are displayed in Fi g. 1.

The electri c perm itti vi t y of the two materi als D 4 and CE8 was m easured in
two conÙgurati ons as a functi on of tem perature. The resul ts are shown in Fi g. 2.

The m etho d, described by Kuczy¥ski et al . [7], o˜ers the possibi l ity to de-
term ine the tem perature dependence of S from the opti cal bi ref ringence Â n . Ac-
cordi ng to [7] one m ay wri te

Â n = Â n 0 1 À

T

T Ê
; (10)



378 J . Ho˜mann

Fig. 2. Electric permittivity ; (A ), (B) D 4 and C E8 data, respectively . T he solid lines

are draw n follow ing the calculati ons based on Eqs. (7) and (8) w ith the parameters of

T able.

where Â n | opti cal bi ref ringence of cholesteric l iquid crysta l , Â n 0 | the assumed
m agni tude of Â n 0 extra polated to 0 K tem perature, T Ê and Û are constants (T Ê

i s about 1{ 4 K higher tha n cl eari ng tem perature and the exp onent Û < 1 ) [7]. The
order param eter S i s described wi th the form ula

S =
Â n

Â n 0

: (11)

W i th the standard num erical Ùt of Â n as a functi on of tem perature the param -
eters Â n 0 ; T , and Û were determ ined. Subsequentl y, enteri ng these values into
Eq. (11) the results S = f ( T ) were di splayed as the solid l ines in Fi g. 3. The order
of m agni tude of S in the investi gated tem perature range is characteri stic of the
nem ati cs.

Fig. 3. Temp erature dependence of the order parameter S ; (A ), (B) D4 and C E8 data,

resp ectively . T he results S = f ( T ) calculated from Eq. (11) were displayed as the solid

lines.
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The exp erimenta l values of the tem perature dependence of electri c perm i t-
ti vi ty (the experim enta l points in Fi gs. 2A and 2B) have been used for the deter-
m inati on of ˜ ; ñ , and Ù of the sam ples.

The num erical Ùt of these data sets was based on Eqs. (7) and (8) and
the dependence S = f ( T ) available from the m easurements of the bi refri ngence.
The Ùnal results of the calcul ati ons and data calcul ated usi ng the semi-empiri cal
MP3 metho d by Ma ¤ecki [8] are col lected in T abl e. Each value of the param eters

T ABLE

Molecular parameters of the investigated liqui d
crystals.

Parameter D4 CE8

this work [8] this w ork [8]

˜ [ 10
À 4 0 F m2 ] 37 Ï 4 39 55 Ï 5 46

˜ F m ] 46 40

ñ C m] 20 7

Ù 32 65

˜ ; ñ , and Ù is an avera ge of the set of numb ers measured in the exp eriment.
The accuracy of the parameter magni tude is deÙned as the largest deÛection f rom
the mean value. W hen discussing the resul ts gathered in Tabl e one Ùnds tha t the
predi cted values agree wi thi n 10% wi th tho se obta ined f rom the best Ùt to the
exp erimenta l data .

Fi gure 2 presents the argum ent corroborati ng the correctness of the num -
bers determ ined above. T ogether wi th the experim enta l data points the sol id l ines
are drawn fol lowing the calcul ati ons based on the form ulas (7) and (8) wi th the
parameters of T able. The discrepancy between the experim ent and the theo ry is
wi thi n a few percent.

W ith regard to the anisotro py of di electri c pro perti es of the cholesteric l iqui d
crysta ls one ought to take into account Eqs. (9). Since N ; h; F ; " ; Â ˜ ; S , and
ñ are positi ve, it fol lows from Eq. (9), the sign of the anisotro py of cholesterics
is determ ined by the expression

A =
1

2
Â ˜ S + F

ñ

4 k T
1 3 cos Ù S: (12)

The onl y term of Eq. (12), whi ch m ay change sign, are the bracket (1 3 cos Ù) .
It wi l l be negati ve for the angles Ù between 0 and 5 4 : 7 4 whi ch m eans tha t also
Â " < 0. For the angles Ù from the range 5 4 : 7 4 < Ù < 9 0 the expression
1 3 cos Ù i s positi ve and the sign of Â " wi l l depend on the inequal i ty

F
ñ

3 k T
(1 3 cos Ù) >

1

2
Â ˜ : (13)

Contra ry to the properti es of nemati cs, thi s m eans tha t the condi ti on Â " > 0
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Fig. 4. Dielectri c anisotropy (Â "
h

= "
h
k À "

h
? ) of cholesteric liquid crystals (A ) D4 and

(B) C E8 data.

can onl y be observed in the l iqui d crysta ls consi sting of molecules who se di pole
m oment is tra nsversal to the \ long axi s di recti on" (5 4 : 7 4 £ < Ù < 9 0 £ ) and in the
situa ti ons where the orienta ti onal part of the di electri c polari zati on is larger tha n
the contri buti on due to the anisotro py of the polari zabi l i ty Â ˜ .

W hen

F
ñ

4 k T
(1 3 cos Ù) =

1

2
Â ˜ ;

i t fol lows from Eq. (9) tha t Â " = 0, theref ore, in stati c electri c Ùelds the cholesteric
l iqui d crysta l wi ll act as an isotro pic di electri c. Al l the above l isted equati ons
adequatel y describe the experim ental results. Fi gure 4 displ ays the tem perature
dependence of Â " for the two materi als. In the materi al coded as D 4 the di pole
m oment m akes wi th the \ long axi s di recti on" an angle Ù 3 0 £ < 5 4 : 7 4 £ ; Â " < 0
(Fi g. 4A). On the other hand, for the l iqui d crysta l CE8 , Ù 7 0 £ > 5 4 :7 4 £ and
Â " > 0 (Fi g. 4B).

The m odel presented here relates the electri c perm i tti vi ty values "
k

; "
?

of
the macroscopic sampl es of the cholesteric l iqui d crysta ls to the actual molecular
parameters ( ˜ ; ñ; Ù ). It opens a way for the calcul ati on of the average polar-
izabi l i ty , but also i t m akes possibl e to Ùnd i ts anisotro py Â ˜ and the pri ncipa l
components ˜

k
and ˜ ? of the tensor ˜ .

The preci sion of the m etho d can be impro ved by the appl icati on of an in-
dependent m easurement of opti cal refracti ve indi ces. The previ ously pro nounced
relati on [6], between the di electri c anisotro py of the cholesteric l iqui d crysta ls Â "

and the dielectri c anisotro py Â " of the nemati cs m ade of identi cal m olecules, can
further be corro borated wi th the argum ents based on Eqs. (7){ (9). It becomes
possible to predi ct the sign of Â " from the magnitude of Ù | the angle between
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the long axi s of molecul e and the dipole mom ent. D espite the necessary simpl i fyi ng
assumpti ons the resul ts accompl ished wi th thi s m odel could be appreci ated.
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