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Th e meth od of dete rm in ati on of the main com ponent s of electric permit -
ti vit y tensor for the cholesteric liquid crystals w as prop osed. T he metho d w as

used to interpret the results obtained for pure 4-[(S,S)- 2,3 epoxyhexyloxy ]-
-phenyl- 4- (decyloxy)- b enzoate and the binary mixture of cyanobiphenyls.

PACS numb ers: 61.30.Eb

1. I n t rod uct io n

1.1. Di elect r ic ani sotropy of l iquid cr yst als

The electri c perm i tti vi ty is a tensor. The num ber of components of thi s
tensor needed to describe the di electri c properti es of a given m ateri al depends on
i ts sym m etry [1]. Am ong uni axi al l iquid crysta ls, the sim pl est for descripti on are
m ateri als in whi ch the sym metry axi s and the di rector n are para l lel. Thi s ki nd
of sym metry ta kes place in nemati cs, smectics A and B [2]. In thi s case, onl y two
components of the electri c perm i tti vi ty tensor " i j are needed to describe di electri c
pro perti es. These values can be determ ined by m easuri ng " along the di recti ons
para l lel ( "

k
) and perpendicul ar ( " ? ) to n.

1.2. Symmet r y and anisot ropy of physical proper ties of cholester ic l iquid cr ystals

In cholesteric l iqui d crysta ls, whi ch are also cal led chi ra l nem ati cs, the di -
recti on of the vecto r n is a functi on of positi on [2]. The changes of thi s di recti on
wi thi n the volum e of l iqui d crysta l are regul ar and draw a hel ix wi th a pi tch, whi ch
depends on tem perature. The cholesteric phase, simi lar to the nem ati c phase, has
one symm etry axi s. In thi s case, the hel ix axi s L , perpendicul ar to the di rector n ,
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is the sym m etry axi s [2]. From thi s pro perty fol low two sim plest m easuri ng con-
Ùgurati ons in di electri c experim ents:
{ electri c Ùeld E perpendicul ar to the hel ix axi s L (E ? L ) real ized in the Ùnger-
pr int t exture,
{ electri c Ùeld E para l lel to the hel ix axi s L ( E k L) real ized in the grandjean
t exture.

Thi s paper is devoted to descripti on of the dielectri c properti esof the cholesteric
phase in both menti oned system s of coordi nates | one connected wi th the cholesteric
hel ix, and another wi th the di recto r n .

2. E x per i m en t a l

The resul ts reported were obta ined for the cholesteric and isotro pic pha ses
of tw o materi als:

El ectri c perm itti vi t y was measured in cells of the sandwi ch typ e. The m easure-
m ents were perform ed in two conÙgura ti ons: Ùngerpri nt and grandjean. The Met-
tl er hot stage and the Uni pan 650 H Temperature Co ntro l ler were used to stabi l ize
the temperatures of sam pl es wi th an accuracy of Ï 0 :0 1 K.

A magneti c Ùeld about 1 T strength was used to unwi nd cholesteric hel ix.
El ectri c capaci ty of m easuri ng cell , whi ch had been previ ousl y cal ibra ted wi th
l iqui ds of a kno wn electri c permi tti vi t y, was used to calcul ate " of l iqui d crysta l .

3 . T heor et ical

T o determ ine the m ain com ponents of the " i j tensor in the case of uni axi al
sym m etry using the exp erimenta l data obta ined in the tw o menti oned opti onal
geometri c conÙgura ti ons, one has to tra nsform the " i j tensor from the coordi nate
fram e related to the m ain axes of m olecule into the fram e di rectl y related to the
exp eriment (laborato ry frame) [3]. Let us denote the m ain values of the local
electri c perm i tti vi t y ell ipsoid as " 1 ; " 2 , and " 3 , where " 1 = " 2 = " ? denotes
the electri c permi tti vi t y in the di recti on perpendicul ar to the long axi s of the
m olecule (p erpendicul ar to the local di rector n ), whereas " 3 = " k expresses the
electri c perm i tti vi ty in the di recti on of the long axi s of m olecule (para l lel to the
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local di rector n ). Af ter tw o successive tra nsform ati ons of the Cartesi an coordi nates
assigned to the local ell ipsoid of electri c perm i tti vi t y

( x 1 ; x2 ; x 3 ! x0

1
; x 0

2
; x0

3
! x 00

1
; x 00

2
; x00

3
) ;

whi ch consi sts in the rota ti on by the angle ˚ around the x 2 axi s, and then the
rota ti on by angle ' around x 3 axi s, one obta ins the representa ti on of the local
" i j tensor in coordi nates in whi ch symm etry axi s is ti l ted to the di recti on of the
di rector n (angle ˚ ), and di recti on of n can rota te around i t (' azim utha l angle).
In the ideal, undi sturb ed structure of the cholesteric phase the angle ˚ describing
ti l t symm etry axi s from the n di recti on is equal to 9 0 £ ( ˚ = 9 0 £ ). The angle ' and
x 00

3
are related to each other by the fol lowing form ul a:

' =
2 ¤

p
x 0 0

3
: (1)

In practi ce, if the sam pl e dim ension along the di recti on of the x 00

3 axi s is much
larger tha n the helical pi tch p , the experim ent gives an avera ged value of " i j along
a parti cul ar di recti on. T o calculate the m ean values " i j of the components of the
local electri c permi tti vi t y tensor one has to m ake avera ging over the angle ' for
length corresp ondi ng to the hel ix pi tch. Then the non-zero components of the " i j

have the fo llowi ng form :

" 1 1 = " 2 2 =
1

2
( " 0 + " 2 ) ; " 3 3 = ( " 1 + " 3 À " 0 ) ; (2)

where " 0 = " 1 cos2 ˚ + " 3 sin2 ˚ . For ˚ = 9 0 £ we obta in " i j tensor in the Ùnal f orm

" 1 1 = " 2 2 =
1

2
( " 3 + " 2 ) =

1

2
( "

k
+ "

?
) " 3 3 = " 1 = "

?
: (3)

T ensor " i j i s di agonal in the laborato ry fram e x 00

1
; x 00

2
; x 00

3
. It describes a uni axi al

crysta l wi th a sym metry axi s para l lel to x0 0

3
, i .e. to the hel ix axi s L . Af ter rem ovi ng

the hel ix structure (e.g. wi th a m agneti c Ùeld appl ied along x 00

2
axi s) the azimutha l

angle is equal to zero for who le sam ple ( ' = 0 £ and ˚ = 9 0 £ ). It givesthe fol lowi ng
components of the dielectri c tensor:

" 0

1 1
= " 3 = "

k
; " 0

2 2
= " 2 = "

?
; " 0

3 3
= " 1 = "

?
: (4)

Now the " i j tensor is diagonal in the laboratory fram e x0 0

1 ; x 00

2 ; x 00

3 and describes a
uni axi al crysta l wi th a symm etry axi s para l lel to x 00

1
, i .e. to the n di recti on. Thi s

is the symm etry of the nemati c phase.

4. R esu l ts of cal cu l at io ns

Appl yi ng the above considerati ons and Eq. (3) to the resul ts of electri c
perm i tti vi ty m easurements of the cholesteric l iqui d crysta l wi th grandj ean conÙg-
ura ti on one can wri te

" h
k

= " 3 3 = " 1 = "
?

; (5)

where " h
k

denotes the perm i tti vi ty along the hel ix axi s L (x 00

3 3 ) :
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The m easurem ents perform ed in the cholesteric sam ples of \ Ùngerpri nt " ori -
enta ti on allow one to determ ine the component of " along a di recti on perpendi cular
to the hel ix axi s " h

?
. T aking into account Eq. (3) one can wri te

" h
?

= " 11 = " 22 =
1
2

( " 3 + " 2) =
1
2

( " k + " ? ) : (6)

Appl yi ng a stro ng m agneti c Ùeld along a di recti on perpendi cular to the helix axi s
(B ? L ) may cause unwi ndi ng of the cholesteric hel ix. Af ter unwi ndi ng the hel ix,
the electri c perm i tti vi t y changes from " h

?
= ( 1=2)( "

k
+ "

?
) to "

k
accordi ng to

Eqs. (4) and (6). The m agneti c Ùeld of the sam e orienta ti on (B k L ) does not
cause any change in the value of " h

k
.

T o characteri ze the ani sotro py of a given physi cal quanti t y one frequentl y in-
tro duces a parameter cal led \ anisotro py" , whi ch is deÙned as a di ˜erence between
the values of thi s quanti ty measured along the di recti on of symm etry axi s, and per-
pendicul arl y to i t [1]. Thus, the anisotro py of electri c perm itti vi t y of cholesteric
can be expressed as

Â " h = " h
k

À " h
?

: (7)

T aking into account Eqs. (6) and (7) one can wri te

Â " h = " h
k

À " h
?

= "
?

À

1
2

( "
k

+ "
?

) =
1
2

("
?

À "
k

) : (8)

Appl yi ng a m agneti c Ùeld, whi ch unwi nd the hel ix structure, leads to a tra nsi ti on
from the cholesteric structure to the nem ati c structure. It means tha t the l iqui d
crysta l layer sti l l m aintains uni axi al sym metry , but the positi on of sym m etry axi s
is changed by 9 0 £ . The sym m etry axi s of the nem ati c phase points to the di recti on
of n (whi ch is paral lel to the X 1 axi s). Thi s means tha t the conÙgurati on used
to determ ine electri c perm i tti vi ty along the di recti on perpendicul ar to the hel ix
sym m etry axi s " h

?
, af ter unwi ndi ng, al lows one to determ ine " k of the nem ati c

phase. Thus,

" unw
?

= " 3 = "
k

; (9)

" unw
k

= " 1 = " 2 = "
?

: (10)

D eÙning \ di electri c anisotro py" of the nem ati c phase as

Â " = " k À " ? (11)

and com paring (8) and (11) we obta in

Â " h =
1

2
( " ? À "

k
) = À

1

2
( "

k
À " ? ) = À

1

2
Â " ; Â " h = À

1

2
Â " : (12)

For l iquid crysta ls composed of the sam e m olecul esthe di electri c ani sotro py in the
cholesteric phase am ounts to hal f of i ts value in the nemati c phase and has the
opp osite sign (Fi g. 1b, Fi g. 2b).

5 . R esul t s an d d iscu ssio n

Fi gure 1 presents the resul ts of dielectri c m easurements of the 4-[(S, S)-2,3
epoxyhexyl oxy]- phenyl -4-(decyl oxy)- benzoate (EP OX Y) m ateri al as a functi on of
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Fi g. 1. Results of dielectric measurements of the EP OX Y material (p oints), and results

of calculati ons (lines). (a) " i j p ermittivi ty tensor comp onents, g r a n dj ean texture (op en

circles), f ing er pr in t texture ( Ùlled circles). (b) Dielectric anisotropy Â "
h and Â " , results

of calculati ons (op en circles), results of experiment (Ùlled circles).

Fig. 2. Results of dielectric measurements of the M I X TU RE material (mixture of

cyanobiphenyls K 21 and C B1 5). (a) " permittivi ty tensor comp onents, tex-

ture (op en circles), texture (Ùlled circles), texture (op en trian-

gle), after unw inding helix structure (magnetic Ùeld applied ). (b) Dielectric anisotropy

and , results of experiment (op en circles) with magnetic Ùeld appli ed, results of

experiment (Ùlled circles) without magnetic Ùeld.

tem perature. Thi s m ateri al reveals a qui te uncom mon feature reported by D ierk-
ing et al . [4], i.e. the tem perature induced inv ersion of the hel ix pi tch. Accordi ng
to Dierki ng a decrease in tem perature from the isotro pic phase pro duces the fol -
lowi ng molecul ar arra ngement:

isotro pic l iqui d dextro rota to ry cholesteric ( inversion of the hel ix pi tch )

nem ati c phase laevorota to ry cholesteric SmC * .
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Opti cal observati ons carri ed out duri ng the dielectri c measurements conÙrmed thi s
sequence of phaseswi th one excepti on onl y. D uri ng m easurem ents of the (E ? L )
component, perform ed in 5 ñ m cell givi ng the homeotro pi c ori enta ti on, a laevoro-
ta to ry cholesteric pha se was not observed at al l, the nemati c phase covered the
range from 8 2 : 5 £ C to 8 0 £ C. Fi gure 1a shows the results of calculati ons based on
the model described above | the points correspondi ng to the nem ati c phase and
the line calculated for the cholesteric phase are placed on the sam e curve.

The exp erimenta l resul ts (points) and the results of calcul ati ons (sol id lines)
perform ed for the m ixture of cyanobi phenyls (K2 1/ CB1 5) is shown in Fi g. 2a.

Accordi ng to our exp ectati ons the calculated results agree well wi th the
exp erimenta l data obta ined in the presence of magneti c Ùeld (Fi g. 2a).

It is worth noti cing tha t Â " h m ay take positi ve or negati ve values depending
on the structure of m olecules form ing the l iquid crysta l . For the cholesteric phase
composed of bi phenyl molecules (K2 1/ CB1 5) (ha vi ng the di pole m oment para l lel
to the molecular long axi s) Â " h i s negati ve, whereas for the cholesteric phase of
EPOXY m ateri al (havi ng the dipole m oment perpendicul ar to the m olecular long
axi s) Â " h i s positi ve (Fi g. 1b, Fi g. 2b).

6 . Co n cl usion s

The m etho d f or determ inati on of the electri c perm itti vi t y tensor components
from the data obta ined in cholesteric phase is proposed. The used model properly
describes di electri c pro perti es of l iqui d crysta l in both cholesteric and nem ati c
phases. The m etho d enables one to determ ine the nem ati c l ike com ponents of the
" i j (i n the system of n di rector coordi nates) wi tho ut unwi ndi ng the cholesteric
hel ix. The metho d may be also used to predi ct the change in dielectri c pro perti es
caused by induci ng the cholesteric hel ix in nem ati cs. These two features and the
sim pl icit y make the metho d useful in laboratori es, whi ch deal wi th the pro perti es
of l iquid crysta ls in electri c Ùeld.
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