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Polari zed li ght absorptio n spectra of seven dichroic azo-dyes dissolv ed in
mesogenic side-chain polysil oxanes w ere recorded as a function of temp era-

ture . On the basis of the spectra the optical order parameter of the dyes w as
determined. T he inÛuence of the dye on the phase transition temp eratures
of polysil oxanes w as examined. T he results obtained for p olysil oxanes were
compared w ith the data for low molecular w eight li quid crystal.
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1. I n t rod uct io n

In recent years therm otro pi c l iqui d crysta l l ine polym ers (L CPs) have been
the subj ect of much research because these substa nces com bine the vi scoelastic
pro perti es speciÙc for polym ers wi th the well -kno wn properti es of low m olecu-
lar wei ght l iquid crysta ls in a single materi al [1{ 3]. Thi s com bi nati on is parti c-
ul arly im porta nt for side-chain LCPs [4], where relati vely mobi le m esogenic side
groups m ay be ori ented by m eans of externa l forces whereas the polym er back-
bone pro vi des a suspending m atri x. The polym er high vi scosity then al lows the
induced order to be stored by rapid cool ing the sam ple to below the glass tra nsi-
ti on tem perature, TG . Theref ore one of the m ain appl icati ons of side-chain LCPs
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wi l l be in opti cal inf orm ati on data storage. It is also possible to use these sub-
stances in electro-opti cal di splay devi ces, wa vegui des in opti cal com muni cati ons,
selecti ve Ùlters and reÛectors. Mo reover, side-chain LCPs can be uti l ized as the
wel l -ori enti ng solvents to study the di recti on-dependent m olecular properti es of
the di ssolved guest molecules [5] ( \ guest{ host" e˜ect [6]). On the other hand, the
guest molecules can be used as pro bes to reÛect the orienta ti onal pro perti es and
dyna mics of polym eric host m edium [7, 8].

Fi nal ly, som e dopant m olecules ori ented in side-chain LCPs give possibi l i ty
to use such system s in nonl inear opti cs. It is kno wn tha t for second order nonl in-
ear pro cesses,such as second harm onic generati on or the nonl inear electro-opti cal
e˜ect, i t is necessary to operate wi th the medium wi th som e degree of order [4].
Side-chain LCPs ful Ùl thi s requi rement. If , addi ti onal ly, the dopant wi th high value
of the second order hyp erpolari zabi l i ty Ù i s chosen, one is able to obta in the system
wi th nonl inear coe£ cients (at opti cal frequenci es) much larger tha n tho se found
in inorgani c single crysta ls. The compounds wi th high Ù -value should be searched
am ong the m olecules exhi bi ti ng large changes of dipole mom ent at ¤ ! ¤ Ê elec-
tro nic tra nsiti on from the ground state to the exci ted state [4]. Mo lecules ful Ùll ing
thi s condi ti on are the so-cal led charge tra nsfer (CT) m olecules. Typi cal exampl es
of such CT- molecul es are azo-dyes molecules. They possessdelocal ized electrons in
conjugated ¤ -electro n system and the absorpti on of the vi sible l ight by these dyes
resul ts from a ¤ ! ¤ Ê charge tra nsfer tra nsiti on, the di recti on of whi ch is mostl y
para l lel to the m olecular pl ane [9]. Theref ore, azo-dyes dissolved in side-chain
LCPs seem to be ideal nonl inear m edia. It is also possible to synthesi ze copoly-
m ers conta ining both m esogenic and azo-dye uni ts in thei r side chains [4]. Thi s
gives a possibi l i ty of greater dye concentra ti ons in the l iqui d crysta l l ine polym eric
m ateri al to be used and higher opti cal contra st ra ti o to be achi eved.

In thi s paper we have presented the resul ts of the study of the ori enti ng
behavi our of some di chroic azo-dyes di ssolved in polysi loxanes wi th m esogenic
side groups. We would l ike to check the inÛuence of the m olecul ar structure of the
dye on i ts order parameter as wel l as the e˜ect of the dichro ic dye presence on the
m esophase range of the matri x. The results obta ined have been com pared wi th
the data for the low m olecular weight l iquid crysta l havi ng the molecular structure
sim i lar to tha t of side groups.

2. E x per i m en t a l

Two mesogenic side-chain siloxane polym ers wi th di ˜erent spacer length
(LCP 1 and LCP 2) and low m olecul ar weight l iqui d crysta l (LC 1) were used
as host m atri ces. LCPs were synthesi zed at the W arsaw Academ y of Ag ricul ture
(F acul ty of General Chem istry), as described in the l i tera ture [10], vi a hydro xy-
lati on of an alkene typ e m esogen [4-(5-alk enyloxy )- benzoic acid 4 0-metho xyphen yl
ester] wi th poly-(m ethylh ydro gensiloxane) (M ERCK). LC 1 was synthesi zed at
the Mi li ta ry Uni versi ty of T echnology in W arsaw (Insti tute of Chem istry). The
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T ABLE I

Molecular structure and mesophase ranges of liqui d crystal materials
investigated.

LC Molecular structure T ransition temp erature [K ]

LC P 1 G{ N N { I

350.5 378.6

LC P 2 G{N S{N N {I

27 8: 2 326.1 382 :2

LC 1 C r{N N {I

320.4 354.0

m olecular structure of these substances and thei r m esophase range are given in
T able I.

As guest species seven dichro ic azo-dyes wi th vari ous m olecular sizes and
shapes were employed. The molecular structure and appro xi mate values of the
m olecular length to breadth rati o, l =d for the dyes inv estigated are gathered in
T able I I. l =d values were estimated from the kno wn bond lengths and molecular
conÙgurati ons [11], incl uding van der W aals radi i of the term inal ato m s [12]. Al l
the dyes were synthesi zed and chro mato graphi call y puri Ùed at Ê§d¢ Uni versi ty of
T echnology (Insti tute of D yes). They were added to the l iqui d crysta ll ine materi als
at a concentra ti on of 0.3% wt.

The polarized l ight absorpti on spectra of the guest{ host m ixtures were recor-
ded in the vi sibl e spectra l region by m eans of a SPECOR D M4 0 spectrophoto m e-
ter (Ca rl Zeiss Jena) equipped wi th neutra l polari zers. The measurements were
m ade as a functi on of tem perature using \ sandwi ch" cells of 1 0 ñ m thi ckness. The
tem perature of the cells was regulated and contro l led wi th a practi cal accuracy of
Ï 0 : 1 K. Af ter changing the m easurem ent tem perature, the cell was left for appro x-
im atel y 30 m in to reach a therm al equi l ibri um . The m acroscopic ori entati on of the
sam ples was obta ined by a trea tm ent of glass surfaces of the cell wi th polyi m ide
and subsequent rubbi ng. The m olecular al ignm ent in such a cell was para l lel to
the surf aces, and the quali ty of ori enta ti on was contro l led wi th the aid of a polar-
izing micro scope. The absorpti on spectra of the dyes dissolved in liqui d crysta l l ine
m atri ces were recorded for two positi ons of the cell, tha t is, wi th the ori enta ti on
axi s of the sam ple at angles of 0 £ and 9 0 £ wi th respect to the polari zati on plane
of the light beam . No reference cell was used. Addi ti onal ly, the base l ine spectra
for pure host were recorded for the sam e two positi ons of the cell . Af ter correcti on
for the base l ine, tw o com ponents of absorbance, A k and A ? , as a functi on of the
wa vel ength were obta ined.

The tem peratures of the pha se tra nsiti ons, both for pure polym eric and
low molecul ar wei ght l iqui d crysta ls as well as for dye{ l iqui d crysta l m ixtures,



770 E. Chr zumni cka, D. Bauman, J. Jadâyn

TABLE I I

Molecula r structure and the length to breadth ratio,
l =d of dyes investigated.

Dye Molecular structure l =d

1 2.5

2 2.2

3 2.0

4 2.5*

5 2.0

6 2.5*

7 1.7

*assuming the linear conf ormation of the molecule

were determ ined wi th an accuracy of Ï 0 : 1 K by m eans of a polari zing micro scope
JENAPOL (Ca rl ZeissJena, Germany) equipped wi th a heati ng stage T HMSE 600
(Li nk am, UK). The observati ons were m ade by heati ng and cool ing the probe wi th
the rate of 1 K/ m in, and in the vi cini ty of the phase tra nsiti ons wi th the rate of
0.2 K/ m in.

3. D et er m in at ion of t he opt ical or der p ar am et er

A characteri sti c f eature of a mesopha se is the exi stence of the long-range
tra nsiti onal and/ or orienta ti onal order, whi ch m eans tha t the l iquid crysta l mole-
cul es tend to arra nge para l lel to each other and para l lel to a certa in preferred
di recti on, described by the di recto r, n . Owi ng to therm al m oti on, thi s di recti on is
an average value in a space or a ti me. W hen dichro ic dye m olecules are dissolved
in a l iquid crysta l l ine matri x they can adopt the orienta ti on of a host and be
reoriented by m eans of the externa l Ùeld (electri c or m agneti c) [6]. The m easure of
the e£ ci ency of the dye molecules orienta ti on along the di rector is the opti cal order
parameter, S op , deÙned in term s of the experim enta l ly measured absorbances for
l ight polari zed para l lel and perpendicul arly to n, A k and A ? , by [13]:

S op =
A

k
À A

?

A
k

+ 2 A ?

: (1)
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At a m olecul ar level S op i s the order parameter connected wi th the absorpti on
tra nsiti on m oment [13]:

S op =
1

2
h 3( n Â ñ =ñ ) 2

À 1i ; (2)

where ñ i s the tra nsiti on di pole m oment.
By use of angular m om entum theory i t can be shown tha t

S op =
1

2
( 3 cos2 £ À 1 ) S; (3)

where £ i s the angle between the absorpti on tra nsiti on m oment and the long axi s
of the dye m olecule, and S i s the guest order param eter, deÙned as [14]:

S =
1

2
h 3 cos2 ˚ À 1 i ; (4)

˚ i s here the angle between the m olecular long axi s and n .
In Eq. (4) i t is assumed tha t the di stri buti on functi on of the dye m olecules,

f , is a functi on of ˚ only, i .e. f ( ˚ ), whi ch is stri ctl y true solely for cyl indri cal ly
sym m etri c molecules.

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

Fi gure 1 shows, as an exampl e, the polarized com ponents of the absorpti on
spectrum , A

k
and A ? f or dye 5 in LCP 2 in the smectic ( T = 3 0 1 : 6 K) and

Fig. 1. Polarized light absorption spectra of dye 5 in LC P 2: (a) at T = 30 1: 6 K (smec-

tic phase) and (b) at T = 3 55 : 3 K (nematic phase).
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T ABLE I I I

Positions of the absorption maximum, Ñm ax of dyes
in liquid crystalline materials at T

Ê

= 0 :93 :

Dye Ñ m ax [nm]

LC P 1 LC P 2 LC 1

1 483 483 485

2 À
Ê 492 484

3 520 515 516

4 510 506 512

5 495 496 496

6 485 486 485

7 537 539 542

*dye 2 does not orient in LC P 1

nem ati c ( T = 3 5 5 :3 K) phases. Such absorpti on curves are typi cal of al l monoazo
dyes investigated | onl y one absorpti on band in the vi sibl e spectra l region related
to the intra m olecular CT tra nsiti on is observed. B i s-azo dye 1 has electroni c donor
character, and in the vi sible spectra l region reveals also onl y one absorpti on band
connected wi th the ¤ ! ¤ Ê tra nsiti on. The positi on of the band m axi mum , Ñm ax

i s di ˜erent for vari ous dyes and depends on the term inal and latera l substi tuents
as well as slightl y on the l iqui d crysta ll ine host (T abl e I I I). The cell thi ckness
and the concentra ti on, chosen in exp erim ent, al low tha t A

k
< 2 : 0 and A ? > 0 : 1 ,

theref ore the exp erimenta l error is m inim ized. In com binatio n wi th good sampl es
qual i ty thi s guarantees a reproduci bi l i ty of the order param eter S op wi th m axi mal
devi ati ons of Ï 0 : 0 2 for di ˜erent sam ples.

4.1. Order parameter of dye in l iquid cryst al matr ix

The value of the order param eter of dichro ic dyes in low m olecular wei ght
guest{ host mixtures depends stro ngly on the molecular structure of the dye [15{ 20]
and the l iqui d crysta l line host [16, 17, 19, 21{ 23]. The inÛuenceof the dye molecular
structure and the inÛuence of the typ e of the mesophase on the dye opti cal order
parameter in l iqui d crysta l l ine side chain polysi loxanes wi l l be discussed in thi s
secti on. A com pari son wi l l be made of the order parameters of the dyes oriented
in the l iqui d crysta l l ine polym ers and in the low m olecul ar wei ght l iquid crysta l .

Fi gures 2, 3 and 4 present the opti cal order param eter, S op , estim ated f rom
the polarized l ight absorpti on spectra and Eq. (1), for two chosen azo-dyes in
LCP 1, LCP 2 and LC 1, respecti vely, as a functi on of the reduced tem perature,
T Ê = T =T N I . T N I i s the avera ge cleari ng tem perature of the guest{ host mixture
and T is the tem perature of the m easurement in K. At least three and usual ly Ùve
sam ples were used to obta in each order parameter, and results presented here are
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Fig. 2. Temp erature dep endence of the optical order parameter for dyes 1 (£ ) ; 4 ( ¯ )

in LC P 1. T G denotes the glassy- nemati c phase transition temp erature.

Fig. 3. Temp erature dep endence of the optical order parameter for dyes 1 (£ ) ; 4 ( ¯ )

in LC P 2. T SN denotes the smectic- nematic phase transition temp erature.

Fig. 4. Temp erature dep endence of the optical order parameter for dyes 1 ( £ ) ; 4 ( ¯ )

in LC 1.

average values. It is seen tha t the character of changes of the guest order param -
eter in al l the liqui d crysta l materi als in the nem ati c phase is simi lar. Ho wever,
LCP 2, in the m easured tem perature range, shows addi ti onal ly smectic phase, in
whi ch increases wi th the decreasing tem perature and reaches hi gh value at
the room tem perature ( 0 7 8 ). At the smectic-nemati c phase tra nsiti on the
di sconti nui t y in the order parameter is seen very disti nctl y. In the case of LCP 1
at 0 9 0 the tra nsi ti on to the glassy state occurs when the sam ple is cool ing.
W hen the cooling speed is su£ cientl y slow, in thi s state the ori entati on achi eved
in the nemati c phase is conti nual ly stored. Ho wever, from the resul ts presented in
Fi g. 2 fol lows tha t at the f urther tem perature decreasing the order parameter
sti l l ri ses. Thi s m eans tha t the glassy state cannot be stri ctl y trea ted as a \ frozen"
state. The change in the ori enta ti on of a dye in LCP 1 wi th the tem perature in
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thi s state can be conÙrmed by m eans of polari zing m icroscopy observati ons and
wa s also f ound for other l iquid crysta l l ine polym ers [7, 24].

In order to com pare the opti cal order param eter for al l the dyes investigated
in the l iqui d crysta l l ine m ateri als, the values of S op at di ˜erent reduced tempera-
tures correspondi ng to the various phases are gathered in Tables IV{ VI.

T ABLE IV
O ptical order parameter, S o p of dyes in

LC P 1 at T
Ê

= 0 :78 (glassy state), 0. 93
(nematic phase) and 0.995 (in the vicini ty
of clearing p oint).

Dye S op

T
Ê

= 0 : 78 T
Ê

= 0 :93 T
Ê

= 0 :995

1 0.76 0. 59 0.35

3 0.55 0. 39 0.24

4 0.66 0. 49 0.30

5 0.71 0. 50 0.26

6 0.70 0. 51 0.28

7 0.53 0. 37 0.22

T ABLE V
Optical order parameter, S op of dyes in LC P 2 at

T
Ê

= 0: 78 (smectic phase), 0. 89 and 0.93 (nematic
phase) and 0.995 (in the vicini ty of clearing point).

Dye S op

T = 0 :78 T = 0: 89 T = 0 : 93 T = 0 :995

1 0. 75 0.60 0.57 0.37

2 0. 68 0.53 0.49 0.30

3 0. 75 0.59 0.56 0.36

4 0. 62 0.51 0.44 0.27

5 0. 71 0.50 0.46 0.26

6 0. 73 0.56 0.51 0.27

7 0. 59 0.48 0.45 0.26

From the data presented in Fi gs. 2{ 4 and Tabl esIV{ VI results tha t the value
of the opti cal order param eter of azo-dyes stro ngly depends on the host m atri x,
but no regular pref erence for orienta ti on in low molecular weight l iqui d crysta l or
in polysi loxanes is observed. Thi s indi cates for the stro ng interm olecular intera c-
ti ons speciÙc for each guest{ host m ixtures. The tem perature dependence of S op

i s di ˜erent for vari ous dye{ l iquid crysta l mixtures whi ch suggests tha t the sys-
tem s inv estigated are di ˜erentl y resistant to the therm al Ûuctua ti ons (vi brati ons,
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T ABLE VI

Optical order parameter, S op

of dyes in LC 1 at T
Ê

= 0 :93

(nematic phase) and 0.995 (in
the vicinity of clearing p oint).

Dye S op

T Ê = 0: 93 T Ê = 0 : 995

1 0.60 0.43

2 0.60 0.38

3 0.49 0.30

4 0.44 0.24

5 0.51 0.30

6 0.50 0.29

7 0.47 0.26

l ibra ti ons, and possible interna l reori entati ons of the m olecules). The latter ob-
servati on was m ade also for these dyes di ssolved in another low m olecular wei ght
l iqui d crysta l [20].

The data obta ined do not al low to dra w a genera l conclusi on about the
inÛuence of the m olecular structure of a dye on i ts orienti ng abi l i t y. Ho wever,
som e noti ces can be m ade. The greatest order param eter of dye 1 in al l hosts
and at al l tem peratures indi cates tha t the dye wi th two azo-l ink ages can be very
wel l oriented both in low m olecular wei ght l iquid crysta ls and in l iqui d crysta l l ine
polym ers. The molecules of dyes 4 and 6 have the same length to breadth rati o as
tho seof dye 1 (see T ableI I), but only i f the l inear conf orm ati on of the m oleculescan
be assumed. It is however possible tha t som e molecules ta ke the bend conform ati on
due to the presence of { C2 H4 group between N ato m and term inal benzene ri ng.
Thi s decreases the l =d value and inÛuences S op in a ll l iqui d crysta l l ine m atri ces.
The bend conf orm ati ons cause tha t steri c e˜ects start to play a cruci al ro le. They
are the source of the short- range repul sive forces whi ch reduce the guest{ host van
der W aals intera cti ons by preventi ng close alignm ent of the dye and l iquid crysta l
m olecules. As a resul t, the order parameter grows smal ler. Sim i larly, the latera l
ni tro -group in 3-positi on (dye 7) can be a steri c hindra nce for the e£ cient dye
ori enta ti on in the l iqui d crysta l line m atri x. However, the presence of Cl atom in
the sam e positi on seems to im prov e the e£ ciency of the dye perf ect al ignm ent
(co mpare S op f or dyes 3 and 5 and dyes 4 and 6). The sam e e˜ect was previ ousl y
found f or other guest{ host m ixtures [18, 20, 23].

4.2. Phase transi tion t emperat ures of guest{host mi xtures

It wa s previ ously found tha t the addi ti on of a dichro ic dye to a low m olec-
ul ar wei ght l iquid crysta l changes the phase tra nsiti on tem peratures of the host
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[13, 18{ 20, 23, 25, 26]. Thi s e˜ect is especial ly seen at the nemati c-isotro pic phase
tra nsiti on, where either a decrease or an increase in the cl eari ng point tem perature
in the presence of elongated dye m olecules was observed. Mo reover, in the vi cin-
i ty of thi s tra nsiti on the form ati on of a two- pha se region, in whi ch both nem ati c
and isotro pic phases coexi st in equi l ibri um , was ascertained [18{ 20, 23, 26]. The
exi stence of such a region is in accordance wi th the therm odyna mic laws and the
Ùrst- order nature of the phase tra nsiti on for binary mixtures [27]. In the case of
polym er the temperatures at whi ch phase tra nsi ti ons ta ke place are usually not
so precisely deÙned as in m ateri als consi sting of identi cal m olecules [28, 29] and a
phase tra nsiti ons are spread over some range of temperatures.

T ables VI I{ I X gather the results of therm al investigatio ns of azo-dyes di s-
solved in the l iqui d crysta l l ine polym ers and the low molecular weight l iqui d crysta l
in the vi cini ty of the nemati c-isotro pic phase tra nsi ti on. T N and T I denote here the

TABLE VI I

T emp erature data for nematic- isotro pic phase transi-
tion of pure LC P 1 and LC P 1 with azo- dyes. A ll tem-

p eratures are given in K .

Dye T N T I T I À T N Â T N Â T I T NI

{ 376.0 380.7 4.7 { { 378.35

1 385.0 389.0 4.0 + 9.0 + 8.3 387.00

3 378.2 383.7 5.5 + 2.2 + 3.0 380.95

4 387.4 393.2 5.8 + 11.4 + 12.5 390.30

5 388.7 393.5 4.8 + 12.7 + 12.8 391.10

6 389.5 394.7 5.2 + 13.5 + 14.0 392.10

7 389.6 394.5 4.9 + 13.6 + 13.8 392.05

T ABLE VI I I

Temp erature data for nematic- isotro pi c phase tran-
sition of pure LC P 2 and LC P 2 w ith azo-dyes. A ll
temp eratures are given in K .

Dye T N T T T Â T Â T T

{ 381.1 383.2 2.1 { { 382. 15

1 380.7 382.9 2.2 {0. 4 {0. 3 381. 80

2 380.4 382.7 2.3 {0. 7 {0. 5 381. 55

3 379.9 382.7 2.8 {1. 2 {0. 5 381. 30

4 379.4 382.0 2.6 {1. 7 {1. 2 380. 70

5 380.0 383.0 3.0 {1. 1 {0. 2 381. 50

6 379.6 381.7 2.1 {1. 5 {1. 5 380. 65

7 379.7 382.8 3.1 {1. 4 {0. 4 381. 25



Opti cal Order Paramet er of Di chroi c Azo-Dyes . . . 777

T ABLE IX

Temp erature data for nematic- isotropi c phase transi-
tion of LC 1 and LC 1 with azo-dyes. A ll temp eratures
are given in K .

Dye T N T I T I À T N Â T N Â T I T NI

{ 354.0 354.0 { { { 354.00

1 354.1 354.1 0.0 + 0.1 + 0.1 354.10

2 354.0 354.0 0.0 0. 0 0.0 354.00

3 353.5 353.7 0.2 {0. 5 {0. 3 353.60

4 353.0 353.1 0.1 {1. 0 {0. 9 353.05

5 353.4 353.6 0.2 {0. 6 {0. 4 353.50

6 353.5 353.6 0.1 {0. 5 {0. 4 353.55

7 353.9 354.0 0.1 {0. 1 0.0 353.95

tem peratures at whi ch, at sam ple heati ng, the tw o-phase region begins (the Ùrst
isotro pic drop appears) and ends (the nemati c phase enti rely disappears), respec-
ti vel y. (T I T N ) is the range of the tw o-phase region and Â T N and Â T I are the
shi fts of T N and T I for the dye{ l iqui d crysta l m ixture wi th respect to these values
for pure l iqui d crysta l , whereas T N I denotes the average nem ati c-isotro pic tra n-
siti on temperature. It should be noti ced tha t by heati ng and cool ing the sampl es
som e hysteresi s was observed: the di ˜erences in the phase tra nsiti on tem peratures
were 5 K for LCP 1, 2 K for LCP 2 and 0 : 2 K for LC 1.

For LCP 2 and i ts mixtures wi th azo-dyes the smectic-nemati c phase tra nsi-
ti on tem peratures were determ ined addi ti onal ly. The resul ts are given in T abl eX.
Here T S and TN denote the tem peratures of, respecti vely, the beginni ng and the

TABLE X

Temp erature data for smectic- nematic phase transi-
tion of LC P 2 and LC P 2 w ith azo-dyes. A ll temp er-
atures are given in K .

Dye T T T T Â T Â T T

{ 324.5 327.6 3. 1 { { 326. 05

1 325.0 328.1 3. 1 + 0. 5 + 0.5 326. 55

2 324.6 327.7 3. 1 + 0. 1 + 0.1 326. 15

3 322.4 325.7 3. 3 {2. 1 {1. 9 324. 05

4 323.0 326.5 3. 5 {1. 5 {1. 1 324. 75

5 323.6 326.8 3. 2 {0. 9 {0. 8 325. 20

6 323.4 326.2 3. 1 {1. 4 {1. 4 324. 65

7 322.7 325.6 2. 9 {1. 8 {2. 0 324. 15
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endi ng of the phase tra nsiti on region, and other nota ti ons are sim i lar to tho se
given in T ables VI I{ IX.

From results presented in T able VI I fol lows tha t azo-dyes added to LCP 1
dra mati cal ly inÛuence the temperature of the nemati c-isotro pic phase tra nsiti on.
The presence of al l the dyes causes the large increase in T N I . Thi s is rather unex-
pected result, consi dering the smal l am ount of the dye added (0.3% wt). Ho wever,
as the experim ent was repeated for various independentl y prepared sam ples and
wi thi n experim enta l uncerta inti es the same resul ts were obta ined, we should be-
l ieve tha t the e˜ect observed must be due to the stro ng intera cti ons am ong the
polym er and dye m olecules. Up to now for low m olecul ar wei ght l iquid crysta ls
som e correl ati on between the shift of T N I in the presence of a dye and the rela ti on
of the guest order param eter wi th respect to the host order param eter was found:
m ore positi ve or lessnegati ve Â T N I corresp onded to an increase in the dye order-
ing [13, 18{ 20]. T aki ng into account these results, i t can be supp osed tha t the side
groups of LCP 1 are them selves not abl e to be wel l oriented. It can be connected
wi th the perturba ti on of orderi ng by the polym er backb one on the one hand and
the presence of polym eric molecules wi th very di ˜erent num bers of m onomers (let
us noti ce tha t the two -phase region is relati vely broad) on the other. The elon-
gated dye m olecules added to LCP 1 \ sti ˜en" the side groups and are helpful in
the al ignm ent in the pref erred di recti on. As a resul t of the increase in the degree
of order the positi ve shift of T N I appears. Ho wever, for the m ixtures investigated
the shi ft of T N I i s not correl ated wi th the order parameter of the dyes (T abl e IV).
Theref ore, it seems tha t the soluti on of thi s pro blem woul d be possibl e when the
order param eter of pure LCP 1 and LCP 1 wi th a dye would be determ ined by
usi ng the sam e m etho d. Thi s is, however, not very easy to made.

The resul ts of therm al inv estigati ons for LCP 2 (T abl eVI I I) are qui te di ˜er-
ent tha n tho se for LCP 1: here the inÛuence of the dye on T N I i s not so large. Al l the
dyes added to LCP 2 decrease the nemati c-isotro pi c phase tra nsiti on tem perature
and sim ulta neously cause the broadening of the two-phase region. Simil arly as the
value of the opti cal order param eter (T abl e V), the shift of T N I can be related to
the m olecular structure of the dye. The least decrease in the cl eari ng tem perature
is observed for dye 1, whereas the dyes wi th a heavy term inal group (dyes 4 and
6) or a latera l { NO 2 group (dye 7) disti nctl y a˜ect T N I value of the pure LCP 2.
Lo oki ng at the results for the smectic-nem ati c phase tra nsiti on (T abl e X), i t is
seen tha t the inÛuence of the dye on the wi dth of the two -phase region is small
and in general T SN decreases in the presence of a dye (except of dyes 1 and 2).

The data for the m ixtures of the azo-dye wi th LC 1 reveal tha t at such
low dye concentra ti on in the low molecular weight l iqui d crysta l onl y very narro w
two -phase region in the vi cini ty of the cl eari ng point can be exp ected. Ho wever,
som e dyes are able to decrease the nem ati c-isotro pi c phase tra nsiti on tem perature
about 1 K. One can seetha t there exists som ecorrelati on between the changeof TN I

after the dye addi ti on and the order param eter (T abl e VI). Sm all order parameter
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of dye 4 is associated wi th the signiÙcant depression of T N I . Thi s dye added to the
l iqui d crysta ll ine m atri x causes the disorderi ng of the host m olecules and reduces
the region of the mesophase. However, dyes 1 and 2 whi ch do not decrease the
cl eari ng tem perature of the host are abl e to correl ate thei r long molecular axes
al ignm ent para l lel (or alm ost paral lel) to the long axes of l iqui d crysta l m olecules,
whi ch leads to the hi gh order param eter. Such behavi our of azo-dyes was also
observed in other low m olecular l iqui d crysta ls [18{ 20, 23] and is in agreement
wi th the theo reti cal ly predi cti ons for binary m ixtures [18, 27].

5 . Co n cl usion s

The inÛuence of the dye m olecul ar structure on the abi l i t y to the ori enta -
ti on in both side chain l iqui d crysta l l ine polysi loxans and in low m olecul ar wei ght
l iqui d crysta l was observed. It was also found tha t addi ti on of the dye a˜ects the
behavi our of the mesogenic host in the vi ci ni ty of the phase tra nsiti on. In some
cases there exists a correl ati on between the change of the clearing tem perature
and the value of the dye order param eter.

Fi nal ly, i t shoul d be noti ced tha t the results obta ined for the dye{ l iqui d
crysta l l ine polym er mixtures are not easy to uni vo cal interpreta ti on. Polysi loxanes
used di ˜er onl y wi th the length of the spacer. Neverthel ess, in the mixtures wi th
azo-dyes they behave very di ˜erentl y. It is especial ly seen at the nemati c-isotro pi c
phase tra nsiti on, where the enorm ous increase in T N I of LCP 1 after the dye
addi ti on is observed.
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