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GUEST-HOST SYSTEMS: A COMPARISON OF LOW
MOLECULAR AND POLYMERIC SYSTEMS

UDO QUOTSCHALLA AND WOLFGANG HAASE
Institut fiir Physikalische Chemie, Techni-
sche Hochschule Darmstadt, Petersenstr.20,
6100 Darmstadt F.R.G.

Abstract Some properties of low molecular
and polymeric guest-host systems are com-
pared. Central points are the dependence of
the order parameter S(Dye), measured by
absorption spectroscopy, as a function of
the dye concentration and its influence on
the phase behaviour. The systems used were
anthraquinone dyes dissolved in phases con-
taining cyano biphenyl derivatives as meso-
genic groups. Some few statements concerning
copolymeric guest-host systems were given.

INTRODUCTION

In the recent years many investigations had been
done concerning low molecular guest-host systems.
The main problems were to get systems possessing

dyes with high order parameters and high ex-

tinction coefficientsl™4

solubilities® 8. Concentration effects of the dye

and for example high dye

molecules were usually neglected. Only little

9-12

data are available about the following points

355
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of interest: Change of order parameter SDye with
increasing concentration and the accompanied
influence on the clearing point as well for low
molecular as for polymeric systems.

This contribution is concerned with some proper-
ties of the same dyes dissolved as well in a low
molecular as in a polymeric cyano biphenyl con-
taining phase.

The third possibility to get guest-host systems
is to attach the mesogenic group and the dye
molecule via flexible spacers to a polymer main
chain13_14. The advantage of these systems is
that they have temperature independent solu-
bilities and a high dye amount can be reached (up
to 40-50% per weight). Since almost no data are
listed to compare these systems with the other two

mentioned above, this paper contributes to

it.

EXPERIMENTAL

The dyes used for our investigations were listed

in table 1.
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D-35, D-27 and D-52M were obtained from BDH Che-
mical Ltd, Poole, UK, and the dyes AA, A2A and
H2A from Aldrich-Chemie, Steinheim, F.R.G. All

dyes were used without further purification.

0 Ry

Dye R

o

1 2 3
AA NH2 H H
A2A NH2 NH2 H
H2A OH OH H
D-52M NH—CGH4—N(CH3)2 H H
D-27 NH-—CSH4—N(CH3)2 OH H
D-35 NH—C6H4-—CZH5 H NH-CSH4-CZH5

TABLE I Used anthraquinone dyes

The low molecular liquid crystal used, 4-cyano-
4’-pentyl-biphenyl (K-15), was a gift from

E.Merck company, Darmstadt. As the polymeric
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liquid crystalline phase we used the side chain

derivative listed in fig.I.

CH,
1° /°

HC"—C\O_(CHz)e_oCN

FIGURE I Used mesogenic monomer (PB6CN)

The synthesis of this polymer is described else-
where14.

The dye containing monomer, given in fig. 1I, was
a gift of Dr. Etzbach, BASF AG, Ludwigshafen. The

copolymerisation and purification were done in

the same way as for the homopolymerslz.

?Hz ,0 0 NH,0
HC—C__
0—ICH,)—N
0 NH,0

FIGURE 11 Dye containing monomer used for co-

polymerisation
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The methods we used for the determination of the

359

phase transition temperatures and the order para-

meter SDye and the preparation of the dye/poly-
meric liquid crystal mixtures were discussed
elsewherell~12,

RESULTS AND DISCUSSION

INFLUENCE ON THE CLEARING POINT

A) Low molecular systems

The change of the clearing point (TC) as a
function of concentration of the various anthra-
quinone dyes in the low molecular liquid crystal
K-15 is shown in figure III.

'rC[°cl
at

s} .

=
*s s ® 0 e
(-]
g.
z

st s o

% - 1

[} 50

s
100 cimmole/t)

FIGURE III Concentration dependence of TC for

the different anthraquinone dyes in

The data of D-35 are in good agreement

with these in ref. 11.
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Taking into account these facts some first empi-
rical rules could be interpreted:

- free amino groups cause an increase of the
clearing point,

as it is shown for the dyes AA and A2A, It seems
that the number of these free NHZ—groups has also
an effect because of the fact that the slope of
A2A is greater than the of AA.

- free hydroxy groups destabilize the liquid
crystalline phase.

This is shown for the dyes H2A and D-27. The
difference between D-27 and D-52M is the additio-
nal OH-group in the 4-position at D-27. This
additional group causes a decrease in comparison
to D-52M where the clearing point is constant
over the investigated concentration range.

- molecules possessing a large molecule length
axis (>20A) stabilize the liquid crystalline
phase of K-15.

Dye D-35 with a length axis of 25A obtained from

15

X-ray data shows an increase of the clearing

point. Also this effect was found in a former

10

work for dye D-16. The length of the molecule
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axis in D-16 is about 29A and a slight increase
of the clearing point was found (sequence D-35>
D-16> D-52M), overcompensating the effect of the
free OH-group in the 4-position.

The conclusion is that steric effects like the
molecule length as well as interactions due to

the substituents influence the phase behaviour.

B) Polymeric systems

The same dye molecules used for low molecular
liquid crystals were dissolved in the comparable
polymeric liquid crystalline phase PB6CN. Their
influence on the clearing point was shown in an
earlier worklz.

We found always a decrease of the clearing point
due to changing the polymer properties by adding
dye impurities. The sequence A2A> AA> D-35>
D-52M> H2A> D-27 was observed for all studied

systemslz. This is identical with the sequence

found in the low molecular liquid crystal K-15.

C) Copolymeric systems
The values for the concentration dependence of

our investigated copolymer are listed in

361
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table II.
dye content [ mmole/l ] TC[OC]
0 125.0
22 124.4
46 123.9
65 123.5

TABLE II Variation of TC with increasing dye

amount

Also, it seems that copolymeric systems show a
slight decrease of the clearing point in a com-
parable concentration range. More detailed stu-
dies will be discussed elsewhere.

The comparison with the most familar dye A2A dis-
solved in PB6CN shows nearly the same concentra-

tion dependence in the identical range.

ORDER PARAMETERS

A) Low molecular systems

At first we present the results of the different
anthraquinone dyes dissolved in the low molecular

liquid crystal K-15. All investigated systems
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show a strong dependence of the dye order para-
meter SDye especilly in the range of low concen-

11

trations” ", As an example we present the system

AA/K-15 in figure V. S as a function of (€

Dye
leads to correlation coefficients that were near-
ly always greater than 0.99 and in the most cases
greater than 0.999. For all systems a linear
dependence of S on 4C in the investigated con-
centration range was found. The resulting fit
parameters S®, which are the dye order parameter
at absolute dilution, are listed in table IV. The

following seems to be applicable:

s = s® - b4Jc

s
asor
.
.
-
R .
Q0 . .
T . u Trea * Q96
. o Treg * Q975
L]
[ ]
- .
a0 ® Tppg 1098
Q30
r 1 1 1 1
20 [ 60 80 cimmol /i)

FIGURE V Concentration dependence of l-amino-
anthraquinone in K-15 for three diffe-

rent reduced temperatures (Tred)
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system Tred S
AA/K-15 .96 .64
.975 .59
099 049
A2A/K-15 .96 .61
975 .58
.99 .50
H2A/K-15 .96 .53
976 .48
.99 .39
D-52M/K-15 .96 .56
975 .52
.99 .45
D-27/K-15 .96 .53
975 .50
.99 .43
D-35/K-15 .96 .63
.975 .60
.99 .53

TABLE III Resulting s® parameters of the dye/

liquid crystal systems as a function of TE

From the value S” some interesting aspects can be
derived, comparing the calculated values s® at

T =0.96 shown in table III with the order

red
parameter of pure K-15 which is about 0.56 at

this reduced temperaturels. Therefore all dyes
with 8®> 0.56 should stabilize the liquid crys-

talline phase, which is shown in an increase of
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the clearing point, whereas for the systems pos-
sesing $%¢0.56 a destabilization should be obser-
ved. This effect is shown by comparison of the s®
values and the clearing point influences, pre-
sented in the last chapter. D-35, AA and A2A
cause an increase of the clearing point, D-27 and
H2A a decrease. D-52M has a constant clearing
point in the investigated concentration range and
the S® value is the same as found for pure K-15.
The strong concentration effect on SDye could be
interpreted in terms of specific guest-host
interactions in the liquid crystalline state. A
dye molecule at great dilution should have his
own ordering scheme via the given host matrix,
which is undisturbed by other dye molecules. An
increasing dye amount conteracts the ordering
scheme of the liquid crystalline host and vice
versa. Since this effect was observed in K-15 and
comparable liquid crystalline hosts a possible
reason therefore could be the cyano-phenyl -
associationsl7 in the liquid crystalline state. A
theoretical explanation will be given else-

wherelS.Experiments using liquid crystalline
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phases possessing no oligomerizations are center
of our present studies in order to verify this

assumption.

B) Polymeric systems

The same dye molecules dissolved in the polymeric
liquid crystal PB6CN show some remarkable
results. As we presented elsewherelz, a constant
value for SDye over the whole investigated con-
centration range was found. The interesting va-
lues are listed in table 1IV.

The comparison of the values S at Tred=0'96

Dye
with those found for S° in K-15 (see table II1I)
shows the same value for every dye within the
experimental error.

This is a very interesting fact. It seems that
the order parameter in a low molecular liquid
crystal at great dilution and in a polymeric
liquid crystal with the same mesogenic side chain
has nearly the same value.

The effect that the order parameter is constant
could be explained with the less tendency of

oligomerization in contrast to low molecular K-

15. This fact was found from X-ray studies for



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:54 19 February 2013

GUEST-HOST SYSTEMS 367

dye SDye(Tred=0'75) SDye(Tred=0.96)
AA 0.70 0.62
A2A 0.69 0.61
H2A 0.60 0.52
D-52M 0.64 0.55
D-217 0.60 0.52
D-35 0.71 0.63

TABLE IV Order parameter values at two different

reduced temperatures

the pure homopolymerlg. So the small part of

oligomers doesn’t influence the S and a con-

Dye
stant value is observed.

C) Copolymers

The order parameters of the investigated copoly-

meric system have been determined. The result is

a constant value of 0.68 at a reduced temperature
of 0.80. This is in good agreement with the same

copolymer of one similar dye content14.
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