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PetersenstmBe 20, 0-6100 Damstadt, FRG 

(Received August 18, 1986; in final form November 25, 1986) 

We report on experimental and theoretical investigations concerning the solubilities 
of pleochroic dyes in several liquid crystalline hosts. The solubilities of five anthra- 
quinone dyes in these hosts were measured at different temperatures in the nematic 
phase and for three single-component hosts also in the isotropic phase. Owing to the 
fact that these measurements take rather long time we especially dealt with the question 
whether the solubilities of the dyes can be calculated on the basis of the thermodynamic 
properties of the compounds. For the calculations we used an equation that assumes 
ideal solutions as well as another one that takes into account the interactions between 
the molecules. The results will be discussed also with regard to the empirical experience 
as far as the influence of special terminal groups on the solubility is concerned. 

The structures of four anthraquinone dyes in the crystalline phase are discussed with 
special regard to those structural details that may affect their behaviour in guest-host 
systems. 

Keywords: guest-host systems, solubility parameters, anthraquinone dyes, 
thermodynamics, molecular structures 

INTRODUCTION 

A sufficient solubility of pleochroic dyes in a broad temperature range 
is a necessity for their applicability in guest-host liquid crystal displays. 
Only in the most recent years some data concerning this important 

tPaper presented at the 11th International Liquid Crystal Conference, Berkeley, 
CA, 30 June-4 July, 1986. Parts were already presented at the Tenth International 
Liquid Crystal Conference, York, July 15-21, 1984. 
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point of view were Nevertheless till now there is no 
general approach available that shows which properties influence the 
solubilities in these guest-host systems. As the structures of some 
dyes in the crystalline phase are known,1°-13 the influence of molec- 
ular features on the solubilities could be studied. Another important 
aspect is the transferability of data from binary mixtures to multi- 
component mixtures. 

J. K. FOITZIK AND W. HAASE 

THEORETICAL APPROACH 

The ideal approach 

Owing to the small solubilities of the dyes and the logarithmic tem- 
perature dependence of the solubilities the usefulness of the ideal 
approach for the description of the saturated guest-host systems was 
investigated. Assuming an ideal behaviour of the mixture and ne- 
glecting the temperature dependence of the enthalpy of fusion of the 
solute equation (1) can be derived14 from the known thermodynamic 
relations: 

R is the gas constant. Therefore at a given temperature T the mole 
fraction of the solute xz,id in the saturated solution depends only on 
the melting point Tm,* and the molar enthalpy of fusion A,,, of the 
solute. 

Although the ideal approach describes rather well the solubilities 
for a number of mixtures it has a great disadvantage: the equation 
does not contain any parameter of the solvent. A discussion of dif- 
ferent solubilities of the dyes in various hosts on the basis of equation 
(1) is not possible. 

The real approach 

For a real approach one has to consider additional parameters, e.g. 
the interactions between solvent and solute molecules and the entropy 
of the mixture. The selection of the real approach was determined 
by the availability of data for the guest-host systems in question. As 
these data are very rare and we wanted to restrict the number of 
assumptions and approximations that were made, we chose an ap- 
proach that only takes into account the energetic interactions between 
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GUEST-HOST SYSTEMS 403 

solvent and solute molecules. Equation (2) was derived by Hildebrand 
and Scottls and a number of examples have proved its usefulness: 

- 
V2 is the molar volume of the solute, 'pl the volume fraction of the 
solvent, and 6, and a2 are the solubility parameters of the solvent 
and the solute, respectively. The solubility parameter is defined as 

AD is the molar energy of vaporization and the molar volume of 
the compound in question. 

The data that are additionally needed in comparison with the ideal 
approach are the solubility parameters (or the molar volumes and 
energies of vaporization of the compounds), the molar volume of the 
solute and the volume fraction of the solvent. As there is only a 
limited number of experimental data for solubility parameters15J6 in 
the literature, one has to calculate these values from the energies of 
vaporization and the molar volumes. If these data are also lacking 
or difficult to determine, there is also the possibility to obtain the 
values from increment schemes. Some increment schemes have been 
reviewed by Fedors." 

Mixtures 

As we were interested in general statements concerning the solubility 
of pleochroic dyes in liquid crystals we mainly concentrated on binary 
systems with one mesogenic compound and one dye. Nevertheless, 
as for display applications multi-component mixtures are necessary, 
we also dealt with the question of the transferability of data from a 
single component host to host mixtures. Assuming an ideality of the 
mesogenic mixture, the solubility of a dye in the binary host should 
be characterized by the linear equation (3): 

S, is the solubility of the dye in the binary host mixture, S, and S2 
the solubilities in the compounds, and x1 and x2 the mole fractions 
of the two host components in the host mixture. 
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404 J.  K. FOITZIK AND W. HAASE 

TABLE I 

Pleochroic dyes 

X Y 2 

EXPERIMENTAL 

The dyes used for this investigation are listed in Table I. They were 
obtained from BDH Chemicals Ltd., Poole, UK, and used without 
further purification (concerning D-52M see Ref. 10). Some data of 
the dyes are listed in Table 11. The melting points and the enthalpies 
of fusion of the dyes were determined with a DSC-2 equipment (Per- 
kin-Elmer). The absorption maximum was obtained using a spec- 
trometer Cary-17 (Varian). 

As host phases four single component liquid crystals, a binary 
mixture PCH-7/CB-7, and the multicomponent mixture ZLI-1565 were 
chosen. The single component liquid crystals were selected due to 
their importance for multicomponent mixtures. ZLI-1565 is a nematic 
broad range mixture. The binary mixture PCH-7/CB-7 was chosen 
to investigate the transferability of data from single component hosts 
to host mixtures. All host phases are shown in Table 111. The data 

TABLE I1 

Properties of the pleochroic dyes 

dye M(g/mole) T,("C) G,(kJ/mole) A,,,=(nm) 

D-16 457.6 101.8 32.1 589 
D-27 358.4 230.9 39.0 595 
D-35 446.6 222.1 36.2 542 
D-43 562.7 194.8 38.7 543 
D-52M 342.4 230.0 37.3 524 
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GUEST-HOST SYSTEMS 405 

TABLE I11 

Liquid crystals 

host T X C )  TC("C) 
PCH-5 28.9 54.5 
PCH-7 30.0 57.8 
CCH-5 62.0 85.0 
CB-7 28.4 42.2 
PCH-7KB-7' = 30 47.1 
ZLI-1565 - 20 85 

'50,O % by weight 

for the solubilities were derived from the absorption of a solution of 
the liquid crystaVdye mixture in chloroform. The experimental details 
have been described el~ewhere.~ 

RESULTS AND DISCUSSION 

Experimental solubilities 

The experimental results are shown in Tables IV-IX. The clearing 
points of the saturated solutions were calculated using the data from 
Ref. 18. 

For the description of the temperature dependence of the solubil- 
ities a logarithmic approach is useful. In the plot In solubility vs. 
1/T the experimental data for all mixtures can be described rather 
well by straight lines. An example is shown in Figure 1. Only the 
data below room temperature for the mixture ZLI-1565 are note- 

TABLE IV 

Solubilities in ZLI-1565 (rnmolefl) 

TCC) D-16 D-27 D-43 D-52M 

- 20 
- 15 

0 
3 

25 
50 
52 
74 
78 

2.8 1.8 
23.6 1.4 1.8 

3.0 2.3 
26.2 1.7 2.3 
15.4 3.3 5.3 5.3 

293 9.5 13.1 
962 20.6 27.7 

68.8 32.8 

19.5 
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406 J. K. FOITZIK AND W. HAASE 

TABLE V 

Solubilities in CCH-5 (rnmolefl) 
~ 

D-27 D-35 D-43 

67 
71 
n 
81 
85 

21.5 
25.7 
33.5 
37.7 
46.0 

92.5 
101 
122 
134 
136 

53.0 
64.9 
80.0 
85.3 

103 

worthily greater than expected from the temperature dependence at 
higher temperatures. The enthalpies of solution that are shown 
in Table X were calculated from the experimental data (for ZLI-1565 
only for the temperature range from 25 to 78°C) assuming the relation: 

AX l + c  - - . -  
R T  (4) 

S is the solubility of the dye, C is a constant. 

Structural features 

The details of the structure analyses and the numerical data have 
been published el~ewhere. '~-~~ In this work, we only want to discuss 
the following points of interest that are related to the other features 
in question: 

-The dihedral angle 8 between the anthraquinone system and the 
phenyl group(s) 

-the occurrence of intramolecular hydrogen bonds 
-the extension of the molecule 

The main part of the molecule is similar for all the dyes in question. 
As an example the molecular structure of D-43 is shown in Figure 2. 

TABLE VI 

Solubilities in PCH-5 (rnrnole/l) 

T("C) D-27 D-43 

33 9.8 6.8 
35 10.0 8.0 
40 11.7 10.7 
45 14.2 14.4 
50 17.3 18.7 
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GUEST-HOST SYSTEMS 407 

TABLE VII 

Solubilities in PCH-7 (mmolefi) 

T("C) D-27 D-35 D-43 

33 7.0 29.6 7.1 
38 9.2 33.6 8.4 
44 14.0 41.4 11.4 
50 24.6 48.6 15.5 
56 29.9 56.9 20.3 
64' 37.9 65.2 26.7 
71' 44.9 73.0 36.8 
78' 58.3 90.2 54.2 

"isotropic 

There is an almost planar anthraquinone system to which the phenyl 
rings of the substituents are arranged nearly perpendicular. The di- 
hedral'angles 0 between anthraquinone system and phenyl rings are 
shown in Table XI. The values of about 70" for all the dyes except 
of D-35, where the angle is somewhat smaller, point to only small 
interactions between the resonance systems. This is supported by the 
geometric data of the -NH- group which point to an sp' hybridized 
N-atom that is part of the anthraquinone resonance system. The 
influence of these geometric conditions on the electronic spectra, 
experimental and theoretical investigations are under way, will be 
discussed elsewhere. l9 

Strong nonlinear intramolecular hydrogen bonds were observed in 
all cases when NHR- or OH- groups were located in a-positions 
of the anthraquinone system. The hydrogen atom and the bearing oxy- 

TABLE VIII 

Solubilities in CB-7 (mmolefl) 

T("C) D-27 D-35 D-43 

30 10.9 37.8 10.3 
34 12.6 41.2 12.8 
38 15.3 47.2 13.2 
42 17.6" 50.4 ' 13.3' 
48' 23.2 54.0 14.6 
56' 30.4 66.7 23.3 
66' 41.9 86.4 41.1 

'isotropic 
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408 J. K. FOrrZIK AND W. HAASE 

TABLE IX 
Solubilities in PCH-7/CB-7, 50.0% by weight (mmold) 

TrC) D-27 D-35 D-43 

34 
39 
43 
49 
57' 
65' 
73" 

11.7 
17.9 
19.3 
25.9 
32.6 
43.8 
58.3 

36.1 
43.2 
47.7 
51.5 
60.2 
74.8 

101 

10.3 
10.8 
13.0 
13.7" 
21.3 
33.8 
56.9 

'isotropic 

gen and nitrogen atom, respectively, are situated in the anthraquinone 
plane and the distance from hydro en to the carbonyl oxygen atom 

for 0. . .H. This is in agreement with the data for similar anthra- 
quinone derivatives.20-" The observed bond lengths confirm also the 
formation of an additional resonance system including the hydrogen 
bond (e.g. the system C(6)', C(14), C(1), N(1), H(lN), O(1)') that 
was postulated by Bailey.= 

The longest extensions of the dye molecules including the van der 
Waals radii of the terminal hydrogen atoms are 18.1A (D-27 and D- 
52M), 25.081 (D-39, and 31.481 (D-43). It was observed that there 

is in the range from 1.837 to 1.896 1 for a N. . .H contact and 1.667 

5 

I g / l  3 

T 

6O.C 4O.C 20.C 

40 so T'' 
30 

20 

IS 

\\ D-43 

3.2 3.4 
2 

3.0 

+ i / ~  E K-I 1 

FIGURE 1 Solubilities of pleochroic dyes in CB-7. 
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GUEST-HOST SYSTEMS 409 

TABLE X 

Enthalpies of solution (kllmole) 

D-16 D-27 D-35 D-43 D-52M 

ZLI-1565 
CCH-5 
PCHJ 
PCH-7 

nematic phase 
isotropic phase 

nematic phase 
isotropic phase 

nematic phase 
isotropic phase 

CB-7 

PCH-7KR-7 

31 
40 
28 

56 
31 

35 
31 

45 
31 

25 
24 

20 
23 

20 
30 

43 30 
33 
46 - 

- 

40 - 
42 - 

- 17 
48 - 

- 21 
53 - 

FIGURE 2 Molecular structure of D-43. 
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410 J. K. FOITZIK AND W. HAASE 

TABLE XI 

Dihedral angles 0 between anthraquinone and phenyl system 

D-27 

D-43 
D-35 

D-52M 

69.5 
50.3 
75.1 
73.5 

is a linear correlation between the longest molecular extensions of 
these dyes and their order parameters in a number of nematic hosts 
(e.g. ZLI-1565, CCH-5, PCH-7, and CB-7).26 

Solubilities and molecular features 

For the discussion of the experimental solubility data (Tables IV-IX) 
and a possible applicability of theoretical approaches the following 
points should be taken into consideration: 

The solubilities of the pleochroic dyes in nematic liquid crystals 
are of the same order of magnitude as the values that were found for 
anthraquinone derivatives in isotropic solvents (see e.g. Ref. 27). 

All the dyes have a similar structure. They only differ in the number 
of great substituents and the terminal groups of these substituents. 
The evident differences in the solubilities (see e.g. D-43 and D-35, 
where only the terminal pentyloxy groups are exchanged by ethyl 
groups) have to be correlated to properties of the dyes, that are 
strongly influenced by these groups. 

In the one- and two-component host phases (Tables V-IX), D-35 
shows the greatest solubility in the nematic as well as in the isotropic 
phase. 

The values for D-27 and D-43 are similar, only in CCH-5 the 
solubility of D-43 is noteworthily greater. 

The solubilities of the dyes in CB-7 are always greater than in the 
PCH phases. 

The solubility of D-43 in CCHJ is significantly greater, that of D- 
27 smaller than the solubilities in the isotropic phases of PCH-7 and 
CB-7 at the same temperature. So it seems that the more flexible 
CCH compounds are good hosts for dyes with an extended structure 
like D-43, not only as far as the order parameter is but 
also concerning the solubility. 

The solubilities of D-35 and D-43 in the binary mixture PCH-7/ 
CB-7 (Table IX) can be well described by equation (3) using the 
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GUEST-HOST SYSTEMS 411 

values from CB-7 and PCH-7 hosts. The agreement between exper- 
imental and calculated values is the best for temperatures where all 
the three hosts show the same phase (nematic or isotropic). 

The solubility of D-43 in the multi-component mixture ZLZ-I565 
(Table IV) that mainly consists of PCH compounds is comparable to 
that in the PCH hosts while the solubility of D-27 in the multi-com- 
ponent mixture is significantly smaller than in the PCH hosts. 

The solubility of D-16 in ZLI-1565 is one to two orders of magnitude 
greater than those of the other dyes. 

There are significant differences in the enthalpies of solution for 
the different guest-host systems (Table X). This is in agreement with 
the literat~re.~.’-~ The dependence on the chosen host phase in the 
isotropic phase is smaller than in the nematic phase. Finally there is 
a relatively small temperature dependence of D-35 in all host phases. 

Thermodynamical approaches 

With the assumption that the densities of the pure hosts that were 
determined by IbrahimB and Garg et U I . , ~ ~  can be taken for the 
densities of the solutions, the experimental mole fractions xeXp can 
be calculated. 

Assuming an ideal solution, the mole fractions of the dyes in the 
saturated solutions were calculated from equation (1) using the data 
from Table XI. Tables XI1 and XI11 show the experimental and cal- 
culated values for the mixtures under investigation at a temperature 
in the nematic and in the isotropic phase, respectively. 

There is a rather good agreement of the calculated data with the 
experimental values. The order of magnitude of the solubility is al- 
ways correctly described. 

The best agreement between calculated and experimental values 
was found for D-27 and D-52M. These are the most compact dye 
molecules which possess only one big substituent and have no long 
terminal alkyl chains. For D-35 and D-43, the dyes with the two bulky 
substituents, the best agreement between experimental and calculated 
values was observed for the CCH host. 

The correct description of the comparatively high solubility of D- 
16, that is a consequence o€ the low melting point of this dye, illus- 
trates the strong influence of the melting point and the enthalpy of 
fusion of the dye on the solubility in guest-host systems, at least if a 
special class of dyes is considered. 

The calculated solubilities of D-43 and D-16 in all hosts are sig- 
nificantly higher than the experimental data. On the other hand, the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
34

 1
9 

Fe
br

ua
ry

 2
01

3 



412 J. K. FOITZIK AND W. HAASE 

TABLE XI1 

Experimental and calculated (Eq. 1) mole fractions (nematic phase) 

dye host T("C) w . Xcxp 103 . X2.d 

D-16 ZLI-1565 25 20 71 
D-27 ZLI-1565 25 0.9 1.6 
D-43 ZLI-1565 25 1.5 3.5 
D-52M ZLI-1565 25 1.5 2.2 
D-27 CCH-5 n 9.8 17 
D-35 CCH-5 77 35 26 
D-43 CCH-5 77 23 35 
D-27 PCH-5 38 3.0 3.1 
D-43 PCHJ 38 2.5 6.7 
D-27 PCH-7 38 2.8 3.1 
D-35 PCH-7 38 10 5.5 
D-43 PCH-7 38 2.5 6.7 
D-27 CB-7 38 4.3 3.1 
D-35 CB-7 38 13 5.5 
D-43 CB-7 38 3.7 6.7 
D-27 PCH-7/CB-7 38 4.3 3.1 
D-35 PCH-7/CB-7 38 11 5.5 
D-43 PCH-7/CB-7 38 3.2 6.7 

calculated solubilities of D-35 are always smaller than the experi- 
mental values. The only difference between D-43 and D-35, e.g., is 
the nature of the terminal chain. D-43 has two pentoxy-, D-35 two 
alkyl-chains. It can be found more than once in the literature that 
substances with terminal alkyl chains show significantly greater sol- 
ubilities in liquid crystals than the analogous alkoxy compounds. 1.3,9 

Provided that the melting points and enthalpies of solution are similar, 
this is in agreement with our results that for dyes with terminal alkyl 

TABLE XI11 
Experimental and calculated (Eq. 1) mole fractions (isotropic phase) 

host 1w . x2.id 

D-27 
D-35 
D-43 
D-27 
D-35 
D-43 
D-27 
D-35 
D-43 

PCH-7 
PCH-7 
PCH-7 
CB-7 
CB-7 
CB-7 

PCH-7KB-7 
PCH-7/CB-7 
PCH-7/CB-7 

66 
66 
66 
66 
66 
66 
66 
66 
66 

12 
20 

12 
24 
12 
13 
23 
11 

9.7 

11 
18 
23 
11 
18 
23 
11 
18 
23 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
34

 1
9 

Fe
br

ua
ry

 2
01

3 



GUEST-HOST SYSTEMS 413 

groups there is a positive deviation from the calculated values while 
for alkoxy compound a negative deviation is observed. 

According to our data, terminal dialkylamino groups and hydroxy 
groups that form intramolecular hydrogen bonds do not have a 
noteworthy influence on the solubility of the dyes. 

There is no significant difference between the agreement of ex- 
perimental and calculated data in the nematic and the isotropic phase. 
Therefore one can conclude that for the solubility of the pleochroic 
dyes that were under investigation in liquid crystalline phases the 
thermodynamic data are by far more important than any influence 
of the anisotropy of the solvent. 

The logarithmic temperature dependence of the solubilities that 
was experimentally found, is also well described by the ideal ap- 
proach. 

A problem for the use of the real approach (equation (2)) for the 
guest-host systems in question is the lack of data, especially as far as 
the energies of vaporization of the dyes are concerned. A measure- 
ment of the latter would be made very difficult by the fact that the 
decomposition of the dyes begins already in the range of their melting 
points. Therefore we used the increment scheme suggested by Fedors17 
for the description of solutions of polymeric compounds in isotropic 
solvents. This procedure, unfortunately restricted to a temperature 
of 25"C, allows the calculation of molar volumes and molar energies 
of vaporization from increments for the groups that form the mole- 
cule. It could be proved that this procedure may also be applied to 
the guest-host systems in question, if there is a critical selection of 
the used increments. This is very important for the correct description 
of the anthraquinone system. As there is no value for the anthra- 
quinone system given by Fedors, the increment for this basic struc- 
tural element of the dyes has to be derived from the values of smaller 
groups. It was found that the energies of vaporization are by far to 
high, if the increments for carbonyl groups and, in the case of D-16 
and D-27, for hydroxyl groups were used. This would lead to mole 
fractions of the dyes that are more than one order of magnitude 
smaller than the experimental values. The increments in question 
given by Fedors obviously reflect the occurrence of intermolecular 
hydrogen bonds formed by many well known solvents bearing CO- 
and OH- groups and their influence on the energy of vaporization. 
But taking into account the existence of the intramolecular hydrogen 
bonds, that were found in the crystalline state, another description 
of this part of the molecules led to much more realistic values.26 This 
could be proved using the experimental data for other anthraquinone 
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414 J. K. FOITZIK AND W. HAASE 

derivatives.I6 Therefore the further procedure for the data selection 
was the following: 

The energies of vaporization of dyes and host phases were taken 
from the increment scheme. 

The molar volumes of the dyes were taken from X-ray data or (in 
the case of D-16) from the increment scheme. 

The molar volumes of the liquid crystals were calculated or ex- 
trapolated from density data. 

Because of the small concentrations of the dyes the volume fraction 
of the solvent was taken as 1. 

The data for the molar volumes and the solubility parameters are 
given in Table XIV. 

In Table XV there are listed the experimental mole fractions (for 
CB-7, PCH-7 and PCH-5 extrapolated from the nematic phase) to- 
gether with the calculated data using equation (1) and (2), respec- 
tively, for 25°C. 

For the comparison of the data, that were obtained from equation 
(2), with those obtained from equation (1) one has to take into con- 
sideration that the additional term in equation (2) is always positive. 
In consequence of this the resulting values for the mole fractions from 
the real approach are always smaller than the ‘ideal values’. Therefore 
by no means a better description of the absolute solubilities of D-35 
is possible using the real approach (2). 

For all dyes, except of D-35, the data obtained from equation (2) 
are better or at least of comparable quality as the ‘ideal values’. This 
confirms also the applicability of Fedors’ increment scheme. 

The better solubility of the dyes in CB-7 (and also E-7’) than in 
the PCH phases including ZLI-1565 is correctly described. For D-27 
there is even the correct sequence within the PCH hosts. 

TABLE XIV 

Molar volumens (cm3/m01) and solubility parameters ( c a U ~ m ~ ) ’ ~  
- 

Substance V 6 

D-16 
D-27 
D-35 

D-52M 
ZLI-1565 
PCH-5 
PCH-7 
CB-7 

D-43 

371 
260 
351 
453 
256 
276 
267 
2% 
284 

10.5 
11.2 
10.9 
10.5 
10.9 
9.7 
9.9 
9.8 

10.2 
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GUEST-HOST SYSTEMS 415 

TABLE XV 

Experimental and calculated mole fractions at 25°C 

dye host * xcxp 103 * x2.a . x2.m 

D-16 ZLI-1565 20 71 47 
D-27 ZLI-1565 0.9 1.6 0.6 
D-27 PCH-7 1.1 1.6 0.7 
D-27 PCH-5 1.8 1.6 0.8 
D-27 CB-7 2.3 1.6 1 .o 
D-35 PCH-7 6.8 3.0 1.5 
D-35 CB-7 9.0 3.0 2.2 
D-43 ZLI-1565 1.5 3.5 2.1 
D-43 PCH-7 1.3 3.5 2.4 
D-43 PCHJ 1.1 3.5 2.6 
D-43 CB-7 2.7 3.5 3.2 
D-52M ZLI-1565 1.5 2.2 1.2 

The values for the mixtures with ZLI-1565 as host phase show that 
also multi-component hosts can be described by the procedure in 
question. 

There could not be found any correlation between the calculated 
enthalpies of solution for the guest-host systems and the enthalpies 
of fusion of the dyes. 

A general discussion of the enthalpies of solution could perhaps 
be made on the basis of more experimental data. 

Besides the selection of increments can be taken as an additional 
indication for the existence of intramolecular hydrogen bonds in these 
anthraquinone dyes also in liquid crystalline solution.26 

CONCLUSIONS 

The applicability of the ideal and the real approach for the description 
of the solubilities of anthraquinone dyes in liquid crystalline phases 
was proved. The order of magnitude of the solubilities is correctly 
described. The influence of the host phase on the solubility can be 
described by the real approach. Because of the increment scheme 
the only experimental data that is indispensible for the calculations 
are melting point and enthalpy of fusion of the dye. Molar volumes 
of the compounds and densities, respectively, are usually available, 
so that the use of the increment scheme can often be limited to the 
data for the energies of vaporization. 
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416 J. K. FOITZIK AND W. HAASE 

At least the ideal approach can also be used to estimate the tem- 
perature dependence of the solubility. The real approach additionally 
offers the opportunity to estimate the solubility of anthraquinone 
dyes in other hosts when the data for some hosts are known. 
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