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LIQUID CRYSTALS, 1989, VOL. 4, No. 6 ,  707-710 

PRELIMINARY COMMUNICATION 

Description of a nematic liquid crystal based on the 
phthalocyanine subunit 

by D. LELIEVRE, M. A. PETIT and J. SIMON 
E.S.P.C.I. (CNRS UA 429), 

Laboratoire de Chimie Inorganique et Electrochimie des MatCriaux Molkculaires, 
10, rue Vauquelin, F-75231 Paris Cedex 05, France 

(Received 23 January 1989; accepted 10 April 1989) 

Octasubstituted phthalocyanine derivatives have been synthesized and charac- 
terized. The mesophases were studied by optical microscopy, differential scanning 
calorimetry and small angle X-ray diffraction. For the 2-ethyl-hexyloxy-derivative, 
three transitions are observed at 170°C, 223°C and 270°C. In the latter temperature 
range, X-ray diffraction indicates the presence of a nematic phase which shows 
homeotropic orientation on untreated surfaces of a glass slide. 

Octasubstituted phthalocyanine derivatives are well known to form columnar 
liquid crystals: in all cases, linear alkyl chains have been used and the macrocyclic 
phthalocyanines subunits stack to form columns [l,  21 (see figure 1). In the case of the 
triphenylene subunit, the use of bulky benzoate derivatives as side chains led to 
nematic mesophases in which the columnar arrangement is disrupted [3]. The same 
approach was unsuccessful with the phthalocyanine subunit [4]. However, in the 
truxene series, linear alkyl chains were found to lead to nematic phases [5 ] .  It was 
decided therefore to use the 2-ethyl-hexyl side chains in order to promote the creation 
of nematic liquid-crystalline phases. At the same time, the synthesis of various 
substituted phthalocyanine derivatives was described [6] and, based only on optical 
microscopy observations, the presence of a cholesteric phase was reported. 

The alkyl-substituted phthalonitriles were obtained in three steps starting from 
pyrocatechol, with an overall yield of approximately 43 per cent, following a previously 
reported chemical pathway [7, 81 (R = C6HI3-, m.p. = 105°C; R = 2-Et-C6HI2-, 
m.p. = 40°C). The phthalonitriles were converted into the corresponding phthalo- 
cyanines by an original electrochemical method [9] in 58 per cent yield for the 
2-ethyl-hexyl derivative [lo]. The optical absorption spectra of the final products (3 
in CH2C1, : &699 = 2 x lo5; &662 = 1.7 x lo5; ~ 4 2 9  = 5.6 x lo4; &346 = 1.14 x lo5; 
E~~~ = 8.5 x lo4) are closely related to comparable compounds [7, 81. The mesogens 
were synthesized to be used in devices in which only the orientational properties are 
required. In consequence no effort has been made to obtain the various pure race- 
mates of compound 3: we have only examined a diastereomeric mixture of this 
molecule with eight asymmetric carbons. 

When heated between two glass slides, the 2-ethyl-hexyl derivative 3 shows, by 
optical microscopy, a transition at about 220°C to give a fairly fluid birefringent mass 
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R O  OR 
R O  OR 

1:  R =  C,,H,,- 

2: R=C,H, , -  

3 :  R =  2-Et-C6H,*- 

Figure 1. Formula of the octasubstituted phthalocyanines synthesized and the two types of 
mesogens (columnar and nematic lenticular) which can be obtained. 

Figure 2. A photomicrograph between crossed polarizers of the compound 3 at 268OC 
under slight pressure (in the absence of pressure a homogeneously dark domain is 
observed). 

which slowly leads to a homogeneous black domain. Birefringence reappears when 
defects are produced by a slight pressure on the glass cover (see figure 2). These 
defects relax spontaneously in a few minutes indicating the strong tendency to 
homeotropy of the preparation. At 270°C another transition is observed which leads 
to an isotropic liquid, insensitive to mechanical perturbations. By differential scan- 
ning calorimetry, another transition at about 170°C is found, with almost no change 
in the texture. The corresponding linear hexyl derivative has transitions at 102OC and 
at a temperature higher than 300°C. The enthalpies of transition are one order of 
magnitude smaller for the branched derivative than for the linear one (see the table). 
X-ray diffraction indicates that both solid phases are orthorhombic with similar 
parameter values. Compound 3 shows an unusual tetragonal mesophase in the 
temperature range 170-223°C. In this case, the normal to the macrocyclic central 
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Mesomorphic properties of the various discogens used in the present study. Temperatures in 
"C; enthalpies in kJmol-' in brackets; distances in A. 

C MI M2 I 

91(130) > 300 
(C120)8P~Hz [7] 1 Orthorhombic Hexagonal, 

a, 274 D, 35 
b, 25.8 h, 3.4 
c, 4.3 L, 4.5 

102(50) 
(C60)8PcH2 2 Orthorhombic 

a, 22.6 
b, 17.7 

170(4.6) 

a, 23.4 a, 23.3 
b, 16.3 

(2-Et-C60),PcH2 3 Orthorhombic Tetragonal 

> 300 
Halos, 22.3; 
8.4; 4.8 
3.6 

223(7.61) 270( 3.26) 
Nematic 
Halos, 21.4; Halos, 22.4; 7.9 
8.1; 4.3 4.3 
(245°C) (285OC) 

subunit is collinear with the axis of the column formed by superposition of the 
phthalocyanine rings whereas a tilt angle (0 = 50") occurs in the solid phase. The 
transition at 223°C drastically alters the X-ray pattern: only diffuse halos are observed 
at 21.4& 8.1 A and 4.3A (245°C). In the isotropic phase, these parameter values are 
conserved. CPK molecular models indicate that the overall size of the discogen is 
between 21 A and 30A depending upon the conformation of the side chains. The 
distance of 21.4A is therefore probably related to the overall dimension of the 
mesogen. The value of 4.3 8, is conventionally found for disordered paraffinic chains. 
This has been confirmed by the X-ray diagram of 2-ethyl-hexyl bromide for which a 
correlation length of 4.3 A was found. A faint halo at about 8 A occurs in the X-ray 
diagram for the mesophase and the isotropic liquid phase of (2-Et-C6O),PcH,. The 
characteristic length of the molten hexyl side chains (7.91 A) [l 11 is in accord with this 
value. Compound 2 gives a very similar X-ray pattern between 102°C and > 300°C. 
However, the nematic structure could not be assessed with certainty since homeo- 
tropic orientation could not be obtained. 

In summary, (2-Et-C6O),PcH, forms a mesophase, from 223°C to 270"C, which 
slowly reorients to form a homeotropic phase. X-ray diffraction at small angles shows 
only halos related to the molecular dimensions. The birefringence of the homeotropic 
phase reappears when pressure is applied to the cover slip. It can, therefore, be 
concluded that a nematic lenticular liquid crystal is formed. The phthalocyanine 
subunit is one of the most popular dyes [12]: it is used, for example, as blue and green 
filters in colour liquid crystal displays [ 131. The use of liquid-crystalline orientable 
phthalocyanine derivatives in display devices can therefore be foreseen. 

Mr. L. Bosio is thanked for the X-ray experiments and Mr. C .  Sirlin is 
acknowledged for helpful discussions. 
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