
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:40
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T
3JH, UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Lyomesomorphism of
Carboxyl- and Alkoxycarbonyl
Substituted Phthalocyanine
Copper Complexes
Nadejda Usol'tseva a , Venera Bykova a , Galina
Ananjeva a , Antonina Smirnova a , Gennadi
Shaposhnikov b , Vladimir Maizlish b , Evgeny
Kudrik b & Alexandr Shirokov b
a Laboratory of Liquid Crystals, Ivanovo State
University, 153025, Ivanovo, Russia
b Ivanovo State University of Chemistry and
Technology, 153008, Ivanovo, Russia

Version of record first published: 24 Sep 2006

To cite this article: Nadejda Usol'tseva, Venera Bykova, Galina Ananjeva, Antonina
Smirnova, Gennadi Shaposhnikov, Vladimir Maizlish, Evgeny Kudrik & Alexandr
Shirokov (2000): Lyomesomorphism of Carboxyl- and Alkoxycarbonyl Substituted
Phthalocyanine Copper Complexes, Molecular Crystals and Liquid Crystals Science
and Technology. Section A. Molecular Crystals and Liquid Crystals, 352:1, 45-57

To link to this article:  http://dx.doi.org/10.1080/10587250008023160

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023160


PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any form
to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should
be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

40
 1

6 
A

ug
us

t 2
01

2 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mnl. Crysr andl iq .  Cqsr., 2000, Vol. 352, pp. 45-57 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2000 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Lyomesomorphism of Carboxyl- and 
Alkoxycarbonyl Substituted Phthalocyanine 

Copper Complexes 

NADEJDA USOLTSEVA“, VENERA BYKOVAa, 
GALINA ANANJEVAa, ANTONINA SMIRNOVA”, 

EVGENY KUDRIKb and ALEXANDR SHIROKOVb 
GENNADI SHAPOSHNIKOV~, VLADIMIR MAIZLISH~, 

‘Laboratory of Liquid Crystals, Ivanovo State University, 153025 Ivanovo, Russia 
and bIvanovo State University of Chemistry and Technology, 153008 Ivanovo, 

Russia 

The copper complexes of tetra-4-[(n-alkoxy)carbonyl] phthalocyanines 1 and 
tetra-[(4,4,4”,4”’-carboxyl),(5,5’,5”,5”’-alkoxycarbonyl)] phthalocyanines 2 have been syn- 
tbesized and the influence of the variation of the number, polarity or the length of the lateral 
substituents on their thermotropic and lyotropic mesomorphism has been studied. For the 
first time it has been shown that the homologous of both series can display lyotropic and ther- 
motropic mesophases, i. e .  amphotropy. The structure - properties relationship of these two 
mesomorphic series has been discussed as a consequence of the micro-segregation in the 
thermotropic as well as in the lyotropic state. 

Keywords: amphotropics; columnar phases: copper phthalocyanine derivatives; chromonics; 
micro-segregation; lyotropy 

INTRODUCTION 
Already many years ago it was established that hydrophilic non-meso- 

morphic tetra- [ 1,2] and octacarboxylated phthalocyanine copper 

[479]/45 
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complexes exhibit !yotropic columnar mesomorphism of the M- and N- 

chromonic type [2,3] in aqueous solutions. Besides that, numerous of 

thennotropic phthalocyanine (Pc) derivatives with eight chains display a 

lyotropic phase behaviour in binary systems with organic solvents [3]. It 

is commonly accepted [4] that more than four paraffin side chains of 

definite length are necessary to stabilize the columnar mesomorphic 

structure of disc-like compounds. In spite of this opinion, an 

amphotropic phase behaviour has been found also for tetra-substituted 

Pc derivatives in aqueous solutions [S] as well as in organic solvents 

[6]. In order to study the structure - properties relationship of disc-like 

compounds we undertook tbrther variations of the molecular structure 

of Pc derivatives. copper complexes of (hydrophobic) tet- 

ra(alkoxycarbony1) Pc la-j and tetra[(carboxyl),(alkoxycarbonyl)] Pc 

2 a-c ( Figure 1 )  have been synthesized and their amphotropic proper- 

ties have been investigated 

1: R I = H  
Rz = COOC,Hz,+l 

la: n=l; If: n=7; 
lb: n=2; lg: n=9; 
lc: n=3; lh: n=10; 

R 2  Id: n=4; li: n=l l ;  
le: n=6; lj: n=16 

yJGN- R2 +-:zR' 
2: R, = COOH 2a: n=4 

R2 = COOC,H~.+I 2b: n=9 
2c: n = l 1  

R ?  R I  
NtrN R I  

FIGURE I 
oxycarbonyl) Pc la-j and tetra[(carboxyl),(alkoxycarbonyl)] Pc 2a-c. 

Structural formulas of copper complexes of tetra(alk- 
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LYOMESOMORPHISM OF PHTHALOCYANINE COMPLEXES [481]/47 

It should be mentioned that some homologues of 1 were used recently 

for the investigation of Langmuir-Blodgett films [7], but their 

mesomorphism has not been studied before. 

M A T E U L S  AND METHODS 

The synthesis of tetra-4-[(n-alkoxy)carbonyl] copper phthalocyanines 1 

and of tetra[(4,4’ ,4’ ’ ,4’ ”-carboxyl),( 5,5 ’ ,5’ ’ ,5’ ” -alkoxycarbonyl)] cop- 

per phthalocyanines 2 has been performed as described previously [8]. 

The structure of the compounds 1 and 2 was confirmed by the data of 

elemental analysis, thin layer chromatography, ‘H NMR, IR FAJ3-MS 

and UV-VIS spectroscopy. The mesomorphic behaviour of these com- 

pounds and their mixtures with organic solvents (nonane, pentadecane, 

chloroform, benzene, DMFA) was investigated by polarizing micro- 

scopy using a ((Leitz Laborlux 12 Poh microscope equipped with a 

((Mettler FP 82)) hot stage, heating rate of 2 OC/min. The photographs 

of the textures were taken with a 24 x 36 mm microscope camera and a 

Photoautomat ((Wild M P S  5 1)). Besides that, in order to obtain the tem- 

peratures and enthalpies of some of phase transition differential scanning 

calorimetry measurements were carried out with a ((Mettler TA 

3000/DSC 30s)). at heating rates of 5 and 10 ‘C/rnin. X-ray diffraction 

patterns were obtained using an ((IRIS-3)) diffractometer. 

RESULTS AND DISCUSSION 

Thermotropic mesomorphism. 

The thermotropic data for the compounds 1 are presented in Table 1 
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48/[482] NADEJDA USOLTSEVA et al. 

TABLE 1 Transition temperatures for tetra[(n-a1koxy)carbonylJ 
copper phthalocyanines 1 [CuPc(COOR)4] 

*from the data of DSC measurements, 

viscous at room temperature 

Compounds l a  and b are non-mesomorphic and keep a crystalline state 

even at T > 300 OC. On heating, the compounds lc-j form a mesophase 

with a non-geometrical texture (Figure 2). Such a texture is typical of 

the columnar two-dimensional ordered phases. Thermotropic 

mesomorphism of the compounds 1 is strongly dependent on the length 
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LYOMESOMORPHISM OF PHTHALOCYANINE COMPLEXES [483]/49 

of lateral substituents When the paraffin chains become longer (lc-g), 

the melting points decrease firstly, hr ther  extension of the lateral sub- 

stituents ( I  h-j) leads to an increase of the transitions temperatures into 

the mesophase 

Fibwre 2 Non-geometrical texture of compound lg on heating, crossed 

polarizers, T = 120 'C, x 320 See Color Plate I at the back of this issue. 

The length o f  the lateral substituents also affects the 2D columnar order 

in the mesophase To identifL the supramolecular structure of the 

compounds Id, e, g, i, and j, the X-ray measurements were carried out 

at temperatures o f  20, SO, 70, 90, 120 and IS0 "C Typical diffraction 

patterns are schematically shown in Figure 3 While compound If (n = 

4) displays diffraction patterns with a Bragg spacing ratio equal to 

1 0 7 1 0 45 (typical of two-dimensional square lattice), the higher 

homologues (li, n = I 1 and 1 j. n = 16) show patterns that are characte- 
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3 

2 
2 

a b 

FUGURE 3 The scheme of the X-ray diffraction patterns of 
compounds: a) Id (n = 4), 90°C, b) li (n = 11). 90 "C; 1, 2 and 3 are 
the small-, middle- and wide-angle regions, respectively. 

ristic for a hexagonal order (1:0.578:0.49:0.379 and 1:0.57:0.52:0.3, 

respectively). In wide angles a weak diffraction ring (3.33 A )  and a 

sharp one (3,69 A )  corresponding to a basic repeat distance and its 

reflection have been observed. X-ray diffraction patterns of compound 

Ig (n=9) have only four diffraction rings in the small-angle region at 

20, 50 and 90 'C. The Bragg spacing ratio for these rings 

( 1  :0.72:0.52:0.46) is very similar to that of a two-dimensional square 

lattice. However, at a temperature of 90 OC we have obtained an 

((intermediate)) ratio (1:0.61:0.52:0.38) which shows reflections typical 

of a square lattice as well as for a hexagonal one. This change is in good 

agreement with the DSC-data; around 80 "C a small peak was observed, 

that can be attributed to the transition between two mesophases with 

0 
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LYOMESOMORPHISM OF PHTHALOCYANINE COMPLEXES [485]/51 

2 R Tcr-+~so 9 

OC 

R]=COOH 
R2=COOC4H9 A 

RI=COOH 
Rz=COOCpH19 

RI=COOH 
Rz=COOC I 1H23 

B 

C 

closely related structures. The polarizing microscopy shows that this 

transition is not accompanied by any texture change. 

The thermotropic properties of the compounds 2 are summarized in 

Table 2. In comparison to analogs of series 1 (n = 4, 9 or I I ) ,  the 

introduction of four COOH-groups besides four alkoxycarbonyl groups 

into the Pc molecule diminished the thermotropic mesomorphism of 

these compounds. 

TABLE 2 Transition temperatures for the tetra[(4,4’,4”.4”’-car- 
boxyl), (5,5 ’, 5 ’ ’, 5 ’ ’ ’ -alkoxycarbonyl)] copper phthalocyanines 2 
CUPC[(COOH)(COOR)]~ 

Tc~-+c~I  3 T ~ o l + ~ s o  9 

OC OC 

> 300 
decomp. 

130 > 300 

100 > 300 
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strong association of these compounds in solution. On the basis of the 

molecular structure, the typical textures and phase diagrams (e.g. Figure 

5) .  the lyotropic mesophases of 1 can be determined as M- and N- 

chromonic-like phases: N means a columnar nematic and M - a 

columnar two-dimensionally ordered phase. A boundary between these 

two lyo-mesophases cannot be confirmed unambiguously (Figure 4). 

J .  Lydon [9] calls such a system a P-phase. As can be clearly seen from 

Table 3,  the lyotropic polymorphism depends on the number of carbon 

atoms in Pc substituents and on the character of the solvent. In mixtures 

with chloroform or benzene both the lyomesophases exist at room 

temperature. In the case of linear alkanes, lyotropic behaviour depends 

on the ratio of the number of carbon atoms in the alkane molecule and in 

the hydrocarbon moiety of series 1 [lo]. Probably, this fact can be 

explained by the difference in the possible packing of the parafin 

periphery of the mesogens and of the linear solvents [ 1 11. 

The data on lyotropic mesomorphism of the compounds 2 with organic 

solvents are shown in Table 4. The non-mesomorphic compound 2a 

does not display any lyomesophase in binary systems with nonane, 

chloroform or benzene. However, the mixture of 2a with DMFA shows 

lyomesophase of the M-chromonic type (induced type). A similar 

situation was described recently [ 121 for tetrasubstituted 

(R=SO~NHC~HT) copper phthalocyanine. 
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LYOMESOMORPHISM OF PHTHALOCYANINE COMPLEXES [487]/53 

FIGURE 4 Contact preparation of If  with CCI4 on heating, crossed 
polarizers (T=ZS 'C), x 320 From top to bottom. isotropic liquid, 
schlieren-texture, non-geometrical texture 
See Color Plate I1 at the back of this issue. 

FIGURE S Section of the simplified phase diagram of the l fhonane 
system, on heating, Cr - crystal phase, N - columnar nematic 
chromonic-like phase, M - columnar 2D ordered chromonic-like phase, 
Is0 - isotropic phase 
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TABLE 3 Lyotropic phase behaviour of CuPc(C0OR)d derivatives 1 

1 

D 
F 
G 
J 

R Solvents, 23 OC 

Nonane Chlorof. Benzene = 
N - columnar nematic chromonic-like N-phase; 
M- columnar two-dimensional ordered chromonic-like M-phase. 
0 the induced status of the N phase. 

TABLE 4 Lyomesophases of CuPc[(COOH)(COOR)]4 derivatives 2 

Solvents, 23 OC 
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LYOMESOMORPHISM OF PHTHALOCYANINE COMPLEXES 14891155 

Thus, the mesomorphism of tetra(alkoxycarbony1) CuPc 1 is a new rare 

case of amphotropic behaviour shown by tetrasubstituted disc-like 

mesogens. It is very important, that the preservation of mesomorphic 

properties even at four alkanoyl substituents clearly proves the 

contribution of the polarity of the linking groups and of a space-filling 

effect in the micro-segregation within the columns and, consequently, in 

the mesomorphic behaviour of these disc-like mesogens. 

Further increase of the polarity (the replacement of four H-atoms by 

four COOH-groups) expands the polar core, but the steric effect of 

these polar groups diminishes the density of the hydrophobic area. 

These factors lead to an increase of thermostability of the crystalline 

phase and to a decrease of thermotropic properties as well as (with 

organic solvents) lyotropic ones of the samples of series 2, because the 

alternation of carboxyl and alkoxycarbonyl groups is not favourable for 

the space filling in the parafin area and, therefore, increases the micto- 

segregation within the columns. 

CONCLUSIONS 

The copper complexes of tetraalkyl esters of tetracarboxylated Pc 1 and 

of tetra[(carboxyl),(alkoxycarbonyl)] Pc 2 were synthesized and 

amphotropic properties for a number of homologues were established 

for the first time. It has been found that the compounds of both series 

lc-j and 2a-c display a thermotropic mesomorphism of the columnar 

type. The length of the lateral substituents of 1 affects not only the 

temperature of the crystal + liquid crystal phase transition, but also the 

type of supramolecular packing in the mesophase. 
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In the binary systems with numerous linear alkanes (e.g., nonane, 

pentadecane), benzene, CC14 or chloroform the hydrophobic compounds 

Id-j, containing four ester groups with aliphatic substituents of various 

length, form columnar lyotropic phases of the N- and M-chromonic-like 

type (at definite concentrations and temperatures). 

The introduction of four alkoxycarbonyl and four carboxyl groups into 

the phthalocyanine molecule diminishes both the thermotropic and the 

lyotropic mesomorphism of 2 caused by decrease of the micro- 

segregation forces 

The induction of mesomorphic behaviour has been observed in a binary 

mixture composed of the non-mesomorphic 2a with DMFA. 
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