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The liquid-crystalline properties of
bis[ N-[[4-[ 4-(alkoxy)benzoyloxy ]2-
hydroxyphenyl Jmethylene Jalkanamino ]
complexes of Cu(IT), Pd(II) and Ni(II)

A general view

by UGO CARUSO, ANTONIO ROVIELLO
and AUGUSTO SIRIGU*

Universita di Napoli, Dipartimento di Chimica,
Via Mezzocannone, 4, 80134 Napoli, Italy

(Received 12 November 1990; accepted 27 January 1991)

The thermotropic liquid-crystalline phase behaviour of a homologous set
of bis[ N-[[4-[4-(alkoxy)benzoyloxy]2-hydroxyphenyl]methylene]alkanamino]
copper(Il) complexes is examined. New data are reported and taken into account in
addition to those previously reported in this Journal. The influence of alkoxy and
alkanamine groups on the nature and stability of the mesophase is underlined. As a
general trend, with some notable exception, smectic (C type) mesomorphism is
favoured by longer alkoxy and alkanamine chains. Data concerning some Pd(Ii)
and Ni(lI) homologous complexes are also reported. The mesophase stability
(nematic phase) is higher for palladium and nickel complexes than for the copper
containing homologues.

1. Introduction

A comparatively new family of liquid-crystalline compounds is obtained by
utilizing organometallic complexation. Within this class of metallomesogens a
significant number is based on tetracoordinated derivatives of Shiff’s bases [1-117. The
synthesis and the liquid-crystalline behaviour of a number of homologous bis[ N-[[4-
[4-(alkoxy)benzoyloxy]2-hydroxyphenylJmethylene]alkanamino] metal complexes
have been reported recently [8,9]. Two homologous series of copper(I) complexes
(herinafter referred to as n-mNCu) have been described in detail elsewhere {10, 117.

CHg(CH) . 10@000@% =N(CHplpy1CHg
CHCHppyN= Hc@ooc@omuz)n (CHg

Nematic and/or smectic (C type) mesomorphism was observed depending on the
number of carbon atoms in the alkoxy (n) and/or alkanamino (m) groups. Although asa
general trend smectic mesomorphism is favoured by high n or m values (e.g. 6-1NCu is
nematogenic while 14-1NCu is smectogenic), the influence of these parameters is
interdependent and non-linear. For example, 14-2NCu is not mesomorphic, 14-6NCu
is only nematogenic while 14-14NCu is both nematogenic and smectogenic [11].
We report here some quantitative results of a further investigation concerning a
considerable additional number of homologous complexes whose liquid-crystalline
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phase behaviour was reported previously [8]. In order to study any specific influence of
the nature of the metal atom on the liquid-crystalline properties, the investigation has
been extended to some Pd(IT) and Ni(II) containing homologues.

2. Experimental
The compounds which have been prepared and whose phase behaviour has been
examined may be grouped as follows:

(1) n-mNCu (n=6,m=1-15,17,n=10,m=1-15,17;n=7-14,m=8,n=7-14,
m=13),

(2) n-mNPd (n=8-11,14,m=1;n=T,m=13;n=8,m=8,13;n=14,m=3),

(3) n-mNNi (n=8,1,14,m=1;n=12,m=13).

The chemical synthesis of the copper containing complexes is outlined in scheme 1. It
was performed following a procedure described elsewhere [11]. The preparation of

() CH3(0H2)H_10@COCI * HO@CHO —= CHglCHa}ytO COOQCHO
1 3

H
2OH

(b) 3+ CHgICHa)m_1NHp = CHg(CHy) n_10-©COOQCH=N(CH2)m_1CH3
4 5 OH

(c) 5+ CulAclg -HoO == n-mNCu
Scheme 1.

palladium complexes was performed following a slightly different procedure at steps (b)
and (c). This is outlined for 7-13NPd as an example.

0-288 g of aldehyde 3 (n="7) and 0-141 g of amine 4 (m = 13) were dissolved in 20 ml of
hot dioxane. The corresponding imine 5 (n= 7, m=13) (in the following, the symbol n-
mN will be used for imines containing n carbon atoms in the alkoxy segment and m
carbon atoms in the alkanamine group), whose progressive formation was indicated by
a deepening yellow colour of the solution, was not separated. A solution of 0-100 g of
sodium acetate in 20 ml ethanol was added and, at a temperature close to 30°C,0-136 g
of Pd(CzH;CN),Cl, partially dissolved in 10ml dioxane was finally added. The
reaction mixture was brought to 60°C for 3min. The yellow mixture was cooled to
room temperature. The crystal phase was purified by chromatography (Florisil/
chloroform) and successive recrystallization from chloroform/ethanol solution.

For the preparation of nickel containing complexes a similar procedure was
followed. Ni(C10,), . 6H,0 was used in the final step with ethanol in place of dioxane.

The chemical nature of some selected precursor aldehydes and imines as well as that
of palladium and nickel containing complexes was monitored by ‘H-n.m.r. spec-
troscopy. Table 1 reports some selected n.m.r. data for-a palladium complex as well as
some imines 5, namely 68N, 10-8N, 6-13N and 10-13N, whose phase behaviour was
also examined. They are mesogenic; the transition temperatures are reported in table 1.
As a further check, the copper content as CuQ was quantiatively determined for a few
copper containing complexes: 6-8NCu 8-21 per cent calculated, 826 per cent found;
10-8NCu 7-36 per cent calculated, 7-41 per cent found; 6-13NCu 7-17 per cent
calculated, 7-18 per cent found; 10-13NCu 6-51 per cent calculated, 6-53 per cent found.

The phase behaviour of all compounds was examined by DSC thermal analysis
(DSC-2 Perkin—Elmer apparatus) and by optical microscopy (Leitz polarizing
microscope equipped with a Mettler FP 5 temperature controlled microfurnace). The
'H-n.m.r. spectra were recorded on a 270 MHz Bruker spectrometer.
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Table 1. Transition temperature for imines 6-8N, 10-8N, 6-13N, 10-13N and selected
'H-n.m.r. data (§/ppm, CDCl; solvent) for the same compounds (6(im)) and for 8-13NPd

(5(Pd)).
TJK  TK T/K  &im)  &Pd)
68N 3377 3488 089t  092¢  (—OR)}-CH,)f
10-8N 3416 3519 404t 405t (-CH,-O-¢-)
6-13N 358t 368t (=N-CH,)
10-13N 3431 3540 3555 831 7-59 (-¢-CH=N)

14-10 (-¢-OH)

Abbreviations: T, T;, T,=melting, lig. cryst.—liq. cryst. transition, isotropization tempera-
tures respectively; t = triplet; no attribute =singlet; —¢—=p-phenylene group. t Average values.

Homologous values of § measured for different imines may differ by +1 in the last digit;
temperatures are measured at the maximum of the DSC transition endotherm at the first heating
run of samples crystallized from solution.

3. Results and discussion

All but one of the copper complexes and most of those containing palladium show
enantiotropic mesomorphic behaviour; 6-2NCu is only monotropically mesomorphic;
enantiotropic mesomorphism is exhibited by the four nickel complexes examined. The
optical textures indicate that the large majority of compounds are nematogenic (shown
by a very mobile schlieren texture), some also show smectic C mesomorphism while for
three of them only smectic C mesomorphism (shown by schlieren or schlieren and fan
textures) is observed.

As it was already noticed for series n-1NCu and 14-mNCu, most compounds exhibit
solid state polymorphism. This may occur either because different solid phases are
stable as a function of temperature or because the melt crystallized solid is different
from the solution cyrstallized one. Frequently, both cases occur together. A detailed
description of the solid phase behaviour, even if only thermal and optical microscopy
data are used, goes beyond the scope of this paper. Some account is given in tables 2 and
3 which, however, report melting temperatures of solution crystallized samples only. A
more detailed description is made for only a few cases to help understand the liquid-
crystalline behaviour.

3.1. Copper complexes

Thermodynamic data concerning copper complexes are reported in tables 2 and 3.
As a general trend, as n and m increase both melting and isotropization temperatures
decrease with a decreasing gradient. The thermal stability interval of the mesophase
(Tni— Ten) shows sharp variations with m only for small values of m. It has its minimum
value for m=2. In fact, no mesomorphism was observed for 14-2NCu [11],
monotropic mesomorphism is exhibited by 6-2NCu and a stability interval of 6-4 K is
measured for the nematic phase of 10-2NCu as compared to 45-6K and 385 K found
for 10-1NCu and 10-3NCu, respectively.

No relevant odd-even fluctuation of the nematic—isotropic transition temperature
and of the corresponding enthalpy changes (AHy;) occurs with any regularity within
the members of a homologous series. A comparative examination of the data shows
that the effects of the alkanamino and alkoxy terminals on the thermal parameters are
quantitatively comparable. However, some systematic differences occur concerning
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both the influence on the nature of the mesophase exhibited and on the phase transition
parameters. For ease of comparison, table 4 reports melting and isotropization
temperatures for some pairs of complexes, n;, —m;NCu and n,—m,NCu, having
ny+m;=n,+m, and n,=m, (or n;xm,) and m;=n, (or m, =n,). With a single
exception, it is apparent that, within each pair, the compound having higher m has also
higher Te.y and Ty;. So, the alkanamino terminals appear to be somewhat more efficient
stabilizers of the mesophase than the alkoxy ones.

Concerning the influence of the terminal chains on the mesophase nature, table 5
summarizes the results for the entire set of compounds. As a general trend, smectic
mesomorphism is favoured by longer alkanamino or alkoxy terminals. The influence of
both terminal types appears to be cooperative. However, a peculiar exception is the
sharp destabilization of the smectic phase observed for compounds 10-nNCu and 14-
nNCu for n>1. To explain this feature, which is presumably connected also with the
aforementioned drop of the thermal stability interval of the mesophase at least
qualitatively, we have no suggestion.

As to the influence on the nature of mesophasic behaviour, alkoxy and alkanamino
terminals do not play an entirely symmetrical role. For example, the first member of
series 14-mNCu showing smectic mesomorphism, aithough in monotropic form, has
m=10 while analogous behaviour is exhibited for n as low as 6 for compounds n-
14NCu. In a similar way, while compound 8-13NCu is enantiotropically smectogenic,
13-8NCu is not.

Table2. Transition temperatures of copper complexes n-mNCu at the onset of the DSC endothermic

signal.

n m T./K AH /kImol™' To/K AHg/kImol™! TWK  AHy/kImol™!
6 8 3887 b) 4271 2:44
7 8(a) 3826 )] 4207 2:46
8 8 3814 (b) 4183 2-56
9 8 3828 574 4127 251

10 8 3762 638 409-8 2-64

11 8 3777 ) 4052 258

12 8 372’5 ) 4022 276

13 8 3751 b 3984 274

14 8 3728 1422 3959 2-88
6 13(a) 4033 409-1 333
7 13 3732 812 © 407-0 354
8 13(d) 3826 256 3923 101 406-8 393
9 13(¢) 377 353 3932 11-4 404-5 4-38

10 13 3852 814 3936 121 4059 4-84

11 13 3887 84-1 3932 119 401-3 495

12 13 3890 913 3920 113 400-1 512

13 13 384-6 933 3924 124 3981 518

14 13 3844 100-4 391-6 12:6 3966 512

oT/T=0001 for four figures values, 0-005 for the others. n, m=Number of carbon atoms in the
alkoxy (n) and alkanamine (m) groups; T,,=melting temperature of the solution crystallized solid;
Tyy=smectic-nematic transition temperature; Ty;=nematic-isotropic transition temperature;
AH =molar enthalpy change at the phase transitions; 0-05>0cAH/AH > 0-01.

(a) Solid phase transition observed; (b) not measurable because of recrystallization phenomena; (c)
two monotropic smectic phases observed (see text), (d) solid phase transition at 377-6K,
AH =95-4kJmol " !; (e) solid phase transition at 363-7K, AH=78-9kJmol 1.
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Table 3. Thermodynamic data for the phase transitions (see table 2 for explanations).

nom T/K AH,/kImol™' Ty/K AHg/kImol™' Ty/K  AHy/kJmol
6 1 4847 580 539-1 2:87
6 2 4889 606 485

6 3 4418 477 4794 2:89
6 4 4227 582 4486 2:60
6 5 403-4 428 4480 2:56
6 6 4036 (b) 4410 2:55
6 7 3990 (b) 4393 2:63
6 8(a 3887 (b) 4271 244
6 9@ 3947 397 4242 2:66
6 10(a) 3935 (b) 4182 271
6 (@ 4011 534 4162 313

6 12 398-8 531 4112 299
6 13(a) 4033 (b) 4091 333
6 14 394-4 434(c) 4054 371
6 15(a) 3873 382 3944 4036 419
6 17(a) 3814 579(d) 3959 3997 186 ()
10 1) 4528 315 4569 063 498-4 2:54
0 2 4389 656 4453 2:58
0 3 4063 513 444'5 2:65
10 4 390-1 849 4170 243
0 5 3814 764 4198 2:37
10 6(a 3900 (b) 4179 252
0 7 3852 442 4187 2:59
0 8 3762 638 4098 264
10 9 3883 (b) 4100 272
10 10 3889 556 4072 302
10 11() 3934 (e) ) 4071 339
10 12 3794 1161 3872 772 404-4 3-59
10 13 3852 81°5 393-6 12110 4059 484
10 14 3875 64-8 3967 4017 187(c)
1015 3915 710 399-5 4009 20-3(c)
10 17 396:4 789 (g) 4006 232(h)

(a) Solid phase transition observed; (b) not measurable because of recrystallization phenomena; (c)
includes the contribution of an unresolved SN phase transition; (d) includes the contribution of a solid
phase transition; (¢} not measurable because a second solid phase melting at a higher temperature is
present in a variable amount; (f) smectic mesomorphism is monotropic, Typ=381K (optical

observation); (g) measured as AH—AHg, C=crystal phase; (h) SI phase transition.

Table 4. Melting and isotropization temperatures for pairs of copper complexes nl —mINCu
and n2 —m2NCu characterized by having nl + ml1=n2+m2 and nl=m2 or nl xm2.

nl ml  TJK T/K n2 m TJK T/K
6 10 3935 4182 10 6 3900 4179
10 10 3889 4072 12 8 3725 4022
10 12 3794 4044 14 8 3730 3959
6 13 4033 4091 14 5 383 4017
7 13 3732 4070 14 6 3840 4010
8 13 3826 4068 13 8 3751 3984
6 14 3944 4054 14 6 3840 4010
10 14 3875 4017 14 10 3804 3970

Data for complexes 14-mNCu are taken from [11].
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Table 5. Mesophasic behaviour of complexes n-mNCu. N (m) and S(m) indicate nematic or
smectic monotropic mesomorphism.

n

m 6 7 8 9 10 1 12 13 14

1 N N N N NS NS NS NS S

2 N(m) N

3 N N N

4 N N N (m)

5 N N N

6 N N N

7 N N N

8 N N N N N N N N N

9 N N N
10 N N N, S(m)
11 N N,S(m) N, S(m)
12 N N, S N,S
13 N NSm NS NS NS NS NS NS NS
14 N,S(m) N,S N, S
15 NS N,S S
17 NS S

7-13NCu also shows a highly ordered monotropic smectic phase.

The liquid crystalline properties of complexes 10-mNCu with m=1-10 have
already been reported by Serrano et al. [9]. As far as mesophasic behaviour is
concerned, our findings are in complete accord. However, some quantitative dif-
ferences have been found concerning isotropization temperatures and enthalpies. In
fact, while for complexes with m=1,4, 5,10 the agreement is excellent, systematically
lower values are reported by Serrano et al. for the other compounds (e.g. Ty;=413-1K,
AHy=154kJmol~! for 10-7NCu, as compared to the values of 418 7K and
2:59 kI mol ! reported in table 3). These differences appear not to be connected with
some inconsistency that is also found if the melting temperatures are compared.
Probably, such inconsistency should be traced to the tendency to exhibit solid phase
polymorphism which characterizes many of these compounds.

We shall now discuss in greater detail the phase behaviour of a few compounds
taken as an example.

3.1.1. Compound 7-13NCu

The phase behaviour of 7-13NCu is sketched in scheme 2. Phase C,, which forms
by solution crystallization, melts at 373-2K producing a very viscous phase with
mosaic textures similar to those reported in the literature for ordered smectic phases
such as S; [12]. On heating, this ordered smectic transforms at 391-4 K into a nematic
phase characterized by a very mobile schlieren texture. However, even at constant
temperature, the ordered smectic undergoes crystallization producing a solid phase C,
which is stable at room temperature and melts at 398-3K to the nematic phase. On
cooling this phase at a rate not higher than 10 K/min, a new liquid-crystalline phase
forms whose most common texture (shown by a fan and schlieren texture) identifies it as
a Sc. The reverse transformation takes place at 391-1 K. On cooling the smectic C
phase, the ordered smectic characterized by a mosaic texture forms closing thus a cyclic
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e

C1 373.2 K S (7) 3914K
-_— OB

4070 K
398.3 K

Scheme 2.

transformation which can be reproduced at will. In conclusion, the liquid-crystalline
behaviour of 7-13NCu exhibits two monotropic smectic phases if a melt crystallized
sample is examined, while with the solution crystallized solid, only the S. phase is
monotropic. It is worth noting that a sample which is solution recrystallized after
having undergone a thermal cycle (including isotropization) reproduces the behaviour
of a previously untreated sample.

3.1.2. Compound 9—13NCu

363.7 K 377 K 393.2 K 4045 K
Cl———C2 >*Sc s *N= = |
It
< 377K I I 389 K
C3 C4
Scheme 3.

The phase behaviour of 9-13NCu is summarized by scheme 3. The sequence of
phase transitions observed on heating a solution crystallized sample is
C,-C,-S.—N-I Both liquid-crystalline phases are enantiotropic and the schlieren
texture is that most frequently observed. A solid phase transition occurs also on
cooling. However, on successive heating, the phase stable at room temperature (C;)
transforms into C, at a temperature so close to 7T¢,s. that melting and solid-phase
transition endotherms coalesce. The behaviour of melt crystallized samples is
reproducible in successive thermal cycles. However, by annealing the smectic C phase
atabout 380 K, a different solid phase, C,, forms. The amount of C, formed depends on
the annealing time. C, does not undergo any solid phase transition and melts at 389 K
producing the smectic C phase. No effect on the liquid-crystalline behaviour is
produced other than a reduction of the thermal stability interval of the smectic phase
due to the higher melting temperature of C,.
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Table 6. Influence of the metal atom on the transition temperatures (a) (see table 2 for

explanations).
Me=Cu(Il) Me = Pd(II) Me = Ni(II)

n m  T,/K /K T./K Tw/K L/K Tu/K

8 1 484-7 5391 5134 5367 5377 543-5

9 1 459-4 5059 510-0 524-1
10 1 452-8 4984 5105 5145
11 1 449-0 491-1 507-6 — 523(b) 532
14 1 440-8 4773(c) 5012 — 505(b) 523
14 3 4084 4228 4466 4704

8 8 3814 4183 4281 4683

7 13 3732 4070 440-1 444-3

8 13 382:6 406-8 4374 442-3
12 13 389-0 3981 4030 4157

(a) All PA(IT) and Ni(IT) complexes exhibit a solid phase transition; (b) both T,, and Ty, from
optical observations; (¢) SI phase transition.

3.2. Palladium and nickel complexes

The thermal data concerning the phase behaviour of Pd and Ni containing
complexes are reported in table 6. Most complexes exhibit nematic mesomorphism and
their melting and isotropization temperatures exceed those of the corresponding
copper containing homologues. Analogous differences were observed by Serrano et al.
[9] for homologous copper(Il} and nickel(II) complexes and for other mesogenic
salicylidenecaminates of copper(ll) and palladium(ll) [6]. An explanation for this
behaviour, which is under scrutiny, might be the higher stability of Pd(II) and Ni(II)
complexes towards a pseudo-tetrahedral distortion of the square planar coordinative
geometry. Actually, single crystal X-ray diffraction analysis of the crystal structure
of bis{4-(n-heptyloxy)-N-[ p-(n-hexyloxy)phenyl]salicylidene-aminato } palladium(II)
[13] has shown that the coordinative geometry is strictly square planar while this
geometry and a distorted tetrahedral one are both present in equal amounts in the
crystal phase of the copper(Il) homologue [14]. (Melting and isotropization tempera-
tures of these compounds are: Ty=444K, T, =488K for the Pd(II) complex;
Ten=423K, T =441K for the Cu(Il) containing homologue) [6].

The financial support of Ministero dell'Universita e della Ricerca Scientifica e
Tecnologica is acknowledged.
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