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Thermal characteristics of fatty acid copper(Il) carboxylate
complexes with nicotinamide and diethylnicotinamide ligands
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Abstract

TG and DTA studies of [Cu,(OOCC,Hy,1),(nia),] (nia = nicotinamide;n = 6—11) and [Cu, (OOCC,H,,+1),(Et;nia),]
(Etznia = N,N-diethylnicotinamide; n = 6—11) are reported. The influence of the ligands in these complexes on the solid-to-
liquid crystalline phase transition is established. Solid-to-solid, solid-to-liquid crystalline and liquid crystalline-to-isotropic
liquid phase transitions are confirmed for the compounds with nia ligand [(Cu,(OOCC,Hy,41),(nia),] (n = 10,11) by
variable temperature X-ray diffraction analysis and polarized optical microscopy. Only melting points are detected in all
complexes with the Et;nia ligand. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Solid-to-liquid crystal phase transitions occur in
some copper(Il) carboxylates in the temperature inter-
val between 358 and 393 K [1-4]. These compounds
consist of centrosymmetric tetracarboxylate-bridged
dimers, [Cuy(OOCC,Hy,1),] as reported for cop-
per(l) decanoate [5], octanoate [6], heptanoate [7]
and hexanoate [8]. Significant inter-dimer associations
through copper and oxygen atoms in apical positions
of adjacent dimers, as shown in Fig. 1, are typical for
the simple copper(Il) carboxylates [7,8]. The dimers
are connected in chains, building an extended poly-
meric structure.

The complexes of nia ligand, [Cu,(OOCC,Hat1),
(nia),] m=6 (A, B), 7, 8) [9,10] and Etynia,
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[Cu,(OOCC7H5)4(Etynia),] [11], crystallize in a
dimeric form similar to [Cuy(OOCC,Hy,11),], but
dimer association is different due to ligands in the
apical positions. The ligands nia and Et;nia are
coordinated to the apical positions through nitrogen
atoms as for pyridine in [Cuz(OOCC,Hau+1)4(PY),]
(n = 6—11) complexes [12]. Similar structures were
proposed for the other [Cu,(OOCC,Hy, ), (nia),]
(n =9—11) and [Cu,(OOCC,Hy,41),(Etznia),] (n =
6, 8—11) complexes according to the UV-Vis, IR, EPR
spectra and magnetic measurements [9,11]. Dimers,
connected to an extended sheet by hydrogen bonds,
are characteristic only for nia series [9,10], but not for
Et;nia [11] series of compounds. Two different hydro-
gen bonding schemes are characteristic for A and B
polymorphic forms of [Cuy(OOCCgH,3)4(nia),].
Hydrogen bonds N—H---O are formed in B form
heptanoate similar as in nia octanoate and nonanoate
from amide nitrogen to the amide and carboxylate
oxygen atoms of adjacent dimers. Only amide—amide
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Fig. 1. Inter-dimer associations through copper and oxygen atoms
in apical positions of adjacent dimers.

hydrogen bonds are present in A form of nia heptano-
ate, resulting in a honeycomb-like network [9]. Ethyl
groups replace hydrogen atoms in the complexes of
[Cu(OOCC,Hy,+1),(Etonia),] and prevent associa-
tion to a network through hydrogen bonds.

Phase transitions of copper(Il) carboxylates with
nitrogen donor ligands have been reported for pyridine
complexes [Cu,(OOCC,Hy,y1),(py),] (n=8,9,11)
[13] and for a pyridine derivative, dodecylnicotinate
complexes, in [Cu,(OOCC,Hy,+1),(CsHsNCOOC ),
Hys),| (n = 10,12, 14,16, 18,20) [14]. We have stu-
died the thermal behavior of the copper(Il) carbox-
ylate complexes with nia and Etynia. DTA and TG
curves of these complexes have been recorded to
determine whether a transition to a liquid crystalline
phase takes place on heating. The transition to a liquid
crystalline phase on heating was confirmed by variable
temperature X-ray diffraction studies and polarized
microscopy. The explanation of different thermal cha-
racteristics in the complexes [Cup(OOCC, Hput1),
(L),] (L = nia, Etynia) is presented.

2. Experimental
2.1. Materials

The complexes of [Cuy(OOCC,Hy,1),(nia),]
(n=6—11) [9] and [Cu,(OOCC,Hy,.,),(Etnia),]

(n =6—11) were prepared as reported previously
[11].

2.2. Physical measurements

Simultaneous TG and DTA measurements were
made on a Mettler TA 2000 under 99.999% pure argon
with the flow rate of 35 mlmin~'. The reference
material Al,0O; was employed in all experiments.
The first measurement for each compound was done
at a heating rate of 2 K min~"' up to 773 K in order
to determine the solid-mesophase and mesophase—
isotropic liquid transition temperatures. The subse-
quent measurements were performed at a heating rate
of 1 K min~"', some of them with consequent cooling
and repeated heating to check reversibility of phase
transitions. The temperature and energy corrections
were done by melting of indium (429.6 K) and zinc
(692.6 K). Repeated measurements have shown
uncertainties in the temperature range of =1 K and
+10% kJ mol '. The noise in DTA curves is negli-
gible in the applied temperature range, being less than
2% of observed peaks.

X-ray powder diffraction patterns of samples before
and after thermal treatment were recorded on a Huber
Guinier camera.

Variable temperature X-ray diffraction patterns
were collected on Siemens D-5000 diffractometer,
with a HTK-16 high temperature chamber using Cu
Ko radiation. The compounds were heated in air at
5 K min~' to the starting temperature, which was than
held until the end of scanning. The samples were
scanned in the 2@ range between 4° and 20° in steps
of 0.026° 20 and an integration time of 4 s per step.

Polarized microscopy. Specimen temperature was
regulated with a programmed control system Mettler
Toledo FP82, capable of multiple heating/cooling
ramps at various rates. The microscopy studies were
conducted with a Carl Zeiss STEMI SV6 microscope.
Birefringence was observed using two Zeiss plane-
polarizing filters oriented as fully-crossed polars.

3. Results and discussion

3.1. [Cuy(OOCC,Hs, 1) Etnia)y](n =6-11)

Etynia complexes, [Cu,(OOCC,Hy,41),(Et;nia),]
(n = 6—11), decompose above 413 K. Decomposition
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Table 1

Melting points of [Cu, (OOCC,Hy,41),(Etynia),] and [Cu, (OOCC,Hy,41 ), (nia),] phase transition temperatures for [Cu, (OOCC, Hy,11),(nia),]

compounds and corresponding enthalpies determined from DTA curves

n [Cllz (OOCCWH2,1+1)4 (Etzl’lia)z],

[CLI2 (OOCC,,HZHJH )4(nia)2]

[Cllz (OOCC,lH2n+1 )4 (nld)z} N

Tmere (K) (measured, 1 K)

AH s (KJ mol™h)

Tirans (K) Ter (K) (measured, +10%)
(measured, +1 K) (measured, +1 K)
6 324 - 449
7 - - 455*
8 327 411° 451* 8.5¢
9 328 - 438*
10 329 378, 413¢ 429 22¢, 23¢
11 338 366°, 395¢ 432 5.8, 32¢
# Melting and decomposition occur in the same temperature range.
® Melting points of both heptanoate nia complexes are equal.
¢ Temperature of a solid-to-solid transition.
9 Temperature of a solid-to-liquid crystalline phase transition.
products consist of copper(I), copper(Il) oxides and 460 decomposiion
copper according to the X-ray diffraction patterns 440 TSotropic
recorded after thermal treatments to 773 K. A sharp Ili'q:i':
endothermic peak appears in the DTA curves of Et,nia ¥ 420 R crystaline
series of complexes in the temperature range from 324 © 400 solid
to 338 K (Table 1). The samples were studied also
under the microscope during heating from room tem- 380 4
perature to 350 K. The observation under the micro- 3606 . - . - 1:

scope confirmed that all investigated Et;nia complexes
melt directly to an isotropic liquid in the temperature
range from 324 to 338 K. Direct transformation from
solid to isotropic liquid was observed also in the
dodecylnicotinate complexes [14]. Hydrogen bonding
is not possible in neither of these two series of com-
pOlll’ldS, [Cuz(OOCCnH2n+1)4(C5H4NCOOC12H25)2]
[14] or [Cuy(OOCC,Hy,41),(Etynia),]. The melting
points of the complexes with Et;nia increase with an
increasing number of carbon atoms in aliphatic chains,
but significantly higher melting points were deter-
mined for nia complexes due to hydrogen bonds,
which are formed in [Cu,(OOCC,Hy,1),(nia),]
(Table 1).

3.2. [Cux(OOCC,H>, + ;)4(nia)z](n = 6-11)

Phase transitions of the investigated nia complexes
are shown in Fig. 2. Representative DTA and TG
curves of [Cuy(OOCC;{Hj3)4(nia),] (DTA12) and
[Cuy(OOCCgH,3)4(nia),] form B (DTA7, TG7) are
shown in Fig. 3. Endothermic peaks in the DTA curve
prior to melting were observed only for the complexes

n

Fig. 2. Phase transitions of [Cu,(OOCC,Hy,),(nia),] com-
plexes, where n=6—11: (@) temperature of decomposition,
(O) temperature of liquid crystalline-to-isotropic liquid transition
() temperature of solid-to-liquid crystalline phase transition, (A)
temperature of solid-to-solid phase transition.

mass change/%

2 uv
-80 ‘ ‘ ‘ :

300 400 500 600 700
T/K

Fig. 3. TG and DTA curves for [Cuy(OOCCg¢H;3)4(nia),] form B
(TG7 and DTA7) and [Cu,(OOCC,H,3)4(nia),] (DTA12).
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with longer paraffin chains like [Cu,(OOCC,
Hyy11),(nia),] (n=8,10,11), but not for [Cuy
(OOCC,Hy,+1),(nia),] (n =06, A or B, 7, 9). One
endothermic peak appeared in the DTA curve of nia
nonanoate and two in the DTA curves of nia unde-
canoate and dodecanoate. The temperatures of the
phase transitions and the corresponding enthalpy
changes, as determined from DTA measurements,
are presented in Table 1. Thermal decomposition of
the solid [Cuy(OOCC,Hy,1),(nia),] (n=6-9)
begins at the same temperature as melting, while
[Cu,(OOCC,Hyy1)4(nia),] (n=10,11) decompose
approximately 15 K above the corresponding melting
points.

Variable temperature XRD and polarized micro-
scopy were used to determine the nature of the
observed phase transitions in [Cuy(OOCC,Hy,1),
(nia),] (n = 8,10, 11). The XRD pattern of a liquid
crystalline phase is dominated by a relatively intense
peak at an angle below 10° in 20 [15]. Liquid crystal
transition temperatures of [Cu,(OOCC,Hz41),]
(n =3—24) and the results of variable temperature
XRD have been published in the literature [2,4]. We
have compared the variable temperature XRD patterns
of [Cu,(OOCC,Hy,+1),] (n = 5,6) and [Cu, (OOCC,
Hy,11)4(nia),] (n = 8, 10). The characteristic peaks in
the XRD pattern for the solid [Cuy(OOCCeH;3)4]
disappeared at 373 K, because the solid [Cu,
(OOCC¢H 3)4] transforms at 370 K to a mesophase.
Only a dominant peak at the angle 6.65° (d; = 13.3 A)
and a broad peak of low intensity at value approxi-
mately to di/3"? (d, = 7.69A) were observed at
373 K. Similar results were obtained for [Cu,
(OOCCsHj)4], but the intense peak appeared at a
lower d value (d; = 12.4 A). Decreasing of d; values
in the XRD patterns of the mesophases for the com-
plexes with shorter aliphatic chains were also
observed in the previous investigations [2,4,15]. The
d, values in [Cu(OOCC,Hy,41),] (n=35,6) are
between the values of the longest axes in the triclinic
unit cells [7,8], which is also characteristic for
[MOz(OOCCnH2n+1)4] [15]

The XRD patterns obtained for two nia complexes,
[Cux(OOCCgH 7)4(nia);] and  [Cuy(OOCC oHy )4
(nia),], are presented in Figs. 4 and 5. Only a solid-
to-solid transition, as suggested by DTA and observa-
tion under the microscope, is confirmed for nonanoate.
On the other hand, two different phase transitions,

1
(c)
e ,A I W
rJ L (b)
; J . , . - (a)
4 8 12 16 20

20/°

Fig. 4. Variable temperature XRD of [Cuy(OOCCgH;7)4(nia),]: (a)
the low temperature solid phase at 298 K; (b) a mixture of the low
and high temperature solid phases at 403 K; (c) the high
temperature solid phase at 413 K.

solid-to-solid and solid-to-liquid crystal were con-
firmed for undecanoate by the results of variable
temperature XRD. The first endothermic peak at
378 K in the DTA curve of [Cu,(OOCC;¢H,;)4(nia),]
corresponds to a solid-to-solid transition. The high
temperature form transforms at 413 K to the liquid
crystalline phase, as seen in Fig. 5(c). This is in
accordance to the second endothermic peak in the
DTA curve (Table 1). The dominant peak in the XRD
pattern of the liquid crystalline phase appeared at the

) N ()

A A (b)

| A @

4 8 12 16 20
20 /°

Fig. 5. Variable temperature XRD of [Cu,(OOCC;oH;)4(nia),]:
(a) the low temperature solid phase at 298 K; (b) the high
temperature solid phase at 383 K; (c) the liquid crystalline phase at
413 K.



S. Petricek, B. Kozlevéar/Thermochimica Acta 386 (2002) 5964 63

angle 5.40° in 20 (d; = 16.4 A) and the broad peak
of low intensity at d, = 8.26 A (approximately d,/2).
The appearance of weak peaks at values of approxi-
mately d1/31/ 2 and dy/2 indicate similar discotic
mesophases in [Cuy(OOCC,Hy,1),] (n=5,6) and
[Cuz(OOCC10H21)4(nia)2] as in [MOZ(OOCC,,
Hy,41),) [15]. We propose relatively ordered meso-
phases in [Cuy(OOCC,Hy41),(nia),] (n=10,11)
due to the intense endothermic peaks in DTA curves
for formation of isotropic liquid (Fig. 3, DTA12).

Only a bursting of the surface was observed during
heating of [Cu, (OOCC,Hy,1),(nia),] (n = 8,10, 11)
under the polarizing microscope at the temperatures
corresponding to the first endothermic effect in the
DTA curves. Upon cooling from the isotropic liquid
[Cu,(OOCC,Hy41),(nia),] (n=10,11) complexes
display fan-shaped optical textures, which are typical
for discotic mesophases [15]. The results of thermal
analysis, variable temperature XRD and polarized
microscopy verify that the peaks in the DTA curves
at lower temperatures represent a solid-to-solid phase
transition for [Cuy(OOCC,Hy,11),(nia),] (8, 10, 11)
and a solid-to-liquid crystalline phase transition at
higher temperatures for undecanoate and dodecanoate
(Fig. 2).

Repeated heating to 420 K with subsequent cooling
was undertaken for compounds [Cu, (OOCC,Hy,11),
(nia),] (n = 8,10, 11). The phase changes are reversi-
ble as shown in Fig. 6 for nia dodecanoate complexes.
DTA curves obtained during heating were practically
unchanged even after several heating—cooling cycles.
The inverse transition from the liquid crystalline phase

1V

300 320 340 360 380 400
T/K
Fig. 6. DTA curve for a repeated heating and cooling of

[Cuy(OOCC 1 Hy3)4(nia),] revealed the reversibility of the phase
transitions.

to the solid phase occurs almost at the same tempera-
tures. The solid-to-solid phase transition takes place in
both compounds upon cooling at temperatures which
are 10-20 K lower than the transition temperatures on
heating.

A solid-to-solid phase transition can be explained in
undecanoate and dodecanoate nia complexes similar
to that for dodecylnicotinate complexes [14] by sig-
nificant changes in inter-chain interactions between
long, almost parallel, alkyl chains of neighboring
dimers at transition temperatures. The explanation
for a solid-to-solid phase transition in nia nonanoate
complex with shorter alkyl chains may be different.
For nonanoate nia complex, a non-symmetric arrange-
ment of alkyl chains is characteristic at room tem-
perature, while other complexes display a centrosym-
metric tetracarboxylates arrangement. The reason for
the phase transition in the nia nonanoate complex may
be rearrangement of nonanoate chains in dimers at the
transition temperature.

Transition from a liquid crystalline phase into an
isotropic liquid occurs in [Cuy (OOCC,Hy,11),(nia),]
(n =10, 11) above 429 K, shortly before decomposi-
tion (Fig. 2).

The formation of liquid crystalline phase occurs
in these two nia complexes at temperatures which
are 15-28 K higher than in corresponding [Cu,
(OOCC,Hy,1),). Melting and decomposition of the
nia complexes begin at temperatures which are app-
roximately 60 K lower than in [Cu, (OOCC,Hy,41),]
[13].

A similar influence of the paraffin chain length on
liquid crystal formation as in [Cup(OOCC,Hau1)4
(nia),] was described for [Cu,(OOCC,Hant1)4(PY),]
[13]. A liquid crystalline phase appeared only in the
complexes with longer alkyl chains, n > 8 in com-
plexes of pyridine and n > 10 in nia complexes. A
significant association through copper and oxygen
atoms in adjacent dimers which plays an important
role in thermal behavior and mesophase formation
of low fatty acid complexes [Cu, (OOCC,Hy,+1),] [4]
is not possible in complexes with nia or pyridine.
A formation of liquid crystalline phase was observed
only in [Cu, (OOCC,Hy,1),(nia),] (n = 10, 11), when
ordering of aliphatic chains becomes an important
factor as in [Cup (OOCC, Hy,.41),] [4]. The temperature
range of mesophase increases from undecanoate to
dodecanoate nia complex.
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4. Conclusion

Solid-to-liquid crystalline phase transitions were
observed in some copper(Il) carboxylates with a sig-
nificant inter-dimer association to a network. Dimers
in the compounds [Cu(OOCC,Hy,41),(nia),] are
connected via hydrogen bonds. A mesophase appears
only in [Cuy(OOCC,Hy,1)4(nia),] complexes with
longer paraffin chains (n = 10, 11). Etynia disables
hydrogen bonding and connection of [Cu,
(OOCC,Hy,+1), (Etania),] dimers, consequently, only
melting at lower temperatures was observed. The
undecanoate and dodecanoate nia compounds showed
a solid-to-solid transition prior to a solid-mesophase
transition. These two transitions are reversible.
Some distinctive differences were observed compar-
ing the thermal behavior of copper(Il) carboxylates,
[Cu(OOCC,Hy,+1),), to corresponding nia com-
plexes. The transition temperatures for the formation
of liquid crystalline phases in nia compounds are
higher (nia undecanoate 413 K, nia dodecanoate
395 K) than in copper(Il) carboxylates (undecanoate
383 K, dodecanoate 380 K). The temperature range
of the mesophase is narrow, 16-37K, in [Cuy
(OOCC,Hy;41),(nia),] (n=10,11) and wide,
approximately 100K, in [Cu,(OOCC,Hj,41),]. A
liquid crystal-isotropic liquid transformation was
observed only in [Cuy(OOCC,Hy,41),(nia),] (n=
10, 11), while melting and decomposition take place
in [Cu,(OOCC,Hy,41),] simultaneously.
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