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Abstract The thermal decomposition paths of anilinium,
4-chloro anilinium tetrachlorocopper(Il) complexes are com-
pared to their benzilinium derivative. All these complexes
crystallize in the layered structure, typical for a A,MX, family,
are studied in literature for their magnetic, semiconducting
properties. TG analyses of (anilinium),CuCl, (A) and (4-chloro
anilinium),CuCl, (B) loses one molecule of organic ammo-
nium hydrochloride along with one molecule of amine, to form
(H)CuCl;, which subsequently completely decomposes to
Cu above 500 °C. On the other hand, (benzilinium),CuCl,
(C) loses two molecules of hydrochloride along with chlorine
molecule first then two molecules of benzyl amine with for-
mation of Cu above 300 °C. DSC studies on C have shown
reversible endothermic phase transition at 130.95 °C
(—1.98 J g~") while heating and exothermic phase transition at
117.07 °C (093] gfl) while cooling. Thus, the observed
changes in the decomposition pathway can be correlated to the
order—disorder phase transition occurred in the compound C.

Keywords A,CuCly - Phase transition - Order—disorder -
Organic—inorganic hybrid compounds
Introduction

The formation of AMX, or A,MX, (A = organic ammo-
nium cation, M = metal, and X = halogen) by reaction of
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organic ammonium cation with metal chloride generally
gives layered structure [1]. A great interest has been shown in
these types of compounds because of their various properties
such as semiconducting, ferromagnetic, and antiferromag-
netic behavior which is well reported in the literature [2—6].
These materials are unique because they have combine
properties from both inorganic and organic counter parts. In
this type of compounds, metal chloride forms layer of corner-
sharing metal chloride octahedra which are well isolated
from each other by interposed sheet of organic ammonium
salts. The tetra chlorocopper(Il) complexes having different
organic ammonium cation shows variety of geometry around
the central metal atom and is influenced by non-covalent
interactions such as hydrogen bonding [7]. The hydrogen
bond-driven orientation of organic ammonium molecules
forces these complexes to undergo interesting structural
phase transitions [5, 8-10]. The CuCl,>~ compounds also
showed thermochromic behavior and polymorphism. Thus,
the preliminary goal is to study hydrogen bonding in these
organic—inorganic hybrids and correlate structure—property
relationship. The high temperature thermal degradation
studies on these compounds are as compared less explored in
the literature. This article focuses on the interesting thermal
degradation pathway possibly due to such type of phase
transition in the family of A,CuCl, complexes, where A is
anilinium, 4-chloro anilinium, and benzilinium salts.

Experimental

Synthesis procedure for different aromatics ammonium
salts of tetra chlorocuprate(II)

In the synthesis procedure, all chemicals used were of
analytical grade. The sample was prepared by dissolving of
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appropriate amounts of different aromatic ammonium
chloride and copper (II) chloride (2:1 ratio) in ethanol by
reflux it for about 3—4 h. After 1 week, good quality of
crystals was obtained [11].

FTIR data for the complexes

All FTIR measurements were obtained using Perkin Elmer
Spectrum RX1 FTIR instruments. Samples were diluted
with spectroscopic KBr and pressed into a pellet. Scans
were run over the range 400-4000 cm™'. Analytical data
for the complexes are below.

(Anilinium),CuCl, FTIR (KBr) 2997 (vs), 1555 (s),
1493 (s), 1321 (m), 1201 (m), 1102 (s), 806 (w), 738 (s),
681 (s) cm™". (4-Chloroanilinium),CuCly 3047 (vs), 1611
(w), 1553 (m), 1488 (s), 1312 (w), 1195 (s), 1016 (w), 810
(s), 640 (w), 488 (m) cm~ . (Benzilinium),CuCl, 3154
(vs), 1566 (s), 1488 (s), 1456 (m), 1389 (m), 1217 (m),
1098 (s), 1050 (m), 968 (w), 864 (w), 754 (s), 017

(s) cm™

Thermal analysis

Thermogravimetry-differential thermal analysis (TG-DTA)
measurements were carried out by using a SIHI TG/
DTA6300 instrument under nitrogen atmosphere at a
scanning rate of 10 °C min~'. Samples were taken in
aluminum/platinum pan and reference left empty. The flow
was used 100 mL min~' for TG/DTA analysis. While the
differential scanning calorimeter (DSC) were carried out
by Shimadzu DSC-60 instruments, Al,O5 used as a refer-
ence material in aluminum pan. The sample were packed in
aluminum pan and kept in the flow of nitrogen gas with
heating/cooling rate 10 °C min~'. The flow was used
50 mL min~" for thermal analysis.

Result and discussion

The FTIR spectra were recorded in the 4000—-400 cm™'
(Fig. Supporting Information). The ammonium salts of the
CuCl, complexes characterized by strong absorptions
triplets bands around 3170 and 3021 cm ™! due to the N-H
stretching bands of the ions -NH; " (cf. the C—H stretching
bands in this region) and bending vibrations around the
1556 cm ™! region. The two features about 2576 cm™ ' are
assigned to the Fermi resonance processes corresponding to
combination bands of NH;" deformation modes and NH;™
rocking modes [12]. The bands at 1494 and 1055 cm~ ! are
assigned NH;t deformation and rocking, respectively.
Vibration also observed at 2885 cm™' in (benzilini-
um),CuCly due to aliphatic C-H stretching. The bands
around 842 cm™' is due to the out of plane deformation
(para substituent) for (4-chloro anilinium),CuCly.

The compound (anilinium),CuCl, [13] and (4-chloro
anilinium),CuCly [11] crystallized in monoclinic P2;/c with
unit cell dimensions a = 15.050 (2) A, b = 7.443 (1) A,
c=7.180 (1) A, B =100.71 (1)° and a = 7.3736(3) A,
b = 32.0689(13) A, ¢=7.1611(3) A, = 101.51(2)°,
respectively. While (benzilinium),CuCl, [14] belongs to
Orthorhombic Pbca space group a = 31.30 A b=1759A,
and ¢ = 7.28 A. In these complexes, copper—halide layer is
characterized by two kinds of copper—halide distances, the
equatorial (Ds) and axial (Dy ) distances caused by the Jahn—
Teller effect. The values of Dg and Dy suggest small dis-
tortion from perfect octahedral geometries for the copper
metals that we previously reported.

The TG-DTA of these layered organic—inorganic com-
plexes was performed on the powder samples. Figure 1
shows the thermal analysis of A, B, and C. Complexes
A and B follows a similar degradation pathway as com-
pared to C, as tabulated below.

(C¢HsNH;),CuCl, (4-C1-C¢H,NH;),CuCl, (CgH5CH,NH;),CuCl,
Tomp. C¢HsNH,HCI + C¢HsNH, Temp. 4-CI-C¢H,NH,HCI + 4-CI-C¢H,NH, Temp. 2HCI + Cl,
171.1 °c| Loss =56.57% (theory) 212.1 °c| Loss = 63.04% (theory) 288.0 °C Loss =34.17% (theory)
Loss = 58.10% (found) Loss = 65.04% (found) Loss = 32.36% (found)
(H)CuCl, (H)CuCl,
HCl +Cl, HCl + Cl, 2CeHsCH,NH,
sou | Loss=27.20% (theory)  qsmece| Loss = 23.23% (heory) 2o, | TLoss = 5041% (theory)
Loss = 21.32% (found) Loss = 17.08% (found) Loss = 53.45% (found)
Cu Cu Cu

16.14% (theory)
20.58% (found)

13.74% (theory)
17.87% (found)

15.09% (theory)
14.49% (found)
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Aniline being reducing agent a part of CuCl, converted
into CuCl on heating [15]. In case of B, DTA shows
endothermic peak at 212.1 °C due to thermal decomposi-
tion. At this temperature it loses one mole of 4-chloro
anilinium chloride along with 4-chloro aniline. After the
loses of organic ammonium chloride along with amine
(H)CuCl; is left. [CuCls]~ species are known in literature
and prefer to remain in dimeric form if the cation are small
[16]. At high temperature, above 500 °C, it again loses
chlorine molecule in reducing atmosphere of hydrochloric
acid so as to convert to Cu. Calculation of second loss
come very close to the evaporation of HCI and Cl, mole-
cule per formula unit, but it is not completely evaporated.
This decomposition path of B is very similar to A. While in
case of C the thermal decomposition path is totally dif-
ferent. Here, two moles of hydrochloride are lost along
with chlorine molecule in initial heating, instead of ben-
zilinium chloride and benzyl amine, then two molecules of
benzyl amine, with subsequent formation of Cu above

300 °C. The DTA of C shows exothermic peak at
271.0 °C. Normally exothermic transition is observed due
to crystallization or desolvation/dehydration. In this case,
this exothermic mass loss accounts for Cl,, a process of
dechlorination? Thus, thermal analysis shows different
thermo chemical reactions operating these complexes,
leading to cleavage of bond or rearrangement of ligand.
To confirm the different degradation pathway and exo-
thermic behavior of DTA, we carried out DSC on all
organic ammonium hydrochloride salts and their com-
plexes. Both benzilinium chloride and its complex with
CuCl,, C, show presence of reversible phase transition in
the temperature range 100-150 °C, as shown in Fig. 2. TG-
DTA studies of these compounds are not showing any mass
loss in this temperature range. The DSC of benzilinium
chloride shows two endothermic transitions at 131.83 °C
(—1.00J g7 1), 142.06 °C (—45.09J g~') while heating
and exothermic transition at 117.07 °C (0.93 J gfl) while
cooling. Complex C shows only one endothermic transition
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at 130.95 °C (1.981] g_l) while heating and 117.07 °C
(0.93 J g~ while cooling. These transitions are reversible
in nature and can be repeated for many cycles without any
change. While the DSC study on anilinium chloride,
4-chloro anilinium chloride, (anilinium),CuCl, (A) and (4-
chloro anilinium),CuCly (B) only anilinium chloride shows
the phase transition around —28 °C that is also proved by
Raman which is already reported [10]. In literature for
(anilinium),CuCly also reported the phase transition around
100 °C, but TG measurement also shows the small loss at
that region, it may be due to they used the low boiling
solvent for the synthesis [15]. We also did the DSC mea-
surement but not observed any change around this region
from DSC.

Conclusions

In summary we have prepared layered compounds of the
formula, A,CuCly, where A is anilinium, 4-chloroanilinium
and benzilinium, which are studied for thermal behavior.
DSC studies have shown that (Benzilinium),CuCl, under-
goes order—disorder phase transition above 130 °C, which
is reversible in nature. This phase transition changes its
thermal degradation pathway substantially than its ana-
logues  (anilinium),CuCly,  (4-chloroanilinium),CuCly
complexes. Detailed studies, using high temperature spec-
troscopic techniques, are required to understand this
behavior at molecular level.
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