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The 2-D organic–inorganic hybrid perovskites of the formula
[(NH3)(CH2)7(NH3)]CuClxBr4�x, x = 0, 2 and 4 were prepared by slow evapo-
ration from ethanolic solution in stoichiometric ratio 1:1 (organic/inorganic).
Microchemical analysis and x-ray diffraction (XRD) were used to confirm the
formation of the presently investigated hybrids. Differential scanning
calorimetry (DSC) indicated order–disorder transitions at T1 = 357 K,
T2 = 388 K, and T3 = 398 K for x = 0, 2 and 4 of the three heptain diammo-
nium Cu hybrid perovskites, respectively. These transitions are in good
agreement with the electrical permittivity results at different frequencies and
temperatures. Optical properties and estimated band gap energy reveal that
the band gap energy decreases sharply with replacement of Cl ion by Br ion
where the band gap energy of [(NH3)(CH2)7(NH3)]CuBr4, x = 0 (denoted
2C7CuBr) is 1.6 eV (brown color) and for [(NH3)(CH2)7(NH3)]CuCl4, x = 4
(denoted 2C7CuCl) is 2.6 eV (yellow color). The differential magnetic suscep-
tibility of 2C7CuBr in the temperature range 80–300 K indicates the effective
magnetic moment leff = 2.05 BM.

Key words: 2D hybrid perovskite, optical properties of halide perovskite,
phase transition, magnetic properties of Cu perovskite

INTRODUCTION

The 2-D hybrid perovskites of the formula A2MX4,
A: ammonium substituted organic cation, M: a
divalent metal ion and X: a halogen (Cl, Br, I)1–19

have drawn considerable attention recently. Its
applications include smart microelectronic, opto-
electronic, exitonic and self assembly quantum
wells.14,20–22 The properties of these hybrid per-
ovskites (OIHs) are functions of A, M and X and
there are possibilities to tailor its structure, phys-
ical and chemical properties according to the tech-
nological application needed.15,19,20,22,23 The 2-D
hybrid nanocomposites of the formula [(NH3)
(CH2)n(NH3)]MX4 denoted 2CnMX4, where, n = 2,
3, 4, …, M = Mn,1,2 Co,5,9,11,16,19 Cd,6,12

Cu,4,8,15,24–28 Pb,7,14 pd8 and Sn10 are referred to
diammonium hybrid perovskites, where the two
NH3 groups attached to both ends of the organic
moiety. The monoammonium hybrid perovskites
(bilayers) with formula [CnH2n+1(NH3)]2MX4 for
short CnMX4, M = Ge, Pb, Sn,20 Cu,21,29,30 are
where each of both organic moieties are attached
at one end to the NH3 group. The 2-D hybrid
perovskites are characterized by an alternating
structure where the metal halide layers are sand-
wiched between alkylammonium chains. The crystal
structure of these hybrid perovskites is stabilized by
a series of hydrogen bonds and van der Waals
interactions between anions and cations. The ammo-
nium ion at the end of organic chains forms N–H…X
hydrogen bonds with the halide ion of the metallic
layer. The 2-D hybrid perovskites of diammonium
series could be used in photovoltaic applications,
ultraviolet (UV) detection and catalytic activ-
ity.15,30–32 These materials tend to exhibit a number(Received June 25, 2018; accepted December 29, 2018;
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of phase transitions such as solid–solid phase tran-
sitions and order–disorder transitions.16,17,33

Previous studies of the structure, electrical and
magnetic properties of some members of the ammo-
nium perovskite hybrids of both mono and diammo-
nium series where M = Cu showed interesting
results.4,8,15,21,24–29

No results are observed for moderate chain length
n = 7,M = Cu for the diammonium series of 2-D hybrid
perovskites. The objectives of this work are synthesis,
characterization and studying of some physical prop-
erties including thermal, electrical, optical and mag-
netic of the newly prepared hybrid perovskites
[(NH3)(CH2)7(NH3)]CuClxBr4�x, x = 0, 2 and 4.

EXPERIMENTAL PROCEDURES

Preparation of the Materials

All chemicals were purchased from SIGMA-
ALDRICH and used as received. The purity of the
used products is exceeding 99%. Solvents were of
the reagent grade.

The synthesis of diammonium [(NH3)-R-
(NH3)]MX4, and monoammonium perovskite
hybrids [R-(NH3)]2MX4 where R; organic group, M,
X, proceed as described in Refs. 15–19 in two stages
according to the following equations

ð1Þ

ð2Þ

The prepared materials recrystallized twice for
further purification then were dried under vacuum.
Chemical analysis for C, H, Cu% was carried out
and tabulated in Table I, it shows that the newly
prepared hybrids have the correct chemical formula
[(CH2)7(NH3)2]CuClxBr4�x, x = 0, 2 and 4 where

here they will be donated 2C7CuCl, 2C7CuCB and
2C7CuBr, respectively.

Characterization

X-ray Powder Diffraction Measurement

The x-ray diffraction (XRD) powder data were
collected using a computer controlled Siemens
(D5000) powder x-ray diffractometer with CuKa radi-
ation k = 1.54056 Å. The measuring range (2h) from
5� to 55� and the instrumental resolution was 0.004–
0.005� at room temperature. Data collections were
performed in step-scan mode with steps of 0.02�.

Thermal Analysis (Differential Scanning Calorime-
try DSC)

Thermal characteristics of 2C7CuCl, 2C7CuCB
and 2C7CuBr in the temperature range 300–420 K
were performed using a differential thermal scan-
ner Shimadzu-60 at a scanning speed of 5�C/min.
The analyzer was calibrated with the melting
transition of indium at 157�C. Measurements were
performed in a flow of dry nitrogen gas and data
were collected during the heating run.

Physical Properties

Electrical Properties (Permittivity Measurements)

The complex dielectric permittivity e* in the
frequency range 2.01–200 kHz in temperature
range 300–420 K were measured using a computer
controlled LCR HITESTER 3532-50 HIOKI. The
temperature was measured using a copper constan-
tan thermocouple. The samples are in the form of
compressed pellets of 10 mm in diameter and
1.2 mm thick. The pellets surfaces were coated with
a thin layer of silver paste to ensure good electrical
contact. All measurements were carried out while
heating up the sample with rate 0.5�C/min in an
evacuated homemade silica glass cryostat.

Optical Properties

The UV–Vis absorption and diffuse reflectance
spectrum were recorded at room temperature. The
data were collected using UV–visible (Vis)–near
infrared (NIR) spectro-photometer type Jasco-V-570
spectrophotometer, Japan, fitted with an integrat-
ing sphere reflectance unit (ISN) in the wavelength
range 200–2000 nm.

Table I. The chemical analysis of [(CH2)7(NH3)2]CuClxBr42x, x = 0, 2 and 4

Materials

C% H% Cu%

Calc Found Error Calc Found Error Calc Found Error

2C7CuCl 24.88 24.56 1.28 5.92 5.25 11.31 18.81 18.52 1.54
2C7CuCB 19.69 20.11 2.13 4.69 4.97 5.97 14.90 15.20 2.01
2C7CuBr 16.29 16.01 1.71 3.88 4.10 5.67 12.32 11.97 2.84
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Magnetic Susceptibility Measurements

The differential magnetic susceptibility was mea-
sured in the temperature range 80–300 K at fre-
quency of 320 Hz in a magnetic field of 5 Oe using a
Lakeshore 7000-series AC Susceptometer/Magne-
tometer. The basic principle for measuring the ac
susceptibility is that the self-inductance of a coil or
the mutual inductance of a set of two coils changes if
one inserts a magnetic material in the core of the
coil.

RESULTS AND DISCUSSION

X-ray Diffraction and Crystal Structure

The XRD diffraction patterns of 2C7CuCl,
C7CuCB and 2C7CuBr are shown in Fig. 1. The
structure and crystallographic information of cur-
rently investigated hybrids were discussed in our
previous work.15 The structure of other members of
diammonium series of shorter organic chain lengths
[(CH2)n(NH3)2CuX4] x = Cl, Br; n = 2, 3, 4, 5 are
reported in Refs. 4, 24 and 25. Briefly, the structure
of a Cu hybrid consists of corner shared octahedral
distorted [CuX6]�2, x = Cl, Br anion and
[(NH3)(CH2)7(NH3)]+2 cations. It consists of the
aliphatic chain extended in a zigzag structure of
carbon atoms with two NH3 cations that are

Fig. 2. Layered structure and H. bond of (NH3(CH2)5NH3)MnCl4 along a axis.

Fig. 1. XRD of 2C7CuCl, 2C7CuCB and 2C7CuBr.
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attached to both chain ends. The hydrogens of NH3

group are bonded to the halide anion. We tried to
grow single crystals of the presently investigated
hybrids; we did not obtain suitable crystals for a
single crystal diffractometer. Figure 234 shows the
crystal structure of [(CH2)5(NH3)2MnCl4] from sin-
gle crystal x-rays which are isomorphs to the
current Cu-hybrid, from our previous work32 for
clarification. The halide substitution has observable
effect on the structure of
[(NH3)(CH2)7(NH3)]CuClxBr4�x, x = 0, 2 and 4. The
replacement of Cl by Br increases the H. bond
length as observed before in shorter organic chain
lengths.4,15 It also affects the unit cell volume and
octahydron bond length.4 This will affect the phys-
ical properties as will be seen in sections below. The
average crystallite size was determined using the
Debye–Scherrer’s equation35 and shown in Table II.

Differential Scanning Calorimetry (DSC)

The DSC thermographs of 2C7CuCl, 2C7CuCB
and 2C7CuBr hybrids are shown in Fig. 3. The
three main transitions indicated by arrows are
endothermic peaks at T1 = 398 ± 2 K,
T2 = 388 ± 2 K and T3 = 357 ± 1 K for 2C7CuCl,
2C7CuCB and 2C7CuBr, respectively. These tran-
sitions possess high entropy values which are
usually associated with order–disorder phase tran-
sitions. The temperatures and entropies of these

transitions are listed in Table III as well as mem-
bers of previously investigated diammonium Cu
hybrid perovskite of shorter and longer organic
chain lengths for comparison. The transitions at
below 340 K are attributed to reorientation of
organic chains usually this transition is called
‘‘chain melting’’36 where one or more bonds gauche
up and down the organic chain.37 The transitions
above 360 K belong to the inorganic part [CuX4]�2

octahydron. It is clearly seen from Table III, that, as
the organic chain length increases, the transition
temperature shifts to lower values and also when
introducing Br ion replacing Cl. This can be
attributed to the structure of the Cu hybrid per-
ovskite changing at different organic chain lengths.
As the organic diammonium chain length increases
the H. bond length increases also as reported before
in our previous work.15 As the H. bond length
increases, the bond strength decreases, so less
amount of thermal energy is needed for the hybrid
of longer organic chain length to perform phase
transition. For the shaded rows of Table III, the
substitution of Br ion instead of Cl ion, the transi-
tion temperature decreases and this can be
explained by the nature of H. bonds strengths for
N–H…Br which is weaker than N–H…Cl.

DSC and x-ray results of previously investigated
hybrid perovskites indicate that the first order
nature of chain melting transitions and the temper-
ature of the chain melting transition depends on the
organic chain not on the metal halide.16,27,36,37

Permittivity Results

The temperature dependence of real part of the
complex dielectric permittivity (e¢) in the tempera-
ture range 298–410 K in the frequency range 2.01–
200 kHz for the three investigated Cu hybrids are
shown in Fig. 4. It is noted that, the value of e¢
decreases with the increases of the frequency as in

Fig. 3. Differential scanning calorimetry of 2C7CuCl, 2C7CuCB and 2C7CuBr at the temperature range 310–420 K.

Table II. Average crystallite size (nm) of
[(NH3)(CH2)7(NH3)]CuClxBr42x, x = 0, 2 and 4

Average crystallite size (nm)

2C7CuCl 31
2C7CuCB 35
2C7CuBr 41
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polar materials, i.e., e¢ is a function of temperature
and frequency. Starting from the lower temperature
side, e¢ starts to rise gradually with temperature
showing a broad hump at T = 330 K clearly seen at
lower frequency and attributed to organic chain
melting mentioned above. The e¢ starts to increase
gradually with a high rate as temperature increases
forming a sharp peak centered at T = 397 K with e¢
value of 3300 at f = 2.01 kHz for 2C7CuCl. Similar
behaviors are obtained for the 2C7CuCB and
2C7CuBr but the transition temperatures are
367 K and 356 K, respectively. The increase of e¢
below transition temperature is due to an increase
of the polarization arising from the facilitation of
the molecular motion within the hybrid, leading to
easy orientation of the dipolar units. As the tem-
perature rises further; e¢ starts to fall indicating
lack of the dipolar interaction. The observed anoma-
lous changes of e¢ are in a good agreement with
DSC-transition temperatures discussed above. Sim-
ilar behaviors of permittivity results were obtained
from our previous work for Co hybrid perovskite of
the same organic chain length.16–18,33

Optical Properties

The diffuse reflectance spectrum (DRS) is a
spectroscopic technique based on the reflection of
light in NIR, Vis and UV regions by a powdered
sample. In a DRS the ratio of the light scattered
from a thick sheet of the sample and that from an
ideal nonabsorbing reference sample is measured as
a function of the wavelength k (i.e., FSKM (R1)
versus k nm). Whereas the relation between the
diffuse reflectance of the sample (R1), absorption
(K) and scattering (S) coefficients are correlated by
the Schuster–Kubelka–Munk (SKM) remission
function

FSKMðR1Þ ¼ ð1 � R1Þ2=2R1 ¼ K=S: ð3Þ

The band gap Eg is determined from the optical
reflectance spectra by extrapolating the straight
line plot of (F(R1)Æht)n versus (ht) according to the
following Kubelka–Munk equation

F R1ð Þ � htð Þn¼ A ht� Eg

� �
; ð4Þ

where h is the Plank’s constant, t is the frequency of
the vibration and A is a constant. The exponent n
depends on the type of the transition and takes the
value 1/2 or 3/2 for the indirect transitions, while 2
or 3 for the direct allowed transitions.38–40

Figure 5 shows the optical properties of 2C7CuBr.
The sample shows a strong absorption at the UV–
Vis light region, so this behavior may find attractive
applications as visible light photocatalysis. The
spectra exhibits two distinct absorptions bands
centered at 464 nm and 820 nm. Table IV shows
the band gap energy of 2C7CuCl, 2C7CuCB and
C7CuBr. One can see that, the band gap energy
decreases with increasing the Br content at the
same organic chain length and this can be attrib-
uted to the difference in energy levels in the three
Cu hybrids. The H. bond lengths which links
[CuCl4]6�, [CuCl2Br2]6�, [CuBr4]6� octahedron with
the organic diammonium part are different where
the longer and the weaker H. bond length were
reported to the [(NH3)(CH2)5(NH3)]CuBr4

hybrid.4,15 It is worth to mention that the H. bond
and the octahydron [CuX4]6� x = Cl, Br are respon-
sible for the charge transport inside the investi-
gated hybrids. The band gap energy of 2C7CuBr is
very promising for the photovoltaic applications.30

Magnetic Properties

The magnetic properties were measured for the
substituted Br� ion (x = 0) of the heptane diammo-
nium Cu hybrid 2C7CuBr. The Br� substantial has
ionic radius nearly doubled than that of Cl which�

leads to a larger overlap of electron density and thus

Table III. Transition temperatures (K) and entropies DS (J/K mol) of hybrids [(NH3)-(CH2)n-(NH3)]CuCl4
denoted 2CnCuCln = 3, 4, 7, 9 and 12

Hybrid

Transition 1 Transition 2

ReferencesT (K) DS (J/K mol) T(K) DS (J/K mol)

2C3CuCl 434 1.53 333.5 3.82 Ref. 28
2C4CuCl 423 … 328 3.25 Ref. 36
2C7CuCl 398 18.07 330 4.94 This work
2C7CuCB 388 7.55 # # This work
2C7CuBr 357 6.71 # # This work
2C9CuCl 383 3.80 303 … Ref. 27
2C12CuCl 359 5.8 … … Ref. 26

… Not reported in the reference. # Not observed in the measurement.
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leading to a stronger magnetic coupling.25 Figure 6
shows the variation of the molar magnetic ac
susceptibility vM and its reciprocal 1/vM as a
function of temperature (70–310 K) in an ac field
of 5 Oe and frequency f = 320 Hz. The magnetic

susceptibility increases gradually as the tempera-
ture decreases following Curie–Weiss law. The
reciprocal susceptibility yields an effective magnetic
moment leff = 2.05 BM which is in good agreement
for Cu2+ in an octahedral structure as reported

Fig. 4. Temperature dependence of the real part of the electrical permittivity e¢ in the temperature range 300–420 K in the frequency range 2.01–
200 kHz of (a) 2C7CuCl, (b) 2C7CuCB, (c) 2C7CuBr.

Fascinating Physical Properties of 2D Hybrid Perovskite [(NH3)(CH2)7(NH3)]CuClxBr4�x,
x = 0, 2 and 4

1691



before.21,25,27 Table V shows a comparison of the
physical properties of the halide substituted Cu
perovskite.

CONCLUSION

The organic–inorganic hybrids of
[(NH3)(CH2)7(NH3)]CuClxBr4�x, x = 0, 2, 4 have
been successfully prepared. The 2-D Layered

structure consists of a corner shared octahedral of
[CuX4]�6 x = Cl, Br anions and
[(NH3)(CH2)n(NH3)]+2 cations that are connected
via H. bonds. Phase transitions were confirmed by
DSC and electrical permittivity results indicating
order–disorder transition for the three Cu hybrids.
A strong absorption in the UV–Vis range and the
band gap energy is 1.6 eV for 2C7CuBr, this may
find applications in visible light photocatalysis and
photovoltaic applications. The effective magnetic
moment of [(NH3)(CH2)7(NH3)]CuBr4 is leff = 2.05
BM, which in a good agreement for Cu2+ in an
octahedral structure.
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Fig. 5. Optical properties of [(NH3)(CH2)7(NH3)]CuBr4 spectra absorbance and inset figure is the optical band gap energy.

Table IV. Bandgap energy (eV) of 2C7CuCl,
2C7CuCB and 2C7CuBr

Cu hybrid 2C7CuCl 2C7CuCB 2C7CuBr

Energy gap (eV) 2.6 2.18 1.6
References Ref. 15 Ref. 15 This work

Fig. 6. Corrected molar magnetic susceptibility vM and its reciprocal
1/vM as a function of temperature 70–310 K of
[(NH3)(CH2)7(NH3)]CuBr4.

Table V. Comparison of the physical properties of
the three halide substituted Cu perovskites

Cu hybrid 2C7CuCl 2C7CuCB 2C7CuBr

Crystallite size (nm) 30.61 35.34 41.21
DSC T peak transi-

tion (K)
398 388 357

e¢ T peak transition
(K)

397 367 356

Energy gap (eV) 2.6 2.18 1.6
Color Yellow Light

brown
Dark
brown
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