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In this work, we are interested in the synthesis of new hybrid material (C¢H,oN»)(Hg,Cls),.3H,O grown by hydrothermal methods.
X-ray diffraction indicates that this compound crystallizes at 150(2) K in the monoclinic system with C2/c space group, with the
following unit cell parameters: @ = 19.6830(15) A, b =18.1870(15) A, ¢ = 6.8567(6) A,[f = 93.224(3)° and Z = 4. On the other
hand, the optical properties of this compound were studied using ultraviolet-visible (UV-Vis) spectroscopy in the range 200—
800 nm. Furthermore, the optical absorbances are used to determine the absorption coefficient o and the optical band gap E,, so the
Tauc model was used to determine the optical gap energy of the compound (CgH;oN,)(Hg,Cls),.3H,0. The analysis of the results
revealed the existence of optical allowed indirect transition mechanisms with the band gap energy equal to (2.37 eV) for liquid and
(4.33¢eV) for solid. Impedance measurements indicate that the electrical and dielectric properties are strongly dependent on both
temperature and frequency. Nyquist plots (Z” versus Z’) show that the conductivity behavior is accurately represented by an
equivalent circuit model which consists of a series combination of bulk and grain boundary. Furthermore, the angular frequency
dependence plots of the real and imaginary parts, ¢’ and €”, of complex dielectric permittivity e* and tan J losses at several
temperatures between 303 and 453 K were studied for the title compound. Finally, the modulus plots can be characterized by the
presence of two relaxation peaks.

Keywords: Optical properties; UV-Vis spectroscopy; the impedance spectroscopy; the temperature (303—453 K) and frequency

dependence of the electrical conductivity and the dielectric properties.

1. Introduction

Hybrid organic—inorganic materials are one of the fastest-
growing and most promising research areas in solid-state
chemistry. Doing a combination of inorganic and organic
structural components, they can be described as sequences of
alternating organic—inorganic layers. For these materials, the
ammonium ion of the organic group builds a hydrogen bond
with the halide ion of the inorganic layer, which makes these
hybrid compounds good candidates for proton conduction
with high potential technological applications.'™ For this
purpose, Mercury (II) halides are considered as one of the
immense and the importance fields in chemistry and related
disciplines due to their potential applications in the paper
industry, paints, cosmetics, fluorescent lamps, sensors and
mercury batteries.” ' Mercury exists in several different
chemical forms obtained by three oxidation states (Hg’,
Hg3" and Hg?*) which have a strong affinity for many in-
organic (HgL;) and organic ligands mercury (HgX,).!:!>:!*
The structural chemistry of Hg (II) halides in the solid-state

is exceptionally diverse. Indeed, the Hg (II) represents a
potential class of materials with unusual structural arche-
types. This is due to the fact that the Hg>* being a 6s” and
5d' ion exhibits a variety of coordination numbers and ge-
ometries, depending on crystal packing and legends (octa-
hedral and tetrahedral typically being observed) as well as
halide dimensions.'>~'? In addition, mercury (II) halides are
compounds of current interest due to their possible applica-
tions as materials with nonlinear optical properties.”’ On the
other hand, the organic compounds with aromatic moieties,
exhibit higher nonlinear optical properties, with a strong
donor—acceptor intermolecular interaction.”'”>* Moreover,
they have special properties which are due to the presence of
delocalized electron. This compound has great interest due to
the remarkable physical properties.”*>? Significant effort has
been placed on both experimental and theoretical studies in
this family of compounds in order to understand dynamical
behavior. Furthermore, particular attention is paid to com-
pounds that have electrical, magnetic and thermodynamic
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properties; the latter is useful in many applications.'® To
give more information on crystal dynamics, impedance
spectroscopy is a very useful technique in solid-state because
it is one of the methods that is able to give valuable infor-
mation about conduction mechanism and to understand the
nature and the origin of dielectric losses.?*3*

Inspired by these pioneering works, we wish to study the
optical properties of (C¢H;oN,)(Hg,Cls),.3H,0. The struc-
tural arrangement of this compound can be described as
cationic layer alternate with anionic layer stacked along
c-direction. The crystal package is provided by hydrogen
bonding (N-H***Cl), (N-H**O), (O-H**O) and m—m
interactions. The anionic layer is formed by an assembly of
two in-equivalent triangles determined by the association
of two monomercury chloride HgCl5 units which carry a
chlorine atom-common Cl3). The organic network is formed
by (C¢HoN,) > groups observed at z/b = 1/3. Between or-
ganic entities, two water molecules are intercalated.

The main aim of this work is to determine some important
optical parameters such as the optical energy gap (E,), the
Urbach energy (E,) and the absorption coefficient (a). In
addition, we have reported in this paper its structure and
results of the impedance spectroscopy, the temperature (303—
453 K) and frequency dependence of the electrical conduc-
tivity and the dielectric properties of the sample.

2. Experimental Section
2.1. Synthesis

All reagents were collected from commercial and manipled
sources without purification. Colorless single crystals of
(CeH oN»)(Hg,Cls),.3H,0 was prepared by hydrothermal
methods with the following steps: at first, each reactant,
mercury chloride (32.5%) and 1, 2-benzen diammonium
(67.5%), is dissolved in the dilute aqueous solution of
HCI (37%), (molar ratio 1:4) for a few minutes. Second,
such solutions were slowly combined in an autoclave and
kept at 85°C under autogenous pressure for 24 h. After
cooling to room temperature, colorless single crystals

Momentum “ s
2" Phonon emission
Direct band gap)
energy Indirect band gap
energy
Photon emission Photon emission
Fal - . ~
® ® @ Valanceband (E,) & & &

Direct band gap

Indirect band gap

Fig. 1. The difference between direct and indirect band gap.
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formed. Schematically, the reaction is shown in the fol-
lowing equation:

CsHgN, + 4HgCl, (HCI diluted) (CsH oN3)(Hg,Cls),.
3H,0.

2.2. Characterization

2.2.1. Optical measurements

The optical measurements, in the UV-visible liquid
range was made using a spectrophotometer, Cary—Varian
spectrophotometer, within a (200—800 nm) wavelength range.
The UV-visible solid was recorded at room temperature with
a spectrophotometer, JENWAY 6400, in a wavelength range
(320-1000 nm).

The analysis was carried out on solid crystals. Thereafter,
these crystals are dissolved in aqueous solutions obtained by
the dilution of hydrochloric acid (HCl) with different

concentrations.

2.2.2. Dielectrical measurements

To estimate the electrical and dielectrical proprieties, the
(CsHoN,)(Hg,Cls),.3H,0 powder was pressed at 5 t cm—2
ton pressure, forming a pallet of about 8 mm diameter and
about 1.2 mm thickness. The pellet disc has been preserved
with Ag paste to supply good electrical contact. All electrical
measurements of real and imaginary components of the im-
pedance parameters (Z’ and Z"") were made over a wide range
of temperature (303—453K) and frequency (200Hz to
1 MHz) using a Tegam 3550 impedance analyzer interfaced
to a compatible computer.

3. Results and Discussion
3.1. Absorbance spectra liquid

The optical measurement was carried out in the range 200—
800 nm, as reported in Fig. 2. As seen, there are five distinct
absorption peaks at 300, 466, 496, 560 and 670 nm. In hybrid
compounds based on aromatic ring, the 7 — 7* transition
of the benzenoid ring is observed around 319 nm, this result
is in agreement with similar compounds (4 = average
300 nm).>%37

Additionally, the observed absorptions at 466, 496, 560
and 615 nm are caused by band gap absorption and they are
attributed to the excitation of free electron-hole pairs within
the [Hg,Cls] ~ inorganic chain.

These peaks are mostly due to a photoinduced exciton
constituted relative to the transition from the top of the va-
lence band, including of Cl (3p) orbital to the bottom of
the Hg (6s) conduction band (absorption between C1 (3p) and
Hg (6s) (band to band)) (Fig. 3).>*™*° Indeed, the electrons
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Fig. 2. Liquid-state UV-Vis spectrum of (C¢H,oN;)(Hg,Cls),.3H,0 measured at room temperature.

Hg(5d 4d)
ch V“\._/ Hg(6s)
@ O
Excitation Ky — Emission=h U =
VB /‘_.\ He(5d)+Cl(3p)

Fig. 3. Simple model for the formation and recombination of the
exciton in (CgH;(N,)(Hg,Cls),.3H,0 material.

responsible for the electronic transition are both seen as
having low energy and confirmed the good stability of
crystal.

3.2. Absorbance spectra solid

The optical absorption of the synthesized compound
(C6HoN,)(Hg,Cls),.3H,0 is shown in Fig. 4. The latter
exhibited seven absorption peaks in the visible region and
in the near IR region at 239, 278, 302, 380, 422, 560 and

239 nm

Absorbance(a.u)

T T T T T
200 400 600 800 1000
Wavelength(n.m)

Fig. 4. Solid-state UV-Vis spectrum of (C¢H (N, )(Hg,Cls),.3H,0.

630 nm, respectively. The highest energy absorption peaks
at 422, 560 and 630 nm are due to a photoinduced exciton
formed by the transition from the top of the valence
band consisting of Cl (3p) orbital to the bottom of the Hg
(6s) conduction band.’®37*° The bands with maximum
energies at 239, 278, 302 and 380 nm can be assigned to the
absorption of a highest energetic level in the conduction
band.

The main aim is to determine some important optical
constants such as the optical absorption coefficient a, the
band gap, the Urbach energy. The object is to develop an
understanding of the relationship of measurable optical
properties to the dielectric function of this title compound.

1950040-3
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3.3. Optical band gap

The optical absorption edge is a significant parameter for
describing solid-state materials. Also, for disordered materi-
als it is interpreted in terms of direct or indirect transition
through an optical band gap. The absorption coefficient («)
is a very important parameter for optical applications. The
absorption coefficient () is calculated by using the formula
(1)41:

2.303A
= 1
a d Y ( )

where A is the absorbance and d is the thickness of the pellet.
The optical band gap (E,) is related to absorption coeffi-
cient (o) and photon energy (hv) through the Tauc relation*?:

(ahv) = B(hv — E,)", (2)

where B is constant, hv is the photon energy, E, is an optical
band gap and n is the index, which takes different values
depending on the mechanism of interband transitions n = 2
and 1/2 corresponding to indirect and direct transitions, re-
spectively. Figure 5 shows the plot of (ahv) 2 of optical liquid
and Fig. 6 shows the plots of (ahv)'/? and (ahv)? of optical
solid as a function of photon energy (hv) for (CgH;oN>)
(HgxCls),.3H,0 compound. The E, value of (CeH;oN>)
(Hg»Cls),.3H,0 compound is obtained from the intersection
of extrapolation of the linear part of the curve with the x-axis.
As can be seen clearly from Figs. 5 and 6, the best fit is
obtained for n = 2. Therefore, the transition is indirect and
the optical band gap value is found to be (2.37 eV) for liquid
and (4.33eV) for solid.

3.4. Urbach energy E,

The Urbach energy E, is a very important parameter to
characterize the disorder of a material. It corresponds to
transitions between extended states of the valence band and

100000 2.37 eV

o

(ahv)

0 T
2

photon energy hv (eV)

Fig. 5. Plots (ahv)? versus hv for liquid solution of (C¢HoN,)
(ngclq )2 3H20
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Fig. 6. Direct and indirect band gap for the solid crystal.

localized states of the conduction band. Bougrine et al.*’

interpreted the Urbach energy, E,,, as the width of the band’s
localized states in the band gap. From the variation of the
absorption coefficient it is possible to deduce the disorder in
the compound. In the low photon energy range (hv < E,),
the absorption coefficient can be explained by Urbach

Relation**:
h
o = 0O exp (EU>, (3)

u

where o is a constant and E, is the Urbach energy.

The Urbach energy is obtained from the plot of In(a)
versus photon energy (hv) which is deduced from the recip-
rocal of the slope of the linear part seen in Figs. 7(a) and 7(b).
The estimated values are presented in Table 1. The values
prove the presence of disorder in this hybrid compound. In
fact, the Urbach energy is associated with the micro-structural
lattice disorder.*

3.5. The absorption coefficient

The absorption coefficient (o) which is defined as the dec-
rement ratio of incident radiation relative to unit length in the
direction of wave propagation in the medium is related to the
absorbance (A) through the relation:

2.303A
. 4
y )

The variation of absorption coefficient a of our samples as
a function of wavelength is shown in Fig. 8. It is clearly seen
from the figure that the absorption coefficient shows a vari-
able change as a function of wavelength. The absorption has
its minimum at low energy and increases with high optical
energy in a manner similar to the absorption edge of the
semiconductors.
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Fig. 7. (a, b) The logarithmic variation of the absorption coefficient
versus photon energy for the liquid solution and solid crystal,
respectively.

Table 1. Values of gap energy and Urbach
energy for (CgH,oN»)(Hg,Cls),.3H,0.

E, V) E, (V)
Liquid 237 0.29
Solid 433 0215

4. Electrical Properties

It is worthy to note that complex impedance spectroscopy
is a very effective technique to examine the electrical and
dielectric properties of hybrid organic—inorganic halide
materials.

It is based on modeling the frequency response of the
sample by an electrical circuit, which reflects the resistance
and capacitive character of the material. In addition, the in-
tention of this process is a useful method to resolve the
contributions of various processes such as bulk, grain

J. Adv. Dielect. 9, 1950040 (2019)
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Fig. 8. Variation of absorption coefficient of the sample as a func-
tion of wavelength.

boundary, and electrode effect in the specified frequency
domain.*® This technique is widely applied to systems
modeled by an equivalent circuit to determine their dynamic
(AC) characteristics from which physical parameters of the
system can be calculated.

With respect to complex impedance data, Z, it can be
represented by its real, Z’, and imaginary, Z”, parts of the
relation Z* = Z' —iZ'.

4.1. Impedance analysis and equivalent circuit

The Nyquist plots (—Z” versus Z’) of the compound at
different temperatures 303 K <7<453K are reported in
Fig. 9. The spectra prove that there are typical semicircles,
whose center lies below the abscise axe by an angle
(am)/2. This undoubtedly confirms the Cole-Cole type of
relaxation.*’

The impedance results are analyzed using ZView software
and the best fit is obtained when using an equivalent circuit.
The complex impedance spectra are modeled by equivalent
circuit which is formed by two cells connected in series,
the first being formed by a parallel combination of bulk re-
sistance R1, capacitance C, in series with a parallel combi-
nation of resistance, capacity and fractal capacity constant
phase element (CPE). The second is formed by combination
of bulk boundary resistance R2, capacitance C2, and fractal
capacity CPE.

The theoretical values of the real (Z’) and imaginary
(—=Z") components of the impedance are calculated using
expressions (1, 2) derived from the chosen equivalent circuit.

R, + R0, W cos(a;7/2)
(1+R,Q;W" cos(a;m/2))2 + (R, QW' sin(ay/2))2

7=

n R, + R3Q, W2 cos(a,m/2)
(1 + R0, W™ cos(ay/2))? + (RyQa W sin(ay/2))?

(5)

1950040-5
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Fig. 9. Nyquist plots as a function of temperature of (C¢H;oN,)(Hg,Cls),.3H,0.

R2Q, W& sin(a,7/2)
(14 R QW cos(ay7/2))% + (R, QW™ sin(ay7/2))?
n R30, W sin(a,7/2)
(1+ R0, W™ cos(anm/2))? + (Ry QW™ sin(apm/2))?

(6)

In order to check the validity of the equivalent circuit,
experimental and calculated curves of real (Z') and imaginary
(Z") parts versus frequency for each compound at selected
temperature 323 K are superposed, Fig. 10. As the frequency
increases, —Z" increases, whereas

Z' decreases, this trend continues up to a particular fre-
quency which in —Z” occupies a maximum value and in Z’
intersects.
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Fig. 10. Variation of (Z’) and (Z”) as function of the angular
frequency at 323 K.

4.2. Conductivity analysis

4.2.1.  Ac conductivity

The Ac conductivity has been calculated from the real
and the imaginary parts of the impedance data measured
over a study range of temperatures. The plot of o, versus
angular frequency (o) at different temperatures is given
in Fig. 11, it is generally analyzed using the following
equation™®:

o 0o T202
1+ 7202 1+ 1202

oac(o) +Ao”, (7)
where o, is the conductivity at low-frequencies, 0., is an
estimate of conductivity at high-frequencies, A are tem-
perature-dependent parameters and s is the power exponent.
o = 27f is the angular frequency, 7 is the characteristic
relaxation time and s is an exponent dependent on fre-
quency and temperature, which lies between 0 and 1.

The AC conductivity of the hybrid material at different
temperature is usually described by the presence of two
plateaus separated by a frequency dispersive region are
observed in the pattern. The low-frequency plateau (part (a))
Fig. 11 represents the total conductivity whereas the high-
frequency plateau (part (b)) Fig. 11 represents the contri-
bution of grains to the total conductivity.**=>! The above-
mentioned equation has been used to fit the AC conductivity
data.

The temperature dependence of AC conductivity for the
compound at different frequencies is given in Fig. 12.
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Fig. 11. Frequency dependence of AC conductivity at various temperatures.

The logarithmic variation of the AC conductivity with
temperature at different frequencies is illustrated in Fig. 13.
The conductivities increase with the inverse of the absolute
temperature.

5. Complex Dielectric Modulus Analysis

A complex electric modulus plot is often a used tool to de-
termine, give more importance to the elements with the
smallest capacitance occurring in the dielectric system, ana-
lyze and interpret the dynamical aspects of electrical transport
phenomena.’® This formalism permits to discriminate against
electrode polarization and grain boundary conduction
mechanism.>”-°

The electric modulus (M*) can be described by the re-
ciprocal of the complex permittivity®' and corresponds to the
relaxation of the electric field in the system when the electric
displacement is constant.

1 .
— =1
e*(0)
where M’ and M" are the real and imaginary parts of the
complex modulus.

The variation of M’ as a function of the frequency at
various temperature is shown in Fig. 14. At lower frequen-
cies, M’ tends to be very small, confirming that the electrode
effects make a negligible contribution and hence may be ig-
nored when the data are analyzed in modulus representation.
It is also characterized by a very low value (~ 0) of M in the
low-frequency region. A continuous dispersion with the in-
crease in frequency has a tendency to saturate at a maximum
asymptotic value designated by M_,, in the high-frequency

M (o) = (0Co)Z* =M’ —iM",  (8)

region for all temperatures. This is due to the relaxation pro-
cesses that are spread over a range of frequencies. Such
observations may possibly be related to lack of restoring force
governing the mobility of charge carriers under the action of an
induced electric field. This behavior supports long-range mo-
bility of charge carriers. Furthermore, a sigmoidal increase in
the value of M’ with an increasing frequency approaching
ultimately to M., may be attributed to the conduction phe-
nomenon due to the short-range mobility of charge carriers.

Figure 15 shows the variation of the imaginary part M” of
the complex modulus as a function of angular frequency at
different temperatures. These curves are characterized by
the presence of two relaxation peaks. Two relaxation peaks
are observed. Thus, the smaller peak at lower frequency is
associated to the grain boundary effect, while the well-
defined one at higher frequency is correlated with the bulk
effects. The general method to check the nature of the di-
electric relaxation in the solid is to fit the measured data by
Kohlrausch-Williams—Watts (KWW) decay function.®?

We have fitted the imaginary parts of the electric modulus
for different temperatures with an approximate frequency
representation of KWW function, proposed recently by
Bergman:

"

M// — 1 max

((1 - 1)+ (%)) [(UJITm) i (ml(:)m)ﬂl]

+ )
(110 () e + (2]

where M" max and ®,,,, are the peak maximum and the peak
angular frequency of the imaginary part of the modulus, re-
spectively. To account for the grain boundary effects, our
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Fig. 12. The temperature dependence of AC conductivity for the compound at different frequencies.

experimental data have been fitted to the double Bergman’s

equation
e =ew(-((£)")) (10)

where 7 is the characteristic relaxation time and f is the well-
known Kohlrausch parameter, which decreases with an in-
crease in the relaxation time distribution. The value of the
Kohlrausch parameter for a practical solid electrolyte is
clearly less than 1.

In this case, the f; and f, values are temperature-depen-
dent (Fig. 16). We can say that the interactions between the
load carriers vary with the temperature.

6. Frequency and Temperature Dependence of the
Dielectric Properties

The study of the dielectric properties (¢/, ¢’ and tand) is an
important source of valuable information about conduction

processes since the origin and the dielectric losses.’?™>° The
dielectric relaxation is described by a non-Debye model
which gives the frequency-dependent complex permittivity.
The complex permittivity formalism has been employed to
describe the electrical and dielectric properties, and it can be
defined by the complex equation (8)°: e* = &’ — je”, where
¢’ and €” are the real and the imaginary parts of the dielectric
constant, respectively,
where

Es — Eoo (o)} 58

l—a +
1+ (i2)

The variations of €/, ¢” and tand with angular frequency at
several temperatures from 303 to 453 K are depicted in
Figs. 17, 18 and 19, respectively.

The observed change in dielectric properties can be un-
derstood by considering the displacement damage introduced
by temperatures in the decrease in the values of ¢/, ¢” and

E*=E. + (11)

igo®
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Fig. 13. The logarithmic variation of the AC conductivity with temperature at different frequencies.

tan J. It can be seen that the values of €/, ¢” and tan J decrease
with increasing temperatures. As mentioned, the decrease in
¢’, ¢” and tan ¢ with increase in temperature is explained by
the fact that as the temperature increases, the interfacial
dipoles have less time to orient themselves in the direction of
the alternating field. Also, the surface with the semiconductor
can easily follow with increasing of conductivity signal at low
temperatures and an excess of ¢/, ¢” and tan J occurs in
addition to real dielectric €’, € and tan 0.

The measured impedance data are used to calculate the
imaginary (¢”) parts of the complex dielectric permittivity
as® (Eq. (12)):

I-a . —o)m
(55 - Eoo) (ﬁ) sin (%) o0

+ .
1—a 2(l-a
1+ 2(0%) cos <7(1;a)ﬂ) + (w%) R

(12)

€II((D) —

From Fig. 17, one observes that €’ approaches a limiting
constant value, ¢, (®), at high-frequencies, which can be
interpreted as a result of rapid polarization processes with no
ionic motion contribution because the frequency is too high
and the ions can only oscillate without reaching the sample-
electrode interface. At lower frequencies, the &’ values in-
crease with decreasing frequency with a rapid rise in high
temperatures.

From Fig. 18, the variation of the imaginary part of the
permittivity with frequency shows that conduction losses
predominate at lower frequencies, and hence, at all tem-
peratures the imaginary part of the permittivity €” shows 1/®
dependence on angular frequency. Also, ¢” increases with
increasing temperature, and the dielectric loss peak has not
been observed. The common method of getting dielectric loss
peak in solid electrolytes is through separating DC conduc-
tivity from the total conductivity o(®).
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The loss factor tangent or dissipation factor (tan ) is given 1,00
by the ratio of the imaginary €” and the real ¢’ parts of the 1—=—sg ]
dielectric constant: tan(d) = £”(w)/e’(®) (Fig. 18). 095 @ igb \
The variation of the loss tangent as a function of fre- ] /'\.7. \
quencies at different temperatures is given in Fig. 18. All the 0’90__ ] \\
curves show a similar behavior at frequencies above 1kHz. 0,65 VS
Below 1kHz, an intense increase of dielectric loss was ob- 2 | . o \\
served for all measurement temperatures. When the temper- % 0,80 T - VI
ature increases, there’s the creation of defect/disorders = 1 - /./
(departure of H,0) in the lattice which leads to decreases of 0.754 e o
the mobility of the majority charge carriers (ions and elec- 070
trons). At high-frequency, the interfacial dipoles have less ]
time to orient themselves in the direction of the alternating 0,654 o
field. ——
From 343-348 K, a change in the appearance of curves 300 310 320 330 340 350 360
has seen the departure of H,O molecules with heating T®
(anhydrous crystal). The pattern of variation is characterized Fig. 16. Temperature dependence of f value.
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by the occurrence of well-defined peaks, which shifts to
higher frequencies with increasing temperatures average
400 K. Also, shifting of peaks toward the higher frequency
sides with temperature can be attributed to a gradual decrease
in resistance with increasing frequency. This type and fre-
quency dependence of Z’ and Z” suggest the presence of
dielectric relaxation in the compound.®%'

Figures 20 and 21 show the temperature dependence
on the real part €’ of permittivity, and the dielectric loss &”
of the compound measured between 10°Hz and 10 Hz. The

variation of the £’ and ¢” shows a weak dispersion in the low
temperature region. The behavior can be explained by the
charge carriers which, on most cases, cannot orient them-
selves with respect to the direction of applied; therefore, they
possess a weak contribution to the polarization and the di-
electric behavior.®

As the temperature rises, the variation of &’ and &”
increases and shows a strong dispersion. The imperfections/
disorders are created in the lattice and the mobility of the
majority charge carriers increases. This may be possibly due
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to the ion jump, the orientation, and space charge effect
resulting from the increased concentrations of the charge
carriers; these results confirm the previous discussion
(Fig. 17).

7. Conclusion

In summary, the (C¢H;oN, )(Hg,Cls),.3H,O using a solution-
based chemical method by hydrothermal methods has been
synthesized and found to belong to the monoclinic system
(space group C 2/c). The optical properties and dielectric
properties of Mercury (II) halides have been investigated and
the optical constants have been evaluated. The UV-Vis

Fig. 21. Temperature dependence of the reel part £’ of complex
permittivity at several frequencies.

spectroscopy was used to determine some of important
parameters such as the band gap energy, the Urbach energy
and the absorption coefficient. The optical band gap and
Urbach energies of these samples were estimated from the-
oretical experiment. Additionally, the Tauc model was used to
determine the optical gap energy. The absorption edge is
determined by indirect transitions corresponding to an optical
band gap of (2.37eV) for liquid and (4.33 eV) for solid. The
values of Urbach energy prove the presence of disorder in this
hybrid compound. Finally, the observed change in dielectric
properties is understood by considering the displacement
damage introduced by temperatures in the decrease in the
values of €, ¢” and ¢ and. The imaginary (¢”) part of the
dielectric constant decreases as the frequency increases and it
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increases as the temperature increases. The presence of two
relaxation peaks in the modulus loss spectra confirmed the
grain and grain boundary contribution to the electrical re-
sponse in the material. Nyquist plots show a non-Debye
relaxation and the equivalent circuit is composed of a parallel
combination of bulk resistance R1, capacitance C, in series
with a parallel combination of bulk boundary resistance R2,
capacitance C2, and fractal capacity CPE.
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