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The crystal structure exhibits organic and inorganic layers and alternate along the c-axis. The 3D Hirshfield surfaces and the associated 2D fingerprint plots were investigated for intermolecular interactions.

The vibrational experimental frequencies were also predicted .

The optical properties were studied by UV-visible absorption spectroscopy



The electrical and dielectric analysis

Introduction

Hybrid materials have been widely explored in recent years as new generation of high performance materials due to their attractive structural, physical and chemical properties [1-2]. The combination of two different and independently acting compounds into one covalently linked hybrid compound can transfer the synergistic effect of both independently acting moieties to the new composite compound, so that the exclusiveness is greater than the sum of each individual moiety's proprieties. This kind of material composed of different components has the advantages of two architectural elements, and therefore produces different structural chemistry [3][4][5][6]. This type of material is very large. It is recommended to obtain a variety of different geometric shapes (tetrahedrons, pyramids) through combination, such as sulfate, phosphate, molybdate, nitrate, bromate, perchlorate, etc. [7][8]. The most studied oxyanion is the Lewis base, which is used as a ligand to prepare interesting metal complexes that have applications in various fields [9][10].

In particular, the combination of nitrate anions and organic molecules (aromatic/aliphatic amino acids) has attracted much attention due to its wide range of applications (biomolecular science, liquid crystals, catalysts) [11][12][13]. Several organic cations (protonated amines) can be used to stabilize these anions, especially acidic anions [14 -16]. The organic molecule, such as length, geometry and relative position of the donor groups, play a very important role in interesting three-dimensional networks, layers, chains and ribbon structures [17][18][19].

Among numerous families of some nitrates, bromated , chlorate salts, we focus on some nitrate, such as (ClC 7 H 6 NH 3 ).NO 3 [20]. , (ClC 7 H 9 N) + (NO 3 ) - Moreover they are rich in hydrogen bonding showing remarkable structural stability, especially at the level of the changes in the dynamics of the cations which are related to the phase transitions. In addition, these compounds are expected to be proton conductors due to the availability of H-bonds. Therefore, they are interesting because of the proton transport mechanisms in biophysical processes and their applications in numerous electrochemical devices, such as batteries, fuel cells, chemical sensors, electrochromic devices, and supercapacitors [29].

The cohesion of these materials is generally ensured by hydrogen bonds (N….H … metal/salt) and/or Van Der Waals type of interactions. The long-range order of the ferroelectric type is related to smaller-sized organic cations such as aromatic-entities.

Furthermore, the optical properties of these crystals are dependent on the electron configuration of the metal ions, and also on the crystal field associated with the crystal molecular structure.

Impedance spectroscopy appears destined to play an important role in fundamental and applied electrochemistry and materials science in the recent years [30][31][32][33]. In a number of respects, it is the preferred method to characterize the electrical behavior of systems in which the overall system behavior is determined by many strongly coupled processes, each proceeding at a different rate. Furthermore, impedance spectroscopy study provides access to the electrical transport mechanism within the studied compound. The literature has listed an electrical transmission that is ensured by the polaron hopping process. Several theoretical models have been developed to explain the conduction between n blocalized states in the dielectric media who agree on the universal Jonscher's behavior. After stirring for 30 min, it is used to ensure that the compound is completely dissolved. Such solutions were slowly combined in an autoclave and kept at 100°C under auto-genous pressure for 17 h . Good quality of maroon single crystals were obtained suitable for an X-ray structure determination

Investigation techniques

Characterized by single-crystal X-ray diffraction, powder X-ray diffraction; Hirshfeld surface analysis, IR MAS-NMR spectroscopy and UV-vis spectrophotometry has been reported.

Suitable crystal with size of (0,37*0.12*0.09) mm 3 For each point on that iso-surface two distances is defined de, the distance from the point to the nearest nucleus external to the surface, and di, the distance to the nearest nucleus internal to the surface and van der Waals radii (ri vdW and re vdW ). Hirshfeld surfaces are mapped using the normalized contact distance (d norm ), which is calculated using the following equation 1:

Crystallographic data are given in

eq.:

Thus, the value of d norm was negative or positive when intermolecular contacts were shorter or longer than rvdW, respectively.

NMR-MAS results were performed using a Bruker WB 300 at room temperature. The powdered sample was packed in a 4 mm diameter of rotor and set to rotate at a speed up to 10 kHz in a Doty MAS probehead. During the whole acquisition time, the spinning rate of the rotor was locked in the required value using the Bruker pneumatic unit, which controls both bearing, and driving inlet nitrogen pressures. The 13 C spectrum was collected by a crosspolarization of proton with 5 ms contact time. All chemical shifts (δ) are given with respect to tetramethylsilane 13 C reference.

FTIR spectra of powder samples were obtained using a 100 Perkin-Elmer FTIR spectrometer from potassium bromide (KBr) pellets. The IR spectrum was recorded in the range of 4000-400 cm -1 . UV-vis absorption and optical properties at room temperature are measured by a Perkin Shimadzu, UV-3101PC spectrophotometer using a source emitting wavelength radiation varying between 200 and 800 nm.

The electrical measurements were performed using a two-electrode configuration on a polycristalline sample. The used pellets have an 8mm diameter and 1.2 mm thickness using a hydraulic press at a pressure of 3000 kg/cm 2 used to undertake an electric study. The pellet discs were coated with Ag paste to ensure good electrical contact. After the Ag coating and before measurements the samples were first heated at 100 °C for 12 h under a vacuum. The electrical properties are carried out by means of Solartron1260A Impedance Analyzer coupled with a 1296A Dielectric Interface in the 1-10 6 Hz frequency range and from 303 to 413K temperature range.

Results and discussion

Crystal structure

The molecular structure properties are discussed on the basis of a single-crystal diffraction investigation. The asymmetric unit of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 consists of one discrete diprotonated (C 6 H 4 (NH 3 ) 2 ) 2+ cation and two crystallographic independent (NO 3 ) -anions as shown in Fig.

1.

We observed the existence of hydrogen bonding in the crystal structure. The molecular geometry and the atom-numbering scheme of this compound are shown in Fig. 1.

In the molecular arrangement, the three H-atoms of two neighboring ammonium group are involved into N-H … O hydrogen bonds. The organic moieties are located between these columns via two kinds of hydrogen bonds (Fig. 3) relative to C--/N--H/…O. The bonding between carbon atoms of (C 6 H 4 ) and oxygen atoms of a mineral (NO 3 ) is realized by hydrogen bonding C-H…O reported in (Table .5) and shown in (Fig. 2).

The title organic-inorganic material is crystallized in the monoclinic system P2 1 /c space group

Refining the structure in this eccentric space group gives a lattice parameter: a = 12.6966( 17 This slight distortion is correlated to deformations resulting from hydrogen bonding interactions (Table .3). So, the examination of the structure has shown that the main feature of the atomic arrangement in this compound is the existence of infinite layers composed of anionic and cationic groups parallel to (001) plane at y= n/2, spared by a distance equal to b/2

and linked together by O-H…O and O-H…Cl hydrogen bonds (Fig. 2). This Figure shows that the anionic entities are interconnected via N-O…H hydrogen bonds to build infinity chains developed along the c-axis direction (Fig. 2).

Moreover, the organic-entities between these chains via the above-mentioned additional C-H … O hydrogen bonds give rise to this layer (Table .5). In the organic entities, the cationic planes arranged on either side of the anions alternately connect the two adjacent inorganic layers cohesion between neighboring layers is assured by means of van der Waals interactions give rise to a three-dimensional network and add stability to the structure. These channels with a pore strong diameter constitute a potential cation-accessible area of the crystal (Fig. 3).

This organic fits into these channels and interact with means of inorganic framework both electrostatic interactions and via hydrogen bonds. 

X-ray powder diffraction analysis

Study of intermolecular interactions through Hirshfeld surface analysis

To complete the study of the structural description, we have required the Hirshfeld surface In conclusion, visual analysis of intermolecular interactions is consistent with what X-ray diffraction analysis notices. The Hirshfeld surfaces certainly allow a detailed quantitative and qualitative scrutiny by displaying all the intermolecular interactions and specify its placement within the crystal and this methodology has very important promise in crystal engineering. It is obvious that the red regions rich in hydrogen bonds of the d norm surface are in good agreement with the results observed by crystal structure.

Infrared, NMR -MAS spectroscopy

We have attributed the principal major infrared bands by comparison with similar compounds 

Gap energy

To evaluate the gap energy of the synthesized compound, the optical measurement was investigated. Fig. 10 shows the experimental UV-vis absorption spectrum of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 at room temperature. As seen, there are four distinct absorption peaks at 213, 278,332 and 350 nm, which are very comparable to those found in other materials previously reported to contain organic-inorganic hybrid compound, such as [77-78].

The obtained spectra show a sharp increase in absorption at wavelengths near the absorption edge of the threshold wavelength for the onset of absorption at 213 nm.

In hybrid compounds based on aromatic ring, the π-π* transition of benzenoid ring is observed around 278 nm, this result is agreement with similar compounds (λ = average 300 nm) was observed in the literature [79-80].

Additionally, the observed absorptions at 332 and 350 nm are caused by band gap absorption and they are attributed to the excitation of free electron-hole pairs within the mineral anion and higher energetic level in the conduction band. This suggests that the compound behaves as semiconductor material and is compatible with the orange color of the crystal (orange).

The optical absorption edge is a significant parameter for describing solid-state materials.

Also, for disordered materials is interpreted in terms of direct or indirect transition through an optical band gap. For absorption by direct or indirect transition, the absorption coefficient (α)which is defined as the decrement 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 follow equation 2:

(2); where d is the sample thickness and A the absorbance. showing the variations of the experimental values of (Z') and (-Z") as a function of the simulated data, using the parameters obtained from the equivalent circuit model. The slope obtained from linear fit for these curves at each temperature is very close to unity. Good compatibility between experimental and theoretical data indicates that the equivalent circuit used reasonably describes the electrical properties of the studied compound. The variation of both (Z') and (-Z") with the frequency, at different temperatures, is presented respectively in the inset of Fig. 1617. We may notice that the values of (Z') and (-Z") increase (T 〈373 K)

and decrease (T 〉373 K) with the increase of temperature for.

Electric Modulus formalism

The complex modulus formalism has been used in the analysis of the electrical properties in particularly suitable to extract phenomena such as electrode polarization and conductivity relaxation times. The complex electric modulus can be represented by the following equation (Eq.8-9) [97-100]:
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Best fits for M'' at different temperatures is shown in Fig. 18. M" reaches a constant value M∞ (M∞ =1/ε∞) at high frequencies for all temperatures and this is due to the relaxation processes, which are spread over a range of frequencies. This plot shows that at low angular frequencies the values of M'' approaching zero indicating that the electrode effect can be neglected in the modulus representation [101]. The peaks in the M" plots shift toward higher frequencies and their height increase with increasing temperature. The asymmetric M'' plot is suggestive of stretched exponential character of relaxation times of the material. It is observed that the peak frequencies M'' max shift toward the high frequency side with an increase in temperatures, indicates a thermally activated dielectric relaxation process in which the hopping mechanism of charge carriers dominates intrinsically. This peak indicates the transition from long-range to short-range movement with an increase in frequency. The observed width of the peaks indicates the non-Debye behavior of the material [102].

3. Frequency and temperature dependence of AC conductivity

The AC conductivity gives detailed information about the time-dependent movements of charge, which leads to conductivity and investigate the dielectric relaxation/dispersion phenomena. The frequency variation of the ac conductivity, ζ ac (ω), at various temperatures is shown in Fig. 19. Electrical conduction is thermally an activated process according to Josher's Universal Dispersion Relaxation (UDR) and the origin of the frequency dependence of the conductivity is related to the relaxation due to the mobile charge carriers [103]. The electrical conductivity follows the power law (Eq.10):σ ac (ω)= σ dc + A(ω) n (10) where, ζdc represents dc. conductivity, A is a pre-exponential constant and n is the power law exponent, where 0 < n< 1 which presents the degree of interaction between mobile ions and the environment surrounding them In the course of studies, it was found that the grain size has a measurable effect on most dielectric properties. For example, at room temperature, hardness, yield strength, tensile strength, fatigue strength and impact strength all increase with decreasing grain size. Mass transport, and especially oxygen vacancies transport, destroys the grains [107-108].

Frequency dependence of the dielectric permittivity

The measured impedance is used to calculate the imaginary (ε'') parts of the complex dielectric permittivity as [109] (Eq.11-12):

(11) = ( )( ⁄ ) ( ( ) ⁄ ) ( ⁄ ) ( ( ) ⁄ ) ( ⁄ ) (12) 
Fig. 21. shows the frequency dependence of the dielectric constant ε''(ω) at fixed temperatures. As the temperature increases, the dielectric constants at low frequency show a dispersive behavior since in the low frequency region of the ε''spectrum a clear tail connected to the conductivity was observed. Best fits using the function (6) give a suitable fitting of the curves resulting from the experimental data.

In the present case, the conduction losses predominate at lower frequencies, and hence, at all temperatures, the imaginary part of the permittivity ε" shows 1/ω dependence on angular frequency. ε" is also found to increase 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 conductivity from the total conductivity ζ(ω). However, in ionically conducting materials, at low frequencies, there is an inevitable electrode polarization effects, and the dielectric constant is rather high. This often gives rise to lots of experimental errors during the separation of dc conductivity from the total conductivity.

However, the data were converted into electric modulus where the contributions from the electrode effects are minimized [110][111][112]. Fig. 22 shows the tangent losses, tan
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δ=ε"(ω)/ε'(ω), as a function of frequencies at different temperatures. All the curves show a similar behavior at frequencies above 100 kHz. Nevertheless, at frequencies below 100 kHz, an intense increase of dielectric loss was observed for all measurement temperatures. This type and frequency dependence of Z' and Z" and suggest the presence of dielectric relaxation in the compound [113-114].

Conclusion

In conclusion, we have successfully synthesized a new organic-inorganic compound The AC conductivity and electric behavior of compound have been studied as a function of temperature and frequency. The frequency dependent conductivity of materials at different temperatures has been analyzed using a Jonscher's power law expression and the temperature independent frequency exponent term has been evaluated. The analysis of the temperature variation of M'' peak indicates that the observed relaxation process is thermally activated. 

  [20]. , (C 8 H 12 NO)•[NO 3 ] [21]. and ionic synthesis [alkyl-Py] + [NO 3 ] -and [alkyl-MIM] + [NO 3 ] -[22].The atomic arrangement consists of inorganic layers, built from the NO 3 -anions and the organic entities. The major crystal packing was governed by an interconnection with NH…O / C-H…O and C-H…N hydrogen bonds. Due to their ferroelectricity together with dielectric behavior with low band gap [23-24], research on these nitrates has undergone considerable development in recent years. Intermolecular interactions are present in these hybrid compounds, including electrostatic forces, π-π stacking and hydrogen-bonding interactions. These latter interactions play an important role in the construction of three-dimensional architectures and the stabilization of supramolecular crystal structures and are an important issue that requires focused scientific attention [20, 25-28].

  was selected under an optical examination for structure determination. Intensities and collection data were obtained on a D8 VENTURE Bruker AXS diffractometer equipped with a (CMOS) PHOTON 100 detector using (Mo K α ) radiation (λ= 0.71073 Å) at 150 K. The molecular structure was solved in the monoclinic symmetry (P2 1 /c, space group) with the lattice parameters: a = 12.6966(17) Å b = 7.9444(11) Å c = 10.3904(14) Å, α = 105.68(0) °,V=1009.05(20) Å 3 and Z = 4. All calculations were made using the WINGX crystallographic suite of programs [39]. The crystal structure was determined by the direct method and refined using the SHELXL-SHELXS crystallographic software package [40, 41]. All non hydrogen atoms were refined with anisotropic atomic displacement parameters. Hydrogen atoms were finally included in their calculated positions and treated as riding on their parent atom with constrained thermal parameters. The positions of nitrogen, oxygen and carbon atoms have been identified on the subsequent Fourier difference map. A final refinement with 2225 unique intensities and 165 parameters converged to R(F) = 0.0821 et ωR (F 2 ) = 0.2731 observed reflections with I > 2ζ(I).

(Fig. 1 )

 1 ) Å b = 7.9444(11) Å c = 10.3904(14) Å β = 105.68(0) ° and V= 1009.05(20) Å 3 . Meanwhile, the projection of the molecular arrangement clearly has shown an alternation of [C 6 H 4 (NH 3 ) 2 ] 2+ cations and (NO 3 ) -anions along [001] direction (Fig. 2). This alternation is interconnected by hydrogen bonds and π-π interactions from two (C 6 H 4 (NH 3 ) 2 ) cation. The organic molecule exhibits a regular spatial configuration with normal C-C and C-N distances and C-C-N and C-N-C angles. Indeed, the C-C bond lengths vary from 1.382(3) to 1.389(2) Å. The mean value of the C-N length is 1.459(3) Å and the C-C-C, C-C-N and C-N-C angles range between 118.44 (17) and 120.89(15)º (Table.4). The Bond length and angle values are in good agreement with the bond lengths of the other aromatic salts [52-54].In the studied compound, the ring built up by the atoms from C1 to C6 is planar (the rms deviation of the fitted atoms equals 0.0019(1) Å). The rings of cations stacked between successive anions are approximately parallel to each other and are separated by equal centroid-to-centroid distances (Fig.2), which are too large to be considered as representing ππ* stacking interactions[55].In (NO 3 ) -anion, the central nitrogen atom of the mineral anion occupies a special position ; an ion is coordinated by three oxygen atoms to form slightly distorted triangle coordination geometry. Selected bond distances and angles are listed in Table4. The N-O distances range from 1.225(3) to 1.302(3) Å. The bond angles show a slight deviation from the ideal value. The angle varies from 117.98(17)-123.95 (17) °. These values are comparable to the corresponding ones previously reported for similar complexes and hybrid salts materials in an organic molecule and mineral anion [56-59].

Fig. 4

 4 Fig. 4 shows the powder diffractogram of the C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 hybrid coumpound. The structural refinement of the title compound was analyzed by the Rietveld method via the Fullprof software. For the simulation of the peak shapes, we used the pseudo-Voigt function, and the lattice parameters, which were determined by the Rietveld program and investigated as starting values and by the atomic positional parameters that were derived from Carvajal works [60]. All the lines observed in this diffractogram are indexed after several optimizations in the monoclinic system (P21/c space group) and the final refining of the compound with lattice parameters: a= 13.086640, b=7.930665 c=10.485829 and β= 106.010°. These values are in good agreement with initial cell parameters obtained by the crystalline structure, which indicate the purity of this synthesis compound.

  analysis. Recently, a method for studying crystal structures has been developed and involves calculation of molecular surfaces based on Hirshfeld's stockholder partitioning. The Hirshfeld surface plots are generated using the Crystal Explorer software [62-62] and represent the partition into molecular fragments of the total crystalline electron density. One of the structural properties that can be mapped onto the Hirshfeld surface is a normalized measure of the distance between atoms, which uses the Van Der Waals radii (rvdW) of the nearest atom inside the surface and the nearest atom outside. The Hirshfeld surface analysis of the title compound was performed using Crystal Explorer 3.1 to figure out the normalized contact distance (d norm ), which depends on contact distances to the closest atoms outside (de) and inside (di). For a given crystal structure and set of spherical atomic electron densities, the combination of d e and d i in the form of a 2D fingerprint plot provides a summary of intermolecular contacts in the crystal. Complementary regions are also visible in the fingerprint plots where one molecule acts as a donor (d e > d i ) and the other as a recipient (d e < d i ). The contribution of other interactions to the total Hirshfeld surface of the compound has been mapped and exemplified by showing d norm mapping which are depicted in Fig.5. 2D fingerprint plots presented in this paper were generated using the reported equation (1) in [63-64], which is shown in Fig 6. The 2D fingerprint plots can be deconstructed to highlight particular atom pair contacts to separate the contributions from different interactional types that overlap in the full fingerprint (Fig. 5b) [65]. The red spots on the around the d norm surface are attributed to the N-O…H, hydrogen bonds, which show the closest intermolecular interactions in the compound. In the shape-index map (Fig. 6), the adjacent red and blue triangle-like patches show concave regions that indicate ππ* stacking interactions (H….O/O…H inter-connections) due to the abundance of hydrogen and oxygen on the molecular surface. Overall, H…O contacts are the most favorable (56.4%) in crystal packaging. As previously indicated in Fig.7, there are two hydrogen bonds in our crystal structure of the same type N-H...O / C-H...O. However, only the NΦ...H (NO3) …O (NO3) contacts appear in this compound, whereas those of H(C(Φ)…O) contacts is low absent, because the atom HΦ is much more electropositive than H( (NO3) )so is strongly attracted by the electronegative nitrogen atoms. The H…H contacts represented of narrow is symmetric by points with fort de + di Å. Furthermore, they covered 16 % of the total surface of Hirshfeld and represented the second most frequent interactions due to the abundance of hydrogen atoms on the molecular surface. The HC-CH contacts are the third most frequent interactions (11.8.%) due to the abundance of hydrogen interaction between C 6 H 4 molecular on the molecular surface. They constitute the third most occurring contacts, in agreement with the presence of hydrogen bonds of types Φ-H… O (NO3) in this structure. Finally, the types of contacts O-O / C-C / N-N / CO -CO / NO-NO and NH-NH contribute significantly to the stability of the crystal structure, this value is due to a long interatomic contact and the enriched O…H contacts that are the driving forces in the molecular arrangement and the crystal packing formation. The percentages of contributions for different contacts in the crystal structure of the title material are gathered in Fig 7.

[ 66 - 9 .

 669 70]. The infrared spectrum was performed at room temperature as shown in Fig.8. The bands located at 3235 and 3280 cm -1 in IR are ascribed to symmetric and asymmetric stretching of NH. Those observed at 3150 and 2345 cm -1 are assigned to the symmetric and asymmetric stretching of CH. The band observed around 1600 cm -1 is attributed to the stretching of C=C. Those observed at 1031 and 1070 cm -1 associated with the vibration of β (CH) and stretching of CN, respectively. However, the bands observed around 537-620 cm - 1 regioncorrespond of the β (C-C-C) and β (C-C), respectively. In addition, the region average 650 to 730 cm -1 are characterized by the sharp doublet which due to the ώ(NH2) and γ (CH), γ(CC) , respectively. Finally, the bands observed at 1180 and 1292 cm -1 correspond to =C-H vibrations.The isotropic band of the13 C cross-polarization magic angle spinning nuclear magnetic resonance (CP-MAS-NMR) spectrum of a crystalline C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 sample rotating at the magic angle with a frequency of 10 kHz is given in Fig.According to the IUPAC convention, shielding corresponds to negative values. The simulation of the isotropic band permits the identification of three peaks, observed in 126.7, 127.2 and 129.5 ppm, using Gaussian and lorentzian functions by means of a dmfit program [71]. This resonance region are corresponding to three equivalent aromatic carbons of the organic-groups. This result proves the presence of only one entity in the asymmetric unit cell of the compound, a result in good agreement with crystallographic data.On the other hand, the peaks at around 129.5 ppm can attributed to the C-atoms connected to the ammonium groups of (NH 3 ) + . Finally, the two peaks at 126.7 and 127.2 ppm relative to the two groups CH external in aromatic carbons. It is worthwhile noting that the chemical shift values are as commonly observed as in aniline derivatives [72-76].
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 411512363611415 photon, which can be calculated using the equation 4[START_REF] Neman | Semiconductors physics and devices basic principles[END_REF][START_REF] Moh | Electronic process in non-crystalline material[END_REF]: hυ =1240 /λ(nm) (4)In addition, there is an index determined by the nature of the electronic transitions during the absorption process. The transition is called direct when the extremity of V.B and C.B is located at the same k-space (Δk=0), while the transition is called indirect when the transition possible only with phonon assisted (Δk≠0)[START_REF] Cei | [END_REF]. Fig.11shows the plots of (αhν) 2 as a function of photon energy (hν) for C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 compound. The shapes of these curves favor the direct transition. Therefore, the hybrid salt compound has a direct band gap. The optical energy gap Eg can be determined by the extrapolation of the curve until the energy axis. The calculated values of Eg equal to 5.03 eV.
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 104 . In fact, ζ ac increases with the increase of frequency, which is a characteristic of ω n . The variation of n, as a function of temperature, reflects the changes in the conduction mechanism at a temperature range shown in Fig. 20. The observed behavior of n with (1-n) is in agreement with the conduction model where the exponent decreases with increasing temperature up to a minimum and then increases [105-106].

C 6 H 4 (

 64 NH 3 ) 2 (NO 3 ) 2 . Structural parameters and data refinement have been analysed by single crystal X-ray diffraction. The crystal structure can be described by alternation built by nitrate anions (NO 3 ) -and diprotonated C 6 H 4 (NH 3 ) 2 ) 2+ cations . The crystalline packing of the compound is stabilized by hydrogen bonding interactions N-H...O / C-H...O. The geometric intermolecular characteristics were quantified by the Hirshfeld surface analysis. The 13 C MAS NMR spectrum is in agreement with the X-ray structure and all observed IR bands were examined in this investigation. Optical absorption shows a direct band gap of 5.03 eV.
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 1 Figure.1 : Asymmetric unit of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 showing and theatom-numbering scheme
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 3 Figure.3: the paking diagram of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 along c-axis the dashed lines stand fort the hydrogen-bonds (red) with π-π*interactions.
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 45 Figure.4: Refinement X-ray powder diffractogramm of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 by Rietfeld method.
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 6 Figure 6 : Finger-print plots of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 .
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 7 Figure 7 : Decomposed finger-pint plots of major contacts.
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 819 Figure 8: Experimental FTIR spectra of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 at room temperature.
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 1011 Figure 10.Absorbance spectra for C 6 H 4 (NH 3 ) 2 (NO 3 ) 2
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 12 Figure 12.Determination of Urbach energy for C 6 H 4 (NH 3 ) 2 (NO 3 ) 2
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 13 Figure 13: Plots of impedance complex at various temperatures
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 15 Figure 15: variation of ζ as function of temperatures of C 6 H 4 (NH 3 ) 2 (NO 3 ) 2
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 16 Figure 16: Variation of real part of the impedance as a function of frequency for some representative temperature
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 1718 Figure 17: Variation of imaginary part of the impedance as a function of frequency for some representative temperature
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 19 Figure 19 : Frequency dependencies of the ac complex conductivity at several temperatures
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 202122 Figure 20 : Correlations between n and 1-n at several temperatures

Experimental details 2.1. Chemical preparation:

  

	4.5 ml of 70% HNO 3 (Aldrich) in water was added dropwise to a solution of 1,2-
	diaminobenzene C 6 H 8 N 2 (67.5 % ; Aldrich; 0.194 g; 2 mmol) a mixture of an aqueous
	solution 37% HCl (Aldrich) ; through the reaction in stoichiometric 1:2 .

All these proposed models are based on mechanisms of charge transport by tunneling through a potential barrier or by jump over this barrier [34-38]. Designing a variety of organic-inorganic hybrid materials perfectly suited to practical applications has been one of the most important challenges. While the transmission of physical properties have been mainly established in organic systems, the ability to exploit the influence of organic molecules such as 1,2-diaminobenzene to structurally modify an hybrid network and consequently induce additional properties remains unexplored in nitrates salts [20-24]. The aim of this paper is to study our choice to investigate such materials: we report the synthesis, structural investigations and physical properties of new hybrid salts, C 6 H 4 (NH 3 ) 2 (NO 3 ) 2 .

2.

Table

  

are presented in Table 2; 3.

  

	The X-ray powder diffraction pattern is recorded at room temperature using a Philips PW
	1710 diffractometer operating with copper radiation (λ Kα1 =1.5406A°) in a range of Bragg's
	angle 5°<2 θ<80°. Unit cell parameters of the synthesized compound were refined by the
	Rietveld method from powder data.
	The intermolecular interactions ensuring the structure cohesion are visualized by Hirshfeld
	surface [46] analysis and the 2D-fingerprint plots, which identify each type of intermolecular
	interactions.
	Molecular Hirshfeld surfaces were constructed from CIF file in order to dissect crystal
	structures into non-covalent contacts [47-51]. Bond lengths to hydrogen atoms were set to
	standard values.

. The molecular structure was drawn and presented using ORTEP-3 [42], DIAMOND [43], Mercury [44] and Gauss-view programs [45]. The fractional atomic coordinates and equivalent isotropic displacement parameters (Å2)

Table 1 :

 1 Summary of crystal data and structure refinement

	1,0x10	2
			343 K
		1	353 K 363 K
			373 K
			383 K
			393 K
			403 K
	tan 	
		  (rad.s	-1 )

Table 2 :

 2 Atomic coordinates and isotropic displacement parameters (in Å 2 )

	Atom	x	y	z	U
	N1	0.32274(13) 0.0696(2)	0.42714(18)	
	H1A	0.3474(19) 0.100(3)	0.356(2)	0.0170
	H1B	0.370(2)	0.083(3)	0.498(3)	0.0170
	H1C	0.3129(18) -0.042(3)	0.413(2)	0.0170
	C2	0.22092(15) 0.1596(2)	0.41903(18)	
	C3	0.12459(16) 0.0684(2)	0.3940(2)	
	H3	0.12570	-0.05070	0.38610	0.0230
	C4	0.02609(17) 0.1526(3)	0.3804(2)	
	H4	-0.04020	0.09080	0.36420	0.0270
	C5	0.02454(16) 0.3260(3)	0.3903(2)	
	H5	-0.04300	0.38290	0.38010	0.0250
	C6	0.12123(15) 0.4176(2)	0.41524(19)	
	H6	0.11980	0.53690	0.42130	0.0210
	C7	0.21974(15) 0.3337(2)	0.43110(18)	
	N8	0.32058(13) 0.4320(2)	0.46436(17)	
	H8A	0.3391(18) 0.447(3)	0.553(2)	0.0150
	H8B	0.3062(18) 0.538(3)	0.423(2)	0.0150
	H8C	0.372(2)	0.392(3)	0.435(2)	0.0150
	N11	0.46281(13) 0.3346(2)	0.24802(16)	
	O12	0.37820(12) 0.24293(16) 0.21598(15)	
	O13	0.50442(12) 0.3697(2)	0.36781(14)	
	O14	0.50214(12) 0.3886(2)	0.15839(15)	
	N21	0.26986(14) 0.7391(2)	0.22380(18)	
	O22	0.28969(17) 0.6055(2)	0.17539(18)	
	O23	0.26988(13) 0.73999(16) 0.34907(15)	
	O24	0.24838(12) 0.87067(19) 0.16071(16)	

Table 3 :

 3 Anisotropic displacement parameters (in Å 2 )

	Atom	U 11	U 22	U 33	U 12	U 13	U 23
	N1	0.0144(8)	0.0104(8)	0.0166(8)	0.0012(6)	0.0042(7)	0.0006(7)
	C2	0.01400	0.01200	0.01300	0.00100	0.00500	0.00100
	C3	0.02000	0.01400	0.02200	-0.00400	0.00600	-0.00400
	C4	0.0173(10) 0.0264(11) 0.0233(10)	-0.0058(8) 0.0040(8)	-0.0042(9)
	C5	0.0145(9)	0.0266(11) 0.0212(10) 0.0043(8)	0.0029(8)	-0.0024(9)
	C6	0.0187(9)	0.0143(9)	0.0180(9)	0.0026(7)	0.0031(8)	-0.0024(8)
	C7	0.0125(8)	0.0124(8)	0.0110(8)	-0.0021(7) 0.0017(7)	-0.0022(7)
	N8	0.0127(7)	0.0104(7)	0.0146(8)	-0.0020(6) 0.0035(6)	-0.0019(6)
	N11	0.0130(7)	0.0185(8)	0.0164(8)	0.0016(6)	0.0050(6)	-0.0014(7)
	O12	0.0185(7)	0.0175(7)	0.0189(7)	-0.0062(5) 0.0042(6)	-0.0032(5)
	O13	0.0175(7)	0.0413(9)	0.0131(7)	-0.0053(6) 0.0023(6)	-0.0088(6)
	O14	0.0202(7)	0.0406(9)	0.0202(8)	-0.0037(6) 0.0087(6)	0.0056(7)
	N21	0.0145(8)	0.0183(8)	0.0216(9)	-0.0012(6) 0.0040(7)	-0.0020(7)
	O22	0.0594(12) 0.0290(9)	0.0298(9)	0.0068(8)	0.0158(9)	-0.0118(8)
	O23	0.0323(8)	0.0128(7)	0.0197(7)	0.0007(6)	0.0110(6)	0.0012(5)
	O24	0.0208(7)	0.0272(8)	0.0282(8)	0.0043(6)	0.0039(6)	0.0140(7)

Table 4 :

 4 Selected geometric parameters (Å, °)

	N1-C2	1.460(3)	C6-C7	1.387(3)
	N1-H1A	0.910(24) C6-H6	0.950(2)
	N1-H1B	0.821(25) C7-N8	1.459(3)
	N1-H1C	0.902(24) N8-H8A	0.895(20)
	C2-C3	1.384(3)	N8-H8B	0.941(23)
	C2-C7	1.389(2)	N8-H8C	0.853(26)
	C3-C4	1.391(3)	N11-O14	1.246(3)
	C3-H3	0.950(2)	N11-O13	1.245(3)
	C4-C5	1.382(3)	N11-O12	1.266(3)
	C4-H4	0.949(2)	N21-O24	1.225(2)
	C5-C6	1.390(3)	N21-O22	1.229(3)
	C5-H5	0.950(2)	N21-O23	1.302(3)
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