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Organic molecules which have in their structures an electron donor or acceptor units are among the most important conjugated organic materials and have attracted much attention because of their use as functional materials with low gap energy [START_REF] Bredas | Charge-Transfer and Energy-Transfer Processes in π-Conjugated Oligomers and Polymers: A Molecular Picture[END_REF] and of their interesting structures [START_REF] Staub | Synthesis and stability studies of conformationally locked 4-(diarylamino)aryl-and 4-(dialkylamino)phenyl-substituted second-order nonlinear optical polyene chromophores[END_REF]. In this type of compounds, electron donor and acceptor groups are connected via a conjugated π link.

Adjustment of the different donor or acceptor entities in a donor-acceptor molecule (D-A) would alter its physical and chemical properties. Hence, organic materials appear as promising candidates for the production of transistors, photodiodes and biochemical sensors [START_REF] Huitema | Active-Matrix Displays Driven by Solution-Processed Polymeric Transistors[END_REF][START_REF] Mcquade | Signal Amplification of a "Turn-On" Sensor: Harvesting the Light Captured by a Conjugated Polymer[END_REF][START_REF] Mcquade | Conjugated Polymer-Based Chemical Sensors[END_REF]. Azobenzene and its numerous derivatives is one of the greatest examined classes of organic compounds having interesting optical properties, which are necessary for their potential applications [START_REF] Merino | Control over molecular motion using the cis-trans photoisomerization of the azo group[END_REF][START_REF] Beharry | Azobenzene photoswitches for biomolecules[END_REF][START_REF] García-Amorós | Recent advances towards azobenzene-based light-driven realtime information-transmitting materials[END_REF]. They have been attracted increasing attention since they can serve as electroactive and photoactive materials for many important applications such as optical storage media [START_REF] Muraoka | Light-Driven Open-Close Motion of Chiral Molecular Scissors[END_REF][START_REF] Liaros | NLO response of photoswitchable azobenzene-based materials[END_REF][START_REF] Ouazzani | Second-and Third-Order Nonlinearities of Novel Push-Pull Azobenzene Polymers[END_REF], nonlinear optics [START_REF] Natansohn | Photoinduced Motions in Azo-Containing Polymers[END_REF], chemosensors [START_REF] Cheelham | Enzymatic Synthesis and Photoswitchable Enzymatic Cleavage of a Peptide-Linked Rotaxane[END_REF], optical switches [START_REF] Nishihara | Combination of redox-and photochemistry of azo-conjugated metal complexes[END_REF] and solar cells [START_REF] Zhou | Novel donor-acceptor molecules as donors for bulk heterojunction solar cells[END_REF]. As a result, large theoretical and experimental work has been distorted to research and study the structural and photochemical properties of azobenzene-based structures. Our interests have been in the synthesis, the characterization and the optical properties of azo-based phenylthiophene Schiff bases. Lately, thiophene nucleus presents a very important field in drug discovery because of their biological activities [START_REF] Kleemann | Pharmaceutical Substances: Syntheses, Patents Applications[END_REF], more recently it was utilized in the growth of antibacterial agent [START_REF] Silva Lourenco | Synthesis and biological evaluation of N-(aryl)-2-thiophen-2-ylacetamides series as a new class of antitubercular agents[END_REF][START_REF] Khalil | Synthesis and antibacterial activity of some new thiazole and thiophene derivatives[END_REF]. Besides, thiophene plays a significant role as synthetic intermediates, for instance, in the production of new conductive polymers [START_REF] Roncali | Conjugated poly(thiophenes): synthesis, functionalization, and applications[END_REF][START_REF] Nalwa | Organic Materials for Third-Order Nonlinear Optics[END_REF] or materials with nonlinear optical properties [START_REF] Nalwa | Organic Materials for Third-Order Nonlinear Optics[END_REF]. The combination between azobenzene and thiophene should lead to π-conjugated dyads exhibiting many interesting properties. Therefore, the present study deals with the synthesis, X-ray structures and the optical properties (including optical band gap determination) of two novel azo-phenylthiophene Schiff bases A and B.

Experimental section

Materials

All manipulations were performed in air using commercial grade solvents. N,N-Dimethyl-4,4'azodianiline C14H16N4 (97%), 4-(4-nitrophenylazo)aniline C12H10N4O2 (90%), 5-phenylthiophene-2-carbaldehyde C11H8OS (98%) were procured from Sigma-Aldrich and employed without further purification.

Instrumentation

NMR spectra were recorded on a Bruker Avance DRX 300 spectrometer operating at 300 MHz for external TMS. The following abbreviations are used: s, singlet; d, doublet; t, triplet; td, triplet of doublet. Infrared measurements employing (KBr pellets) was registered using a Perkin-Elmer FT-IR 1000 spectrometer. UV-visible spectra were recorded at room temperature in quartz cuvettes using Perkin-Elmer spectrophotometer. Elemental analyses (C, H and N) were performed on a Thermo-Scientific Flash 2000 Organic. Mass spectra were collected with Bruker Biflex-III TM.

Thermogravimetric analysis (TGA) of the compounds was carried out using a Setaram 92 Thermal Analyser from room temperature up to 500°C with a heating rate of 10°C/min under an Oxygen atmosphere. X-ray single-crystal diffraction data for both compounds were collected on an Agilent SuperNova diffractometer equipped with Atlas CCD detector and mirror monochromated microfocus Cu-Kα radiation (λ = 1.54184 Å). The crystal structures of A and B were solved in the monoclinic system, space group P21/c, according to the automated search for space group accessible in WingX [START_REF] Farrugia | WinGX suite for small-molecule single-crystal crystallography[END_REF] and to the systematic extinctions conditions. The two structures were solved by direct methods, expanded and refined on F 2 by full matrix least-squares techniques using SHELX programs (include SHELXS-97 and SHELXL-97, G.M. [START_REF] Sheldrick | SHELXS-97: Programs of Crystal solution[END_REF] [START_REF] Sheldrick | SHELXS-97: Programs of Crystal solution[END_REF]. All non-H atoms were refined anisotropically and the H atoms were included in the calculation without refinement.

Multi-scan empirical absorption was corrected using the CrysAlisPro program (CrysAlisPro, Agilent Technologies, V1.171.37.35g, 2014). The graphical representation is provided with Diamond 2 [START_REF] Brandenburg | DIAMOND. Crystal Impact GbR[END_REF] program. Details about data collection and solution refinement are given in Table 1. Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Center, CCDC 1900208 for A and CCDC 1900209 for B.

Synthesis of Schiff bases A and B

A solution of (E)-4-((4-aminophenyl)diazenyl)-N,N-dimethylaniline (0.200 g, 0.83 mmol) and 5phenylthiophene-2-carbaldehyde (0.156 g, 0.83 mmol) in ethanol (30 mL) and a few drops of acetic acid were heated under reflux overnight. After cooling to room temperature, the precipitate formed was filtered off and washed with ethanol. The desired product A was obtained as red powder with a 77% yield. m.p: 247 °C. 1 H NMR (300 MHz, CDCl3) δ/ppm: 8.65(s, 1H, N=CH), 7.93 (dd, 4H, J = 4.4 Hz, J= 3.4 Hz, ArH),7.73 (d, 2H, J = 7.2 Hz, ArH), 7.52 (d, 1H, J = 3.7 Hz, ArH), 7.45 (d, 2H, J = 7.6 Hz, ArH), 7.39 (m, 4H, ArH), 6.81 (d, 2H, J = 9.0 Hz, ArH); 3.13 (s, 6H, 2(CH3)). 13 Compound B was obtained in the same way by using (E)-4-((4-nitrophenyl)diazenyl)aniline (0.200 g, 0.82 mmol) that was reacted with 5-phenylthiophene-2-carbaldehyde (0.154 g, 0.82 mmol) using ethanol as a solvent (20 mL) and a few drops of acetic acid. The desired product B was obtained as red powder with a 83% yield. m.p: 220 °C. 1 

Hirshfeld surfaces and fingerprint plots

The inter contacts observed and two dimensional fingerprint plots of these two compounds A and B are measured graphically and visualized using Hirshfeld surface method. The Hirshfeld surfaces and the associated 2D fingerprint plots were calculated using Crystal Explorer [START_REF] Wolff | Crystal Explorer 3.1[END_REF]. We evaluate here the intermolecular interactions through inter contacts and then, we discuss the results. 1. Selected bond lengths and angles are depicted in Table 2. In the same way, the Schiff base A exhibits low C-H•••π interactions between one atom of the amino atoms of the methyl group and the phenyl group of the neighboring molecule (see Table 3), as well as C-H•••π between two phenylmethylamine hydrogen atoms and the same phenyl ring.

Results and discussion

Synthesis and crystal structure description

The same behavior in the molecule B, there are a weak C-H•••π interactions between two hydrogen atoms of the 4-nitrophenyl group and the phenyl ring of the neighboring molecule (see Table 3). 

Table 3: C-H•••Pi interactions (Ǻ) Cg'' is the centroid of the C1-C6 ring (A) and Cg' is the centroid of the C1-C6 ring (B)

A D-H•••A D-H H•••A D•••A D- H•••A C19-H19•••Cg '' 0.

Infrared spectra

To get more information about the crystalline structure, we have made a vibration study using infrared spectroscopy. The infrared spectra, at room temperature, of two studied compounds are depicted in Figure 5. The spectrum of A and B display strong bands at 1608 cm -1 and 1580 cm -1 respectively, attributed to the imine group (C=N). The peaks observed in the gamut of 1200-1500 cm -1 , for both compound, is assigned to the ν(N=N) stretching vibration of the azobenzene moiety.

The IR spectrum of A close to 3000 cm -1 exhibit one peak at 2900 cm -1 which corresponds to CH3 asymmetric stretching vibrations (νas (CH3)). On the other side, in the spectrum of compound B this peak is absent. The (C-S) stretching vibrations of A and B are observed in 750 cm -1 and the bands at 550 cm -1 and 558 cm -1 respectively can be assigned to (C-C) deformation. The results of the preliminary analysis, by IR spectroscopy, of both compounds are in agreement with those obtained for the same types of compounds [START_REF] Abu-Khadra1 | Synthesis, Characterization and Antimicrobial Activity of Schiff Base (E)-N-(4-(2-Hydroxybenzylideneamino) Phenylsulfonyl) Acetamide Metal Complexes[END_REF][26].

Figure5: Infrared spectra of A and B at room temperature in the (4000-400) cm -1 range.

Thermal analysis

Thermogravimetric analysis (TGA) for A and B (Figure 6) shows that the both compounds begin to decompose at 315 °C. In addition, no weight losses were observed between 30 and 315°C. 

Study of intermolecular interactions via Hirshfeld surface analysis

In order to summarize the intermolecular interactions found in the studied compounds based on phenylthiophene, an analysis of the Hirshfeld surfaces of the organic systems was performed. This method is constructed based on the electron distribution calculated as the sum of spherical atom electron densities [START_REF] Spackman | A novel definition of a molecule in a crystal[END_REF][START_REF] Mckinnon | Hirshfeld Surfaces: A New Tool for Visualising and Exploring Molecular Crystals[END_REF]. The breakdown of the two-dimensional fingerprint plots was used for identification of the regions of particular importance to intermolecular interactions by color coding having short or long contacts [START_REF] Rohl | Hirshfeld Surfaces Identify Inadequacies in Computations of Intermolecular Interactions in Crystals: Pentamorphic 1,8-Dihydroxyanthraquinone[END_REF].

The Hirshfeld surfaces of both A and B Schiff bases are displayed respectively in Figure 7 and For each point on that iso-surface, two distances appeared: the first one corresponds to de representing the distance from the point to the nearest nucleus external to the surface and the second one corresponds to di representing the distance to the nearest nucleus internal to the surface. The normalized contact distance (dnorm) based on both de and di and the van der Waals (vdw) radius of the atom is obtained from equation (1): dnorm= {(di-ri vdw )/ri vdw } + {(de-re vdw )/re vdw }, (1) Whose ri vdw and re vdw being the van der Waals radii of the respective atoms, which are internal and external to the molecular surface.

Graphical plots of the molecular Hirshfeld surface mapped with dnorm use the blue-white-red color scheme, with blue revealing the longer contact distances than the sum of van der Waals radii with positive values of dnorm, white indicating the contacts around the vdw separation, they indicate H•••H type interactions. The red areas, depict the interatomic distances which are shorter than the sum of Van der Waals radii with negative values of dnorm [START_REF] Koenderink | Surface shape and curvature scales[END_REF].

The association between di and de in the form of a two-dimensional fingerprint plot supply a brief summary of intermolecular contacts in the compounds A and B (Figure 9 and Figure 10). These analyses reveal the presence of different types of intermolecular interactions.

For the ligand A, the highest contribution occurs due to H•••H interaction (51.4%), which are responsible for the appearance of deep white spots in the dnorm scheme. This proves that vdw forces exert an important influence on the stabilization of the crystal lattice packing. The second largest percentage can be attributed to the C•••H /H•••C (12.1%/9.3%) and C•••C (9.7%).Also , other interactions contribute less to the Hirshfeld surfaces:

N•••H/H•••N (4.9%/3.1%), S•••H/H•••S (3.4%/1.8%), S•••C/C•••S (0.4%/0.4%), S•••N/N•••S (0.3%/0.2%) and C•••N/N•••C (1.5%/1.5%),
these values were calculated using Crystal Explorer program [START_REF] Mckinnon | Hirshfeld Surfaces: A New Tool for Visualising and Exploring Molecular Crystals[END_REF].

For the ligand B, it may also be noted that the major contribution is from H…H (34.8%).

Nevertheless, they are evident, because the majority of the surface of this molecular crystal is covered by H atoms. The contribution of N

•••H/H•••N, N•••O/O•••N, N•••C/C•••N, C•••O/O•••C, S•••C/C•••S and S•••N/N•••S contacts
to the total Hirshfeld surface is relatively small;

(5.1%/3.6%), (0.3%/0.2%), (1.7%/1.8%), (0.6%/0.5%), (0.4%/0.4%), (0.3%/0.3%), respectively. 

UV-Vis absorption studies

The UV-vis spectrum of a material provides important structural information and is a good way to examine the properties of semiconductors, as it involves the promotion of an electron from σ and π orbits of the ground state to the large energy state [START_REF] Mangaiyarkarasi | Synthesis, growth and characterization of L-Phenylalaninium methanesulfonate nonlinear optical single crystal[END_REF]. It gives also information about the optical band gap of the material. The energy of the forbidden band of insulators is higher than (4 eV) but less than (3 eV) for semiconductors [START_REF] Evingür | Optical energy band gap of PAAm-GO composites[END_REF]. In this case of study, Figure 12 shows the UV-visible absorption spectra of compounds A and B that were recorded in dichloromethane solution (~ C =5×10 -5 M) at room temperature between 250-800 nm. These spectra exhibit strong absorption bands in the visible region at around 449 nm (ε = 7326 L.mol -1 .cm -1 ) and at around 408 nm (ε = 5205 L.mol -1 .cm -1 ) for A and B, respectively which are assigned to the π-π* and n-π* transitions. These absorption bands in the visible region are characteristic of intramolecular charge transfer between the azobenzene fragment and phenylthiophene unit. The band for A indicates a stronger intramolecular charge transfer compared to B due to the dimethylamino donor group [START_REF] Guezguez | Zinc Induced a Dramatic Enhancement of the Nonlinear Optical Properties of an Azo-Based Iminopyridine Ligand[END_REF][START_REF] Ayadi | Azo-based iminopyridine ligands: synthesis, optical properties, theoretical calculations and complexation studies[END_REF].

Indeed, the determination of gap energy requires the relationship of tauc's for direct and indirect optical band gap [START_REF] Harvey | Distortions in square-planar palladium(II) halides: A nonempirical molecular orbital model study[END_REF].

(αhν) n = k (hν -Eg)

Where, α is the absorption coefficient, Eg is the optical band gap, k is energy independent constant and n is a constant whish determine the type of transition (for direct band gap n=1/2 and n=2 for indirect band gap). The absorption coefficient (α) is calculated by the following relationship:

α = 2.303A/d
Whose d(m) and A represent the thickness and the absorbance respectively. The measured optical band gap energies of A and B are shown in Figure 13. The values of the optical band gap are obtained by extrapolating the linear part of the curve between (αhν) n (n=1/2 or n=2) and hν when α equal to zero. The permitted direct and indirect optical band gaps of the ligands A and B are 2.13, 2.17 eV for direct optical band gap and 2.36, 2.60 eV for indirect optical band gap, respectively. These results are confirmed by the literature [START_REF] Bredas | Charge-Transfer and Energy-Transfer Processes in π-Conjugated Oligomers and Polymers: A Molecular Picture[END_REF][START_REF] Yan | Energy gaps and half-metallicity in β-graphyne nanoribbons[END_REF] and indicate that these compounds are semiconductors. 

Conclusion

In this work, we have prepared two multifunctional compounds based on azobenzene as photoactive unit and the phenylthiophene group. Suitable single crystals for X-ray analysis have been grown for A and B by slow diffusion of diethyl ether in dichloromethane solution. The result of single X-ray diffraction demonstrates that the two Schiff bases crystallize in the monoclinic system space group P21/c. The The results reported herein suggest that these two Schiff bases can be used as active materials for organic electronics (transisitors, OLEDs, solar cells…).

  Scheme1: Synthetic scheme of Schiff bases A and B.Both bases A and B crystallize in the monoclinic system space group P2 1/c with one independent molecule in the unit cell. (A) and (B) differ only by the nature of the substitutions on the azobenzene

Figure 1 :

 1 Figure 1: Crystal structure of A (a) and B (b) with atom numbering scheme

Figure 2 :

 2 Figure 2: (a) Supramolecular sheets in A: C-H•••S (pink dashed lines), (b )Supramolecular sheets in B: C-H•••O (red-cyan dashed lines).

Figure 3 :

 3 Figure 3: Projection of the atomic arrangement of A (a) and B (b).

Figure 4 :

 4 Figure 4: Perspective of the supramolecular chain generated by offset π-π stacking between the aromatics rings (high lighted in gray) in A(a) and B(b) (centroid•••centroid 3.65 and 4.7 Å).

Figure 6 :

 6 Figure 6: TGA Curve of ligand A and ligand B

Figure 8 ,

 8 Figure 8, showing the surface that has been mapped over dnorm. The Hirshfeld surface surrounding the asymmetric unit is constructed based on the electron distribution calculated as the sum of spherical atom electron densities.

  We can also report the presence of C•••H/H•••C close contacts, which appear in the 2D fingerprint plot comprising 19.8% of the total Hirshfeld surface of the organic molecules. Analysis of Hirshfeld surface shows the interactions between C•••C and O•••O with the percentages 9.9% and 0.5%, respectively of the Hirshfeld surface. Again, very low percentages of O•••H/H•••O (7.9%/6.6%) and S•••H/H•••S (3.5%/1.8%), respectively interactions are recorded in the molecule. The presence of the adjacent red and blue triangles on the shape index surface of the two compounds A and B (surrounded by a black circle in Figure 11) demonstrates the presence of π-π and C-H••π stacking interactions. This result has been confirmed by X-ray crystal structural analysis.

Figure 7 :

 7 Figure 7: Hirshfeld surfaces analysis mapped with di, dnorm and de of (A).

Figure 8 :

 8 Figure 8: Hirshfeld surfaces analysis mapped with di, dnorm and de of (B).

Figure 9 :

 9 Figure 9: Fingerprint analysis of compound A.

Figure 10 :

 10 Figure 10: Fingerprint analysis of compound B.

Figure 11 :

 11 Figure 11: Hirshfeld surfaces in the asymmetric unit of compound A (a) and B (b), showing views of shape index.

Figure 12 :

 12 Figure 12: UV-visible absorption spectra of A and B (C = 5×10 -5 M) in dichloromethane at room temperature.

Figure 13 :

 13 Figure 13: Tauc plots for compounds A and B.

  molecules stack in parallel infinite columns with an off-set head to tail arrangement. Hirshfeld surface analysis shows different types of intermolecular interactions including hydrogen bonding, π-π stacking and C-H•••Cg interactions. This study has highlighted the importance of H•••H and C•••H contacts in the structure, which constitute, one-half and one-quarter of the interactions present in A and one-third and one-quarter of the interactions present in B. These two compounds were characterized by UV-Vis spectroscopy and the optical band gap was calculated by the tauc's model. The values of the optical band gap energy for A and B are 2.13, 2.17 eV for direct optical band gap and 2.36, 2.60 eV for indirect optical band gap, respectively, which confirms that this compounds present a semiconducting behavior.

  

  H NMR (300 MHz, CDCl3) δ/ppm: 8.65 (s, 1H, N=CH), 8.43 (d, 2H, J= 8.9 Hz, ArH), 8.07 (d, 4H, J= 8.8 Hz, ArH), 7.75 (dd, 2H, J= 8.4 Hz, J= 6.8 Hz, ArH), 7.56 (d, 1H, J= 3.9 Hz, ArH), 7.48 (m, 2H, ArH), 7.42 (dd, 4H, J= 6.4 Hz, J= 2.2 Hz, ArH). 13 C NMR (75 MHz, CDCl3) δ/ppm: 155.9(ArC), 155.1(1C, N=CH), 153.9(ArC), 150.6(ArC), 150.3(ArC), 148.6(ArC), 141.4(ArC), 134.3(ArC), 133.6(ArC), 129.2(ArC), 128.8(ArC), 126.2(ArC), 124.9(ArC), 124.8(ArC), 123.9(ArC), 123.4(ArC), 122(ArC). Anal. Calc. for C23H16N4O2S: C, 66.97 %; H, 3.91 %; N, 13.58 %. Found: C, 66.78 %; H, 3.82 %; N, 13.49 %. MALDI-TOF MS calcd: m/z = 412.09 Da. Found: m/z = 413.4 HR-MS (M): for C23H16N4O2S: 412.0994. Found: 412.0997.

Table 1 :

 1 Crystal data and structure parameters for compounds A and B

	Compound	A	B
	CCDC No	1900208	1900209
	Empirical formula	C 25 H 22 N 4 S	C 23 H 16 N 4 O 2 S
	Fw	410.52	412.46
	T (K)	293	298
	Crystsyst	Monoclinic	Monoclinic
	Space group	P 21/c	P 21/c
	a (Ǻ)	19.844 (2)	19.904 (1)
	b (Ǻ)	5.952 (6)	5.947 (3)
	c (Ǻ)	16.577 (2)	16.569 (9)
	β (deg)	101.439 (1)	101.621 (5)
	V (Ǻ 3 )	1919.2 (4)	1921.25 (2)
	Z	4	4
	F (000)	864	865
	Crystal color	Red	Red
	Calc. density (g/cm 3 )	1.42075	1.42589
	Ɵ range (deg)	4.6-44.5°	2.3-72.6°
	Reflns collected	3700	9018
	Indep-reflns	1494	3716
	Observed reflections	1144	3309
	Restrains / parameters	0/272	0/272
	Absorption correction type	multi-scan	multi-scan
	GOF on F 2	1.08	1.09
	R int	0.053	0.033
	final R indices [I >2σ(I)]	R1= 0.072	R1= 0.05
		wR2= 0.183	wR2= 0.131
	R indices (all data)	R1=0.08	R1= 0.054
		wR2= 0.196	wR2= 0.139

Table 2 :

 2 Selected bond lengths (Ǻ) and angles (°) in A and B

	A

H and 75 MHz for[START_REF] Cheelham | Enzymatic Synthesis and Photoswitchable Enzymatic Cleavage of a Peptide-Linked Rotaxane[END_REF] C. Chemical shifts are expressed in parts per million (ppm) downfield from