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SILAR deposition of Ni(bpy)3X: X = (NCS)2, (Fe(CN)5NO), and (Ag(CN)2)2 thin films on glass substrates

Introduction

During the last decades, the development of thin layers containing a nanomaterial have had a great interest in the activities of the scientific research groups; they are the basic materials for many applications in nanotechnology and the subject of several studies which reported specially that for electronics, photomagnetism, catalysis, photovoltaic and optoelectronics…etc [START_REF] Kumar | Enhanced optical and electrical properties of Ni inserted ITO/Ni/AZO tri-layer structure for photoelectric applications[END_REF][START_REF] Farag | Thin film assembly of nano-sized Zn(II)-8-hydroxy-5,7-dinitroquinolate by using successive ion layer adsorption and reaction (SILAR) technique: Characterization and optical-electrical-photovoltaic[END_REF][START_REF] Sohrabia | Synthesis of Nanostructured TiO2 Coatings by Sol-Gel Method: Structural and Morphological Studies[END_REF][START_REF] Farag | Structural and optical evaluations of deposited nanocrystalline NiO thin films via a Ni(II)-8-hydroxyquinolate complex by the static step-bystep soft surface reaction technique for optoelectronic applications[END_REF][START_REF] Benzarouk | Effect of different dopant elements (Al, Mg and Ni) on microstructural, optical and electrochemical properties of ZnO thin films deposited by spray pyrolysis (SP)[END_REF][START_REF] Jung | Investigation on the Doping Dependence of Solution-Processed Zinc Tin Oxide Thin Film and Thin-Film Transistors[END_REF][START_REF] Sun | SILAR Deposition of CdS Thin Films on Glass Substrates Modified with 3-Mercaptopropyltrimethoxysilane[END_REF][START_REF] Nicolau | Solution growth of ZnS, CdS and Zn1-xCdxS thin films by the successive ionic-layer adsorption and reaction process[END_REF][START_REF] Zhang | Effect of Neodymium Doping on the Structure and Optical Properties of Mesoporous TiO2 Thin Films[END_REF][START_REF] Huang | Optical parameters and absorption of copper (II)-azo complexes thin films as optical recording media[END_REF]. Indeed the thin layers can be prepared starting from various materials such as silicon, metallic oxides (ZnO, NiO and NiCoOx …etc.) [START_REF] Farag | Structural and optical evaluations of deposited nanocrystalline NiO thin films via a Ni(II)-8-hydroxyquinolate complex by the static step-bystep soft surface reaction technique for optoelectronic applications[END_REF][START_REF] Benzarouk | Effect of different dopant elements (Al, Mg and Ni) on microstructural, optical and electrochemical properties of ZnO thin films deposited by spray pyrolysis (SP)[END_REF][START_REF] Jung | Investigation on the Doping Dependence of Solution-Processed Zinc Tin Oxide Thin Film and Thin-Film Transistors[END_REF], metallic sulfides (CdS, Cd-Zn-S…etc.) [START_REF] Sun | SILAR Deposition of CdS Thin Films on Glass Substrates Modified with 3-Mercaptopropyltrimethoxysilane[END_REF][START_REF] Nicolau | Solution growth of ZnS, CdS and Zn1-xCdxS thin films by the successive ionic-layer adsorption and reaction process[END_REF][START_REF] Zhang | Effect of Neodymium Doping on the Structure and Optical Properties of Mesoporous TiO2 Thin Films[END_REF], alloys materials and organo-metal complexes of magnesium(II), calcium(II), zin(II), nickel(II), Cobalt(II), copper (II)…etc) [START_REF] Huang | Optical parameters and absorption of copper (II)-azo complexes thin films as optical recording media[END_REF][START_REF] Mahmoud | Surface layer-by-layer chemical deposition reaction for thin film formation of nano-sized metal 8-hydroxyquinolate complexes[END_REF][START_REF] El-Ghamaz | Optical properties studies on metal ligand bonding of novel quinoline azodyes thin films[END_REF][START_REF] Houjou | Striking effects of cobalt(III) nuclearity in fused salphen complexes on their electroconductivity and thin film transistor activity[END_REF][START_REF] Mahmoud | Nano-sized Co(II)-8-hydroxyquinolate complex thin film via surface layer-by-layer chemical deposition method: Optimized factors and optical properties[END_REF][START_REF] Haggag | Layer-by-layer chemical deposition technique for thin film assembly of deposited nano-sized magnesium(II)-5,7-dinitro-8hydroxyquinolate: Characterization and spectral-optical-electrical properties[END_REF][START_REF] Pattanaik | Layer-by-layer chemical deposition technique for thin film assembly of deposited nano-sized magnesium(II)-5,7-dinitro-8-hydroxyquinolate: Characterization and spectral-optical-electrical properties[END_REF][START_REF] Faraga | Spectral-optical-electrical-thermal properties of deposited thin films of nano-sized calcium(II)-8-hydroxy-5,7-dinitroquinolate complex[END_REF][START_REF] Bulakhe | Deposition of copper iodide thin films by chemical bath deposition (CBD) and successive ionic layer adsorption and reaction (SILAR) methods[END_REF][START_REF] Bai | Infrared spectroscopic characterization of molecular complexes of dimethylcadmium with Group V and VI hydrides in inert matrices and cryogenic thin films[END_REF][START_REF] Galán | Characterization of CBD-CdS layers with different S/Cd ratios in the chemical bath and their relation with the efficiency of CdS/CdTe solar cells[END_REF][START_REF] Zaera | Fabrication and characterization of ZnO nanowires /CdSe/CuSCN eta-solar cell[END_REF][START_REF] Barwiolek | New nickel(II) and copper(II) complexes with unsymmetrical Schiff bases derived from (1R,2R)(-)cyclohexanediamine and the application of Cu(II) complexes for hybrid thin layers deposition[END_REF].

One of the most promising strategies is based on thin films of nickel compounds ( oxides, salts, complexes…etc.) development; sensitive to certain physical parameters variations (temperature, pressure and light…etc.). Such an approach has stimulated scientific activities in this field, due to their various proprieties ( optical, catalytic, electrical…etc.) [START_REF] Farag | Structural and optical evaluations of deposited nanocrystalline NiO thin films via a Ni(II)-8-hydroxyquinolate complex by the static step-bystep soft surface reaction technique for optoelectronic applications[END_REF][START_REF] Benzarouk | Effect of different dopant elements (Al, Mg and Ni) on microstructural, optical and electrochemical properties of ZnO thin films deposited by spray pyrolysis (SP)[END_REF][START_REF] Jung | Investigation on the Doping Dependence of Solution-Processed Zinc Tin Oxide Thin Film and Thin-Film Transistors[END_REF]. Although, several works related to nickel compounds, few of them make reference to the deposition and optical properties of Nickel complexes thin films studies [START_REF] Farag | Structural and optical evaluations of deposited nanocrystalline NiO thin films via a Ni(II)-8-hydroxyquinolate complex by the static step-bystep soft surface reaction technique for optoelectronic applications[END_REF][START_REF] Benzarouk | Effect of different dopant elements (Al, Mg and Ni) on microstructural, optical and electrochemical properties of ZnO thin films deposited by spray pyrolysis (SP)[END_REF][START_REF] Jung | Investigation on the Doping Dependence of Solution-Processed Zinc Tin Oxide Thin Film and Thin-Film Transistors[END_REF][START_REF] Mahmoud | Surface layer-by-layer chemical deposition reaction for thin film formation of nano-sized metal 8-hydroxyquinolate complexes[END_REF][START_REF] Barwiolek | New nickel(II) and copper(II) complexes with unsymmetrical Schiff bases derived from (1R,2R)(-)cyclohexanediamine and the application of Cu(II) complexes for hybrid thin layers deposition[END_REF].

Several techniques are used for thin film formation of transition metals complexes deposited materials; these include electrochemical deposition, chemical bath deposition (CBD), Langmuir-Blodgett (LB), spin-coating, Successive Ionic Layer Adsorption and Reaction (SILAR)…etc. [START_REF] Sohrabia | Synthesis of Nanostructured TiO2 Coatings by Sol-Gel Method: Structural and Morphological Studies[END_REF][START_REF] Mahmoud | Nano-sized Co(II)-8-hydroxyquinolate complex thin film via surface layer-by-layer chemical deposition method: Optimized factors and optical properties[END_REF]. However, the SILAR method is a simple technique, it can be proved very good homogeneity and thickness control of multilayer deposed materials [START_REF] Mahmoud | Surface layer-by-layer chemical deposition reaction for thin film formation of nano-sized metal 8-hydroxyquinolate complexes[END_REF][START_REF] El-Ghamaz | Optical properties studies on metal ligand bonding of novel quinoline azodyes thin films[END_REF][START_REF] Houjou | Striking effects of cobalt(III) nuclearity in fused salphen complexes on their electroconductivity and thin film transistor activity[END_REF][START_REF] Mahmoud | Nano-sized Co(II)-8-hydroxyquinolate complex thin film via surface layer-by-layer chemical deposition method: Optimized factors and optical properties[END_REF][START_REF] Haggag | Layer-by-layer chemical deposition technique for thin film assembly of deposited nano-sized magnesium(II)-5,7-dinitro-8hydroxyquinolate: Characterization and spectral-optical-electrical properties[END_REF][START_REF] Pattanaik | Layer-by-layer chemical deposition technique for thin film assembly of deposited nano-sized magnesium(II)-5,7-dinitro-8-hydroxyquinolate: Characterization and spectral-optical-electrical properties[END_REF].

In the present article we reports the optical properties study of thin layers complexes:

[Ni(bpy)3](NCS)2, [Ni(bpy)3](Ag(CN)2)2 and [Ni(bpy)3](Fe(CN)5NO) deposed onto glass substrates using the successive ionic layer adsorption and reaction method (SILAR) [START_REF] Farag | Thin film assembly of nano-sized Zn(II)-8-hydroxy-5,7-dinitroquinolate by using successive ion layer adsorption and reaction (SILAR) technique: Characterization and optical-electrical-photovoltaic[END_REF][START_REF] Sun | SILAR Deposition of CdS Thin Films on Glass Substrates Modified with 3-Mercaptopropyltrimethoxysilane[END_REF][START_REF] Nicolau | Solution growth of ZnS, CdS and Zn1-xCdxS thin films by the successive ionic-layer adsorption and reaction process[END_REF][START_REF] Bulakhe | Deposition of copper iodide thin films by chemical bath deposition (CBD) and successive ionic layer adsorption and reaction (SILAR) methods[END_REF]. The thin films Ni(II)-complexes have been growing under the effect of a some operating parameters, such as dipping cycles numbers (30, 60 and 120 dipping cycles), solution's temperature (20 °C, 30 °C, 40 °C and 50 °C), precursor's concentration (10 -3 , 10 -2 , and 10 -1 M ).

In the aim to determine the optimal condition used to elaborate a light-sensitive thin films of Ni(II)-complexes with a simple and inexpensive technique (SILAR), various analysis techniques (UV-Vis, FTIR, MEB and DRX) were used to characterize several samples. For this reason, the UV-Vis absorption spectra were used to study the optical proprieties such as gap's energy (Eg) and absorption coefficient (α) in order to use this materials as a selective absorber in many areas (solar cell, optical filters ...etc).

Experimental section

For the preparation of the complexes solutions that are deposited onto glass substrates (optical microscope glass slides: 18mm x18mm), we have used the chemical ( NiSO4.6H2O, KSCN, K[Ag(CN)2], Na2[Fe(CN)5NO].2H2O and the 2,2-bipyridine (bpy: C10H8N2) as provided by Merck.

Cleaning procedure of substrates

The microscope glass slides were cleaned in an ultra-sonic bath with a commercial detergent during 10 min, and then rinsed with distilled water pursued by a dipping in acetone for another 10 min, the substrates were then washed with dichloromethane. Finally, the whole was dried in vacuum at 105 °C during 90 minutes. However, the SILAR technique was used for the deposed the thin layer films on the cleaned glass substrates.

Formation of complexes thin films via SILAR method

The cleaned glass substrate was dipped successively into a series of precursors solutions according to a well-defined deposition protocol as shown in Fig. 1, where the substrate was immersed during 40 s in beaker "A" containing the cationic solution of the complex [Ni(bpy)3] +2 , then rinsed with distilled water in beaker "B" about 10s, then immersed in the solution of counter-anion X -((NCS -, [Fe(CN)5NO] -2 , [Ag(CN)2] -) in beaker "C" during 40s, finally rinsed a second time with distilled water in a beaker "D". The above procedure was repeated several times for many cycles. At the end of each deposition; the thin film complexes was dried in a vacuum at 105 °C for 5 min. The mechanism formation of [Ni(bpy)3]X: (X -= NCS -, [Fe(CN)5NO] -2 and [Ag(CN)2] -) thin films onto glass surface can be illustrated by Fig. 1 and via the following reactions:

Ni +2 (aq) + 3bpy(aq) → [Ni(bpy)3] +2 (aq) (1) 
[Ni(bpy

)3] +2 (aq) + 2 SCN - (aq) → [Ni(bpy)3](NCS)2 (S) ↓ (2) [Ni(bpy)3] +2 (aq) + 2 [Ag(CN)2] -→ [Ni(bpy)3](Ag(CN)2)2 (S)↓ (3) [Ni(bpy)3] +2 (aq) + [Fe(CN)5NO] -2 → [Ni(bpy)3]Fe(CN)5NO] (S)↓ (4)
This same deposition protocol was repeated to study the effect of various parameters such as (cycle's numbers, temperature and precursor's concentration); on the thickness growth of studied complexes thin films. At the end of each deposition, the weight of the asdeposed thin layers were weighed each time, also the thicknesses of the films were measured with a profilometer ( Dektak 3030 Surface Profiler ).

2.2.1.Effect of precursor's concentration on the thickness growth of complexes thin films

The °C and 120 dipping cycles with a good thickness as can be seen from Table 1 and Fig. 2.(c).

Effect of cycle's numbers on thickness growth of complexes thin films

We This result is in good agreement with the thickness growth reported in Fig. 2(d). For all the studied complexes, the best deposition results were obtained after 120 dipping cycles where the studied samples displayed strong and broad UV spectral intensities. The different values are reported in Table 1.

Effect of temperature on thickness growth of complexes thin films

The effect of precursor's solutions temperature on the thickness of the deposed thin layers has been studied at the optimal precursors concentration and dipping cycle numbers (Table 1) under various temperatures (20 °C, 30 °C, 40 °C and 50 °C) using thermostatic batch JULABO Labortechnik H.D-7760 Seelbach / Germany. The variation of thickness of the obtained complexes thin films was inspected by UV-Vis absorption spectrophotometry ;

the absorption spectra given in Fig. 4 (a, b andc), show that the temperature increase has a destructive action on the growth of all studied Ni(II)-complexes thin films, this observation is in accord with evolution of their respective thickness Fig. 4(d). Table 1 presents the optimal conditions, weight, thickness, and maximal absorption values of all studied complexes thin films.

Complexes thin films characterizations

Infrared analyses

The most important aspects concerning the Infrared (FTIR) spectra of the cyano organometallic complexes deal with the cyano vibration band (υ-CN) in the region ( 2200 cm -1

-1900 cm -1 ). The appearance investigation of the (υ-CN) has been realized using an infrared spectrometer (Shimadzu FTIR-8700 FT-IR spectrometer). The FTIR spectra of the deposed complexes layers which grows in optimal condition (20 °C, 120 dipping cycles and 10 

Structural study

In Fig. 6 

Surface morphological studies

Scanning electron microscope (SEM) is known to be as one of the most important instrumentations in studying surface morphology of inorganic thin film by direct two dimensions surface imaging as well as possible determination of the average particle size [START_REF] Faraga | Spectral-optical-electrical-thermal properties of deposited thin films of nano-sized calcium(II)-8-hydroxy-5,7-dinitroquinolate complex[END_REF]. and M.E. Mahmoud et al [START_REF] Mahmoud | Nano-sized Co(II)-8-hydroxyquinolate complex thin film via surface layer-by-layer chemical deposition method: Optimized factors and optical properties[END_REF]:

The coordination of ligand with metallic central atom effected the splitting of the "d" orbitals, which causes the "d-d " electronic transition. Excited d-d states started from promotion of an electron inside "d" orbital which are essentially confined to the metallic central atom . In the case of the "d-π*" states, the electronic transition are due to the charge transfer between the metallic central atom and ligand, These involve the excitation of a metal centered electron (d) to an the lowest unoccupied molecular orbital (π*) situated on the ligand molecule; while in the case of the "π-d" electronic transition, the charge transfer start from π bonding ligand system to the metal centered (d) orbital. In the case of "π-π*" or "n-π*" states, the electronic transitions are observed between ligand system orbitals; the promotion of an electron from a π-bonding or non-bonding orbital to the lowest unoccupied molecular orbital (π*) giving rise to these electronic transition [START_REF] Mahmoud | Nano-sized Co(II)-8-hydroxyquinolate complex thin film via surface layer-by-layer chemical deposition method: Optimized factors and optical properties[END_REF][START_REF] Evans | Coordination complexes exhibiting roomtemperature phosphorescence: Evaluation of their suitability as triplet emitters in organic light emitting diodes[END_REF].

All studied Ni(II)-complexes thin layers have a maximal absorbance observed between 238 nm-241 nm) corresponding a π-π* or n-π* electronic transition between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) [START_REF] Mahmoud | Nano-sized Co(II)-8-hydroxyquinolate complex thin film via surface layer-by-layer chemical deposition method: Optimized factors and optical properties[END_REF][START_REF] Faraga | Spectral-optical-electrical-thermal properties of deposited thin films of nano-sized calcium(II)-8-hydroxy-5,7-dinitroquinolate complex[END_REF][START_REF] Evans | Coordination complexes exhibiting roomtemperature phosphorescence: Evaluation of their suitability as triplet emitters in organic light emitting diodes[END_REF][START_REF] Kumar | Crystal growth, structural and optical properties of an organic ioncomplex crystal: 4-N,N-dimethylamino-4-N-methylstilbazolium iodide[END_REF][START_REF] Chen | Optical properties of nickel(II)-azo complexes thin films for potential application as high-density recordable optical recording media[END_REF]. The absorption coefficient and gap's energy has been the determined using the UV-Vis absorbance spectra of as-deposed thin layers synthesized in optimal conditions (120 cycles of dipping, 20° C and 10 -2 M ); the information about direct transitions was determined from the analysis of the spectral dependence of the absorption near the fundamental absorption edges within the framework of one electron [START_REF] Haggag | Layer-by-layer chemical deposition technique for thin film assembly of deposited nano-sized magnesium(II)-5,7-dinitro-8hydroxyquinolate: Characterization and spectral-optical-electrical properties[END_REF][START_REF] Faraga | Spectral-optical-electrical-thermal properties of deposited thin films of nano-sized calcium(II)-8-hydroxy-5,7-dinitroquinolate complex[END_REF]. The equation that relates the absorption coefficient α and the energy gap are given as [START_REF] Benzarouk | Effect of different dopant elements (Al, Mg and Ni) on microstructural, optical and electrochemical properties of ZnO thin films deposited by spray pyrolysis (SP)[END_REF][START_REF] Mahmoud | Nano-sized Co(II)-8-hydroxyquinolate complex thin film via surface layer-by-layer chemical deposition method: Optimized factors and optical properties[END_REF]:

α = (1 / d) ln (100 / T(%)) (5) α 
(hυ) = A (hυ -Eg) 1/2 (6) 
Where " T " is the transmittance (%), "α" is the absorption coefficient, "d" is thickness of thin films; the factor (A) depends on the transition probability assumed to be as respectively (Table 1). The obtained gaps energy values are simulated to results reported in the literature by M. A. Hussien et al [START_REF] Hussien | Spectral characterization, optical band gap calculations and DNA binding of some binuclear Schiff-base metal complexes derived from 2-aminoethanoic acid and acetylacetone[END_REF][START_REF] Hosny | Synthesis, spectral characterization and DNA binding of Schiff-base metal complexes derived from 2-amino-3-hydroxyprobanoic acid and acetylacetone[END_REF], this study findings indicate that these complexes have the characteristics of semi-conductors. Moreover, the values of energy gaps belong to the range of highly efficient photovoltaic materials energies. Hence, the studied complexes can be considered as potential materials for many optical applications [START_REF] Evans | Coordination complexes exhibiting roomtemperature phosphorescence: Evaluation of their suitability as triplet emitters in organic light emitting diodes[END_REF][START_REF] Kumar | Crystal growth, structural and optical properties of an organic ioncomplex crystal: 4-N,N-dimethylamino-4-N-methylstilbazolium iodide[END_REF][START_REF] Chen | Optical properties of nickel(II)-azo complexes thin films for potential application as high-density recordable optical recording media[END_REF][START_REF] Hussien | Spectral characterization, optical band gap calculations and DNA binding of some binuclear Schiff-base metal complexes derived from 2-aminoethanoic acid and acetylacetone[END_REF][START_REF] Hosny | Synthesis, spectral characterization and DNA binding of Schiff-base metal complexes derived from 2-amino-3-hydroxyprobanoic acid and acetylacetone[END_REF].

Conclusion

In 

  optical absorption UV-Vis spectra of [Ni(bpy)3](NCS)2, [Ni(bpy)3](Fe(CN)5NO) and [Ni(bpy)3](Ag(CN)2)2 recorded at room temperature in the range of 200 nm -800 nm are shown in Fig. 2. All of UV-Vis absorption spectrum contains a wide intense band at 240 nm.The spectral intensities for the observed bands in the absorption spectra of these samples, which are expressed in terms of transition strengths, show that the intensities increase with increasing of the precursor's concentration (10 -3 M, 10 -2 M and 10 -1 M ) according to the thin films thickness evolution (Fig.2.(d)) measured with a profilometer ( Dektak 3030 Surface Profiler ). The best results have been obtained with a 10 -2 M precursor's concentration at 20

  have used a spectrophotometer ( Techcomp double-beams UV-Vis (8500 Ltd-China) for recording the optical absorption spectra of [Ni(bpy)3](NCS)2, [Ni(bpy)3](Fe(CN)5NO) and [Ni(bpy)3](Ag(CN)2)2 thin layers in the range of 200 nm -800 nm as shown in Fig. 3. The spectral intensities for the observed intense bands in the samples absorption spectra, deposed at room temperature 20 °C and 10 -2 M of precursors concentration with various dipping cycles (30, 60 and 120 dipping cycles ) show that the absorption intensities increase with increasing the dipping cycles number as shown in Fig. 3.

  -2 M) are given in the Fig. 5. The infrared spectra of [Ni(bpy)3](NCS)2, [Ni(bpy)3](Ag(CN)2)2 and [Ni(bpy)3](Fe(CN)5NO) films show vibration bands respectively at 2090 cm -1 , 2180 cm -1 and 2200 cm -1 corresponding to cyano-vibration band (υ-CN) characteristics of this materials.Moreover, the [Ni(bpy)3](Fe(CN)5NO) thin film FTIR specter shows another vibration band at 1900 cm -1 corresponding nitro function[START_REF] Nakamoto | Infrared spectra of inorganic and coordination compounds[END_REF][START_REF] Patil | Synthesis of polythiophene thin films by simple successive ionic layer adsorption and reaction (SILAR) method for supercapacitor application[END_REF].

  (a), (b) and (c), are presented the DRX patterns spectra of [Ni(bpy)3](NCS)2, [Ni(bpy)3](Fe(CN)5NO) and [Ni(bpy)3](Ag(CN)2)2 thin films obtained in optimal conditions. The DRX pattern for the obtained [Ni(bpy)3](NCS)2 film shown in two diffraction peaks are observed at 44.5° and 78° corresponding respectively to indexed planes : (111) and (220) that can be assigned to face-centered cubic structure (JCPDF# 04-0850). The DRX pattern of as-deposed films of [Ni(bpy)3](Fe(CN)5NO) is presented in Fig. 6(b); many diffraction peaks are observed : 29.5° 32°, 44.5 , 65° and 78° which corresponds to the polycrystalline structure with indexed plans of (111), (200) and (220) of fcc-Ni/Fe structure (JCPDS# 87-0721 ). The DRX pattern of [Ni(bpy)3](Ag(CN)2)2 thin layer Fig. 6(c) presents the diffraction peaks at 38.5° , 44.5 , 65° and 78° corresponding to indexed plan of (111), (200), (220) and (311) attributed to polycrystalline Ni/Ag structure (JCPDF# 04-0783) [25-29].

Fig. 7 2 . 4 .

 724 Figs. 2 , 3 and 4, show that all Ni(II)-complexes thin films samples have a large and intense

  constant within the optical frequency range, and Eg is the energy band gap value (eV) of the indicated transition. The extrapolation of the straight line graphs [(αhυ) 2 = f (hυ)] to zero absorption (α = 0) provide the value of Eg . Figs. (8)-(10) display various plots of absorption coefficient (α) and (αhυ) 2 versus photon energy (hυ) of the deposed complexes thin films. This study shows that the gap's energy take the values of 3.0 eV, 3.4 eV and 4,6 eV for [Ni(bpy)3](NCS)2, [Ni(bpy)3](Fe(CN)5NO) and [Ni(bpy)3](Ag(CN)2])2 thin fims,

  this work, the thin films of [Ni(bpy)3](NCS)2, [Ni(bpy)3](Fe(CN)5NO) and [Ni(bpy)3](Ag(CN)2)2 were successfully deposed on glass slides using successive ionic layer adsorption and reaction method. The best deposition results were obtained after 120 cycle of dipping, with 10 -2 M of precursor concentration (NCS -, [Fe(CN)5NO] -2 et [Ag(CN)2] -) at 20°C. The as-deposed films were obtained in optimal conditions have thicknesses varied between 3,9 µm and 4,7 µm. The scanning electronic microscope characterization show that as-deposited thin films have a crystalline microstructure with a grain size of the above of 5µm for [Ni(bpy)3](SCN)2) and [Ni(bpy)3](Fe(CN)5NO) samples and 3 µm for [Ni(bpy)3](Ag(CN)2)2 film; also the DRX structural characterization show that the as-obtained complexes thin layers have polycrystalline. The optical absorption analyses show that all studied complexes have strong in UV area (200 nm -300nm) corresponding a π-π* or n-π* electronic transition between the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO), with various optical gap's energy varied between 3.0 eV and 4.6 eV.

Fig. 1 :Fig. 2 :

 12 Fig. 1: The schematic depiction of successive ionic layer adsorption and reaction (SILAR)
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 3 Fig. 3: Room temperature absorption spectra of Ni(II)-complexes thin films (A):
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 4 Fig. 4: Room temperature absorption spectra of Ni(II)-complexes thin films (A):
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 5 Fig. 5: Infrared spectra of Ni(II)-complexes thin film of A : [Ni(bpy)3](NCS)2, B: [Ni(bpy)3](Fe(CN)5NO) and C: [Ni(bpy)3](Ag(CN)2)2) grow at ( 20 °C, 10 -2 M and 120
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 67 Fig. 6: DRX patterns of Ni(II)-complexes thin film of A : [Ni(bpy)3](NCS)2, B: [Ni(bpy)3](Fe(CN)5NO) and C: [Ni(bpy)3](Ag(CN)2)2 ) grow at (20 °C, 10 -2 M and 120
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 8 Fig. 8: Plot of absorption coefficient (α) and (αhυ) 2 verses photon energy of [Ni(bpy)3](SCN)2

Fig. 9 :

 9 Fig. 9: Plot of absorption coefficient (α) and (αhυ) 2 verses photon energy of

Fig. 10 :

 10 Fig. 10: Plot of absorption coefficient (α) and (αhυ) 2 verses photon energy of

Table . 1

 . : The values of weight (w), thickness (d), maximal absorption values (Absmax), absorption Wavelength (λ) and gap's energy (Eg) of Ni(II)-complexes thin films prepared on optimal conditions.

		Concentration	Cycle						
	Complexes			T (°C)	W (mg)	λ (nm)	Absmax	d (µm)	Eg (eV)
		(M)	number						
	[Ni(bpy)3](SCN)2	10 -2	120	20	1.20	245	0.890	4,70	3.4
	[Ni (bpy)3](Fe(CN)5NO)	10 -2	120	20	2.60	241	1.250	4,92	3.0
	[Ni(bpy)3] ](Ag(CN)2)2	10 -2	120	20	2.10	238	0.820	3,90	4.6