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Purpose and study method: Complexes derived from Schiff bases offer an 
interesting alternative for the synthesis of tin compounds with luminescent 
properties. It is important to notice that have been reported organotin 
compounds mostly derivatives of bidentate ligands with interesting photo, and 
electroluminescent properties. However, studies of tin compounds derived from 
multidentate ligands have been scarcely explored. Based on the above, this 
work research was synthesized four new compounds derived from multidentate 
ligands with potential application as optoelectronic device, using an organotin 
compound as emitter material and an electron transport layer in the assembly of 
electroluminescent devices type OLED. 
 
Conclusions and contributions: In this work research was reported two 
structures of multidentate ligands and four tin compounds, which were 
characterized by spectroscopic and spectrometric techniques and x-ray 
diffraction. The same way the photophysical parameters, thermal and cyclic 
voltammetry properties of all materials were studied. Electroluminescent devices 
type OLED were fabricated with 4 obtained as a results current-voltage curves, 
indicating the presence of the electroluminescence phenomenon. 
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1. INTRODUCTION  

 
The irrational exploitation of fossil fuels for decades by mankind has 

compromised the quality of the environment.1 To solve these problems, promote 

sustainable development is importance vital. The use of new technology to 

efficiently exploit the various forms of energy is one of the most attractive 

alternatives to replace or optimize conventional forms of energy. Among the 

various forms of energy, lighting is one of the most basic applications in humanity. 

According to CoNUEE (National Commission for the efficient use of energy) 

globally, lighting accounts for approximately 15 % of total electricity consumption. 

In Mexico, the energy consumption for lighting concept represents approximately 

18% of total electricity consumption. High consumption of electricity for lighting 

concept is attributed to lighting devices using low efficiency.2 Against this 

background, the lighting in solid state devices is emerging as an efficient and 

versatile technology, which presupposes a greater level of illumination for a given 

activity, satisfying the needs with minimal energy consumption. Among emission 

devices in solid state, organic light emitting diodes (OLEDs, for its acronym in 

English) are considerate an alternative due to the offer significant energy savings, 

flexibility, higher resolution, wider viewing angle, and reduced volume of the 

devices. The success of these devices is based on the phenomenon of 

electroluminescence, generated from a semiconductor organic material. 
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Currently, there is a strong demand for new materials that can be used as 

electroluminescent layer in OLEDs for use in lighting devices in solid state. In 

particular, interest has focused on the search for materials simple architecture that 

can generate light from the combination of the emission of primary colors. In 

addition, organotin compounds are considered of particular interest because of 

their diversity in  structural design and easy of synthesis with applications such as 

tumor agents, nonlinear optical materials, contrast agents in bioimaging as well as 

in emitting organic diodes. Furthermore, the Schiff bases play an important role in 

the synthesis and organic catalysis, as well as ligands in the coordination 

chemistry of metals, since they and their metal complexes have a variety of 

applications in medical, catalytic chemistry, coordination and materials.3  In 

particular, the attention has increased to those organotin complexes derived from 

Schiff bases, because they provide an interesting wide variety of molecular 

structural conformation,4  and addition the electron withdrawing C=N group 

interacts with metal ions giving complexes with different optoelectronic properties 

and potential applications.5 

 

Recently, it has reported the fabrication of OLEDs with tin derivatives, 

which offer several advantages over other elements of main group and transition 

metals as these are characterized by attractive luminescent properties, easy 

handling, stable air and structural versatility. However, there are few reports about 

making OLEDs with tin complexes as an electroluminescent layer.18, 19, 20, 21, 23, 24 



18 

 

 

 

Our research group is interested in the synthesis, characterization and 

potential application of tin complexes as drugs, decomposers of polyethylene 

acetate (PET, for its acronym in English polyethylenterephtalate)6 and in the 

fabrication of OLEDS.7 In recent reports of synthesis of tin complexes have been 

observed acceptable photophysical properties. Once fabricated the OLED, the 

graph of voltage versus current showed conduction effectively, however did not 

adecuate electroluminiscence. The explanation for the low luminescence is due to 

the presence of the nitro group. Based on the above, the synthesis of complexes of 

tin (IV) with more conjugated aromatic systems without electron withdrawing and 

good solubility in organic solvents are proposed. 

Therefore, in this work, it was proposed to synthesize pentacoordinated tin 

compounds derived from Schiff bases with fused rings for increase the coplanarity 

and structural rigidity of the molecules, π-π* systems to obtain conjugated 

molecules and increase the delocalisation of the molecules. Finally, the 

electroaccepting were eliminated to obtain an increase of the luminescence are 

proposed. The molecules were characterized by UV-vis, spectroscopic methods 

(IR, 1 and 2D-NMR,) and mass spectrometry, the compounds were analyzer by X 

ray monocrystal, TGA, photophysical properties, AFM and voltammetry ciclyc 
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2. BACKGROUND 

 

2.1. Luminescence and electroluminescence 

 

The luminescence phenomenon is defined as the emission of ultraviolet, 

visible or infrared an electronically excited, as opposed to filament species; which it 

is generated at room temperature.8 Depending on the way the energy is applied, 

you can be observed different types of luminescent processes such as 

phosphorescence, thermoluminescence, chemiluminescence, radioluminescence, 

and electroluminescence; this luminescence can be observed in optoelectronic 

devices. Electroluminescence is the result of radiative recombination of electrons 

and holes in a material, often a semiconductor by electric current. This 

phenomenon occurs in electroluminescent devices such as organic light emitting 

diodes. 

 

2.2. OLED structure 

 

OLEDs are formed by a cathode, emitting film, conductive film and the 

anode. (Figure 1) The emitter layer is an electroluminescent compound should be 

capable of: a) form a uniform thin film, b) have drivability and emission of electrons, 

c) possess a high fluorescence yield, d) be heat stable, e) possess adequate 
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energy difference between HOMO molecular orbital / LUMO facilitating transport 

and charge injection. 

 

 

Figure 1. OLED structure. 
 

 
Furthermore, there has observed progress in the design and synthesis of 

new tin compounds, which have improved chemical and optical properties 

compared with aluminium derivatives, such as good solubility in organic solvents, 

fluorescent quantum yields high (Φ), air stable, inexpensive and easy deposition on 

substrate surfaces by direct thermal evaporation.9 In this sense, it has paid much 

attention to the transition metal complexes due to their interesting 

electroluminescent emission properties such as high thermal stability and good.10 

However, heavy metals such as Ir,11 Pt,12 and Cu13 are extremely sensitive to 

moisture and / or oxygen. 
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The semiconductive organic molecules can be designed in many ways to 

optimize its reasons, it is expected that semiconductor organic compounds found 

widespread use in many technological devices,1-5 as optoelectronic photoreceptors 

for xerography,14 transistors and field effect sensors,15 photovoltaic cells16 organic 

light emitting diodes17. There are reports of luminescent organic compounds some 

made for the manufacture of organic diodes, however the field is still scarcely 

explored, In 2008 Park et al.  two new organotin complexes were synthesized 

(SnDPQ2 y SnDP(HPB)2), with blue and green luminescence with an emission 

band around 440-490 nm y 535 nm,  for assembly of the device was used a 

structure type ITO/NPB/Alq3/ SnDP(HPB)2LiF/Al, the layers were deposited by the 

spin coating method, this device showed a luminance of 17600 cd/m2 to 9.5 V.18 

 In 2000 Tao et al. reported the synthesis and properties of organometallic 

complexes electroluminescent diphenyltin hydroxyquinoline derivate (SnPh2q2). 

These compounds showed absorption at wavelength of 460 nm and a bright 

photoluminescence at 508 nm. Electroluminescent properties and load ejection 

properties Sph2q2 characteristics of compounds are those which are easily soluble 

in organic solvents. For assembly of the device structure used 

ITO/PVK:TPD/Sph2q2/Mg:Ag, the layers were deposited by spin coating and the 

cathode by thermal evaporation, the device showed a luminance of 1cd/m2 to 5 V, 

the results indicated that the compound of tetravalent tin is a potential emission 

and charge injection materials for application electroluminescent.19  
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In 2012 Fazaeli et al. reported a series of six tin compounds (IV) 

derivatives hydroxyquinolines with yellow and red emission, which have a variation 

in photoluminescence property.this can only be affected by more than slight 

changes in bond distances or angles in the binder by modifying the substituent 

groups. For the fabrication of diode an assembly was performed with 

/PEDOT:PSS/PVK:PBD:Sn/HQ-Cl/Al, the layers were deposited by thermal 

evaporation, the graph J-V showed a current of approximately 460 mA/cm2 to 18 V. 

One advantage,  is that the device OLED has good stability compared to an OLED 

Alq3.
20

 Furthermore, the emission of compound with Cl is narrow and centered at 

560 nm with a lifetime relatively longer life compared with 526 nm emission and 15 

ns lifetime of Alq3.
21  

In 2014 García-Lopez M.C. et al., reported the synthesis of four  organic 

tin complexes using multidentate ligands aminophenol derivatives and diphenyltin 

oxide solvent by acetonitrile, the quantum yield of the complex III found about 5%, 

for the assembly of the device, the deposition of the films were made by spin 

coating and the cathode was performed by thermal evaporation, the device 

structure was ITO/PEDOT:PSS/tin complex/Al, the graph showed driving voltage 

versus current, however the phenomenon of electroluminescence is observed very 

low. In this case the authors thought the nitro group was affecting the quantum 

yield of the molecule that is an electron withdrawing group prevents relocation of 

the molecule.22 (Figure 2) 
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Figure 2. Pentacoordinated tin complexes. 
 

 

In 2015 Berrones-Reyes J.C. et al., reported the synthesis of a series of 

eight new multidentated organic complexes derived from Schiff bases using 

benzohydrazide and corresponding diorganotin (R2SnO R= nBu or Ph), where 

its quantum yield is near 0.02 to 56.0%, in this report is relevantquantum yield 

of compound VII y VIII, with a percent of 56 and 36.2 % respectively.23 In this 

case, it can be seen that molecules in their structure the nitro substituent show 

low luminescence, as molecules obtained by García Lopez M.C. et al.  

 In 2016 Cantón-Díaz in the master's thesis, a series of luminescent 

compounds of tin, which compared the work reported by García-Lopez M.C., et 

al., the nitro substituent is removed and added a substituent donor, one 

electron- donor and with good solubility. In this case, it was observed that 

molecules with carboxylic acid group showed a quantum yield of 1.44 and 1.87 

% relatively larger than the molecules of proton with yield 1.25 % , so even 

making changes in the substituents on the part of aminophenol, good 

delocalization failed.24 Making a comparison of the structure of molecules 
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Jimenez-Perez with this report, a possible chemical explanation is that the 

molecule delocalization needs and would have to be a conjugated molecule. 

(Figure 3)  

O
N N

O
R1

Sn
R

R

V: R=nBu R1=NO2

VI: R=Ph R1=NO2

VII: R=nBu R1=H
VIII: R=Ph R1=H

O
N N

O
NO2

Sn
R

R

IX: R=nBu R1=Et2N
X: R=Ph R1=Et2N
XI: R=nBu R1=MeO
XII: R=Ph R1=MeO

R1

 

Figure 3. Pentacoordinated tin complexes studied previously. 
 

 

In 2016 Pérez-Pérez E.G. in his master's thesis reported the synthesis of 

two new multidentated organic complexes derived from Schiff bases using 

benzohydrazide and its corresponding diorganotin (R2SnO R=nBu or Ph), 

where the quantum yield obtained is of 33.7 and 33%, making a comparison 

with this work and reported by J. C. Berrones-Reyes, the corresponding 

diorganotin is not affected in molecules, the group OH although is a donor is 

not helping in increasing the luminescence. 
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Based on the above it will be done the synthesis of hydrazine derivative 

molecules with chains of molecules with double bond, make a dinuclear and 

trinuclear molecule and further conjugation and therefore greater delocalization 

of the molecules. (Figures 4 and 5) 
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Figure 4. Compounds 4 and 5 and ligand. 
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Figure 5.  Compounds 8-10. 
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Currently there are different synthetic methods as conventional, 

mecanosynthesis, electrosynthesis, sonosynthesis, and microwave. We are 

interested in the latter method in which heating is almost instantaneous "at the 

core" of materials homogeneous and selectively, the reactions can be 

completed in just a few minutes with an energy savings performance between 

synthesis microwave is higher than the conventional method is less solvent 

with the synthesis method used, developed an easy and convenient for 

organotin synthetic procedure and also deals with environmental protection.25 
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3. HYPOTESIS. 

 

The new organic compounds derived from multidentate ligands show 

optoelectronic properties for the fabrication of an optoelectronic device. 

3.1. General Objetive. 

 

Synthesize, characterize, new fluorescent organotin compounds 

derivatives multidentate ligands and potential fabrication an optoelectronic device 

with the material having the suitable characteristics. 

3.2. Specific Objetive. 

 

 Preparation of eight new organotin compounds derived from tridentated 

ligands through condensation reaction. 

 Full characterization of tin (IV) compounds by spectroscopic techniques 

such as nuclear magnetic resonance (1H, 119Sn, 13C, HETCOR, HMBC, 

COSY), infrared spectroscopy and UV-Vis, the characterization is also 

complemented by mass spectrometry, X-ray diffraction, determination of the 

photoluminescent and eletroluminescent properties. 

 Finally, the assembly of an optoelectronic device made from tin compound 

present the adequate features for its manufacturing. 
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4. MATERIALS AND METHODS. 

 

4.1 Materials and equipment. 

 

All starting materials were purchased from Sigma-Aldrich Chemical 

Company. Solvents were used without further purification. Melting points were 

determined on an Electrothermal Mel-Temp apparatus and are not corrected. 

Infrared spectra were recorded using a Burker Tensor 27-FT-IR spectrophotometer 

equipped with a Pike Miracle TM ATR accessory with a single reflection ZnSe ATR 

crystal. 

 Multinuclear magnetic resonance experiments as 1H, 13C and 119Sn- NMR 

spectra were recorded on a Bruker advance DPX 400. Chemical shifts (ppm) are 

relative to (CH3)4Si for 1H and 13C. High-resolution mass spectra were acquired by 

LC/MSD TOF on an Agilent Technologies instrument with APCI as ionization 

source. 

 UV-Vis absorption spectra were measured on a Shimadzu 2401 PC 

spectrophotometer. The emission spectra have been recorded with a Fluorolog 3 

spectrofluorometer, by exciting 10 nm below the longer wavelength absorption 

band. Raman spectra were obtained with a Horiba Xplora equipment, focusing the 

sample as powders on a microscopic slide with a 10X objective. The excitation 
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wavelength was 785 nm and the Nanoled power was 10% of total laser power (25 

mW). Spectra were acquired with 10s acquisition time and 10 accumulations, 

spectral resolution of 2 cm-1. The thermal stability of compounds (vacuum dried 

samples) was determined in a thermogravimetric analyzer (TGA 951 from DuPont 

Instruments) connected to a N2 vector gas, heating from 25 to 600 °C at 10 °C 

min−1.
  

APCI as ionization source. Simultaneous thermal analysis (TGA-DTA) were 

carried out in the temperature range 25 to 600 °C under nitrogen atmosphere at a 

heating rate of 10 °C min-1 using a TA instruments-SDT 2960 thermal analyzerThe 

photophysical measurements were carried out in spectrophometric grade solvents 

(tetrahydrofuran and chloroform) freshly distilled and the solutions were studied 

just as prepared. 

4.2. X-ray crystallography. 

 

The crystal data of 1 and 2 were recorded on an Enraf Nonius Kappa-CCD ( 

Mo Ka=0.71073 Å, graphite monochromator, T = 293 K-CCD rotating images scan 

mode). The crystal was mounted on a Lindeman tube. Absorption correction was 

performed using the SHELX-A 26 program. All reflection data set were corrected for 

Lorentz and polarization effects. The first structure solution was obtained using the 

SHELXS-97 program and then SHELXL-97 program was applied for refinement 

and output data. All software manipulations were done under the WIN-GX 
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environment program set.27 All heavier atoms were found by Fourier map 

difference and refined anisotropically. Some hydrogen atoms were found by 

Fourier map differences and refined isotropically. The remaining hydrogen atoms 

were geometrically modelled and are not refined. 

4.3. Photophysical characterization. 

 

For the photophysical characterization, spectroscopic grade chloroform from 

Aldrich was freshly distilled and the solutions were studied as prepared in order to 

avoid any solvolysis or photodegradation effect.28 UV-Vis absorption spectra were 

measured on a Shimadzu 2401PC spectrophotometer. The emission and 

excitation spectra have been recorded with a Perkin-Elmer LS 50B 

spectrofluorimeter. Excitation spectra were obtained by fixing the fluorescence 

maxima as the emission wavelength. Fluorescence quantum yields in solution () 

were determined according to the procedure reported in literature29 and using 

quinine sulphate in H2SO4 0.1 M ( = 0.54 at 310 nm) as the standard. 

Measurements were carried out by controlling the temperature at 25.0±0.5 °C with 

a water circulating bath. Three solutions with absorbance at the excitation 

wavelength lower than 0.1 were analyzed for each sample and the quantum yield 

was averaged. Lifetimes were obtained by Time-correlated single photon counting 

(TCSPC) with a Tempro Horiba equipment with 370 nm and 455 nm nanoLEDs. A 

0.01% suspension of Ludox AS40 (Aldrich) in ultrapure water was used for the 
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prompt signal. Calibration of the equipment was realized with a POPOP [1,4-Bis(4-

methyl-5-fenil-2-oxazolyl)benzene] methanol solution (optical density <0.1 and 

lifetime of 0.93 ns.30 Data were fit in the software DAS6 available in the equipment. 

4.4. Theoretical Calculations. 

  

All calculations were performed with Spartan 14 v.1.1.2 (Wavefunction. Inc). 

The geometry of the equilibrium conformer at ground state found at AM1 level was 

further optimized through Density Functional Theory (DFT) calculations at the 

restricted B3LYP level with 6-31G(d) basis set. The coordinates generated during 

the DFT optimization processes were used as input for the electronic excited state 

calculations and the first 6 singlet electronic excited states were calculated by 

TDDFT with the same basis set and in vacuum. By default, the software considers 

only pairs of filled/unfilled orbitals which have amplitudes larger than 0.15. The 

UV/Vis spectra were constructed as Gaussian convolution from the calculated 

excitations fixing a Half Height Band Width of 30 nm. 

4.5. Cyclic voltammetry.  

 

Cyclic voltammetry was performed in a C3 Stand cell from Basi, coupled to 

an ACM Gill AC potentiostat/galvanostat. The system consisted in a conventional 

three-electrode cell: Glassy carbon as a working electrode (polished with alumina 

after each run), Pt wire as the counter electrode, Ag/AgCl as reference electrode (-
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45 mV of viability against the Calomel electrode) and ferrocene/ferrocenium as 

reference (formal potential E°= 0.436 V); a value of -4.8 eV below the vacuum level 

was considered. Voltammetric measurements were performed at room 

temperature in CH2Cl2 containing Bu4NPF6 (0.1M) as the supporting electrolyte. 

Prior to recording the voltammograms, all of the solutions (~0.1 mmol) were 

deoxygenated by bubbling nitrogen at least for 15 min. The experiments were 

carried out under nitrogen atmosphere at a scanning rate of 50 mV/s.  

 

4.6. STM characterization.  

 

It was performed between ~23 and 25° C using an AA5000 Scanning Probe 

Microscope (Angstrom Advanced Inc., Braintree, MA USA). The scanner tube 

calibration was performed by means of atomic resolution images obtained using 

commercial HOPG substrates from Ted Pella (Redding, CA USA) and SPI 

Supplies (grade SPI-3). Samples were exfoliated before each measurement by the 

adhesive tape method. Pt/Ir tips were prepared by mechanically cutting a 0.25 mm 

diameter 80/20 wire from Nanoscience, Switzerland. 1,2,4-Tricholorobenzene 

(TCB) (Sigma Aldrich, ≥ 99 %) was used as received. The Sn-complexes 5, 6 were 

dissolved in TCB (2.8 mM), sonicated and heated to 60 °C for one hour. A droplet 

of the solution, ~3 µL, was placed by using a micro-syringe between the substrate 

and tip, then a pulse of 2 - 6 V was applied up to obtain a monolayer. STM images 

were taken in the constant-current mode at the solid-liquid interface. The bias and 
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current values were constantly adjusted during each scan. Details on the 

experiment bias and current set-point are given below each image. The raw and 

FFT images were processed from WSxM 5.0 software with the aim to reduce noise 

and normally observed drift. [31] 

 

4.7. Fabrication of electroluminescent devices. 

 

Diodes were prepared in typical configuration of ITO/PEDOT:PSS/5/Al 

(Figure 6). ITO substrates (Spi. Inc, 8-10 Ω/cm2) were first cleaned in ultrasonic 

bath (Branson 200) in dichloromethane for 10’, hexane for 10’ and methanol for 

60’, and then dried in an oven. Lithography was carried out in order to obtain active 

areas of x 0.6 mm2. PEDOT:PSS (Clevios P by Clevios) was filtered and then 

deposited on the ITO slides by spin coating at 5000 rpm to give a 20 nm layer. The 

active layer of 10 was deposited by spin coating technique on the ITO-glass 

substrate. The aluminium was vacuum evaporated at a rate of 1.5 to 3 Å/s at a 

typical pressure of 10-6 torr in an Intercovamex TE18P vacuum chamber; the 

thickness was controlled by the quartz balance monitor ~100 nm. The electrical 

and luminescent characteristics of the devices were measured by using a source 

measurement unit (Keithley 2420) and an optical powermeter (Newport 1930-C). 
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Figure 6. Schematic configuration of the device. 
 

 

4.8. Synthesis and characterization. 

 4.8.1. Synthesis procedure the compounds 4-5 and 9-10. 

 

To obtain the new organotin compounds, the Fischer esterification synthesis 

was first carried out to obtain the raw materials by traditional method. Once the raw 

materials were obtained, then the ligands were carried out for the comparison 

method by traditional condensation synthesis. As a last step we proceeded to the 

synthesis by microwave irradiation by the multicomponent method to obtain 4-5 

and 9-10.  
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4.9. The general procedure of synthesis of precursor. 

 

4.9.1. Synthesis of Diethyl Terephthalate. (1) 

 

Terephthalic acid (1.6 g) in super dry ethanol (60 

mL) containing 2-3 drops of conc. H2SO4 (AR) was 

refluxed till it dissolves. Then, the reaction mixture was 

poured on to ice cold water, immediately a solid started 

separating from the clear solution. Then sodium bicarbonate was used for the 

neutralization of excess acid. Addition of sodium bicarbonate was continued till the 

effervescence seized. The ester was filtered, washed several times with water, and 

dried in air. Yield: 84% (0.57 g). M.P. 44 °C. 1H NMR (400.13 MHz, CDCl3, 25°C): 

δ= 1.42 (t, J =7.0, 6H; CH3), 4.40 (q, J=7.7, 4H; CH2), 8.10 ppm (s, 4H, aryl).  

(Lit.32 M.P. 44.5 °C) 

 

4.9.2. Synthesis of terephthalic dihydrazide (2) rute 1. 

 

A mixture of diethyl terephthalate 0.5 g (2.25 

mmol) was dissolved in 50 mL ethanol and hydrazine 

monohydrate (1 mL) was added. The reaction 
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mixture was refluxed for 24 h. The product precipitated from the mixture. After 

cooling to room temperature, the precipitate was filtered, washed with water 

thoroughly and dried completely to give solid white powder. Yield 4.27 g (81 %) 

M.P. >300 °C 1H NMR (400 Mhz, DMSO-d6, 25°C) 9.89 (s, 2H), 7.87 (s, 4H), 4.59 

(s, 4H J=5.0 Hz). (Lit.33 M.P. >300 °C) 

 

4.9.3. Synthesis of terephthalic dihydrazide (2) rute 2 

 

A mixture of dimethyl terephthalate 0.2 g (1.03 

mmol) was dissolved in 50 mL methanol and 

hydrazine monohydrate (0.45 mL) was added. The 

reaction mixture was refluxed for 24 h. The product 

precipitated from the mixture. After cooling to room temperature, the precipitate 

was filtered, washed with water and methanol thoroughly and dried completely to 

give solid white powder. Yield 0.3g (84 %) M.P. >300 °C 1H NMR (400 Mhz, 

DMSO-d6, 25°C) 9.87 (s, 2H), 7.86 (s, 4H), 4.54 (s, 4H). 
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4.9.4. Synthesis of terephthalic dihydrazide (2) rute 3. 

 

A mixture of dimethyl terephthalate 0.2g (1.03mmol) was dissolved in 5 ml 

methanol and hydrazine monohydrate (0.45 ml) was added. The reaction mixture 

was synthesized by irradiation of microwave for 20 

min. The product precipitated from the mixture. After 

cooling to room temperature, the precipitate was 

filtered, washed with water and methanol thoroughly 

and dried completely to give solid white powder. Yield 0.19 g (95%) M.P. 132-136 

°C 1H NMR (400 Mhz, DMSO-d6, 25°C) 9.87 (s, 2H), 7.86 (s, 4H), 4.54 (s, 4H). 

 

4.9.5. Synthesis of 1,3,5-Benzenetricarboxylic Acid Triethyl ester (6). 

 

A mixture of trimesic acid (1,3,5-benzenetricarboxylic 

acid) 0.1g (0.37 mmol) more 1 mL of H2SO4 in EtOH in reflux 

at 80°C by 24 h. the solution was allowed to cool, and the 

solvent removed in vacuo. The residue was dissolved in 

dichloromethane (10 ml) and washed with saturated aqueous NaHCO3 (3 10 ml). 

The organic layer was then dried (Na2SO4), giving a sold white. Yield 0.11 g (86 %) 

M.P. 132- 134°C 1H NMR (400.13 MHz, CDCl3, 25°C) δ= 8.85 (s, 3H), 4.45 (q, 6H, 

J=7.1 Hz), 1.44 (t, 9H, J=7.1 Hz). (Lit.34 M.P. 132-136 °C) 
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4.9.6. Synthesis of 1,3,5-Tri[5-phenyl-(1,3,4)-oxadiazol-2-yl] benzene (7) 

(1,3,5-Benzenetricarboxylic Acid Trihydrazide) rute (1). 

 

A mixture of 1,3,5-Benzenetricarboxylic acid 

trimethyl ester 0.5 g (1.98 mmol) was dissolved in 30 ml 

ethanol and 30 ml toluene under nitrogen atmosphere was 

added hydrazine hydrate (1.45 mL, 29.70 mmol). The 

solution was heated at 110 °C for 48 h, and the crude product was precipitated 

during reaction. The product was collected by filtration and washed with EtOH and 

toluene to give a white solid (0.46 g, 92%). mp >400 °C. 1H NMR (400 MHz, 

DMSOd6, δ): 9.83 (s, 3H), 8.30 (s, 3H), 4.57 (br, 6H). (Lit.M.P.35 >400 °C) 
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4.9.7. Synthesis of 1,3,5-Tri[5-phenyl-(1,3,4)-oxadiazol-2-yl]benzene (7’)  

(1,3,5-Benzenetricarboxylic Acid Trihydrazide) rute (2). 

 

5.8.7. Preparation of 7’ was accomplished following 

the same procedure of 7 from mixture of 1,3,5-

Benzenetricarboxylic acid triethyl ester 0.5 g (1.98 mmol) 

hydrazine hydrate (1.45 mL, 29.70 mmol) in EtOH. Yield 

12.32 g (98%). (4), yield 12.32 g, 98%. Mp 300°C (dec.; lit. >265°C,13 300°C[4.6]). 

δH (DMSO): 9.85 (s, 3H), 8.31 (s, 3H), 5.75 (s, 6H); δC  

 

4.10. The general procedure of synthesis of ligand and organotin 

compounds 3-5 and 8-10 Schiff base. 

4.10.1. Synthesis of Bis(2-hydroxy-1-

naphthaldehyde)terephthalohydrazone(3). 

 

A mixture of terephthalohydrazide 0.100 g 

(0.51 mmol) and 2- hydroxy-1-naphthaldehyde 

0.2047 g (0.10 mmol) was refluxed in methanol 

for 24 hr. The yellow solid formed was filtered, 

washed with methanol and vacuum dry.  Yield 

0.17 g (68 %) M.P. 345 °C  IRʋmax (ATR): 3189 (s, N-H), 3003 (s, O-H), 1640 (s, 
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C=O), 1622 (m, C=N) 1H NMR (400 Mhz, DMSO-d6, 25°C) 12.84 (s, 2H, OH), 

12.29 (s, 2H, NH), 9.57 (s, 2H, CH), 8.20 (d, J=8.0 Hz, 2H, Np), 7.59(t, J=7.6 Hz, 

2H, Np), 7.40 (t, J=7.6 Hz, 2H, Np) 7.21 (d, J=8.8 Hz, 2H, Np) EM (TOF) 484.1503 

[M+] Found: 502.1641 PPM error: -0.1445 
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4.10.2. Synthesis of Bis(2-hydroxy-1-naphthaldehyde)terephthalohydrazone 

di-n-butyltin(IV) (4) 

 

A microwave tube was placed with a magnetic 

shuffler, it was added terephthalohydrazide 0.05 g 

(0.25 mmol) and 2-Hydroxy-1-naphthaldehyde 0.08 g 

(0.51mmol) more dibutylltin oxide 0.12 g (5.51 mmol) 

in acetonitrile 5ml were heated to 180°C for 20 min. 

At the end of the heating proceeded to refine the compound to remove the 

impurities sample. The solvent was then evaporated under reduced pressure and 

washed with hexane and acetronitrile. The precipitate was collected by filtration 

and crystalized with dichlorometane/methanol (5:5) for purified, to give 0.23g (0.24 

mmol, 96% yield) of 1 as orange-yellow solid. M.P. 172°C IRʋmax  (ATR) 3057 (C-H 

ArH), 2326 (O-C=N) 1602 (C=N), 1581 (C=N-N=C), 715 (C-H ArH) UV/vis (CHCl3) 

λabs/max (nm) [εmax *104 (M-1 cm-1)]: 456 [0.08] Fluorescence (CHCl3): λfluor (nm): 

495 1H RMN (400.13 MHz, CDCl3, 25°C) δ= 9.73 [s, 2H, 3J(1H–119Sn) = 45.08 Hz  

H-11], 8.14 (s, 4H, ArH, H-14), 8.09 - 8.11 (d, J=12 Hz, 2H, H-9), 7.76-7.78 (d, J=8 

Hz, 2H, H-4), 7.69-7.71 (d, J= 8.0Hz, 2H, H-6), 7.53 (t, J= 16 Hz, 2H, H-8), 7.33 (t, 

J= 8Hz 2H, H-7), 6.95-6.97 (d, J= 8.0 Hz, 2H, H-3),1.35.1.40  (t, 6H, 3J = 7.2 Hz, 

CH3- γ), 0.85-0.89 (m, 4H, CH2- δ), 1.55-1.59 (t, 4H, 3J = 7.2 Hz, CH2- α), 1.65-

1.71 (m, 4H, 3J = 7.2 Hz, CH2- β) 13C RMN  (100.61 MHz, CDCl3) δ=  13.41 (δ, 

CH3, ), 26.27 [Cγ, 3J(13C-119Sn) = 83.86Hz] , 26.66, [Cβ, 2J(13C-119Sn) = 33.75Hz], 
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21.87 [Cα, 1J(13C-119Sn) = 595/568 Hz], 107.24 (C1, 1C), 169.24 (C2, 1C), 119.31 

(C3, 1C), 136.81 (C4, 1C), 127.31 (C5, 1C), 128.18 (C6, 1C), 123.15 (C7, 1C), 

124.52 (C8, 1C), 129.30 (C9, 1C), 135.97 (C10, 1C), 157.26 (C11, 1C), 168.17 

(C12, 1C), 135.83 (C13, 1C), 127.51 (C14, 1C) 119Sn RMN (128.0 MHz, C6D6) δ: -

189.28) EM (TOF) 966.2261 [M+] Found: 967 .226181 PPM error: 0.1445 

 

4.10.3. Synthesis of Bis(2-hydroxy-1-naphthaldehyde)terephthalohydrazone 

di-n- diphenyltin(IV) (5) 

 

Preparation of 5 was accomplished 

following the same procedure of 4 from 

terephthalohydrazide 0.05 g (0.25 mmol) and 2-

Hydroxy-1-naphthaldehyde 0.08 g (0.51mmol) 

more dibutyltin oxide 0.14mg (0.51 mmol) to 180°C for 30 min. Yield: 0.26g (0.25 

mmol, 98%). Yellow solid. M.P. 336°C IRʋmax (ATR) 3065 (C-H ArH), 2326 (O-

C=N), 1580 (C-N-N-C), 1596 (C=N), 1582 (C=N-N=C), 715 (C-H ArH) UV/vis 

(CHCl3) λabs/max (nm) [εmax *104 (M-1 cm-1)]: 453 [0.07] Fluorescence (CHCl3): 

λfluor (nm): 491 1H RMN (9.78 [s, 2H, 3J(1H–119Sn) = 56 Hz  H-11], ], 8.39 (s, 4H, 

ArH, H-14), 8.09 - 8.12 (d, J=12 Hz, 2H, H-9), 7.91-7.93 (d, J=8 Hz, 2H, H-4), 7.73-

7.78 (d, J= 8.0Hz, 2H, H-6), 7.54 (t, J= 16 Hz, 2H, H-8), 7.46 (t, J= 8Hz 2H, H-7), 

7.42-7.43 (d, 3J= 8.0 Hz, 2H, H-3),7.91 (s, 8H, 3J = 7.2 Hz, H-o), 7.43 (s, 8H, 3J= 
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8.0 Hz, H-m), 7.45 (s, 4H, 3J=8.0 Hz,H-p 13C RMN (100.61 MHz, CDCl3) δ=  

136.39 (H-o, ), 130.76 (H-m), 133.94 (H-p), 137.39 (C-i) 107.82(C1, 1C), 169.94 

(C2, 1C), 119.75 (C3, 1C), 141.44 (C4, 1C), 127.61 (C5, 1C), 127.61 (C6, 1C), 

123.54 (C7, 1C), 124.62 (C8, 1C), 129.37 (C9, 1C), 134.00 (C10, 1C), 157.98 

(C11, 1C), 167.85 (C12, 1C), 139.13 (C13, 1C), 128.45 (C14, 1C) 119Sn RMN 

(100.7 MHz, C6D6) δ: -328.69 HRMS (APCI/TOF-Q) m/z: Calcd. For C37H37NO2Sn 

[M+] 1046.0900 Found: 1047.1009 u.m.a. (Error: -0.8524 ppm)  

 

4.10.4. Synthesis of 1, 3, 5-Benzene-tricarbohydrazide (8). 

 

Preparation of 8 was accomplished following 

the same procedure of 3 from 1,3,5-

benzenetricarboxylic 0.100 g (0.39 mmol) and 2- 

hydroxy-1-naphthaldehyde 0.2047 g (1.18 mmol). 

Yield 0.17 g (83 %) M.P. >400 °C  IRʋmax (ATR): 

3312-3118 (s, N-H), 3115-2900 (s, O-H), 1641 (s, 

C=O), 1625 (m, C=N) 12.70 (s, 2H, OH), 12.62 (s, 2H, CH), 9.57 (s, 2H, NH), 8.88 

(d, J=8.0 Hz, 2H, Np), 7.95-7.98(d-d, J=7.6 Hz, 2H, Np), 7.91-7.92 (d-d, J=7.6 Hz, 

2H, Np) 7.63 (d, J=8.8 Hz, 2H, Np) 7.43-7.44(dd, 3H4, J = 7.6 Hz) , 7.25-7.28 (dd, 

3H1, J = 8.8 Hz). EM (TOF) Calcd. For C42H30N6O6Sn [M+] 714.2227 [M+] Found: 

715.2299 PPM error: -0.0874 
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4.10.5. Synthesis of Tri(2-hydroxy-1-naphthaldehyde) 1, 3, 5- Benzene-

tricarbohydrazide. Tri-n-butyltin (IV) 9. 

 

Preparation of 4 was accomplished 

following the same procedure of 9 from 1,3,5-

benzenetricarboxylic acid trihidrazide 0.05 g 

(0.19 mmol) and 2-Hydroxy-1-naphthaldehyde 

0.10 g (0.59mmol) more dibutyl tin oxide 0.14 g 

(0.59 mol) to 190°C for 30 min. Yield: 0.25g 

(0.18 mmol, 93%) as bright yellow solid. M.P. 86 °C IRʋmax  (ATR) 3058 (C-H ArH), 

2338 (O-C=N) 1608 (C=N), 776 (C-H ArH) UV/vis (CHCl3) λabs/max (nm) [εmax 

*104 (M-1 cm-1)]: 446 [0.08] Fluorescence (CHCl3): λfluor (nm): 486 1H RMN (400.13 

MHz, CDCl3, 25°C) δ= 9.73 [s, 2H, 3J(1H–119Sn) = 44.88Hz  H-11], 8.85 (s, 4H, 

ArH, H-14), 8.03 - 8.05 (d, J=8 Hz, 2H, H-9), 7.68-7.70 (d, J=8 Hz, 2H, H-4), 7.61-

7.63 (d, J= 8.0Hz, 2H, H-6), 7.46 (t, J= 16 Hz, 2H, H-8), 7.24 (t, J= 16Hz, 2H, H-7), 

6.88-6.90 (d, J= 8.0 Hz, 2H, H-3),1.29-1.34  (t, 6H, 3J = 7.2 Hz, CH3- γ), 0.78-0.83 

(m, 4H, CH2- δ), 1.50-1.54 (t, 4H, 3J = 7.2 Hz, CH2- α), 1.60-1.68 (m, 4H, 3J = 7.2 

Hz, CH2- β) 13C RMN  (100.61 MHz, CDCl3) δ=  13.41 (δ, CH3, ), 26.64 [Cγ, 3J(13C-

119Sn) = 81.44 6Hz] , 27.04, [Cβ, 2J(13C-119Sn) = 34 Hz], 22.28 [Cα, 1J(13C-119Sn) = 

594/567 Hz], 107.22 (C1, 1C), 169.00 (C2, 1C), 119.31 (C3, 1C), 136.75 (C4, 1C), 

127.30 (C5, 1C), 128.97 (C6, 1C), 123.18 (C7, 1C), 124.53 (C8, 1C), 129.30 (C9, 

1C), 134.17 (C10, 1C), 157.35 (C11, 1C), 168.06 (C12, 1C), 134.01 (C13, 1C), 
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128.30 (C14, 1C) 119Sn RMN (128.0 MHz, C6D6) δ: -192.30) EM (TOF) 966.2261 

[M+] Found: 967 .226181 PPM error: 0.1445 

4.10.6. Synthesis of Tri(2-hydroxy-1-naphthaldehyde) 1, 3, 5- Benzene-

tricarbohydrazide. Tri-n- diphenyltin (IV) 10. 

Preparation of 4 was accomplished 

following the same procedure of 10 from 1,3,5-

benzenetricarboxylic acid trihidrazide 0.05 g 

(0.19 mmol) and 2-Hydroxy-1-naphthaldehyde 

0.10 g (0.59mmol) more diphenyltin oxide 

0.7mg (0.59 mmol) Yield: 0.28g (0.18 mmol, 

95%) 180°C for 25 min. of 10 as a yellow solid. 

M.P. 336°C IRʋmax (ATR) 3055 (C-H ArH), 2313 (O-C=N), 1580 (C-N-N-C), 1580 

(C=N), 773 (C-H ArH) UV/vis (CHCl3) λabs/max (nm) [εmax *104 (M-1 cm-1)]: 442 

[0.07] Fluorescence (CHCl3): λfluor (nm): 482 1H RMN (9.90 [s, 2H, 3J(1H–119Sn) 

= 56 Hz  H-11], 9.25(s, 4H, ArH, H-14), 8.16 - 8.18 (d, J=8 Hz, 2H, H-9), 8.01 (d, 

J=8 Hz, 2H, H-4), 7.73-7.90 (d, J= 8.0Hz, 2H, H-6), 7.55 (t, J= 16 Hz, 2H, H-8), 

7.34 (t, J= 8Hz 2H, H-7), 7.28-7.31 (d, 3J= 8.0 Hz, 2H, H-3),7.99 (s, 8H, 3J = 7.2 

Hz, H-o), 7.45 (s, 8H, 3J= 8.0 Hz, H-m), 7.47 (s, 4H, 3J=8.0 Hz,H-p 13C RMN 

(100.61 MHz, CDCl3) δ=  136.39 (H-o, ), 129.15(H-m), 130.76 (H-p), 137.40 (C-i) 

107.58(C1, 1C), 169.78 (C2, 1C), 119.60 (C3, 1C), 141.43 (C4, 1C), 127.62 (C5, 

1C), 129.35 (C6, 1C), 123.55 (C7, 1C), 124.64 (C8, 1C), 129.54 (C9, 1C), 134.00 

(C10, 1C), 157.88 (C11, 1C), 167.72 (C12, 1C), 139.13 (C13, 1C), 127.51 (C14, 
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1C) 119Sn RMN (100.7 MHz, C6D6) δ: -328.69 HRMS (APCI/TOF-Q) m/z: Calcd. 

For C78H54N6O6Sn3 [M+] 1530.1171 Found: 1531.1243 u.m.a. (Error: -0.0003 

ppm) 
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4.11. Synthesis under microwave irradiation. 

 

The organotin compounds 4-5 and 9-10 were synthesized under microwave 

irradiation and condensation reaction for comparison purposes as is indicated in 

the Scheme 3. 
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9: R=nBu
10: R= Ph  

Scheme 3. Rutes of synthesis for comparison purposes of the new 
organotin compounds. 
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4.12. Disposal of waste generated. 

 

Hazardous wastes generated in the condensation reactions and microwave 

irradiation as well as for the work up acetonitrile, as well as for the work up: 

hexane, acetone, ethyl acetate, were collected in the container C, which is 

assigned for halogen free-solvents. Waste of solvents like chloroform and 

dichloromethane were collected in container D, which is assigned for halogen 

containing solvents. 
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5. RESULTS AND DISCUSSION. 

 

5.1 Synthesis. 

 

We carried out the synthesis of organotin compounds 4-5 and 9-10 (Figure 

7) by multicomponent reaction through irradiation with terephthalohydrazide/1,3,5-

Benzenetricarboxylic Acid Trihydrazide, 2-hydroxynaphtalehyde, and 

diphenyl/dibutyltin oxide in stoichiometric ratio (1:2:2) for 5 and 6, (1:3:3) for 11 and 

12 in acetonitrile for 48 hours and yields reaction of 75-76 % The products were 

obtained after filtration reaction crude. The compounds were recrystallized in 

chloroform.  



52 

 

 

9

ON

O

N

N

O
N

N

N

O

OO

Sn

Sn

Sn

Bun

Bun

nBu

nBu

nBu

Bun

ON

O

N

N

O
N

N

N

O

OO

Sn

Sn

Sn

Ph

Ph

Ph

Ph

Ph

Ph

O
N N

O N

O

N
O

Sn

Sn

Ph

Ph

5

O
N N

O N

O

N
O

Sn

Sn

Bun

nBu

4

10  

Figure 7. Organotin compounds 4-5 and 9-10. 
 

All compounds were completely soluble in common organic solvents such 

as dichloromethane, chloroform, and tetrahydrofuran and partially soluble in 

methanol and ethanol, while ligand 3 and 8 just in dimethyl sulfoxide. The high 

solubility of the ligands in a polar solvent, is due to the presence of functional 

groups like hydroxyl (-OH), and amino (-NH2), that makes the molecules more 

polar and presents more affinity for polar solvents like DMSO. 

The organotin compounds were obtained in suitable yields after 48 h. Better 

yields and time reactions were determinate for tin compounds 4-5 and 9-10 when 
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the microwave irradiation is used. A comparison about both methods are 

summarized on Table 1.  

Table 1. Comparison of the time reaction and yields from different 
methods of compounds 4-5 and 9-10. 

Comp Yield [%] Reaction time [min] 
 Conve Microw Conve Microw

4 85 96 2880 20 
5 86 98 2880 30 
9 84 93 2880 30 
10 85 95 2880 25 

 

The reaction yields were increased around 91 to 98%. The most important 

change was, the reaction time which decreased around of 90 times in comparison 

with the conventional synthesis, in addition, the solvent used is reduced and with 

the multicomponent method the complex can be carried out in a single step. 

5.2 Chemical structures elucidation. 

 

5.2.1. Analysis of NMR data. 

 

1H-NMR spectra confirmed the formation of Schiff bases for the 3 and 8 

(See Appendix) with signals for H-11 at 9.51 and 10.52 ppm respectively, which 

are according to reported.36 In the range 9.51 to 9.57 ppm and 12.70 to 12.75 and 

12.37 to 12.62 ppm were assigned to OH and NH protons, these signals are 
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displaced to high δ values due to highly electronegative of atom oxygen and 

nitrogen. The Figure 8 shows 1H-NMR spectra for 3 as example. 

 

Figure 8. 1H NMR spectrum of ligand 3. 
 

By comparison, the ligands and organotin compound, we can see the signal 

11 in the spectrum shift to lower more frequencies from 9.73 to 9.90 ppm with a 

constant couple from 3J(1H,119Sn) = 45 to 56 Hz37 for the compounds. This signal is 

typical from an imine proton according to the reports from Santillan et al.38 this is 

due to the existence of the NSn coordination bond evidenced by 119 Sn NMR 

spectra indicative of pentacoordinate tin atoms.39 (Figure 9 and 10) 
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Figure 9. 1H NMR spectrum of organotin compound 4. 

.  

Figure 10. 119 Sn NMR spectrum of organotin compound 4. 
 

In addition, a singlet for 14 indicates the protons the ring aromatic central 

around from 8.14 to 9.25 ppm that integrates for 4 and 3 hydrogens for complex 
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with symmetry C2 and C3 respectively. The signals for the substituents nBu2SnO 

appear in the range aliphatic the spectrum while the substituents Ph2SnO in the 

range aromatic. The coupling the ortho protons due to the approach the tin atom is 

appreciated. The Table 2. shows in resume these signals. 

Table 2.  Signals for the protons nBu2SnO and Ph2SnO. 
Comp CH2-α CH2-

β/CH

CH2-

γ/CH

CH3-

δ/CH
4 1.55- 1.65- 1.35- 0.85-
5 - 7.91 7.43 7.45 
9 1.50- 1.60- 1.29- 0.78-
10 - 7.99 7.45 7.47 

  

In the 13C NMR spectra the signals for C-11 (C=N) around to 157 ppm 

with a constant couple 2J (13C, 119Sn) from 67 to 79 Hz, the signal for C-14 

corresponds to the signal from 127.51 to 129.34 ppm. In addition, the four signals 

for chain of dibutyltin α, β, γ and δ are the region aliphatic, for the phenyls, the 

signals are in the region aromatic, C-ipso, C-ortho, C-meta and C-para with the 

respectively constant couple with allow assign the signals. Electronic density of 

ring aromatic is affected by ortho and para carbons. The chemical environment of 

the carbons coordinated with the tin atom of this is different with respect to the 

carbonyl of the ligand, although the effect deprotection is small indicates that the 

effect is coordinated with the tin atom. The dates for 13C RMN are in the Table 3. 
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Table 3.  Chemical shifts of groups linked to tin atom nBu2SnO and Ph2SnO. 
Comp C-α/C-i C-β/C- C-γ/C- C-δ/C-
4 1.55- 1.65- 1.35- 0.85-
5 - 7.91 7.43 7.45 
9 22.28 27.04 26.64 13.41 
10 137.39 136.39 130.76 133.94 

  

 

5.2.2. Analysis of IR. 

 

The IR spectral analysis realized in solid state (See Appendix), showed the 

imine (C=N) stretching vibration bands for ligands to 1625 cm-1 while for the 

compounds the range from 1600 to 1608 cm-1. This shift is due to the coordination 

of the imine nitrogen to the central tin atom;40 therefore, we can conclude there is a 

decrease in force when the new dative link is formed. In addition, for the ligand, the 

stretching vibration bands of NH, OH and C=O disappear from the spectra of 

complexes due to the deprotonation of the OH by the coordination with the central 

atom, and C=O confirm that the ligand coordinates with the tin in the enol form.  

Besides, we can see the presence of a C=NN=C group41 for the complex around 

to 1599-1585 cm-1.  The stretching vibration bands of NH, OH and C=O. (Table 

4) 
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Table 4. IR data of ligands and compounds in cm-1 

 3 4 6 8 9 1

C= 1622 16 1 162 1 1

N- 3318-   331   

O- 3250-   325   

C= 1642   163   

C- 3066- 30 3 306 3 3

C- 3056 29  162 2  

O- 2313 23 2 231 2 2

 

 

5.2.3. High resolution mass spectrometry analysis. 

 

The mass spectra of the molecules (See Appendix), were obtained by time 

of flight method (TOF). The high-resolution mass spectrum confirms the expected 

molecular ion peak (3: 534.2267, 4: 967.2261, 5: 1047.1009, 8: 715.2299, 9: 

1410.3049, 10: 1531.124357)  

The compounds 5 and 10 showed the peak base corresponds to the 

molecular ion peak and it is consistent with the theoretical molecular mass, for 3 

and 8 the ion peak correspond to the loss one tin and its butyl chain. Besides, the 

isotopic distribution of parent ions in the spectra demonstrated the presence of two 

atoms of tin in the organotin 4. The comparison of predicted theoretical and 
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experimental isotopic distributions of spectra for compound 4 is given in Figure 11. 

For the trinuclear compounds the signals for three tin atoms can be observed (See 

Appendix)  

 

Figure 11. Isotopic pattern of compound 4. 
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5.2.4. X-ray single analysis. 

 

The structure of compounds 4 (See Appendix) and 5 are represented by the 

ellipsoid plot. (Figure 12). Crystal data were determined by single crystal X-ray 

diffraction analysis (Table 5). Selected bond length and angles are listed in Table 

6. The structures of compounds 4 and 5 belong to the system triclinic space group 

P-1 

The structures 4 and 5 contains binuclear diorganotin structure with trans 

conformation,  the oxygen atoms are in axial position 4: Sn-O1 2.092(2), Sn-O2 

2.136(2) Å , (6: Sn-O1 2.0688(11), Sn-O2 2.1205(11) Å and nitrogen atom forms a 

coordination bond with the tin atom in an equatorial position, the central tin atoms 

are five-coordinated with distorted trigonal bipyramidal molecular geometry 

(OSnO range angle 4:1554.35°, 5: 156.00°, CSnC 4: 128.6°, 5: 123.84°), 

results from strained five-membered SnNNCO chelate ring. The coordinate 

bonds NSn is a length the 4: 2.161(2) Å, 5: 2.1409(13) Å. for 4 and 5 

respectively, these bonds are shorter that similar molecules reported.42 
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Figure 12. Molecular structure of 5. 
 

Additionally, the X-ray structure provide the molecular constitution with a 

planar system and show -stacking as a dimer with a - distance of 3.47 Å 

(Figure 13). Moreover, the compound 5 shows the formation of a 1D chain through 

C-H(19)•••π-system (C-27) 2.851 Å intermolecular interactions In general, the 

crystallographic data obtained are comparable with related organotin complexes.43  
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Table 5. Crystal data of compounds 4 and 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4 5 
Empi C46H54N4O4Sn2 C54H38N4O4S
Form 964.31 1044.26 
Tem 293(2) 293(2) 
Wav 0.71073 0.71073 
Cryst Triclinic Triclinic 
Spac P-1 P-1 
a, Å 9.1440 (6) 9.1150 (8) 
b, Å 10.8028 (7) 10.5354 (9) 
c, Å 12.6767 (8) 12.3958 (11) 

 75.878 (2) 80.286(2) 

 71.479 (2) 71.486(2) 

 68.949 (2) 68.711(2) 
V, Ǻ3 1096.12 (12) 1055.35(16) 
Z 1 1 

calc, 1.461 1.643 

, 1.185 1.239 

2 2.852-27.098 3.376-
Inde -11<h<11, -12<h<13, 
 -13<k<13, -15<k<15, 
 - 16<l<16 - 17<l<17 
No. 11740 14656 
No. 4823 6385 
[Rint] 0.0215 0.0185 
Goo 1.079 1.057 
R1, 



0.0337/0.0886 0.0216/0.054
R1, 0.0410/0.0945 0.0239/0.055



63 

 

 

Table 6. Selected bond distances (Å) and angles (º) of compounds 4 and 5. 
 

bond 4 5 Angles 4 5 

Sn(1)-

N(1) 

2.

161(2) 

2.14

09(13) 

O(1)-Sn(1)-

O(2) 

154.

35(19) 

156.0

0(5) Sn(1)-

O(2) 

2.

136(2) 

2.12

05(11) 

O(1)-Sn(1)-

C(16) 

98.5

(7) 

97.86

(5) Sn(1)-

O(1) 

2.

092(2) 

2.06

88(11) 

O(2)-Sn(1)-

C(16) 

95.6

(7) 

96.61

(5) Sn(1)C(

16) 

2.

116(4) 

2.10

90(15) 

O(1)-Sn(1)-

C(20) 

93.8

(7) 

96.05

(5) Sn(1)-

C(20) 

2.

115(4) 

2.12

13(15) 

O(2)-Sn(1)-

C(20) 

97.1

(3) 

91.64

(5) N(1)-

C(11) 

1.

301(4) 

1.30

13(19) 

O(1)-Sn(1)-

N(1) 

82.0

0(9) 

 

82.63(5) N(2)-

C(12) 

1.

308(4) 

1.31

59(19) 

O(2)-Sn(1)-

N(1) 

73.0

0(8) 

73.69

(4) C(2)-

O(1) 

1.

309(4) 

1.32

66(19) 

C(16)-

Sn(1)-N(1) 

110.

5(5) 

117.9

2(5) C(1)-

C(11) 

1.

426(4) 

1.43

5(2) 

C(20)-

Sn(1)-N(1) 

120.

6(6) 

117.7

1(5) C(12)-

O(2) 

1.

288(4) 

1.30

70(18) 

C(16)-

Sn(1)-C(20) 

128.

6(8) 

123.8

4(6) N(1)-

N(2) 

1.

400(3) 

1.39

41(16) 

   

 

 

 

Figure 13. Molecular structure of 5 showing intermolecular interactions. 
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5.2.5. Optical properties. 

 

The intrinsic photophysical properties of complexes were studied in 

chloroform and collected in Table 7. The ligands 3 and 8 are only soluble in DMSO, 

so its photophysical properties in solution were not investigated. The Figure 14 

shows the absorption fluorescence spectra of tin complexes in chloroform. 

Compounds present two UV peaks (4 and 5/9 and 10) at 338/335 nm and at 

346/350 nm, which are ascribed to intraligand electronic transitions and two peaks 

in the visible at 442/453 nm and 472/484 nm. This main peak nm is due to the 

HOMO-LUMO electronic transition of ligand-to-metal type and is found with no 

significant shift between the two complexes indicating that the phenyls and butyls 

ligands do not participate in the electronic delocalization of the  
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Figure 14. UV-vis of organotin compounds. 
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HOMO and LUMO orbitals, as previously found for other Sn complexes.  

The other peak in the visible around 442 at 456 nm can be associated with a 

vibrionic replica with spacing of 27 nm with respect to the (0,0) excitonic peak. The 

optical band gap was almost equivalent, ~2.5 eV, that belongs to the 

semiconducting range 

Table 7. Photophysical properties of organotin derivatives 5, 6 and ligand 4. 

*calculated on the bold marked wavelength 

. 

 

  abs 

(nm) 

ԑ* 

 

Eg 

(eV) 
em 

(nm) 

 

(cm-

1) 

 

(%) 

 

(ns) 

Knr 

109 s-1 

Krad  

109 s-1* 

3 powder          

4 CHCl3 337, 

353, 

456,483 

7.89*104 

M1 cm-1 

2.45 495, 

528 

502 35.0 1.82 0.19 0.36 

 

 

5 CHCl3 337, 

353, 

452, 479 

4.27 

*104 M1 

cm-1 

2.49 488, 

523 

385 49.5 2.13 0.23 0.24 

8 powder          

9 CHCl3 337, 

353, 

446,472 

6.84*104 

M1 cm-1 

2.51 486, 

517 

610 52.39 0.17 0.17 0.15 

10 CHCl3 337, 

353, 

442, 468 

2.12*104 

M1 cm-1 

2.54 482, 

512 

620 51.68 0.16 0.16 0.15 
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The fluorescence spectra are quite mirror-like with respect to the visible part 

of the absorption spectra, presenting two peaks; a maximum at 486/495 nm and a 

replica 528/523 nm being the spacing equal to 33/35 nm, similar to the values 

found in the absorption spectra. (Fig. 15a). The corresponding excitation spectra 

are identical and match well the absorption spectra. Moreover (Fig. 15b)., the 

fluorescence spectra do not change with the excitation wavelength (Fig. 16). From 

all these results, it is deduced that there is only one emitting state. 
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Figure 15. a) Emision espectra and b) excitation spectra of organotin 
compounds. 
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Figure 16. Excitation spectra of organotin compounds. 
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In general, the optical properties are similar to those previously reported for 

mononuclear Sn complexes derived from [N-(2-Oxido-1-naphthaldehyde)-4-

hydroxybenzyhydrazidate]44 but with redshifts in the absorption and emission 

maxima indicating an increase in the effective conjugation length, i.e the 

complexes Sn units are electronically interacting. The fluorescence quantum yields 

are also in the same range, with even shorter Stokes’ shifts . The extremely small 

 values reveal that the geometry is maintained after excitation. The deviation from 

the unity for the fluorescence quantum yield is thus expected to be mainly due to 

competitive processes different from internal conversion. It is evident that there is a 

large overlapping between the absorption and emission spectra. This suggests that 

the emitted light can be re-absorbed. Intersystem crossing to triplet states can be 

also possible. The fluorescence decays can be well fitted by a monoexponential 

curve with lifetime  of ~ 2ns (Fig. 17). 

0 5 10 15 20 25
0

2000

4000

6000

8000

10000

C
o

u
n

ts

Time (ns)

 4

 5

 9

 10

 

Figure 17. Fluorescence decays spectra of organotin compounds. 
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Due to the good quantum yields and previous results reported for other Sn 

complexes,22,45 the feasibility of obtaining good optical quality films for 

optoelectronic applications was investigated. 

 

5.2.6 Thermal analysis.  

 

Simultaneous analysis of thermal stability of tin compounds 4-5 and 8-10 

were determined by differential thermal analysis (DTA) and thermogravimetric 

analysis (TGA) in the temperature range 25 to 600 °C under a nitrogen 

atmosphere. The melting transition (Tm) and decomposition temperature (Td5) are 

summarized in Table 8. The Figure 18 show the decomposition temperature curves 

for the compounds which exhibited thermal stability in the range of 210-308 °C. 

which is a requirement for those tin compounds that wants to be deposited by 

thermal evaporation.  

Table 8. Thermal data (°C) of organotin derivatives 5 and 6. 
Com

pound 

To Td5 Tmax Tm Tf 

4 281 329 382 172 635 

5 299 356 386 336 637 

9 278 321 396 86 639 

10 310 348 398 340 630 
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Figure 18. TGA thermograms of tin compounds. 
 

5.2.7 Characterization of film. 

 

The shape of the absorption peaks is the same as that of the solutions, 

having visible absorptions with the typical appearance of an excitonic spectrum 

and weaker UV bands. There is a bathochromic displacement of the maxima, in all 

cases, with respect to the solutions, which is consistent with what are known as 

solid state effects, i.e. the presence of intermolecular interactions. Unfortunately 

complexes 5 and 10 could not form thin films of the thickness that is required for 

light emitting diodes or solar cells (100-150 nm) as its solubility is limited to 5 g/L. 

On the contrary, complex 4 and 9 can be dissolved in concentrated solutions (5-30 
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g/L) from different solvents (chloroform, dichloromethane, THF, chlorobenzene). 

(Fig 19.)  

The UV-Vis spectra in films (Figure 24) are similar to those studied in 

solution but the maxima are slightly red shifted, which is due to intermolecular 

interactions occurring in solid state. (Table 7) 

 

Figure 19. UV-vis (solid line) and fluorescence (dotted line) spectra of a 
spun film of organotin compound 5. 

 

5.2.8. Atomic force microscope. 

The morphological study of the films was done by AFM in tapping mode, as 

can be seen in figure 13. The thickness of the film for 4 was around 100 nm and is 

observed, a homogeneous layer with agglomerates of different morphology and 

size that persist in areas of 5 * 5 μm2, giving a roughness in this area of 1188 nm, a 
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little higher than that observed on the compound 5. The section study gives a 

thickness of 139.4 nm, more akin to the desired thickness for diodes. (Figure 20) 

 

Figure 20. AFM of organotin compound 4 in a) CHCl3. b) C6H5Cl. 
 

5.2.9. Cyclic voltammetry. 

The calculated electrostatic potential map (EPM) of ligand 4 and Sn-

complexes 5, 6 is shown in Figure 21. The ligand exhibits an inhomogeneous 

electrostatic distribution map (in green) all along the structure. The greatest surface 

of electronegative charge (in red) susceptible to redox process is mainly located on 

both –OH’s of the anthracenes and slightly on one of the nitrogens of the azine 

group (=N-N=), in contrast the lowest electronegative charge (in blue) is mainly 
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found on the central phenyl. Interestingly, when ligand is complexed with Sn, either 

with butyls or phenyls, the EPM images show that the greatest surface of negative 

or electron rich regions is distributed on the aryls, on the -O and N- coordination 

center, while the lowest electrostatic potential surface is located around the -Sn- 

coordination center, meaning that their redox behavior and contribution is lower 

with respect to the entire conjugation part, likely because Sn imparts an electron 

donor character. As a term of comparison, the analogue Sn-mononuclear complex 

I [45], shows that the great surface of negative charge is concentrated around the -

C-O-phenyl, -C-O-anthracenyl and on one of the coordination nitrogen Sn-N=N-, 

while a slight EPM is distributed (yellow) on the conjugated aryls.  

 

 

Figure 21. Electrostatic potential map (EPM) of binuclear Sn-complex 5 and 6 and 
their corresponding ligand 4. EPM of mononuclear Sn complex I ([N-(2-Oxido-1-
naphthaldehyde)-4-hydroxybenzyhydrazidato] di-nbutyltin) is given as comparison 
purposes. 
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All the complexes are electroactive in acetonitrile either in forward direction 

(from -3 to +3V) or separately analyzed (0 to +3 V and 0 to -3 V). In order to better 

understand the electrochemical behavior of these complexes, Figure 21 shows the 

voltammogram for 5, together with the mononuclear complex I45 as term of 

comparison. We have found that the Sn-mononuclear complex I exhibits at least 

four distinguishable oxidation peaks, whereas three reduction peaks are well 

defined. From the molecular structures and EPM images, we may consider the -C-

O-aryls, =N-N=, aryls functional groups to be susceptible to redox processes. 

Where, the metal ion and its coordination with the azine group could rather be 

associated with the oxidation processes. In Figure 22, the first peak at +1.08 V was 

associated with the loss of electrons of both the Sn and =N-N=, since we 

previously found that the oxidation of the azine group appears for free ligand at 

+0.9 V.46 Similarly, in the reduction process, the first peak of the reduction 

processes at -0.66 V is associated with the reduction of both, the Sn and its 

coordination with the azine because the corresponding free ligand reduction of the 

azine to (-NH-NH-) is found between -0.9 V and -1.0 V.   

In contrast, voltammograms of complexes 4, 5 disclose: no significant 

change in both Ered potentials as is observed in the inserted Table of Figure 22; this 

behavior is in accordance with what was observed by UV/Vis spectroscopy, i.e. 

there is no marked difference in the electronic properties of the complexes by 

changing the butyls per phenyls. The voltammogram shows only one weak 

oxidation peak around +0.8 V, assigned to the Sn oxidation, and another one, 
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almost perceptible, at +1.20 V, which is assigned to the loss of electrons of =N-N=, 

and the more intense peaks are found at +2.27 and +2.53 V, assigned to the 

conjugated aryls that become more difficult either to oxidize or reduced. The 

presence of only one peak in the voltammograms for the Sn, suggests that both 

atoms are electronically interacting, while their cathodic shift, with respect to the 

mononuclear I is due to the effect of an increase in the conjugation length, such as 

was also observed by UV-Vis spectroscopy. From the Eox and Ered potentials, the 

HOMO (5.6 eV) and LUMO (3.5 eV) values were calculated for both compounds 

giving an electrochemical band gap of Eg = 2.0 eV, values that are quite consistent 

to those obtained from the theoretical calculations (HOMO 5.5 eV and LUMO 2.2 

eV, Eg = 3.2 eV), while the optical band gaps determined in CHCl3 are of Eg =2.1 

eV; in the range of semiconductor materials. 

The ligand 8 and the trinuclear compounds (9 and 10) has the same 

behavior that the binuclear compounds and the respect ligand. (Table 9) This is 

observed in the voltamperogram (See Appendix) 
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Figure 22. Cyclic voltammograms of binuclear Sn complex 6 and of mononuclear 
Sn complex I ([N-(2-Oxido-1-naphthaldehyde)-4-hydroxybenzyhydrazidato] di-
nbutyltin) in 0.1 mmol acetonitrile, at scan rate of 50 mV/s, V vs Ag/AgCl and using 
GC as working electrode. The inserted table summarises the electrochemical 
parameters determined for both binuclear complexes. 

Table 9. Dates of Cyclic Voltammetry for all the molecules 

Compound Ered Eox Ip Ea Eg 

3 -0.7485 +0.96 5.4 3.7 1.7 

4 -1.22 +0.87 5.6 3.5 2.0 

5 -1.25 +0-84 5.6 3.5 2.0 

8 -0.97 +0.95 5.4 3.4 2 

9 -1.23 +0.52 4.9 3.2 1.7 



76 

 

 

10 -1.10 +1.55 6.0 3.3 2.7 

 

 

5.2.10. Scanning tunneling microscopy (STM) 

 

Both binuclear complexes were investigated at atomic level by STM. After 

having deposited a drop of the 2.8 mM solution on the highly oriented pyrolytic 

graphite (HOPG), a pulse of 2-6 V was immediately applied in order to induce the 

self-assemble monolayer (SAM) at the interface HOPG/TCB. Figures 23a,c show 

the mesoscopic STM images, while those obtained at high resolution are shown in 

Figure 23b,d, respectively. It can be seen, that at mesoscopic scales complex 4 

does not cover large surface areas as complex 5 does. In fact, 4 self-organizes in 

randomly oriented microdomains, while 4 sponteaneusly arranges into a well-

defined molecular layer. However, both complexes pack tightly on the surface, 

forming long lamellar structures, with differences in the lamellar stacking because 

of the change in the ligand (butyl or phenyl) but always adopting a face-on 

arrangement,47 where the conjugated backbones are flat-lying on the HOPG 

surface, likely due to the - interaction of the aryls with the HOPG. The average 

lamellas distance, Figure 23b,d for complex 4 is of 2.39 ± 0.14 nm, and 2.52 ± 0.10 

nm for complex 5. This value fits well the theoretical molecular length in their most 

extended conformation (=2.69 nm), which was obtained for the equilibrium 
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geometries through density functional theory. Within the lamellas, a spacing of 0.84 

± 0.07 nm for 4 and of 1.58 ± 0.15 nm for 5 was determined according to their 

profiles, (See Appendix). In this case, the difference with the theoretical value (i.e, 

1.37 nm corresponding to the alkyl-alkyl spacing for 4 and 1.46 nm that is the 

phenyl-phenyl distance for 5) is more significant. This suggests that the molecules 

stack with the butyls/or the phenyls ligands interdigitated as is sketched in Figure 

22e,f. Complex 5 presents a are more extended separation because of the major 

steric volume of the phenyl with respect to the butyl ligands of complex 4. The 2D 

unit cell parameter of a monoclinic type cell for Sn-complex 4,  

Figure 23e, was of a = 0.99, b = 2.76 nm and  = 83º, and of monoclinic type 

cell for Sn-complex 5, Figure 23f, was of: a = 1.46, b = 2.54 nm and  = 88º.  
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Figure 23. 2D STM lamellar images on the HOPG/TCB interface, left column of (a) 
4: Vbias = -740 mV, It = 90 pA and (c) 5: Vbias = -830 mV, It = 110 pA. Right 
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column, high resolution STM images of 4: Vbias = -740 mV, It = 90 pA and (c) 5: 
Vbias = -830 mV, It = 110 pA. Right column, high resolution STM images of (b) 4: 
Vbias = -740 mV, It = 90 pA and (d) 5: Vbias = -830 mV, It = 110 pA. The 2D cell 
parameters for 4 are a = 0.99 nm, b = 2.76 nm,  = 83º, for 5 a = 1.46 nm, b = 2.54 
nm,  = 88º. 

 

5.2.11. Characterization of the diode. 

 

The OLED type device was assembled as described in the part 

experimental. Figure 21 shows a typical current density curve (J) - voltage (V) and 

a luminance curve (L) -voltage (V), observing a density of current (2.7 mA/cm2) and 

a relatively low luminance (7.75X10 -05 cd/m2). In this can be seen a peak of current 

at Vp = 14.5 V, this effect is characteristic of the so-called tunnel diodes, this 

indicates that as the potential barrier decreases the probability of the charges 

going through that barrier increases, so the effect increases of tunnels, the 

decrease of the potential barrier, may be due to the proximity between electrodes 

(thin film), the chemical structure of the molecules and their conformation in solid 

state, but as noted by AFM the film is not so thin to produce tunnel effect, which 

would indicate that it is produced by the conformational arrangement in the solid 

state of the molecule. 
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Figure 24. Curve current density (J) -voltage (V) and luminance (L) -voltage (V) for 
a configuration ITO/PEDOT:PSS / 4 /Al OLED 

 

5.2.12. Solar cell 

 

As an additional contribution, an assembly of a solar cell with mixture in 

PCBM. As in the diode, the photovoltaic behaviour is low obtaining efficiencies in 

the order of 0.007 ± 0.00006%, with very low saturation currents ranging from 0.08 

to 0.11 mA/cm2 with an average of 0.09 ± 0.02 mA/cm2, the voltage in Open circuit 

goes from 0.30 to 0.33 V making the device a reproducible experiment. As for the 

FF is also low and can improve with the increase in the amount of PC61BM 

because although we are talking about photogeneration, the curve does not reach 
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its total rectification, this could be improved by changing the PC61BM ratio in the 

device. (Figure 25)  

In the Table 11 shows the parameters obtained of the characterization of 

solar cells. 

Table 10. Values obtained in solar cell. 
Jsc 
(mA/cm2) 

Voc 
V 

FF 
 

n% 

0.11 0.3 0.23 0.008 
0.08 0.38 0.22 0.007 

 

Figure 25. Curve I-V for ITO/PEDOT:PSS/4:PC61BM/FM. 
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5.2.13. Multi-Stimuli Responsive Fluorescent Materials. 

 

In addition, our research group are interested in multi-stimuli responsive 

fluorescent (MSRF) materials, due to their interesting application in sensors, optical 

devices, drug delivery, and cell imaging48 The study was carried out altering their 

photophysical properties upon application external stimuli such as: temperature 

and mechanochromism. 

The binuclear complexes were studied in photophysical properties at 

different temperatures from – 40 to 40°C and that the absorption properties 

suggest electronic interaction between the two Sn units, energy transfer from one 

unit to the other is likely possible. On the other hand, another possible cause is 

induced non radiative losses because of intramolecular rotation, as found for other 

Schiff bases complexes. 49 To support this hypothesis, fluorescence spectra were 

recorded in the temperature range -10 to 40 °C. Figure 26 reports the spectral 

evolution for 4 (See Appendix, for 5) as an example, where it can be observed a 

gradual increase of the emission intensity by lowering the temperature confirming 

this no-radiative loss.  
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Figure 26. Fluorescence spectra of organotin compound 4 in chloroform at 
different temperatures. 

 

Due to the good quantum yields and previous results reported for other Sn 

complexes,50,51 the feasibility of obtaining good optical quality films was 

investigated. Complex 5 unfortunately could not form thin films of the thickness, 

(100-150 nm) as its solubility is limited to 5 g/L. On the contrary, complex 4 can be 

dissolved in concentrated solutions (5-30 g/L) from different solvents (chloroform, 

dichloromethane, THF, chlorobenzene). Based on the thickness and roughness 

values, 10g/L chlorobenzene solution was used for the preparation of the films. 

The AFM study shows the coexistence of a flat surface with some aggregates with 

different morphology and that persist even in small areas. (See Appendix) 
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As the fluorescence quenching is very large, and aggregates were observed 

in the AFM study, aggregation studies were carried out in THF/water mixtures (4 

and 5 are soluble in THF but unsoluble in water) increasing the water content from 

0 to 90% with a 10% volume percent increase. Figure 27 reports the study on 

complex 4 (5, See Appendix) as example; the fluorescence intensity decreases 

with an increasing water content to 90 %. The aggregation caused quenching 

(ACQ)52 is consistent with the strong π-π stacking interactions observed in the 

crystallographic study for the single crystal and that are expected to increase as 

the non-solvent content increases. 

 

Figure 27. Emission spectra of 4 THF/water mixtures with different water fractions. 
From top to bottom: 100, 90, 80, 70, 60, 50, 40, 30, 20, 10% THF 
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Due to the good quantum yields and previous results reported for other Sn 

complexes,53,54 the feasibility of obtaining good optical quality films was previously 

investigated were by AFM study (See Appendix) showed the coexistence of a flat 

surface with some aggregates with different morphology and that persist even in 

small areas.  

The Stokes’s shift value is very small suggesting very minor influence of 

internal conversion but possible self-absorption. Nevertheless, the fluorescence 

quantum yield is ~500 fold quenched with respect to the solution.  

In order to investigate if this behavior was retained in bulk, powders were 

also analyzed. Figure 28 presents the UV-Vis absorption (a) and emission (b) 

spectra of complexes 4 and 5. The optical properties of the ligand 4 are also 

shown, as comparative term.   

 

 

Figure 28. Powder a) UV-vis and b) fluorescence spectra of organotin 
compounds 4 (squares), 5 (circles) and the ligand 3 (dotted lines). 
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Both the absorption and emission spectra of the tin complexes in powders 

maintain spectral features similar to those of the solutions, but red shifted of almost 

10 nm for the UV-Vis and 50 nm for the fluorescence maxima. This behaviour is 

consistent with intermolecular interactions that are likely more important for the 

excited than the ground state. The UV-Vis spectrum of the ligand 4 presents a 

broad band at around 400 nm, due to the -* electronic transitions of the 

conjugated Schiff base, which gives rise to a very broad emission band at 482 nm.  

For the stimuli in solid state we can see that the materials present a change 

in its coloration in a reversible manner in response to heating and cooling cycles. 

We can see a change that the materials present an increase in the emission 

intensity in heating.57 (Figure 29a). The coloration from the compounds in UV-vis 

and Uv-light at 25°C, 160°C and after cooling (Figure 29b and 29c), i.e. The 

phenomenon of thermochromism is given by the chemical equilibrium between the 

"keto" and an "enol" form, by means of an intramolecular transfer of protons, with 

the increase in temperature, the "keto-enol" equilibrium moves towards the form 

"Keto", which absorbs at longer wavelengths, and thus produces a continuous 

deepening of colour over a wide temperature range.  
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Figure 29. a) Emission spectra of compound 4 in solid state at different 
temperature. b) Fluorescence image of compound 4 at 25°C, 160°C and after 
cooling under Vis light. c) under UV light. 
 

 

Interestingly, even if the fluorescence intensity decreases, the emission 

properties of the complexes are still detectable even after 10 tons of pressure or 

after grinding and do not exhibit changes in the maximum positions, i.e. there is no 

mechanochromism. Figure 30 reports the fluorescence spectra of 5 before and 

after the 10 tons, where the inserted photos show that the powder preserves the 

same (orange) colour under visible light and (yellow) upon UV excitation; after 10 

tons. This is in agreement with the fact that the crystallographic structure of the 

compounds is maintained as found in the XRD studies (Figure 31) The XRD 

studies of the others molecules can be observed in the Appendix.  
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Figure 30. Powder absorption (left) and fluorescence (right) spectra of organotin 
compounds 5 before (solid line) and after (dotted line) 10 tons of pressure. Inserted 
figure: photos of the powder at different pre4ssures under visible and UV light. 
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Figure 31. XRD of compound 4 to pristine, grinding and pressure. 
 



89 

 

 

 

. 
 

Studying the thermochromic properties, the compounds were ground for 2 

min on a mortar,58 we can see the compounds respond to mechanical stimuli such 

as friction. The compounds low lost luminescent without changing colour, in the 

emission spectrum show a decrement and blueshift around to 10 nm this is likely 

that molecular interactions are partially destroyed, but there is not quenching in the 

molecule. (Figure 32) 

 

Figure 32. A) Fluorescence image of 4 and under grinding before (solid line) and 
after (dotted line) Inserted figure: photos of the powder at different pressures under 

visible and UV light. 
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6. CONCLUSION 

 

Four tin complexes (4-5, 9-10) and their respective Schiff bases (3-8) were 

prepared by microwave-assisted synthesis from 20 to 30 min; in one step by 

multicomponent method proceeded very fast and cleanly. The reaction times 

decreased around of 95 times in comparison with the conventional synthesis.  

The organotin compounds were fully characterized by spectroscopic and 

spectrometric method obtaining the expected compounds. The crystal structures 

were obtained for single crystal x-ray diffraction analysis, where it was observed 

that binuclear compounds present two tin atoms with a trans conformation 

(centrosymmetry) in the skeleton and a N→Sn coordination lengths, the crystal 

system is triclinic and special group P-1 for the two binuclear compounds. 

The absorption, fluorescence emission and lifetimes for the compound were 

studied in solution, except their ligand. The absorption spectra for (4-5, 9-10) 

revealed a maximum absorption around 468 to 483 nm in the ultraviolet region 

Fluorescence emission showed a mainly peak around at 482 to 495 nm and 

a replica around 512 to 528 nm being the spacing approximately 36 nm, like the 

values found in the absorption spectra. 

 An increase in quantum yield of fluorescence was observed around from 34 

to 52%, in comparation with others studied in the research group, this is explained 
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based on the change of the aminophenol to hydrazone derivatives due to the 

effective conjugation length by the two complexed Sn units are electronically 

interacting. On the other hand, another possible cause is induced non radiative 

losses because of intramolecular rotation, as in another Schiff bases complexes 

reported.  

The simultaneous thermal analysis under nitrogen of molecules showed that 

the complexes have high decomposition temperatures. 

The electroluminescent device type OLED fabricated using 4 as an emitter 

and electron transport, displayed an luminance of 7.7x 10 -5 cd / m2 at 29 V. In 

addition, due to its low fluorescent quantum yield in powder, 4 have a poor 

electroluminescence performance.   

As additional contributions to this work, a second application was made. due 

to the similar assembly when performing an OLED and a solar cell, we proceeded 

to make the device where its curve I-V shows efficiencies of .008% compared to 

literature is three orders greater than cells of Schiff bases reported by kaya and 

collaborators. 

Multistimulus studies were carried out for tin complexes for biological 

applications or as sensors where it could be observed that they could be good 

candidates for these applications. In addition, now there are no reports of 

luminescent tin compounds with these applications, so is opened an interesting 

area for potential study these compounds.                   
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7. APPENDIX 

 

 

Fig. S1. 1H NMR (CDCl3) spectrum of 1. 

 

Fig. S2. 1H NMR (CDCl3) spectrum of 2. 
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Fig. S3. 1H NMR (CDCl3) spectrum of ligand 3. 

 

Fig. S4. Mass spectrum of ligand 3. 
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Fig. S5. Infrared spectrum of ligand 3. 

 

 

Fig. S6. 1H NMR (CDCl3) spectrum of compound 4. 
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Fig. S7. 13C NMR (CDCl3) spectrum of compound 4. 

 

Fig. S8. 119Sn NMR (CDCl3) spectrum of compound 4. 
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Fig. S9. COSY (CDCl3) spectrum of organotin compound 4. 

 

Fig. S10. HETCOR (CDCl3) spectrum of organotin compound 4. 
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Fig. S11. Infrared spectrum of compound 4. 

 

 

Fig. S12. Mass spectrum of compound 4. 
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Fig. S13. 1H NMR (CDCl3) spectrum of compound 5. 

 

 

Fig. S14. 13C NMR (CDCl3) spectrum of compound 5. 
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Fig. S15. 119Sn NMR (CDCl3) spectrum of compound 5. 

 

Fig. S16. COSY (CDCl3) spectrum of organotin compound 5. 
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Fig. S17. HETCOR (CDCl3) spectrum of organotin compound 5. 

 

 

 

Fig. S18. Infrared spectrum of compound 5. 
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Fig. S19. Mass spectrum of compound 5. 

 

Fig. S20. 1H NMR (CDCl3) spectrum of 6. 
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Fig. S21. 1H NMR (CDCl3) spectrum of 7. 

 

Fig. S22. 1H NMR (CDCl3) spectrum of ligand 8. 
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Fig. S23. Infrared spectrum of ligand 8. 

 

 

Fig. S24. Mass spectrum of ligand 8. 

 



104 

 

 

 

Fig. S25. 1H NMR (CDCl3) spectrum of compound 9. 

 

 

Fig. S26. 13C NMR (CDCl3) spectrum of compound 9. 
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Fig. S27. 119Sn NMR (CDCl3) spectrum of compound 9. 

 

Fig. S28. COSY (CDCl3) spectrum of organotin compound 9. 
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Fig. S29. HETCOR (CDCl3) spectrum of organotin compound 9. 

Fig. S30. Infrared spectrum of compound 9. 
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Fig. S31. Mass spectrum of compound 9. 

 

 

Fig. S32. 1H NMR (CDCl3) spectrum of compound 10. 
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Fig. S33. 13C NMR (CDCl3) spectrum of compound 10. 

 

Fig. S34. 119Sn NMR (CDCl3) spectrum of compound 10. 
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Fig. S35. COSY (CDCl3) spectrum of organotin compound 10. 

 

Fig. S36. HETCOR (CDCl3) spectrum of organotin compound 10. 
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Fig. S37. Infrared spectrum of compound 10. 

 

Fig. S38. Mass spectrum of compound 10. 
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Fig. S39. Isotopic pattern spectrum of compound 10. 
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Fig. S40. TSPC data for 5-6 in CHCl3 by exciting at 455 nm. Dotted lines: fitted 

curves. Symbols: experimental decays; triangles=5, bottom and triangles=6. 

 

 

Fig. S41. Molecular structure of 5 showing intermolecular interactions. 
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Fig. 42. Film absorption spectra of tin compounds. 
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a) 

 

b) 

 

Fig. 43. AFM study of films of complex 3. Left: Two-dimensional topographic 

images (25 * 25 main image and 5 * 5 μm2, inserted). Right: corresponding section 

analysis. A) film prepared from chloroform solution and b) chlorobenzene. 
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a) 

 

b) 

 

Fig. 44. AFM study of films of complex 5. . Left: Two-dimensional topographic 

images (25 * 25 main image and 5 * 5 μm2, inserted). Right: corresponding section 

analysis. A) Film prepared from chlorobenzene solution 10 mg / mL (a) and 15 mg / 

mL (b) 
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Fig. S45. Cyclic voltammetry ligand 3. 
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Fig. S46. Cyclic voltammetry compound 4. 
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Fig. S47. Cyclic voltammetry compound 5. 
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Fig. S48. Cyclic voltammetry ligand 8. 
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Fig. S49. Cyclic voltammetry compound 9. 
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Fig. S50. Cyclic voltammetry compound 10. 
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Fig. S51. Thermogravimetric Analysis of compound 5. 
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Fig. S52. Thermogravimetric Analysis of compound 5. 
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Fig. S53. Thermogravimetric Analysis of compound 9. 
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Fig. S54. Thermogravimetric Analysis of compound 10. 
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Fig. S55.  Fluorescence spectra of organotin compound 5 in CHCl3 at different 

excitation wavelength. Inserted figure: corresponding excitation spectrum by fixing 

as emission value, the peak at 495 nm or the shoulder at 528 nm. 

 

Fig. S56. TCSPC Fluorescence decay (symbols) and fit (dotted lines) of organotin 

compound 4 and 5 in CHCl3. 
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Fig. S57. Fluorescence spectra of organotin compound 5 in chloroform at different 

temperatures. 

 

Fig. S58. Tapping AFM image of thin film prepared from chlorobenzene solutions 

of complex 4 in 25 m*25 m scanning area and (inset) 5 m*5m. 
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Fig. S59. Emission spectra of 5 in THF/water mixtures with different water 

fractions. From top to bottom: 100, 90, 80, 70, 60, 50, 40, 30, 20, 10% THF. 

 

Fig. S60. Powder a) UV-vis spectra of organotin compounds 4 (squares), 5 

(circles) and the ligand 3 (dotted lines) after 10 tons. 
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Fig. S61. Powder fluorescence spectra of organotin compounds 4 before (solid 

line) and after (dotted line) 10 tons of pressure. Inserted figure: photos of the 

powder at different pressures under visible and UV light. 
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Fig. S62. A) Fluorescence image of 3 under pressure 0, 2, 4, 6 and 10 tons.          

B) Emission spectra of 3 under pressure. 

 

Fig. S63. A) Fluorescence image of 5 under pressure 0, 2, 4, 6 and 10 tons.            

B) Emission spectra of compound 5 under pressure. 
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Figure S64. A) Fluorescence image of 3 and under grinding. B) Emission spectra 

of compound 3 and under grinding. 

 

Figure S65. A) Fluorescence image of 5 and under grinding. B) Emission spectra 

of compound 5 and under grinding. 
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