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Abstract 

The boron atom deviation from salicylidenimino-plane might affect the nonlinear optical (NLO) response. We 
found that the formation of the N→B coordinative bond increases the optical nonlinear response in comparison with the 
free-ligand. The electronic properties for these compounds were investigated by cyclic voltammetry, UV-vis, and 
fluorescence spectroscopy. DFT theory at B3LYP/6-31G (d) level indicates the phenyl of boron is not involved in the 
electronic distribution and these orbital frontiers are extended along the electron donor (-NEtR2R, -OMe) and acceptor (-NOR2R) 
groups of each system. Also, we reported two different one-pot microwave-assisted syntheses of four organoboron 
compounds with and without solvent where the reaction yield and time are improved. 
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1.  Introduction 
 

In recent years, there has been considerable interest in the synthesis of boron compounds indifferent fields such as 
supramolecularchemistry[ 0F1];medicinal chemistry as anticancer agents in boron neutron capture therapy [ 1F2], materials 
chemistry as fluorescents probes [ 2F3], imaging materials [ 3F4], laser dyes [ 4F5], organic light-emitting diodes [ 5F6], organic field-
effect transistors [ 6F7], photo-responsive materials [ 7F8], and nonlinear optics [ 8F9]. A great number of complexes have been 
prepared by condensation reaction between boronic acids and chelate ligands. However, it is important to mention that 
these complexes have been obtained in good yields using long reaction times (24-48 h) [ 9F10], even it has sometimes 
necessary to use organic acids as a catalyst [ 10F11]. Recently, syntheses of new boron compounds were prepared under 
microwave irradiation [ 11F12] and multicomponent reaction [ 12F13] with short reaction times and excellent yields has been 
reported. However, the synthesis under microwaves irradiation using many solid supports [ 13F14] is a very attractive and clean 
route for the preparation of organoboron compounds which so far has not been explored. 

 
Nowadays, there is increased interest in developing new organic materials with large second and third order optical 

nonlinear (NLO) responses for application in photonic such as optical communication, all-optical switching, data 
processing, and optical limiting [ 14F15]. Our research group has studied second and third order nonlinear properties of push-
pull boron compounds [ 15F16]. These results have showed that appropriate combination between electron withdrawing (A) and 
donating (D) groups and the formation of the coordinative bond N→B optimize the nonlinear effects. In particular, the use 
of bipolar systems to allow the modulation of HOMO-LUMO levels of conjugated molecules, which are directly related to 
the polarizabilitydegree [ 16F17]. In our ongoing studies on structural-optical response of boron compounds derived from Schiff 
bases, we present an environment-friendly one-pot synthesis method of boron compounds under microwave irradiation. A 
comparative study of linear and nonlinear optical properties, Raman spectroscopy, electrochemical and thermal properties 
as well as theoretical study between free-ligands and boron compounds are also reported.  
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2. Experimental methods 
 
2.1 Material and equipment 
 

2-hidroxysalicylaldehydes, benzoylhydrazides, phenyl boronic acid, and solvents were obtained from Aldrich 
Chemical Company without further purification. Synthesis of boron compounds 1-4 derivatives of the Schiff bases have 
been already published [23]. Boron compounds were characterized by UV-vis spectroscopy and their physical properties. 
UV spectra were obtained with a Varian Cary-100 UV/VIS spectrophotometer and emission measurements were performed 
on a Perkin Elmer LS-55 luminescence spectrometer. The preparation of boron compounds 1-4 was performed on a 
microwave reactor Anton PaarMonowave 300 P


Pwith a power of 40 W and 20 bars, specially designed for small scale 

microwave synthesis. Simultaneous thermal analyses (TGA-DTA) were carried out in the temperature range 25 to 600 °C 
under nitrogen atmosphere at a heating rate of 10 °C minP

-1
P using a TA instruments-SDT 2960 thermal analyzer. 

 
2.2Synthesis of boron compounds 1-4 under microwave irradiation with solvent 
 

A solution of salicylaldehyde 0.050 g (0.260 mmol), benzoylhydrazide 0.035 (0.260 mmol) and phenylboronic 
acid 0.320 g (0.260 mmol) in acetonitrile (5 mL) was irradiated at 200 P

o
PC for 5 min. The progress of the reaction was 

monitored by thin layer chromatography every 60 seconds. After cooling to room temperature, the excess solvent was 
removed and solid precipitate was filtered and washed with hexane. Compound 1: deep yellow solid (95%); m. p.: 153 P

o
PC. 

UV/Vis (THF): λRabs/maxR, εRmaxR*10 P

4
P: 427 nm, 1.24 M P

-1
PcmP

-1
P; Compound 2: light green solid (96%); m. p.: 151 P

o
PC. UV/Vis 

(THF): λRabs/maxR, εRmaxR*10 P

4
P: 393 nm, 1.68 M P

-1
PcmP

-1
P; Compound 3: light orange solid (94%); m. p.: 278 P

o
PC. UV/Vis (THF): 

λRabs/maxR, εRmaxR*10 P

4
P: 458 nm, 0.96 M P

-1
PcmP

-1
P; Compound 4: bright yellow solid (97%); m. p.: 242 P

o
PC. UV/Vis (THF): λRabs/maxR, 

εRmaxR*10 P

4
P: 412 nm, 1.97 M P

-1
PcmP

-1
P.  

 
2.3 Synthesis of boron compounds 1-4 under microwave irradiation solventless 
 

A homogeneous mixture of salicylaldehyde 0.050 g (0.26 mmol), benzoylhydrazide 0.035 (0.26 mmol), 
phenylboronic acid 0.320 g (0.26 mmol), and 0.200 g (1.96 mmol) alumina free-solvent was irradiated at 200 P

o
PC for 5 min. 

The alumina was activated at 210P

o
PC for 3 min before it was used, and then the reaction was carried out according to 

describe above. Compound 1: deep yellow solid (71%); m.p.: 153 P

o
PC. UV/Vis (THF): λRabs/maxR, εRmaxR*10 P

4
P: 427 nm, 3.16 M P

-

1
PcmP

-1
P; Compound 2: light green solid (83%); m. p.: 151 P

o
PC. UV/Vis (THF): λRabs/maxR, εRmaxR*10 P

4
P: 393 nm, 2.20 MP

-1
PcmP

-1
P; 

Compound 3: light orange solid (80%); m. p.: 278 P

o
PC. UV/Vis (THF): λRabs/maxR, εRmaxR*10 P

4
P: 456 nm, 2.78 MP

-1
PcmP

-1
P; Compound 

4: bright yellow solid (88%); m. p.: 242 P

o
PC. UV/Vis (THF): λRabs/maxR, εRmaxR*10 P

4
P: 414 nm, 2.20 M P

-1
PcmP

-1
P. 

 
 
2.4 Third-harmonic generation experiment 
 

The organic materials were studied in solid films using the guest (molecule)-host (polymer) approach. Ratios 
70:30 wt.% of polystyrene (PS) and compounds under test were dissolved in tetrahydrofurane. The solid films were 
deposited on glass substrates of a 1 mm of thick by using the spin coating technique. The solid films had typical thickness 
between 400 and 480 nm with good optical quality. UV-Vis spectroscopy of spin-coated films was performed on a 
spectrophotometer Perkin-Elmer Lambda 900 (Fig. S18). The film thickness was measured by a NanosurfEasyscan 2 AFM 
at a scanning of 50 µm/s and an applied  dynamic force of 2 mg. Third-order nonlinear susceptibility in solid film χP

(3)
P (-3ω, 

ω, ω, ω) were determinate according to the procedure reported in literature [ 17F18] by the Maker-fringes technique at the IR 
wavelength of 1300 nm. It consisted of Nd-YAG laser- pumped optical parametric oscillator (OPO) that delivered pulses of 
7 ns at a repetition rate of 10 Hz. The idler beam of the OPO system tuned at 1300 nm was focused into the polystyrene 
films doped with the molecule of interest. Typical pump irradiance at sample position was about 0.5 GWcm-P

2
P. The third 

harmonic beam emerging from films was separated from the pump beam by using a color filter and detected with a PMT 
and a lock-in amplifier. The third harmonic generation (THG) measurements were performed for incidents angles in the 
range from -40° to 40° with steps of 0.27°. Whole of the experiment was computer controlled. The Marker Fringer 
technique compares the third harmonic peak intensity I P

3ω
Pfrom the substrate-film with that produced from the glass substrate 

alone. The nonlinear susceptibility χP

(3)
Pin a film of thickness LRfRisdeterminate from equation (1): 
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𝑥(3) = 𝑥𝑠
(3) 2

π
�𝐿𝑐,𝑠
𝐿f
� �𝐼f

3ω

𝐼𝑠3ω�
1
2�
     Eq. (1) 

 
Where χs

(3) and LRc,sRare the nonlinear susceptibility and coherence length, respectively, for the glass substrate at the 
fundamental wavelength. In our calculation, we consider χs

(3)= 3.1 x 10P

-14
Pesu and LRc,sR= 14 µm for the glass substrate. In any 

case, our samples satisfied the condition LRf  <<RLRc,sRin which Eq. 1 is valid. 
 
2.5 Raman Spectroscopy 
 

Raman spectra were recorded on Horiba Xplora equipment, focusing the sample as powders on microscopic slide 
with a 10X objective. The excitation wavelength was 785 nm and the Nanoled power was 25% of total laser power (25 
mW). Spectra were acquired with 10s acquisition time and 5 cycles, spectral resolution of 2 cm 
 
2.6 Electrochemical analysis 
 

The electrochemical properties of ligands and complexes (0.5 mmol) were investigated by cyclic voltammetry in a 
C3 Stand cell from Basi coupled to a ACM Gill AC potentiostat/galvanostat. All the experiments were performed at room 
temperature in CHR2RClR2R and acetonitrile containing BuR4RNPF6 (0.1M) as the supporting electrolyte, platinum as a working 
electrode, Pt wire electrode as the counter electrode, Ag/AgCl electrode as the reference electrode and 
ferrocene/ferrocenium (FOC) as internal reference (Eox= 0.58 V, Ered= 0.701 V); value of -4.8 eV below the vacuum 
level. The experiments were carried out under nitrogen atmosphere at a scanning rate of 50 mV/s in a complete cycle 
between -3.0 and +3.0 V or in separated windows. The molecular orbital energies HOMO and LUMO were calculated from 
the first oxidation (Eox) and reduction (Ered) potentials with the relationship: E HOMO[LUMO]=[-exp(Emax (Ox[red] vs 
Ag/AgCl)]-4.8. 
 
2.7 Theoretical calculations 
 

All calculations were performed with Spartan v10 (Wavefunction. Inc). First the equilibrium conformer at ground 
state was found at AM1 level and then this geometry was further optimized through Density Functional Theory (DFT) 
calculations at the restricted B3LYP level with 6-31G(d) basis set. In the case of the theoretical absorption spectra, all 
calculations were done with GAMESS-US version 1 MAY 2013 (R1)[ 18F19]. All the structures were optimized at the B3LYP 
[ 19F20]/6-31G* level of theory, both in the gas phase and with the PCM solvent model. The solvents specified by the PCM 
solvent model [ 20F21] were acetone (EPS=20.70 D), tetrahydrofurane (EPS=7.58 D), chloroform (EPS=4.90 D) and toluene 
(EPS=2.38 D).  The optimized structures were subjected to vibrational analysis to ensure they were stationary points on the 
energy hypersurface, yielding only real vibrational frequencies. The excitation energies were calculated using TDDFT 
single points at the B3LYP/6-311++G** level on the previously optimized geometries, both in the gas phase and with PCM 
solvent model. The three lowest roots were calculated in all cases. Convolution of the resulting excited energies to 
simulated UV-Vis spectra was done with Gabedit v. 2.4.8. [ 21F22].  
 
 
3. Results and Discussion 
 
3.1 Synthesis 

 
The boron complexes 1-4 were prepared under microwave irradiation as indicate in Fig. 1. The time and yield of 

reaction in acetonitrile and alumina as support are compared with conventional method in Table 1. In general, boron 
compounds were obtained in quantitative yields from 71 to 97%, where the best results corresponding the condensation 
reactions using acetonitrile as medium of reaction. However, the preparation of these complexes using alumina offers an 
excellent alternative with yields in a range from 71 to 88 % and a time of 5 minutes. The most significant change for both 
methods were given in reaction time, where it decreased about of 576 times less than conventional method previously 
reported [ 22F23]. Our best knowledge this is the first report on synthesis of boron complexes using an inorganic solid support 
under microwave irradiation. 
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Fig. 1Synthesis under microwave irradiation with solvent and solventless of boron compounds 1-4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2Raman spectroscopy 
 

For the assignment of the Raman signals, we considered the molecular structures with the corresponding atomic 
identification (Fig. 2). Both ligands and boron complexes can present tautomeric equilibrium between two isomers with the 
N1-C8 and C8-O2 bonds in amide or oxime groups. However, the crystallographic studies carried out on 1, 2 and 5, 6 
suggest that the amide isomer is stabilized for the ligands through intermolecular and intramolecular hydrogen bonds. On 
the contrary, the complexes present the C8-O2 bond length closer to that of a single bond. Raman spectra were recorded by 
exciting at 785 nm, outside the absorption of the molecule in order to avoid any fluorescence effect.  
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Fig. 2.Boron complexes 1-4 and their free-ligands 5-8. 

 
The spectra of compounds 5, 6,1 and 2 are showed as representative samples for the whole series (Fig. 3). The 

spectra are reported in the 1650-1500 cmP

-1
P region, where changes in the chemical structures of the molecules due to the 

complexation can be associated with shifts in the corresponding double bonds vibrations. Table 2 collects the corresponding 
wavenumbers for all the molecules. The characteristic boron vibrations cannot be identified as they are expected at around 

Table 1:Comparison of the time reaction and yields from different methods of compounds 1-4 

Compound 
Yield  Reaction time 

Improved Time [%] [h] [min] 

 Conventional Microwave Conventional  Microwave  
Solvent  Free-solvent  Solvent  Free-solvent  

1 84 95 71 48 5 - 760 
2 84 96 83 48 5 - 760 

3 87 94 80 48 5 - 760 
4 94 97 88 48 5 - 760 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 1 Issue 10, December 2014. 

www.ijiset.com 

ISSN 2348 – 7968 

466 
 

1370 cmP

-1
P for the asymmetric B-O stretching [ 23F24], between 1103 cmP

-1
P and 1082 cmP

-1
P for the ν B-C [ 24F25] and around 700 

cmP

-1
P for ν B-N [ 25F26]; falling in a region where many other vibrations (for instance C-O stretching, C-N bending) appear.  

 

 
Fig. 3.Raman spectra of boron complexes 1-2 and free-ligands 5-8. 

 
For the free-ligands, considering the typical vibrations of the amide group, the middle band at 1625 cmP

-1
P is the 

fingerprint of the amide I (C8-O2) vibration, while the strong signal in the 1550-1570 cmP

-1
P region is of the amide II (NH 

stretching). Additionally to these bands, a strong signal at 1590-1600 cmP

-1
P is observed and ascribed to the imine C=N (C7-

N2) vibration. The complexation with boron converts the amide group to a rather an N=C-O- group with a vibration signal 
centered at c.a. 1635 cmP

-1
P due to the C=N (N1-C8) vibration. The strong band at 1599 cmP

-1
P was attributed to the -CH=CH- 

aromatic stretching vibration of the phenyl of the boronic group as reported by other authors [ 26F27]. The C=N stretching 
vibration of the imine group (N2-C7) that still appears as a strong vibration and is downshifted to around 1520 cmP

-1
P because 

of the decrease in the bond strength as a consequence of the new dative bond. With the exception of the Ph vibration that is 
at the same wavenumber for the four complexes, as it is outside of the cyclic structure derived by the complexation, in 
general, the position of the bands for both ligands and complexes depends on the overall electronic contribution of the 
substituents in para position of the two termini phenyls as also observed in the optical properties. 

 
Table 2: Selected Raman bands for boron compounds 1-4, and free-ligands 5-8. 
Compound Raman band (cmP

-1
P) Assignment 

1 1633, 1599, 1528 C=N (N1-C8), Ph. C=N (N2-C7) 
2 1636, 1599, 1519 C=N (N1-C8), Ph. C=N (N2-C7) 
3 1645, 1593, 1530 C=N (N1-C8), Ph. C=N (N2-C7) 
4 1637, 1599, 1530 C=N (N1-C8), Ph. C=N (N2-C7) 
5 1625, 1587 Amide I, amide II 
6 1627, 1596 Amide I, amide II 
7 1633, 1587 Amide I, amide II 
8 1623, 1597 Amide I, amide II 

 
3.3Optical linear and nonlinear properties 
 

In order to investigate the photophysical properties, the UV-vis absorption and emission spectra of boron 
compounds 1-4 in toluene, chloroform and acetone were recorded. The experimental results are comparedwith calculated 
values by theoretical study in Table 3, and the UV-vis and emission spectra in different solutions are showed in Fig. 
3andFig. 4. The UV-vis absorption spectra show a low energy broad band at 320 to 500 nm assigned to the π−π* transitions 
of the compounds. A change of solvent from toluene to chloroform and acetone revealed a blue/red shift around 23 to 70 
nm for 2 and 3. In the case of 1 and 4, the main emission peak seems rather insensitive to the change to the solvents. 
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Fig. 4. Absorption spectra of boron compounds 1-4 in different solutions. 

 
For the emission spectra in different polar solvents (Fig. 4), the molecule 3 displays a remarkable displacement 

from the red to blue region at room temperature while 2showsa slight red shift.In the case of the emission band the 
compounds 3 and 4 do not emit in acetone solution. This suggests that the change of polarity solvent affects the geometry at 
the excited state. 
 
Table 3: Calculated values of maximum absorption wavelength using TDDFT at the level B3LYP/6-311++G**//B3LYP/6-31G* and PCM solvent model 
(where applicable). 

Compound Solvent λRmaxR (exp) 
[nm] 

λRmaxR (calc) 
[nm] 

Absorption 
Transition 

λRemiR (exp) 
[nm] 

1 

None n.d. 408 π-π* n.d. 

Toluene 426 421 π-π* 489 

CHClR3 428 422 π-π* 483 

Acetone 428 421 π-π* 483 

2 

None n.d. 393 π-π* n.d. 

Toluene 397 399 π-π* 470 

CHClR3 395 396 π-π* 453 

Acetone 391 393 π-π* 469 

3 

None n.d. 506 π-π* n.d. 

Toluene 457 561 π-π* 528 

CHClR3 461 586 π-π* 598 

Acetone 456 607 π-π* n.l. 

4 

None n.d. 452 π-π* n.d. 

Toluene 417 477 π-π* n.l 

CHClR3 416 486 π-π* 518 

Acetone 409 493 π-π* n.l. 

n.d. = not determined, n.l. = not luminescent. 
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Fig.4. Emission spectra of boron compounds 1-4 in different solutions. 

 

 
Fig. 5. THG Maker-fringe patterns for thin solids film doped with 30 wt% of compounds 2-4 and 5 for a 1-mm thick substrate without a film deposited on 

it. The fundamental wavelength is 1300 nm. 

 
Typical plots of the THG signal from solid PS films doped with compounds 2-4 and from the substrate alone as 

functions of the incident angle for the excitation beam are showed (Fig. 5). The excitation wavelength in this case is 1300 
nm with THG signal at 433 nm. The THG curves display an oscillatory behavior typical of Marker-Fringe pattern with 
average intensity values for the solid films between 4 to 15 times more intense than the substrate alone. The third order 
nonlinear susceptibilities for the free ligands and their complexes are summarized in Table 4. For ligands 6-8, and the boron 
complex 2,the THG signal was very weak and below the range of sensitivity for our experimental setup, so the estimation 
of their χP

3
P values was not possible. In the case of 3 the poor of solubility does not permit the preparation of solid films for 

the analysis. The modest nonlinearities values were observed for the compounds 1 and 5 having the strong donor EtR2RN 
resulting to be 3.53 x 10P

-12
P and 1.51 x 10P

-12
Pesu, respectively. It important to notice that the value of susceptibility for 1 is 

larger than boron complexes due to the thickness of the film (460 nm) but the ability to generate the THG intensity shows 
that the best materials are the molecules with dipolar design type push-pull, actually, the best response corresponding to the 
molecule 3 (Fig. 5).However, the nonlinear susceptibility value determined for 1 is larger than those reported for other 
tridentates, and bidentate Schiff bases with similar thicknesses[ 27F28]. In thecases of the boron compounds 1, 3-4, the 
enhancement of the nonlinear properties it is observed from the ligand to their corresponding complexes, except 2,which 
does not have the ability for to generate the nonlinear response. A similar behavior was observed by other authors for 
different four-coordinate boronates[ 28F29]. Unfortunately, it was not possible obtaining the crystal structure for 3 and 4, for to 
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make a comparison and confirm the effect of the conformation on the nonlinear behavior between ligand-free and 
complexes but these materials due to was not possible to obtain good monocrystal that could be characterized by single X-
ray diffraction. However, the analysis of crystal structure for 1 and 2 suggested that tetrahedral character of boron atom in 1 
generated a high deformation of conjugated π-system compared with molecule 2, which could be explains the nonlinear 
optical response. This result is consistent with nonlinear properties in boron compounds derived from 
salicylideniminophenols[ 29F30]. 
 
3.4Thermal analysis 
 

Simultaneous analysis of thermal stability of boron compounds 1-4 and the Schiff bases 5-8 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 (T RmR) and decomposition temperature (TRd5R) are summarized in Table 4. The 
decomposition temperature curves for the Schiff bases 5-8, which exhibited thermal stability in the range of 233-286 P

o
PC are 

given in Fig. 6. In the case of free ligands 7 and 8, the DTA curves (Fig. S7-S8) show an endothermic peaks at 112 P

o
PC and 

100 P

o
PC with a loss of mass of 4.2 and 5.4 %, respectively, which is attributed to the dehydration process. Additionally, the 

free ligands showed a remarkable endothermic peak from 184 to 224 P

o
PC range due to the melting process, this thermal 

behavior has been reported for another Schiff bases [ 30F31]. 
 

 
Fig. 6. TGA thermogram of Schiff bases 5-8. 

 
Table 4:Nonlinear properties into PS (30:70% wt.%) in solid state and thermal stability of boron complexes 1-4 and free-ligands 5-8. 

Compound χ3*10 P

-12 
[esu] 

TdR5 
[ P

o
PC] 

Tm 
[ P

o
PC] 

1 n. d. 278 217 
2 1.51 225 216 
3 3.39 230 151 
4 2.42 243 172 
5 3.53 286 224 
6 n. d. 233 184 
7 n. d. 261 224 
8 n. d. 274 218 

n. d. = not determined. 
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Fig. 7. TGA thermograms of boron compounds 1-4. 

 
3.5Electrochemical properties 

 
The electrochemical parameters of all of the molecules are summarized in Table 5. It is important to point out that 

boron complexes undergo solvolysis during electrochemical studies in THF. Moreover, voltammograms are not resolved 
when are carried out in a complete cycle from -3 to +3 V window in CHR2RClR2R or acetonitrile. In contrast, when they are 
analyzed individually, oxidation potentials are well defined in CHR2RClR2R, while reductions are in acetonitrile. The entire 
compounds show a first oxidation peak (reversible) between +0.8 and +1.6 V and a second but not well defined and 
irreversible peak at 1.7 - 2.0 V (Fig. S9), while in the reduction cycle two (quasi-reversible) peaks were observed for 
methoxy ligands and one (reversible) peak for their corresponding boron complexes (Fig. S10-S11). 
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Fig. 8.Cyclic voltammograms of ligand 5 and its boron complex 1. 
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Table 5:Electrochemical properties of boron complexes and free-ligands. 

Molecule 
max
ox

aE  
[V] 

max
red

bE  
[V] 

HOMO  
[eV] 

LUMO  
[eV] 

1 +1.17 -1.19 -5.97 -3.61 
2 +1.31 -1.21 -6.11 -3.59 
3 +1.24 -1.06 -6.03 -3.74 
4 +1.61 -1.10 -6.41 -3.70 
5 +0.91 -0.94 -5.71 -3.86 
6 +1.11 -0.91 -5.91 -3.89 
7 +0.90 -0.95 -5.69 -3.85 
8 +1.44 -1.07 -6.24 -3.73 

P

a
PIn CHR2RClR2R, P

b 
PIn acetonitrile.  

 

In counterpart, the diethyl amino ligands exhibit two reduction peaks, which disappear to give rise just to one 
reversible peak before their complexation with Boron (Fig. 8). According to literature, the presence of more than one 
oxidative/reductive peak in the voltammograms of a conjugated molecule can be ascribed to the formation of polarons and 
bipolarons, but in these particular molecules we think that it is due to the separate contribution of the different functional 
groups of the molecules[ 31F32], such as is the case of these series of molecules bearing =N-N=, OH, EtR2RN, NOR2R, MeO and B 
groups. Therefore, for the present molecules, the first peak that appears in all the compounds in the oxidation potential, was 
associated with the loss of electrons of the N-N and/or C=O groups [ 32F33]. At this respect the oxidation potentials of 
complexes 1-4 become in general more positive than those of the corresponding free ligands 5-8, for instances, the peak of 
complex 1 presents a shift of 0.256 V with respect to ligand 5, 0.127 V for 2 and 6, 0.34 V for 3 and 7 and of 0.174 V for 4 
and 8. This means that the boron quelated-ligands are more difficult to be oxidized than free ligands. Moreover, the higher 
values of oxidation potential are for those ligands and their complexes substituted with methoxy groups, and then by those 
molecules bearing the nitro group. Similar behavior was observed in the reduction cycle, where the potential reductions of 
boron complexes 1-4 are in general more negative than those of the corresponding free ligands, but less negative compared 
with the Alq3 (-2.1 V) that is the most widely used electron-transporting materials [ 33F34]. Therefore, their applications in 
light emitting diodes as electron-transporting compounds are a possibility. 
 
3.6Theoretical calculations 
 

The HOMO orbitals of all the compounds present the electronic distribution mainly on the EtR2RN-or CHR3R-O- group, 
up to the central amide for the ligands 5-8, while for complexes 1-4, the orbitals are extended up to the phenyl of the Boron; 
in other words all along the electron donor groups. In contrast, the LUMO orbitals are more localized on the electron 
acceptor groups of the molecules, which is in agreement with the push pull characters of the compounds. This effect being 
more marked for the nitro substituted complexes, which should present eventually larger nonlinear optical or photovoltaic 
properties. Fig. 9 shows the HOMO and LUMO orbital surfaces for ligand 4 and complex 8 as example, the orbitals for the 
other compounds are reported in the supporting information. Table 6 collects the calculated energy for the HOMOs and 
LUMOs. While the HOMO values are quite similar to the experimental ones obtained by cyclic voltammetry, the LUMO 
energies are less negative. However, calculations were realized based on an equilibrium conformer and in vacuum so the 
absolute values are not very significant. It is worth to observe that the phenyl of the boron is not involved in the electronic 
distribution in both HOMO and LUMO, as Boron is outside the conjugated plane. This can also explain why the Raman 
band at 1599 cmP

-1
P, assigned to the aromatic C-C stretching of this phenyl does not shift along the complexes family. 
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Molecule HOMO LUMO 
   

8 

  

4 

  
Fig.9 HOMO and LUMO orbital surfaces for ligand 8 and its corresponding complex 4. 

 
 

Table 6:Theoretical energy values for HOMO and LUMO orbitals of all the compounds. 

Molecule HOMO  
[eV] 

LUMO  
[eV] 

1 -5.2 -1.8 
2 -5.6 -2.0 
3 -5.5 -2.7 
4 -6.0 -2.8 
5 -5.2 -0.6 
6 -5.9 -1.2 
7 -5.4 -2.3 
8 -6.0 -2.4 

 
 
The figure 10 reports the electrostatic potential map (EPM) for the ligand 8 and its corresponding complex 4 with 

their optimized molecular geometry inserted for sake of discussion. The EPM of the other compounds is shown in the 
supporting information. The electrostatic potential maps for ligands shows a homogenous electron distribution map all 
along the ligands (green) (Fig. 10). From this figure, it can be observed that the lowest electrostatic potential density (blue) 
is mainly located on phenyls, -OH protons, while the carbonyl is the site surrounded by a great surface of negative charge, 
which represents the sites susceptible to redox potentials. Notice, that the nitro group in ligands 7, 8 also shows a great 
surface of negative charge, while the –N-N- group exhibits a rather moderate electrostatic potential map. However, when 
ligands are boroncompound, the EPM images disclose that: i) for the complexes H terminated, a greatest surface of 
negative charge is centered in –O-B-O- and the out of the plane phenyl, ii) the presence of the nitro group allows a larger 
distribution of this negative electrostatic potential to the nitro, releasing the –O-B-O- in a moderate charge potential, iii) the 
lowest electrostatic potential surface is located in both the electron donor groups EtR2RN- and Me-O-. On the basis of these 
results, we can assume that in the ligands the carbonyl, the nitro and in a slighter contribution the N-N- groups are the sites 
susceptible to redox potentials as was suggested by cyclic voltammetry, while in complexes the boron coordination groups 
and the nitro are the main sites.  
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Fig.10. Electrostatic potential map for the ligand 8 and boron complex 4. 

 
 
 
4.Conclusions 
 

In conclusion, we have developed an eco-friendly synthesis of boron compound derived from 
salycilidenbenzoylhydrazides. The boron compounds exhibit different absorption and emission behavior depending of the 
electronic contribution of the substituents in thepara position of the two terminal phenyl rings. In general, the phenyl boron 
derivatives exhibit good thermal stability with a decomposition temperature range of 225-278 P

o
PC.The boron atom deviation 

from salicylidenimino-plane might affect the NLO response. By comparison with similar molecules in the literature,we 
found that the formation of the N→B coordinative bond increases the optical nonlinear response in comparison with the 
free-ligand. The electrochemical properties show that the boron complex are more difficult to be oxidized and reduced that 
the corresponding free ligands. Theoretical calculations of the boron compounds and their free-ligands indicated that phenyl 
of boron is not involved in the electronic distribution and that these orbital frontiers are extended along the electron donor (-
NEtR2R, -OMe) and acceptor (-NOR2R) groups of each system.  
 
 
Appendix A. Supplementary data 
Supplementary data related to this article can be found at http:// 
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