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ARTICLE INFO ABSTRACT
Keywords: The non-linear optical technology is gaining huge attention to the thermal and mechanical sta-
Phenanthrolines bility, electrical property, and modulate signal flexibility that could be used in uprising opto-

Structural features

. . electronics devices based on powerful laser technologies such as all optical switches, light-
Nonlinear Optics

emitting diodes, data storage and optical communication systems. In this paper, selected three

THG

Hyperpolarizability phenanthrolines derivatives [2-phenyl-1H-phenanthro[9,10-d]imidazole (1), 2-(4-nitrophenyl)-
DFT 1H-phenanthro[9,10-d]imidazole(2),2-(4-methoxyphenyl)-1H phenanthro[9,10-d]imidazole (3)]
All optical switching were synthesized and characterized using UV, FT-IR and 'H NMR. Cubic nonlinear optical

properties susceptibility (yg) were analyzed and evaluated using the third harmonic generation
technique on thin films at 1064 nm. The investigation study is completed by a theoretical
calculation in which the different quantum chemical parameters like frontier molecular orbital
analysis, energy gap, dipole moment, average polarizability, and first second hyperpolarizability
were analyzed using Density Functional Theory (DFT). The non-linear optical behavior of the
selected three phenanthrolines derivatives is confirmed through the obtained high THG effi-
ciency. Moreover, a significant correlation between the molecular structures and the optoelec-
tronic properties is demonstrated.

1. Introduction

The design and synthesis of new organic molecules with multidisciplinary applications, such as optic, physical-chemistry, phar-
macology, medicine, and other fields have always attracted the attention of the community of scientists. The development of organic
NLO properties compounds has been facilitated by the organic chemist’s extensive knowledge of the optical properties. [1-10]. The
conjugated = electron system especially is preferred to bind to the electro-donor and electro-acceptor groups. Phenanthrolines de-
rivatives molecules with a © conjugated system present an ideal NLO system because of his large charge transfer through substituent
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Scheme 1. Synthetic pathway.

groups on the aromatic rings [11-16]. This class of organo-electronics molecules exhibits a potential applications in biochemistry
[17-20], photochemistry [21,22], nonlinear optics [23-26], electroluminescence [27,28] and many other advantageous properties,
etc. Due to the highs electronics potentials of these heteroaromatics rings and their derivatives.

Phenanthrolines derivatives are polycyclic organic ligands versatile moieties which have found use in many applications [29-32]
due to their interesting properties. Usually these molecules are used in the complexation and coordination chemistry [33-35]. Also,
these molecules present an important place in the design of organo-compounds with highs nonlinearities.

2-Arylimidazo[4,5-f]-1,10-phenanthroline is an attractive ligand and a number of compounds based on this nucleus with different
structural and electronic properties have been designed and synthesized [36,37]. The possibility of incorporating an
electron-withdrawing or electron-donating groups at the benzaldehyde-precursor of 2-arylimidazo[4,5-f]-1,10- phenanthroline have a
better effect on their HOMO and LUMO energies and then therefore on the photo-physical properties [38,39]. A considerable number
of metal complexes of this organo-electronics ligand such as those of Eu(II), La(IlI) and Ru(II) have been described and have shown
interesting photophysical properties [40-42].

Following to our later studies which are focused on the origin of the nonlinear response and the correlation between the chemical
structure and the nonlinear properties [43-46]. Herein, we present the details of three phenanthroline derivatives: the synthesis,
characterization, optical, and NLO properties. The cubic nonlinear optical properties of phenanthrolines derivatives were evaluated
using the third harmonic generation technique on thin films at 1064 nm. Few important parameters like frontier molecular orbital
analysis, first and second hyperpolarizability, electronic transitions, and molecular electrostatic potential (MESP) analysis have been
performed to explore the optoelectronic, photophysical and photovoltaic properties of designed and reference molecule.

2. Experimental details
2.1. General considerations

All reagents were used without further purification and were purchased as analysis grade. 'H NMR spectra were recorded on Briiker
Avance DPX250 spectrometers. The melting points of the synthesized compounds were determined using an Electrothermal IA 9100
digital melting point apparatus. The UV spectra of the three phenanthrolines derivatives were analyzed on UV/VIS Spectrophotometer
Optizen 1220; Infrared (IR) samples were prepared as KBr pellets and their spectra collected in the range 400-4000 cm-1 on Shimadzu
FT/IR-8201 PC spectrophotometer.

2.2. Synthesis

All reagents and solvents used in this study were purchased from Sigma Aldrich, and used without further purification.
The synthetic pathways of the studied ligands 1-3 are illustrated in Scheme 1. According to a modified literature procedure [47], 1,
10-Phenanthroline-5,6-dione was prepared. These molecules were synthesized according to the literature procedure [48].

2.2.1. Synthesis of 2-aryl-1H-phenanthro[9,10-d]imidazole derivatives

1,10-Phenanthroline-5,6-dione (100 mg, 0.48 mmol) which was prepared in accordance with established methods [47] was dis-
solved in glacial acetic acid (5 ml). Aromatic aldehyde (0.48 mmol) and ammonium acetate (14.4 mmol) were added. The mixture was
heated at reflux for 10 h. After the reaction was complete, the reaction solution was cooled to room temperature, diluted with water
then neutralized with aqueous ammonia and pH was adjusted to 8-9. The resulting precipitate was filtered and dried.
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Table 1
The values of third order nonlinear optical susceptibility (y532) and the of absorption coefficients of phenanthroline derivatives thin
films obtained from THG experiment.

Simple d @) 1735, 10% [m2/Vv?) « [10® em™] at 355 nm
1 2200 46.27 4.27

2 2000 105.32 27

3 2100 60.03 4.61

Silica - 2 B

Absorbance

0,0

300 400 500 600
Wavlength

Fig. 1. Absorption spectra of the three studied compounds dissolved in solutions.

2.2.2. 2-phenyl-1H-phenanthro[9,10-d]imidazole (1)

Yield 95%; Yellow solid; mp. > 300 °C (literature = 390-392 °C [49]); IR (KBr) v 3429, 1635, 1554, 1411, 1149, 802, 690; H
NMR (250 MHz, DMSO-dg): 8: 13.35 (s, 1H), 9.05 (dd, J = 4.2 Hz, J = 1.4 Hz, 2H), 8.93 (dd, J = 7.9 Hz, J = 1.3 Hz, 2H), 8.30 (d,
J = 8.0 Hz, 2H), 7.85-7.82 (m, 2H), 7.63 (t, J = 7.9, 2H), 7.52 (t, J = 7.1 Hz, 1H); UV-Vis (MeOH, A/nm): 224, 274.

2.2.3. 2-(4-nitrophenyl)-1H-phenanthro[9,10-d]imidazole (2)

Yield 97%; Yellow solid; mp. > 300 °C (literature = 339 °C[50]); IR (KBr) v, 1600, 1558, 1515, 1415, 1342, 1149, 856, 806; ‘H
NMR (250 MHz, DMSO-dp): 6: 9.20-9.17 (m, 2H), 9.10-9.07 (m, 1H), 8.74-7.72 (m, 1H), 7.84-7.79 (m, 4H), 7.56-7.50 (m, 3 H) ppm;
UV-Vis (MeOH, A/nm): 262, 384.

2.2.4. 2-(4-methoxyphenyl)-1H-phenanthro[9,10-d]imidazole (3)

Yield 90%; orange solid; mp. > 300 °C (literature >300 °C [51]); IR (KBr) v 3425, 1612, 1562, 1481, 1438, 1253, 1176, 1026, 952,
802, 732; TH NMR (300 MHz, DMSO-dg): 8 12.99 (s, 1H), 9.00 (d, J = 4.3 Hz, 1H), 8.90 (d, J = 8.0 Hz, 2 H), 8.22 (d, J = 7.9 Hz, 2 H),
7.86-7.78 (m, 2H), 7.20 (d, J = 8 Hz, 2 H), 3.85 (s, 3H); UV-Vis (MeOH, A/nm): 226, 280.

2.3. Thin film preparation and optical absorption measurements

Thin films of the three phenanthrolines derivatives compounds 1-3 were prepared from DMSO (Dimethyl sulfoxide) solution with a
concentration of 10 mg/ml. The homogeneous spreading out of the prepared solutions were deposited on cleaned glass substrates by
using spin-coater at 1200 rpm. To eliminate any remaining solvent obtained thin films were kept at 60 °C for 4 h in the oven. Thickness
details of elaborated thin films was measured by using profilometer (Dektak 6M) they are around 2000 A. The values of thickness and
third order nonlinear optical susceptibility (y5rg) are reported in Table 1.
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Table 2

Calculated first and second order hyperpolarizabilities components (B, y) using DFT at 6-31G(d, p).
Components 1 2 3
B 0.179431 0.129274 0.431312
By -0.923705 0.199755 -0.257877
Buyy -0.497066 -0.627543 0.485066
By -0.148487 -0.168091 -0.84372
Brv: 0.638572 -0.213179 0.136696
Boye 0.125859 -0.524198 -0.454971
Byyz 0.186262 -0.100062 -0.354395
B 0.208151 0.157046 -0.314417
By -0.147458 -0.149848 0.277512
Braa -0.407619 0.156483 0.176857
Brot (10730 esu) 11.41 106.2 8.113
Vexx 326.45 1880.28 10.7972
Vymyy 43.8833 44.8105 38.7533
Verzz 0.240564 0.238467 235.817
ey 18.669 65.5431 15.1742
Vxzz 2.36625 5.37974 44.4447
Ve 2.12996 2.19414 52.7914
7 (10-3es0) 83.380 414.312 102.037

2.4. Nonlinear optical measurements

By using a well-known Maker fringe setup [52,53], the third harmonic NLO properties measurements were carried out. Samples
were rotated from — 70° to + 70° and intensity of generated harmonics as a function of incident angle was measured in p-polarization.
The laser used for these measurements has the following characteristics; the fundamental wavelength beam was 1064 nm, frequency of
10 Hz, 30 ps pulse duration and energy of 60 pJ.

2.5. Geometrical structure analysis

The geometrical structures of the three phenanthrolines derivatives compounds 1-3 were optimized and analyzed with B3LYP/6-
31G (p, d) level using Gaussian 09 software programs [54]. And the Gauss-view molecular visualization package [55]. Density
functional theory (DFT) was used in this work, with the combination of the Becke’s three-parameter hybrid exchange-correlation
functional of Lee, Yang, and Parr (B3LYP) [56,57] to optimize and to calculate a few quantum chemical parameters, such as:
Dipole moment, polarizability, the first (8), second hyperpolarizabilities (y), energy gap (HOMO-LUMO), and molecular reactivity.

3. Results and discussion
3.1. UV-visible spectra

The absorption UV-vis spectra of all compounds are dissolved in methanol solutions are characterized by the presence of the
intense absorption bands between 260 and 275 nm, which are assigned to © — n* transitions. Also, a less intense absorption band at
385 nm, which is assigned to n — n* transition in the lower energy part of the spectra is observed for compound 2. Moreover we can
notice that the three phenanthroline derivatives compound present high transparency at the wavelength of more than 500 nm.
Moreover, from absorption spectra (Fig. 1) one observes that at wavelengths generated by third harmonics (THG), the absorbance is
not negligible.

3.2. THG results

To extract and evaluated the third-order NLO susceptibility of the three compounds thin films. Third harmonic generation mea-
surements have been performed on thin films at 1064 nm.
However, third-order nonlinear optical susceptibility was calculated by using the Wang model [58]:

2

3 2 LC?}il('a 4 B
22 =45 (E % R N T @
1— exp( a,d> Silica
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Table 3
Quantum chemical parameters of compounds 1-3 using B3LYP/ 6-31G (p, d).
Parameters Compounds
1 2 3
Total energy (Hartree) -950.31596434 -1154.8151046 -1064.84195166
Enowmo (eV) -5.586 -6.013 -5.356
Erumo (eV) -1.436 -2.753 -1.271
AE;.y (eV) 4.15 3.26 4.085

where: 73 = 2.10722m2. V2 [59], Lt . = 6,7um is the coherence length of reference material, d — sample thickness and I3 and

1B . are THG intensities of thin film and reference material, respectively.

Fig. 2 present THG intensities as a function of incident angle that is collected for compound 1. The y(®) THG susceptibilities values
for compounds 1-3 were estimated and evaluated by comparing the TH signal with that SiO5 glass material. As a reference material in
THG measurements was used silica glass with thickness 1 mm. We used formula 1 for our calculations of ¥® susceptibilities. The
calculated values of third order NLO susceptibility y® are given in Table 2. The obtained values of cubic susceptibility ) of the three
phenanthrolines derivatives, thin films at a measurement wavelength of 1064 nm have been estimated at 4,6. 10! [m?V?] and 10,5.
102! [m?V-?] (Table 2). These values are two order of magnitude larger than susceptibility y® value of silica. Also, we can observe
from Table 1 that the cubic susceptibility y® THG of molecule 2 is more important than y® of compound 1 and 3, this difference is due
to the difference between donor groups involving more charge transfer in this series of molecules. So that the influence of the electron-
donating groups following this order NO2 > OCH3 > H. These experimental results are in good agreement with theoretical results
obtained from Density Functional Theory (DFT); therefore the charge transfer in phenanthrolines derivatives 2 is greater than molecule
1 and 3.

3.2.1. First hyperplarizability

The present work aims to study the non-linear optical properties (NOL). Quantum electronic and optical chemical properties
calculations were carried using the GAUSSIAN 09 [60]. The molecular structures were optimized and analyzed with the Density
Functional Theory (DFT) at RB3LYP/6-31G (p, d) basis set. The polarizabilities and first static hyperplarizability characterize the
answer of a system in an applied electric field [61], they are defined in [62,63]. The simulation parameters of GAUSSIAN 09 output are
reported in atomic units and therefore the calculated values are converted into e.s.u. units (1 a.u. = 8.3693 9 10733 esw.). A third rank
tensor that can be described by a 3 x 3 x 3 matrix present the First hyperpolarizability. The 27 Components of the 3D matrix can be
reduced to 10 components due to the Kleinman symmetry [64]. The total dipole moment y, the average polarizability @ , and the first
static hyperpolarizability (f,), and average second hyperplarizability (y) frequency depended (0.043 a.u.) were computed by DFT
using the following relations and the results are given in Table 2 using the %, y, z components they are defined as follows:

2
1= (1 + i)

Xy o Xy
X=—FT—"—
3
1/2
ﬁO = (ﬂf + /}f + 3) and ﬁx = ﬁxxx + ﬁxvy + ﬁx:z
ﬁ," = ﬁ yyy + B.“Z«' + ﬁ}'-\'/"
ﬁz = BHZ' + ﬁzxx + ﬁr}‘)‘

1
Y= g(yxxxx + Vyyyy + Yz + zyxxyy + 2}')(,\':7 + 2yyyz:)

In order to investigate the correlation between the title compounds and Non-Linear Optical proprieties (NLO), the components of

the polarizabilities, hyperpolarizabilities (f) and average polarizability (x(Ag) were calculated.

The components of the first hyperpolarizability for the phenanthroline derivatives 1, 2 and 3 are given in Table 2. As we noticed,
the first hyperpolarizability of phenanthroline derivatives 1 is 1.83 times greater than those of 1 and 3. The results indicate clearly that
2 is better candidates in nonlinear optical material than 1 and 3. It is expected that the compound 2 consist of combination with NO2 as
the high electron-attractor group and increase of the first hyperpolarizability with the comparison to compound 3 where the O-CHj
acts as donor group.
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Table 4
Calculated total dipole moment p (Debye), average polarizability (x(i\3) of the studied compounds 1-3 using RB3LYP/6-31G (p, d).

Components 1 2 3

By 4.4539 -2.6603 -5.7144

By -2.7985 0.5720 -1.7519

B, 0.0005 2.1639 0.0005

B (Debye) 5.2602 3.4766 5.9769

ax 386.764 481.974 440.425

ay 290.321 302.745 300.192

@ 70.242 75.411 82.051
a(A’) 36.914 42.485 40.635

Aa (esu) 2.427 x 10 3.048 x 10 2.70 x 10

According to the present study, the calculated values of the dipole moment p,,, average polarizability &, and the first static
hyperpolarizability (,) of compound 2 are equal to 3.4582 Debye, 42.485 A3, and 106.27x 100 esu, respectively are shown in
Table 2.

The calculated values average of the polarizability a and dipole moment of phenanthroline derivatives 2 is about 42.485, greater
than 1 and 3. In addition, these results indicate that phenanthroline derivatives 2 show more NLO behavior.

Therefore, as shown in Table 2, the second hyperplarizability values obtained for compounds 1,2 and 3 increase in the following
sequence, compound (2) (414.312 x 10736 esu) > compound (3) 102.037 x 10~%6esu) > compound (1) (83.380 x 10~%esu). It is
noted that the compound (2) possess higher third order nonlinear optical susceptibility than compound (3) and (1). These results are in
good agreement with the experimental data. This suggested that the compound (2) is a potential candidate for NLO applications.

3.3. Frontier molecular orbitals (HOMO - LUMO) analysis

The most important molecular orbitals interaction in materials is the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO).

The major role that these orbitals play is governing many chemical reactions which are responsible for the formation of many
charge transfer compounds [65].

The LUMO represents the capability to obtain an electron and HOMO represents the capacity to donate an electron.

The energy gap orbitals (AE; g = E;ymo—Enomo) was calculated using the density functional theory (DFT) at B3LYP/6-31G (p, d)
level, which reveals the chemical reactivity of molecules and proves the occurrence of eventual charge transfer within compounds. The
optimization of the molecular geometry of the three phenanthroline derivatives in the gaseous phase was simulated in order to
calculate the stability of the total energy and the energy gap between the frontier molecular orbitals. In Tables 2 and 3 there are given
the results of simulation of NLO properties for the three phenanthroline derivatives together with the values of energies of HOMO and
LUMO.

The frontier orbitals gap aids to characterize the chemical reactivity and kinetic stability of the compounds. A compound with a
small frontier orbital gap is more polarizable, and is usually related with a best chemical reactivity, weak kinetic stability [66]. The
simulated quantum chemical parameters are grouped in Table 2. we can notice that the phenanthroline derivatives 2 has lower value of
energy GAP (AE =3.26 eV) than phenanthroline derivatives 1 and 2. Hence, the compound 2 is more reactive, and proves the
occurrence of eventual intermolecular charge transfer. The diagrams of the frontier molecular orbitals HOMO and LUMO, for the three
phenanthroline derivatives were shown in Fig. 3. It can be seen from the (Fig. 3) that, the HOMO for phenanthroline derivatives 1 and
3 are delocalized almost over the whole n-conjugated system, while the LUMO, and is also delocalized over the whole compounds. In
compound 2, the HOMO is localized over the whole n-conjugated system, but he LUMO is mainly located over the C¢HsNO3 rings
(Table 4).

The diagrams of the frontier molecular orbitals HOMO and LUMO, for three phenanthroline derivatives were shown in Fig. 3.

Fig. 4 illustrates the Tauc plot analysis of the studied compounds 1-3 in solution were presented in Fig. 4. The band gap values were
evaluated through extrapolation by withdrawing straight line the linear trend observed in the spectral dependence of (ahc/A)'/2 over a
limited range of photon energies he/A [67].

3.4. UV-spectral analysis “Electronic transitions”

The UV-Vis spectra of the three phenanthrolines derivatives were calculated with TD-DFT approach (time-dependent density
functional theory) at B3LYP/6-31G (d, p) level using methanol as solvent, including the Polarizable Continuum Model (PCM). The
calculated absorption wavelength ()), excitation energies, spectral assignments, oscillator strength (f), and major contributions are
given in Table 5.
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Table 5

The UV-vis Excitation energy (AE) and oscillator strength (f) for the three compounds C1, C2 and C3.
States TD-DFT/6-31G (p, d) Methanol Major Contributions (%)

A (nm)cal AE f A (nm)expt CI coeff Assignments

C1
S1 274 4.525 0.7125 274 0.67295 n-ra* H- L (90.57)
S2 263 4,711 0.0025 0.42106 H-3 -L+2 (35.45)
S3 261 4.7363 0.0040 0.47219 H-3 »L+1 (44.59)
S4 257 4.809 0.4260 0.5246 H-L+1 (55.04)
S5 242 5.107 0.1268 0.44725 H— L+2 (40.0)
S6 238 5.195 0.0332 0.45333 H-2-L (41,10)
S7 236 5.242 0.0019 0.39202 H-3 -L+1 (30.73)
S8 233 5.312 0.4685 224 0.37325 Tt H- L+2 (43.89)
S9 226 5.464 0.0110 0.47692 H-5 -L+1 (45.49)
S10 224 5.520 0.2784 0.40001 H-1 —-L (32.00)
c2
S1 342 3.993 1.0286 384 0.65740 Tt H- L (86.43)
S3 295 4.200 0.0101 0.59590 H-L+1 (71.01)
S4 278 4.4482 0.0374 0.53541 H-L+2 (57.33)
S6 269 4.6043 0.0079 0.48230 H-5-L (46.52)
S8 254 4.8797 0.0071 0.47608 H-2-1+2 (45,33)
S9 253 4.8906 0.1316 0.54840 H-1-L (60.14)
S10 248 4.9949 0.5888 262 0.56764 H-1-L+1 (64.44)
Cc3
S1 311 3.9802 0.3381 280 0.64418 n-ra* H- L (82.99)
S2 297 4.1744 0.4416 0.64176 H-L+2 (82.37)
S3 273 4.5403 0.5549 0.63437 H-L+2 (80.48)
S6 250 4.9438 0.3090 0.44322 H-1-L ( 39.28)
S7 248 4.9882 0.3688 0.44170 H-L+3 (39.01)
S8 243 5.1016 0.3116 226 0.56132 H-1-L+1 (63.01)

For phenanthrolines derivatives 1, it can be seen that the transitions occur at 233 and 274 nm with transitions of H—L+2 (43.89%)
and H— L (90.57%) and experimental values of 224 and 274 nm. For phenanthrolines derivatives 3, the wavelength of the absorption
is observed at 243 and 311 nm with experimental values of 226 and 280 nm. The absorption band configurations are H-1-L+1
(63.01%) and H— L (82.99%) respectively. For compound 2, the transitions occur at 248 and 342 nm with experimental values of 262
and 384 nm while the state configurations are H-1-L+1 (64.44%) and HL (86.43%). The density of the state (DOS) diagram was
analyzed using GaussSum 2.5 and presented in Fig. 5.

Fig. 5 shows the bonding, non-bonding and anti-bonding nature of the interactions between two orbital. The Positive value of DOS
shows a bonding interaction, negative value shows anti-bonding interactions and zero value corresponds to the non-bonding in-
teractions [68].

e The actual percent contribution (configuration coefficient)? x 2 x 100%.
3.5. Molecular electrostatic potential (MESP)

Mapped electrostatic potential surfaces for the three phenanthrolines derivatives have been calculated at the B3LYP/6-31G (p, d)
basis set for optimized geometry. The information in the MEP program is used in a variety of diverse classical and quantum chemical
models. A molecular electrostatic potential is a useful tool used for identifying the sites of chemical reactivity of molecules [69-71].

The different colors potential signified the different values of electrostatic potential. The Red colors represent the regions of the
most negative electrostatic potential is related to electrophilic attacks, and blue represents the regions of the most positive sites
electrostatic potential are associated to nucleophilic reactivity. Greater regions of intermediary potential, yellow and green, represents
smaller regions of extreme potential. The potential increases in the order: red <orange< yellow< green < blue. Molecular electrostatic
potential surfaces of the investigated phenanthroline derivatives are illustrated in Fig. 6. According to Fig. 6, the negative regions are
mostly localized on the oxygen (O) atoms of NO, and ~-OCH3 groups, orange color indicates electrophilic attack sites. The nitrogen
atoms for the three phenanthrolines derivatives are positive regions signs as blue color which favored site for nucleophile attack.
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4. Conclusion

In summary, this investigation is based on three synthesized organic electronics phenanthroline derivatives, so we have presented
here the synthesis, structural analysis, quantum chemical simulations and third-nonlinear optical (NLO) properties. The third-order
non-linear response results expressed by yr32susceptibility. Which was characterized and explored on thin films by using third-
harmonic generation (THG) measurements at 1064 nm. We found that the third-nonlinear responses increase proportionally with
the influence of the electron-donating groups NO2 > OCH3 > H. A few optical parameters like first hyperpolarizability, electronic
transitions, frontier molecular orbital analysis and molecular electrostatic potential (MESP) are performed to evaluate the optical
performance of designed phenanthrolines derivatives. Electron-donating groups modification on phenanthroline fragment causes
narrowing of the HOMO-LUMO energy gap with blue-shifting in absorption maxima. The large dipole moment is noted in the three
electronics phenanthroline derivatives designed. The experimental nonlinearity expressed by the third-order NLO properties sus-
ceptibility for the three phenanthrolines derivatives are in good agreement with theoretical results. Based on the obtained results we
can conclude that the synthesized phenanthroline derivatives compounds are suitable candidates for NLO applications and father
investigation on the modulation and the control of NLO response versus light polarizations and also versus diverse external stimulus is
the subject for future diagnostic and studies.
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