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Schiff base of amino acid salt: potassium 2-((4-nitrobenzylidene)amino)acetate 4 (CoH;KN204), derived from the
condensation reaction of amino acid (glycine) 1 and 4-nitro benzaldeyhyde 3 is synthesized and fully charac-
terized by magnetic nuclear resonance (*H and 3C NMR), infrared (IR), mass, UV-visible spectroscopies and
melting point. The optical nonlinear (ONL) properties of amino acid Schiff base salt 4 are studied using
continuous wave (cw), visible, single transverse fundamental mode, low power, 473 nm laser beam. Ring

diffraction patterns (RDPs) and Z-scan techniques are adopted to calculate the nonlinear index of refraction (NIR)
together with testing the sample property of optical limiting (OLg). RDPs are simulated numerically using the
integral of Fresnel-Kirchhoff and compared with experimental findings.

1. Introduction

Recently, interest has been growing in the investigation of optical
nonlinear (ONL) properties of various organic materials. The study of
the ONL properties are carried out using three different techniques viz.,
spatial self-phase modulation [1] (SSPM), thermal lens (TL) [2], and the
open and closed apertures Z-scans [3]. The passage of a Gaussian
continuous wave (cw), single fundamental, TEMy,, mode laser beam
through a nonlinear medium, resulted in phenomena in the transverse
dimensions viz., SSPM, self-focusing (SF) and self-defocusing (SDF),
beam break-up, optical switching, optical bi stability, optical solitons,
optical limiting (OLg), etc. [4-25]. Two main properties of the nonlinear
materials viz., the nonlinear index of refraction (NIR) and response
times need to be determined. The SSPM and Z-scan techniques were
used extensively for these purposes since 1967 [26-31]. The first tech-
nique leads to the determination of the medium total index of refraction
change and its NIR [32] while the second one leads to the calculation of
the nonlinear absorption coefficient (NAC), NIR and number of ONL
parameters [3].

The absorption of part of incident laser beam energy with Gaussian
extent by the medium leads to a bell-like heat distribution with the
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maximum temperature be on the axis of the laser beam direction of
propagation and minimum away from the axis. Such temperature dis-
tribution leads to change in the medium index of refraction hence a
phase change of the laser beam minics the transverse distribution of the
laser beam occur. The absorption leads to two types of thermal currents
within the nonlinear medium viz., conduction current horizontally and
convection current vertically.

Schiff bases are organic compounds constituted by a condensation
reaction of amine and various active carbonyl groups connected by an
azomethine (-N=CH-) bond, serves as the principal moiety for a family
of aromatic azomethine compounds [33]. In general, Schiff bases are of
great importance in organic and pharmaceutical fields due to their wide
and efficient applications in these areas [34]. Due to the important ex-
ploitations of Schiff base compounds in varied applications viz., image
systems, phase conjugation, optical limiting, optical switching, and
optical data storage etc. [35], these compounds have attracted intense
efforts to discover their ONL properties such as their nonlinear absorp-
tions, and NIR, etc [36,37].

On the other hand, Schiff bases that derived from amino acids and
different active carbonyl groups are important for their diverse appli-
cations [38]. The amino acid Schiff bases are in chemistry use as
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Fig. 2. Amino acid Schiff base salt 4 '"H NMR spectrum.

versatile building blocks in organic synthesis with pronounced wide
range of chemical applications [39,40]. Although the synthesis of amino
acid Schiff bases has not been emerging to be combined with optical
applications, so far some articles described various synthesis method-
ologies to synthesize amino acid Schiff bases [41]. Generally, the com-
mon methodology to prepare Schiff base compounds includes a simple
reaction of equimolar equivalents between amines and aldehydes or
ketones in ethanol, then refluxing the mixture reaction for some
appropriate times. The precipitated products would be easily filtered,
dried, and isolated. When an amino acid is employed as an amine
component, the used methodology could not be so straightforward since
the amino acid has zwitterionic properties producing in a weak nucle-
ophilic amino moiety. Therefore, some modifications for the classic
methodology have been reviewed, for instance, sodium or potassium

hydroxide or anhydrous sodium sulfate was conducted to an ethanolic
solution of the amino acid in order to enhance its nucleophilic property
[42]. Furthermore, the synthesis of Schiff base from chiral amino acids
normally offers chiral amino acid Schiff bases under basic conditions
that are identified to enhance racemization of azomethine compounds
[43]. Thus, we synthesize amino acid Schiff base 4 from glycine 1 as non
chiral amino acid and 4-nitro benzaldeyhyde 3 (Fig. 1), and to investi-
gate their spectroscopic, theoretical, and ONL properties.

In the present work amino acid (glycine) - 4-nitro benzaldeyhyde
derived Schiff base compound was synthesized and fully characterized
by magnetic nuclear resonance, infrared (IR) and mass, UV-visible
spectroscopies. The structural geometry and melting point of amino acid
Schiff base was optimized using density functional theory (DFT). The
ONL properties of the Schiff base was studied via the ring diffraction
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Fig. 4. Amino acid Schiff base salt 4 FT-IR spectrum.
patterns (RDPs) and Z-scan where the NIR of the Schiff base was
0.8 calculated. The OLg property of the base was tested.
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Fig. 5. Spectrum of UV-visible absorbance of the synthesized amino acid Schiff
base salt 4.
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recorded between 4000 and 600 cm ™. Melting point for the synthesized
amino acid Schiff base was measured using a Gallenkamp apparatus.
Mass spectrum was recorded on Agilent Technologies-5975C (electro-
spray impact mode, 70 eV). The spectrum of UV-visible of absorbance
was performed using UV-160v, Shimadzu spectrophotometer in the re-
gion between 200 and 750 nm.
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Fig. 6. Molecular model, orbital density distributions (frontier molecule), and electrostatic potentials of the synthesized amino acid Schiff base salt 4.

Table 1

HOMO, LUMO and dipole moment values for the synthesized amino acid Schiff
base salt 4 by using B3LYP with 6-31G(d,p), 6-31+G(d,p), and LanL2DZ as basis
sets.

Properties 6-31G(d,p) 6-31+G(d,p) LanL2DZ
HOMO (eV) —5.9552 —6.3878 —5.8232
LUMO (eV) —2.2621 —2.7320 —2.8844
Dipole moment (Debye) 11.7939 12.3851 15.6753

2.2. Synthesis of amino acid Schiff base salt (4)

At 50 °C, glycine 1 (6.7 mmol) and potassium hydroxide KOH (6.7
mmol) were dissolved in methanol (50 mL) by stirring for 30 min. Next,
dissolving 4-nitro benzaldeyhyde 3 (8.5 mmol) in methanol (25 mL) and
added dropwise to the content of amino acid potassium salt 2 at room

temperature (RT). The mixture was stirred at RT for 4 h. Post completion
the reaction as indicated by TLC, the resulting mixture solution was
concentrated to 10 mL by vacuum. The precipitate of amino acid Schiff
base salt emerged by adding diethyl ether (20-25 mL). The precipitate
was thoroughly washed with diethyl ether for three times. Next, the
resulting solid was kept in oven for 10 h at 40 °C to afford amino acid
Schiff base salt 4; yellow powder; yield 85%; m.p 172-184 °C.

2.3. NMR spectrum of the amino acid Schiff base salt 4

The 'H and '3C NMR spectra of the synthesized amino acid Schiff
base salt 4 were measured in DMSO-de. The 'H NMR of amino acid Schiff
base salt 4 agree with the obtained structure. Proton azomethine group
(-N—CH-) in amino acid Schiff base salt 4 appeared at 8.55 ppm as a
singlet (s, 1H). The spectrum also shows multiplet signals at 7.15-7.54
ppm for aromatic protons (m, 4H, Ar-H), and doublet signals for CH,
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Fig. 7. The calculated UV-visible spectrum of the synthesized amino acid Schiff base salt 4 using TD-DFT with B3LYP/LanL2DZ.
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Table 2
The calculated excited states of the synthesized amino acid Schiff base salt 4
using TD-DFT with B3LYP/LanL2DZ method.

Excited state Percentage contribution (%) Energy(eV) A(nm) f

HOMO —

LUMO

58-59 1 69.962 2.1412 579.04  0.0002
57 -59 2 70.472 2.7067 458.06  0.0000
56 -59 3 70.489 2.9786 416.25  0.0286

group (d, J = 2.5 Hz, 1H, CHy). In the 13¢ NMR spectrum of amino acid
Schiff base salt 4 the appearance of signal at the lowest field is due to
carbon of the potassium carboxylate group (COOK). The other chemical
shifts of 13C NMR spectrum for amino acid Schiff base salt 4 appeared in
the expected regions. The 'H and '>C NMR spectra of amino acid Schiff
base salt 4 are displayed in Fig. 2 and Fig. 3.

2.4. Amino acid Schiff base salt 4 FT-IR spectrum

The important spectral bands in the FTIR spectrum of amino acid
Schiff base salt 4 were performed in the solid state exploiting the KBr
disc technique. Construction of amino acid Schiff base salt 4 was
confirmed by its IR spectrum through the appearance of a new band of
azomethine stretching band (-N—CH-) at 1641 cm L IR spectrum of
the free amino acid (glycine) shows a band at 3112 cm ™! that is assigned
to a v (NH3) group and absence of this band is due to the formation of an
azomethine group by condensation reaction. In addition, the bands
located at regions 1593 and 1525 cm ™! are due to v(C=0) and v(C=C)
of COOK group and aromatic rings respectively. Fig. 4 displays synthe-
sized amino acid Schiff base salt 4 FTIR spectrum.

Optical Materials 122 (2021) 111750
2.5. Amino acid Schiff base salt 4 mass spectrum

The synthesized amino acid Schiff base salt 4 mass spectrum shows a
signal with m/z = 245 that is very near to its obtained molecular weight
m/z = 246 and the other fragments show good agreement with the ex-
pected structure. Thus, the data of mass spectrum showed an identical
agreement with the structure of the synthesized amino acid Schiff base
salt 4.

2.6. The UV-visible study of the amino acid Schiff base salt 4 absorbance

The synthesized amino acid Schiff base salt 4 was dissolved in DMSO
at concentration of (10 mM), in all the measurements in this work.
Spectrum of UV-visible of the amino acid Schiff base salt 4 solution was
performed in a cell of thickness (1 mm) at RT. From the UV-visible
spectrum (Fig. 5), it is observed that amino acid Schiff base salt 4 so-
lution gives a maximum electronic absorption at the wavelength 415 nm
that is due to n-n* electronic transition. Using the following relation
[44].where d is the sample thickness, A is its absorbance and « is ab-
sorption coefficient. From Fig. 5 A = 0.38 and d = 1 mm so that a = 8.75
cm ™! at wavelength 473 nm of the amino acid Schiff base salt 4.

2.7. Experimental set-ups

The set-up experimental used in this work to study the ONL prop-
erties is similar to one that can be found elsewhere [7]. In all three main
experiments a cw laser beam of 473 nm obtained from a solid laser
device (type SDL-473-050T) with variable output power from 0 to 66
mW, beam mode TEMO0O, beam divergence <1.5 mrad, power stability
<5% (over 5 h), beam quality factor of 1.095, operating temperature
25 °C, and emit cw laser beam of diameter of 1.5 mm (at e %) was used as
asource. A 0.1 cm thickness glass sample cell and a positive 50 mm focal

Fig. 8. Dependence of ring patterns in amino acid Schiff base salt 4 on the laser beam power input (mW):(a) 8, (b) 15, (¢) 23, (d) 32, (e) 48, (f) 62.
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Fig. 9. Dependence of ring patterns in amino acid Schiff base salt 4 on the laser
beam wave front: (a) convergent, (b) divergent, at power input 62 mW.

length glass lens was used to focus the beam onto the sample cell.

In the RDPs experiment, a semitransparent 30 x 30 cm screen used to
cast the RDPs and a camera was used to capture the RDPs. In the Z-scan
experiments, to sweep the sample cell from (-z) to (z), it was fixed on a
translation stage passing through the lens focus (z = 0). The screen was
replaced with a power meter, for the close aperture, CA, Z-scan covered
with circular 2 mm diameter iris while for the open aperture, OA, Z-scan
it was carried out by replacing the circular iris with a positive glass lens
to capture the transmitted laser beam traversing the sample cell. In the
case of OLg experiment, the sample cell was fixed at the position of
valley curve of the CA-Z- scan so that the laser beam power transmitted
through the sample was measured against the incident laser beam
power.

3. Results
3.1. Theoretical calculations of the amino acid Schiff base salt 4
The DFT calculations include the determination of the minimum

energy of geometrical structure for the synthesized amino acid Schiff
base salt 4 using the Gaussian 09 program and the vibrational band was

Optical Materials 122 (2021) 111750

assigned by using Gauss-View (MVP) [45]. The optimization for
geometrical structure of the synthesized amino acid Schiff base salt 4
was performed using the B3LYP method combined with the number of
basis set level viz., 6-31G(d,p), 6-31+G(d,p), and LanL2DZ. The
configured orbitals and electronic states have been acquired to investi-
gate the highest occupied, the lowest unoccupied molecular orbitals,
and electrostatic potentials surfaces (ESP) [46,47].

The frontier orbital energies (HOMO and LUMO) and molecular ESP
evaluation play an important role to understand the stability of molec-
ular structures that is very necessary to study the optical activities viz.,
linear and ONL properties [48,49]. The HOMO and LUMO energies
reveal the reactivity of this molecule and demonstrate the eventual
charge transfer that occurs in the molecule as well as the ESP were also
calculated using the B3LYP method with the above basis sets, and these
calculations results are shown in Fig. 6 and Table 1.

The theoretical UV-visible spectrum of the synthesized amino acid
Schiff base salt 4 was carried out using TD-DFT combined with B3LYP/
LanL2DZ method. The results from TD-DFT calculations showed the
existence of three main electronic transitions bands at 579.04, 458.06
and 416.25 nm with (f) values of 0.0002, 0,000 and 0.0286 respectively
as configured in Fig. 7. The excited states of the synthesized amino acid
Schiff base salt 4 were determined by TD-DFT combined with B3LYP/
LanL2DZ method are given in Table 2.

3.2. Nonlinear study

The formation of the RDPs are based on the SSPM where the inter-
ference of each two beams eminating from each two points on the
Gaussian wave front of the laser beam with the phase relation ¢, —
@m41 = mx, mis an integer, odd or even occurs, so that bright and dark
rings appears. Fig. 8 shows the relation between the RDPs and variation
of input power slowly. The patterns areas and the rings number per each
pattern monotonically increases as power input increase. Each pattern
appears symmetric at low input power that loses symmetry as the power
input increase. Fig. 9 shows the wave front type effect of laser beam on
the type of the RDP i.e. the laser beam interaction and the nonlinear
medium is wave front type dependent, these results agree with work of
other researchers [50]. Temporal evolution of the RDPs is shown in
Fig. 10. It can be seen that at t = 0 s the spot size appears small with on
rings. As time lapse the rings number and area of each pattern increases,
and the RDP loses vertical symmetry due the current of convection
vertically compare to the current of conduction horizontally.

The results shown in Fig. 11 are belong to the CA Z-scan. From
Fig. 11, it can be seen that the curve have peak followed by a valley, i.e.,
the phenomena of, SDF, occurs, which point out that the sample has
negative NIR. When conducting the OA Z-scan, a straight horizontal line
resulted, which point out that the sample bare no NAC.

One of the purposes of preparing the amino acid Schiff base salt 4
compound was to study the possibility of using it as an optical limiter
(OLr), this was achieved by conducting the OLg experiment on the
amino acid Schiff base salt 4 compound using the same wavelength used
in other experiments i.e. 473 nm. The compound possesses the OLr
through the results obtained when conducting the OLg experiment,
which is shown in Fig. 12a. As the relation between the power output
and input is linear at the low input power; as the input power increased
the output power become nonlinear. As the input power continued in-
crease, the output power becomes constant. The mechanism that ex-
plains how the sample shows the behavior of the OLr is the refractive
index (thermal effect), which results in the occurrence of the
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Fig. 10. Temporal evolution of a chosen RDP in amino acid Schiff base salt 4 (ms): (a) 0, (b) 250, (c) 500, (d) 750, (e) 1000 at input power 62 mW.
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sample position (+z) in the CA-Zscan of amino acid Schiff base salt 4.
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> 2)
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phenomenon of SDF of laser beam due to used cw laser beam.

3.3. Determination of the NIR of amino acid Schiff base salt 4 due to
SSPM and Z-scan

As the laser beam traverses the amino acid Schiff base salt 4 it’s
phase suffers changes, Ap(r) , which is written as follows [51]:

An is the total refractive index change of the medium on axis, r is the
distance from the beam axis, k = 2 is the beam propagation vector, X is
the wavelength of laser beam, w is the laser beam radius, and A, is
phase of laser beam on the beam axis. Based on optics, the birth of one
ring is an indication of the laser beam phase change by 2r radians.

For N rings the total phase change, A¢, , can be written as follows

Agp,=2aN 3)
and
A@,=kAnd 4

From equations (3) and (4) we have

_NA

A
n=- ()
And the NIR, n,, can be written as follows
A
== )

I =2 is the intensity of laser beam and P is the maximum power

m

input.
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ForN=13,P=62mW, @ =19.235 pm, I = 10673.6 W/cmz, d=0.1
cm and A = 473 nm so that An = 6.149 x 10 % and n, = 5.761 x 10~/
cm?/W.

Since in the current study a cw laser beam was used, so the nonlin-
earity origin of amino acid Schiff base salt 4 is thermal. The thermal
nonlinearity shown by the amino acid Schiff base salt 4 can be explained
as follows: When the laser beam falls on the sample, the sample will
become hot as a result of absorbing part of the energy of the laser beam.
As a result of this process, a thermal lens will be created, which will lead
to a phase shift of the laser beam, causing the phenomenon of SDF of the
laser beam. Due to the Cuppo et al. model [52] the NIR, n, , is given by

Optical Materials 122 (2021) 111750

the following relation [53].

AT, A

_ 7
"= dl 7

Where AT, _, is peak and valley transmittances difference. By finding the
value of AT, from Fig. 11, use of P = 5 mW, I = 860.7 W/cm? and
substituting into equation (7), the value of the NIR, n; , of the sample is
0.21 x 1077 ecm?/W. The variance of n, values due to the RDPs and the
Z-scan techniques is related to the difference of input power used where
it was higher in the first technique compared to the second one. Further,
ny value depends directly on the laser beam intensity.

3.4. Determination the limiting threshold value, Ty of amino acid Schiff
base salt 4

To determine whether the synthesized compound can be used as an
OLr, a parameter called the limiting threshold value, Ty, was calculated
which is defined as the value input power at which the transmittance is
reduce to half. This value can be determined by drawing a curve of
transmittance through the sample and the power input, and from this
curve we find that Ty for the amino acid Schiff base salt 4 compound is 9
mW.

3.5. Simulating the RDPs in the amino acid Schiff base salt 4

When a laser light beam with Gaussian intensity extent propagate
through a medium, the medium absorbs part of the laser beam energy
according to its thickness, d, and linear absorption coefficient, a. The
medium temperature increase, AT(x, Y, t), leads to the refractive index
variation, An(x,y, t) , with Gaussian distribution locally. As a result, the
advanced laser beam will suffer changes in its phase, Ap(x,y,t). Let @ be
the radius of the laser beam (e’z), R is the beam wave front radius where
the coordinate system origin was taken as the beam waist position. At
the sample entrance, the electric field amplitude can be written as fol-
lows [54]:

2P\ 7 o
U(x,y,t,1—0)7<ﬂ> exp<7&>exp<71kﬁ) 8)

In subsection (3.2) it was noticed that asymmetries occurs to the
diffraction ring patterns in the y direction. As the energy absorbed by the
medium two types of thermal currents initiated, one in the horizontal
direction and one in the vertical direction. When both currents are
equal, the rings appeared circularly symmetric. In the vertical direction
convection velocity caused by the spatial variation of the buoyancy force
with the existence of gravitational force, so that the hot upper part of the
rings will moved upward and replaced by a cold one that smooth the
temperature gradient and decrease the change in refractive index so that
the radius of the upper half of rings grew in a small ratio compared to the
horizontal one. Accordingly a vertical convection velocity must be
defined [54] and added to the theoretical formula used to simulate the
RDPs viz., the Fresnel-Kirchhoff integral. By taking all definitions
introduced into account, the complex of the electric field amplitude
reads [54].

1
;o 2P \ linw* 2 2 ' ’
Ulx,y,t)= (ﬂ) ”Z; exp(ikD)exp <7?> /dx /dy.exp <7%> .exp {1( — k%+ Ap(x,y, t)>} .exp( — ik ;yy ) 9)
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Fig. 13. Calculated dependence of RDPs of amino acid Schiff base salt 4 on inputs power (mW): (a) 8, (b) 15, (c) 23, (d) 32, (e) 48, (f) 62.
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Fig. 14. Calculated dependence of the RDPs of amino acid Schiff base salt 4 on the laser beam type curvature (a)convergent (b)divergent at power
input 62 mW.
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Fig. 15. Calculated temporal behavior of a chose RDPs in amino acid Schiff base salt 4, (ms) (a) 0, (b) 250, (c) 500, (d) 750, (€)1000.
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Fig. 18. Calculated temporal evolution of intensity distribution: C1:1d-x-axis, C2:1d-y-axis and C3:2d laser beam phase at power input of 62 mW in amino acid Schiff

base salt 4.

Since the screen was a distance D from the exit plane of the sample
cell where the spatial coordinates becomes x and y , using the Fresnel-
Kirchhoff theory, the final form of the intensity of light distributions on
the screen is written as follows [54]:

Equation (10) was numerically solved using the system Mat Lab.
Figs. 13-15 represents respectively the calculated dependence of the
RDPs on power input, on the laser beam type curvatures and time, while
Figs. 16-18 represents the calculated 1d (Cl:x-axis, C2: y-axis) laser

beam intensity distributions on the screen and (C3) are the laser beam
phase 2d distributions for the input power used in Fig. 8, effect of the
type of the laser beam wave front and temporal variation respectively.
Fig. 19 shows direct comparison of experimental (blue) with theoretical
(red) results for four chosen cases.

4. Conclusions

The passage of a visible cw 473 nm laser beam through synthesized
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Fig. 19. Comparison of experimental (blue) and theoretical (red) results of
diffraction ring pattern chose (a) ring pattern at power input 8 mW (b) RDP at
power input 62 mW using divergent beam (c) RDP at power input 62 mW using
convergent beam (d) RDP at time 250 ms.

amino acid(glycine) 4-nitro benzaldeyhyde-derived Schiff base have led
to the generation of ring diffraction pattern, RDPs, where the nonlinear
index of refraction, NIR, of the sample was determined. Based on the Z-
scan the NIR was determined. The study of the optical limiting, OLg,
property of the sample prove that it can be used as optical limiter, OLr.
Based on the Fresnel-Kirchhoff integral numerical procedure, good
theoretical results that agree with experimental one were obtained.
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