Joumal of Electronic Materals
httpacfdolorg10. 100751 1664-025-11758-1

ORIGINAL RESEARCH ARTICLE

Synthesis and Nonlinear Optical Studies of a New Azo Compound
Derived from 4-Amino-2,3-Dimethyl-1-Phenyl-3-Pyrazol-5-One

Muha Waleed Ali' - Qusay M. A. Hassan® - Nuha Ayad Obaid" - H. A. Sultan® - Hasinien Abd Sammd’ -
Sadig M. H. Ismael' - €. A. Emshary” - Kawkab Ali Hussein'

Received: 12 October 2004 ' Accepbed: 8 lanuary 2025
O The Minerals, Metals & Matenals Society 2005

Abstract

A novel azo dye is synthesized by reacting d-hydroxy-3-methoxybenzoic scid with 4-amine-2 3-dimethyl- 1 -pheny]-3-pyrazol -
S-one (azo dye N,). The synthesized azo dye N, is characterized by Fourier transform infrared (FT-IR), mass, "H and '*C
nuclear magnetic resonance {MMR), and uliraviolet—visible (I -Yis) spectroscopic technigues and melting point analysis.
The BILYP (Becke, three-parameter, Lee—Yang—Parei6-3 1 14+06 d_p) basis 221 is atilized to ascertain the sample geometry
by density functional theory (DFT) and time-dependent DFT {TD-DFT ) methods. Calculations of the guaniom chemical
descriptors are carried out o examine the sample's nonlinear optical (NLO) properties. The NLO properties of the sample
are investigated under excitation with continuous-wave (CW ) laser beams at 473 nm and 332 nm wavelengihs. The nonlinear
refractive index (MLED) of the sample is sscertained using the 473 nm CW laser beam io obtain diffraction patterns {DPs)
and Z-scan, where NLRI values of 3.698 x 10~ em™/W and 0.25x 10~ em™/W are obtained. We found that the value of the
refractive index of the azo dye N calculated by the latter method is greater than its valoe for other materials. The all-optical
switching (AQS) property of the azo dye N is demonstrated when the controlling beam is at 473 nm and the controlled

bzam is at 532 nm
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Introduction

The investigation of the nonlinear optical { NLO) properties of
photonic materials is importand, since the passage of inense
laser beams theowgh them may lead o self-fecusing, self-
defocusing, and spatiotemporal self-phase modulation. Several
classes of materials have been explored with greatl inberest,
including organic materials, fullerenes, inorganic materials,
semiconductors, polymers, and organometallic materials.'
Ower the kst 40 vears of laser technology, the significant
NLO susceptibility resuling from the nonlinear response of
of ganic materials has attracted considerable attention. Sharifi
et al. published & series of aricles concerning the enhance-
ment of the linzar and nonlinear properties of orvthrosin, ' the
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photo-physical properties of crocin.'* and the optical sudy of
xanthene-type dyes." Thermal effects cansed by absorption
of a pan of the laser beam energy passing through a mate-
rial might modify the mediom's refractive index (RI). The
absorbed encrgy s transformied into heat following a Gawssian
beam distribwtion within a thin medium. The heat gradient, ind-
tially confined o the irradiated wolume, propagates o the mon-
irradiated area due o thermal condwction. This temperature
profibe produces a gradient in the RL The spatial self-phase
pesdudation that prodwces ring patterns from the interfercnce
of nureerous Laser bearns originating from points onthe beam
wawe fromt can be shown by the nonlinear response of rate-
rials interacting with the beam's divergence. The change in
BRI, As, of the medium, along with the nonlinear refractive
e (LRI}, can be determined wsing these diffraction ring
patterns. The Z-scan approach functions by positioning the
samiple af the fscal point of a tightly focused Gaussian laser
beam. The mediom's intersction with the lazer light changes
when the sample is displaced. This results from the samples
fuctuating imensities, which depend on the sample's position
(2} relative 1o the focus (2=0). The F-scan i a gimple and



