1OP Puslishing

()L

wictime
25 Moy 024

e
15 Augane 2004

ACCUFTID FOR FERLITAN BN
21 Asgrant 2004

resusa
A Septemher 2024

Phys. S99 (2024) 105913 Bty /dolong/ 1111088/ 1400 .. 489/ ad7 20¢

Physica Scripta

PAPER

Synthesis and study of nonlinear optical properties of an enaminone
derived from dibenzoylmethane and N,N-diethylaminoaniline

Rita S Elias , Qusay M A Hassan™ ©, Bahjat A Saeed ©, H A Sultan", Poul Erik Hansen' © and C A Emshary”
' Deparument of Pharmaceutical Chemistry, College of Pharmacy, University of Basraby, Basrah 61001, Iragq

¥ Department of Physics, College of Edacation for Pure Sciences, University of Basrah, Baseah 61001, Irag

' Department of Chemisary, Callege of Education for Pare Sciences, Unliversity of Basrah, Baseah 61001, frag

* Deparument of Sclence and Environment, Reskilde University, Roskilde, Denmark

E-nsalk qusayali6 9 yaboo.coln

Keywords Nonlinear optical peoperties, diffraction pattems, Z-scan
Sapplementary material for thas article i avallable caline

Abstract

The compound, (Z)-3-((4-{(dicthylamino )phenyl Jamino)- 1,3-diphenylprop-2-en-1-one, is synthesized
by the reaction of dibenzoylmethane and 4-N,N-diethylaniline. The relative stabilities of the possible
tautomers of the molecule are studied via the DFT B3LYP-D3BJ, CAM-B3LYP, M062X, and wB97XD
functionals in conjunction with the 6-311+-+G(d,p) basis set. The results showed that the enaminone
tautomer with the intramolecularly hydrogen bonded chelated ring is the most stable. Thisis further
confirmed by the Car-Parrinello MD calculations in the gas phase as well as the NCl analysis. The
electronic spectrum is calculated by the TD DFT B3LYP /c-pVDZ level in ethanol, and the hole—clectron
analysis is carried out for the interpretation of the bands, which revealed that the longest one at 430 nm is
of charge transfer origin while the others are of local transition origin. Atoms-in-molecules calculations
in several media and levels of theory predicted that the pBCP at the hydrogen bond in the gas phaseto be
0.03791-0.04255 ¢/a; which is a characteristic of a medium strong hydrogen bond. Researchers
investigated the enaminone’s nonlinear optical (NLO) characteristics when it was exposed to alow
power (<1 Watt), single fundamental transverse mode laser beam at 473 nm. By using diffraction
patterns (DPs) and Z-scan methods, we calculated the nonlinear refractive index (NLRI) of the
enaminone upto 4.597 x 10" m* W' using DPs. The resulting DPs are numerically investigated
using the Fraunhofer (F.) approximation and the Fresnel-Kirchhoff (F.K.) diffraction integral, showing
excellent agreement with experimental findings. We successfully explored all-optical switching (AOS) in
enaminone using two laser beams.

1. Introduction

Over the past thirty years, researchers have become increasingly interested in the potential uses of nondinear optical
(NLO) materials, particularly in the field of optical signal processing. These materials have been found to have
applications in optical storage, all-optical modulation, optical delays, optical switching, optical limiting, optical
computing, and optical susceptibility, among others | 1-1 4]. For a material to be useful inany of these applications,
it must possess certain important properties, viz., high nonlinear refractive indexes (NLRIs), nonlinear absorption
coefficients (NLACs), and fast response times. Three experimental technigues have been widely used since 1967:
spatial self-phase modulation (SSPM) based on diffraction patterns (DPs) [ 15-17], thermal lenses (TL) [15, 19],
and Z-scans [ 20, 21]. SSPM and Z-scans have attracted popularity owing to their simplicity and ease of use.

In the past 20 years, enaminones have gained attention asa group of synthesized compounds due to their
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