SYNTHESIS, CHARACTERIZATION AND
THEORETICAL STUDIES OF CHALCONE AND
ETHYNYLATED SCHIFF-BASE DERIVATIVES

FOR POTENTIAL LIGHT EMITTING
APPLICATIONS

MUHAMAD FIKRI BIN ZAINI

UNIVERSITI SAINS MALAYSIA

2024



SYNTHESIS, CHARACTERIZATION AND
THEORETICAL STUDIES OF CHALCONE AND
ETHYNYLATED SCHIFF-BASE DERIVATIVES

FOR POTENTIAL LIGHT EMITTING
APPLICATIONS

MUHAMAD FIKRI BIN ZAINI

Thesis submitted in fulfilment of the requirements
for the degree of
Doctor of Philosophy

September 2024



ACKNOWLEDGEMENT

In the name of Allah, the Most Gracious, the Most Merciful, it is my utmost
gratitude and praise to Allah for His ultimate yet continuous strength given to me in
the solemnness efforts that | placed towards accomplishing this thesis of entitled,
“Synthesis, Characterization and Theoretical Studies of Chalcone and
Ethynylated Schiff-Base Derivatives for Potential Light Emitting Applications
(2024) with unrivalled success and met its objectives. Not to mention here to express
my countless appreciation to Universiti Sains Malaysia (USM), Penang campus,
Malaysia solely for the opportunity given by accepting my student candidacy to
pursue Doctor of Philosophy (PhD) studies at your institution. This research project
reached its completeness together from the aid support of fully-equipped laboratory
facilities that is accommodated aligned with a holistic PhD curriculum structure that
is offering me for extensive exposure experience, particularly in X-ray
Crystallography research discipline. The excellency and value of my work thesis is

also governed by the great selection of academia | chose to be at this university.

The backbone to the success of this research mainly contributed from the
people that is involved either directly or indirectly incorporated to this study. There
are of special people who to appraise them in making this PhD thesis to its complete
realization. My innumerable pleasure to convey to them, in tandem with all my
humble acknowledgement present fully written in this thesis. Indeed to agree that
undertaking this PhD has been a truly life-changing experience to me and this
research project would not have been possible to be achieved by all myself alone. |

am indebted to the respective laboratory peers and administrative staffs that is



assigned under School of Physics who opened their homes to me to be part of their

family members for the entire of 7 years duration time taken.

First and foremost, | would like to first begin say a very big countless thank
you to Prof. Dr. Abdul Razak Ibrahim as the main supervisor, as the team leader
of X-ray Crystallography Laboratory Unit, Universiti Sains Malaysia for his
unstoppable encouragement and support he gave me ensuring this research’s
milestones to be carried out on the desired track pace. In the essence mode of long-
distance supervision and my working commitments, he spares equal attention under
such of relaxed supervision to me despite knowing less time spent for progress
meeting and direct coaching to held. To what that count most in this thesis project is
to receive his recent keywords by saying; “Get and maintain the momentum, Fikri”
for which that drive me to stay consummate this dissertation by sections as to gain
persistent energy to complete accomplishment. This shown of his care-concerned to

cater the time-constraint that | faced in managing my timing properly.

Many thanks also | dedicated to my co-supervisor in charged, Prof. Dr. Wan
Mohd Khairul Wan Mohamed Zin, from Universiti Terengganu Malaysia (UMT)
who convinced me during our research discussions and clear guidance throughout the
entire research process as well as during my short 3-month research attachment at
UMT. His perpetual energy and enthusiasm in research was contagious and
motivational for me, even during tough times in my PhD pursuit. It has been an
honored to be his fellowship PhD student and hope to keep our collaboration in the
future. Appreciation to Dr. Suhana Arshad, for my second co-supervisor that is
assigned to this research team for her mentoring efforts offered to me especially in
the time of preparation of crystals packing in the lab and several associated lab

testing analyses involved. | greatly appreciate the support received through the



collaborative work undertaken with School of Chemical Sciences, UMT and School
of Physics, USM during the development phase of my field work; acquiring desired
samples and corresponding results — thank you to all members for making those first

few months of data collection and analysis more reliable.

Last but not least, | would also like to say a heartfelt thank you to my mother,
Siti Sharif and sibling members for always believing in me and encouraging me to
follow my dreams. And finally, to my twin brother, Muhamad Firdaus Zaini who
has been by my side throughout this PhD, living every single minute completion of
this thesis. In overall and without whom incorporated for this research, I would not
have had the courage to embark on this journey in the first place. Thank you all again
for being on my side in anytime needed for nearly 7 years in total duration, and

making it by best possible for me to complete what | started.



TABLE OF CONTENTS

ACKNOWLEDGEMENT ...t i
TABLE OF CONTENTS . ...t v
LIST OF TABLES ... ..ottt ettt sne e IX
LIST OF FIGURES ... .ot Xii
LIST OF ABBREVIATIONS ..ot XX
ABSTRAK et XXii
ABSTRACT ettt bbb e XXIV
CHAPTER 1 [INTRODUCTION .....ooiiiiiiiiiee e 1
1.1 Overview of Organic Light Emitting Diodes (OLEDS) .........c.cccceevevverieiiennn. 1
1.2 Organic n-Conjugated MaterialS ..........ccccerviiieniniiiinieee e 3
1.3 Problem SEateMENTS........ccooiiiiieieiseree e 5
R @ o =T £ V=1 USSR UTOUPSRRP 6
CHAPTER 2 LITERATURE REVIEW ..o 7
2.1  Molecular Organic ArchiteCtUIE.........ccoveiiieieiiece e 7
2.2 Synthesis Of ChalCONE ..o 10
2.3 Synthesis of Sonogashira Cross-Coupling ..........cccceveieieniieniiiiceee 12
2.4 Synthesis Of SChiff-Base .........cccceiiiiiiiii s 14
2.5  Single Crystal X-Ray Diffraction STUdIES...........cceceviieriniierireecee 15
2.6 Fourier Transform Infrared (FTIR) STUAIES .......ccooviieiieiiicierceeecee 21
2.7 Nuclear Magnetic Resonance (NMR) StUTIES .........cccevereniienininieieie s 26
2.8 UV-Visible SpectroscopiC StUTIES.........cccovveiieiiieiie i 31
2.9  Computational Theory CalCulations...........ccccveiiieiiiiiiesie e 38

2.9.1 Geometry OptimiZation .........ccoveiiuieiieiiiesic e 38

2.9.2 Frontier Molecular Orbital ..., 39
2.10  Spin Coating TECNNIQUE .....c.vveiieciee sttt 44



2.11  Field Emission Scanning Electron Microscopy (FESEM) Studies................ 44

2.12  Atomic Force Microscopy (AFM) StUAIES........cooveriereiiniiee e 49
2.13  Performances of Organic Light Emitting Diodes Studies............cc.cccovvvenene. 53
CHAPTER 3 METHODOLOGY ....ooiiiiiieiieieeiee et 56
3.1 INETOTUCTION ..o 56
3.2 SYNENESIS. ..ttt 56
3.2.1  Chalcone DeriVALIVES.........ccccorveiiiiieieinii e 58
3.2.2  4-(phenylethynyaniline Derivatives...........c.cccovevveveiieeieese e, 59
3.2.3 Ethynylated Schiff-Base Derivatives ...........ccccccovevveveiiieinese e, 60
3.3 Material CharaCterization ............ccoveiierieiinirieieesie e 61
3.3.1 Single Crystal X-Ray Diffraction (SCXRD).......cccccevvviiievviiieiiennnn, 61
3.3.2 Fourier Transform Infrared (FTIR) SpectroScopy........cc.cuevrvrvereenen 64
3.3.3 Nuclear Magnetic Resonance (NMR) SpectroSCopy..........ccoevreeeenne. 64
3.3.4  UV-VISIDIe SPECIIOSCOPY ....vvevvereerieiesieniisiesiieiee et 65
3.4 Density Functional Theory (DFT) ..o 66
3.4.1 Method and BasiS St .........cceieiiiiiiiiiiiereee e 67
3.5  Overview of OLED Preparation...........ccccooereriniiieieienese s 68
3.6 SubsStrate Preparation...........ocoieiiieieiieiesic s 69
3.7 Organic Solution Preparation ... 70
3.8  Thin Film FabriCation..........ccoiiiiiiiici e 71
3.9  Attaching Connection LEQOS......cceiiviiiieiieciee et 74
3.10  Thin Film Characterization ............cccceveiiiiniiiiieeeee e 74
3.10.1 Field Emission Scanning Electron Microscopy (FESEM)................. 75
3.10.2 Atomic Force Microscopy (AFM)......cccoeiiiiiiciieiieiie e 75
3.10.3 OLED CharaCterization ...........ccccceuereresesesieeeiesesie e sieseeeenes 76

Vi



CHAPTER 4 RESULTS AND DISCUSSION

4.1

4.2

4.3

4.4

Vibrational SpectroscopiC ANAIYSIS .......cccoveiiiiiiiiieeee e
Nuclear Magnetic Resonance (NMR) Spectroscopic Analysis.........c.cc.cc.....
Molecular Structure ANAIYSIS.........cooiiiriiieiee e

4.3.1 (E)-3-(anthracen-9-yl)-1-(4-nitrophenyl)prop-2-en-1-one (1) ..........

4.3.2 (E)-3-(4-(8aH-carbazol-9(9aH)-yl)phenyl)-1-(4-nitrophenyl)

ProP-2-8N-1-0NE (2) ..veiviieiiiiiiieieeieie e

4.3.3 (E)-3-(1H-indol-2-yl)-1-(4-nitrophenyl)prop-2-en-1-one (3)............

4.3.4 (E)-4-(3-(pyren-1-ylacryloyl)benzonitrile (4) ......c.cccovvevveieirnennene,

4.3.5 (E)-1-(4-nitrophenyl)-3-(4-phenylthiophen-2-yl)
Prop-2-8N-1-0N€ (5) «..eiviiiiiiieieieie e

4.3.6 (E)-4-(3-(4-phenylthiophen-2-yl)acryloyl)benzonitrile (6)..............
4.3.7 methyl 4-((4-aminophenyl)ethynyl)benzoate (S1).......c..cccccverveneee.

4.3.8 (E)-methyl 4-((4-((4-(diphenylamino)benzylidene)amino)
phenyl)ethynyl)benzoate (7) .......ccooeviiininiiic e,

4.3.9 (E)-4-(((4-((4-nitrophenyl)ethynyl)phenyl)imino)methyl)-N,N-
diphenylaniling (8)........ccoeeriiiiiie e

4.3.10 (E)-4-((4-((4-(diphenylamino)benzylidene)amino)phenyl)
ethyny)benzonitrile (9) ...,

4.3.11 (E)-4-((4-nitrophenyl)ethynyl)-N-(pyren-1-ylmethylene)
ANIIINE (L0).1iiiiiiiice e

4.3.12 (E)-4-((4-(((4,6-dihydropyren-1-yl)methylene)amino)phenyl)
ethynyl)benzonitrile (11) .....cccovveiiieiiiiie e

4.3.13 (E)-N-((1H-indol-2-yl)methylene)-4-((4-nitrophenyl)
ethynyDaniling (12) .....oooveieie e

UV-Visible Spectroscopic ANalySiS........cccveivieiieiiiieiie e

vii



4.4.1 UV-Vis of Chalcone Derivatives Compounds (1-6) ........cccccevveenene 138
4.4.2 UV-Vis of Ethynylated-Amine Derivatives Compounds (S1-S3) ... 139

4.4.3 UV-Vis of Ethynylated Schiff-Base Derivatives Compounds

(7=12) oottt 140
4.5  Molecular Electrostatic Potential (MEP) Analysis .......cccccovviivenviieieennnnn, 150
4.6  Frontier Molecular Orbital (FMQO) ANalysiS......cccccovviiinieniniieneeesee e, 153
4.7  Field Emission Scanning Electron Microscopy (FESEM) Analysis............ 158
4.8  Atomic Force Microscopy (AFM) ANalySis ........ccceeveiieeieiieiieeneeic e, 166
4.9  Current-Voltage (I-V) ANAlYSIS .....cccocoviiiiiiiieciece e 171

4.10  Structure-Property and Photophysical Relationship to Organic Light
Emitting Diode APplICatioNS ........cccecvveiieiiiicceee e 177

CHAPTER S CONCLUSIONS AND FUTURE RECOMMENDATIONS... 179

5.1 CONCIUSION.....eiiiiiiitiieiee e 179
5.2  Recommendation for Future ReSEarch ... 182
REFERENGCES. ... .o 184
APPENDICES

LIST OF PUBLICATIONS

viii



Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 2.5

Table 2.6

Table 2.7

Table 2.8

Table 3.1

Table 3.2

Table 4.1

Table 4.2

LIST OF TABLES

Page
The band assignments with their several vibrational
wavenumbers for chalcone compounds...........ccccocvveniiinenieiecieen, 22
The band assignments with their several vibrational
wavenumbers for ethynylated Schiff-base compounds..................... 25
'H and 3C isotropic chemical shifts (ppm) for chalcone
AEIIVALIVES. ...ttt ne e 27
'H and 3C isotropic chemical shifts (ppm) for
ethynylated Schiff-base derivatives...........cccocvveviiiiiiciiccece, 29
Unsubstituted and substituted chalcone derivatives with their
absorption maximum and eNergy gap........ccocvevveeeereeresieeseerreseenneans 34
Unsubstituted and substituted ethynylated Schiff-base
derivatives with their absorption maximum and energy gap.............. 35
The surface roughness parameters of pure PMMA and chalcones-
doped PMMA thin films (Maidur & Patil, 2018)..........cc.cccvvvivrnnne. 49
The surface roughness parameters of pure PMMA and
halogenated chalcones-doped PMMA thin films
(Maidur & Patil, 2019) ......cooiiiiiiiiieieeee e 51
Lists of chemicals and SOIVENLS ..........ccoveeiieeiiiie e 57
Specification of pre-patterned ITO-coated glass substrate................. 69
Vibrational stretching of difference functional groups for
chalcone derivatives (1-6) ......cccoovvirininiiieee e 78
Vibrational absorptions of difference functional groups for
aromatic-ethynylated-amine derivative compounds (S1-S3)
and ethynylated Schiff-base compounds (7-12) ......cccccccvevveeiveiinenne. 82



Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12

Table 4.13

Table 4.14

Table 4.15

Table 4.16

Table 4.17

Table 4.18

Table 4.19

Table 4.20

Table 4.21

Table 4.22

Experimental H and 1*C NMR isotropic chemical shifts
(3n/dc, ppm) for chalcone derivatives (1-6) .........cccevvveveieecieiiennnn, 86

Experimental *H and 3C NMR isotropic chemical shifts
(8H/3c, ppm) for aromatic-ethynylated-amine derivative
COMPOUNAS (S1-S3) ..eeveeieiieir e 89

Experimental *H and **C NMR isotropic chemical shifts

(6H/dc, ppm) for ethynylated Schiff-base compounds (7-12)............. 90
Hydrogen bond geometry of 1 (A, 9)....cvviiceveieceeeceeeeeeen, 95
Hydrogen bond geometry of 2 (A, ©)....cvviieieiceeeeeeeeee e, 98
Hydrogen bond geometry of 3 (A, 9) ..., 102
Centroid-to-centroid interaction of 3 (A) ........ccccovvvevveeveciecee 102
Centroid-to-centroid interaction of 4 (A) ........ccccovvvivveeevicieeee 105
Hydrogen bond geometry of 5 (A, 9)...covcvvveveceeeeceeeee e, 108
Centroid-to-centroid interaction 0f 5 (A) .....c.ccevereceeveeeeeeceeans 108
Hydrogen bond geometry of 6 (A, 9)....o.ooovvvveveceeeceeeeee e, 111
Centroid-to-centroid interaction of 6 (A) ........cccoooeveveveeeeereceeens 111
Hydrogen bond geometry of ST (A, ©)....c.ccvveveceeeeeceeeeee e, 114
Hydrogen bond geometry of 7 (A, 9) ..., 117
Hydrogen bond geometry of 8 (A, 9) .....cvveeeeeieieeeeeeeee e, 121
Hydrogen bond geometry of 9 (A, 9) ..., 123
Hydrogen bond geometry of 10 (A, 9) ..o, 127
Centroid-to-centroid interaction of 10 (A) ........cccoooivvecicieee. 127
Hydrogen bond geometry of 11 (A, 9) ..cooveevveieieeeeeeeeeeeeeeen, 131
Centroid-to-centroid interaction of 11 (A) .....cccovevvvceveecieccees 131



Table 4.23

Table 4.24

Table 4.25

Table 4.26

Table 4.27

Table 4.28

Hydrogen bond geometry of 12 (A, ) ......ccovevevvveiceeeeee e, 135

Experimental and theoretical UV-Vis absorption spectra

of chalcone compounds (1-6) with their respective Amax «..cceoeereene. 142

Experimental and theoretical UV-Vis absorption spectra

of aromatic-ethynylated-amine derivative compounds (S1-S3)

and ethynylated Schiff-base compounds (7-12) with

theIT TESPECTIVE AMax «veevveeerrrrersirieiiieiesieeesieeesieeesireessire e sireesieeesees 145

Field Emission Scanning Microscopy/Energy Dispersive X-ray
Analysis (FESEM/EDX)(1-12) ...covverrreeieeenreiereisissiessessesseensennees 160

Atomic Force Microscopy Analysis (AFM) for all the synthesized
COMPOUNGS (1-12) ...t 167

Current-Voltage (I-V) graph for all the synthesized
COMPOUNGS (1-12) ...t 173

Xi



Figure 1.1

Figure 1.2

Figure 1.3

Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

Figure 2.8

Figure 2.9

LIST OF FIGURES

Page
Typical structure of multilayer OLEDs (Lee et al., 2017) ................... 3
Conjugated bond and m-orbitals in alternating single
or double bonds (Hissler et al., 2003) ........ccocovverierienieneee e 4
The delocalized electrons from the p-orbitals form rings
in benzene (Alevel Chemistry, N.d) ..., 4
Molecular structure of studied D—n—A compounds based on
indole (El Mouhi et al.,; 2019) .......cccooiiiiiiiiee e 8

Synthesis scheme of halogenated chalcone derivatives at ortho-,

meta- and para- position of aromatic ring R2 (Zaini et al., 2019)..... 11

Synthetic scheme of chalcone derivatives using conventional and

microwave irradiation methods (Ahmad et al., 2016).............c...c....... 12

Synthesis of 4-(2-ferrocenyl-ethynyl)-benzaldehyde
(Maragani et al., 2012) ......ccooceeiiieiiiece e 13

Synthesis of 4-[(4-aminophenyl)ethynyl]toluene using
triethylamine solvent (Daud et al., 2014) .........ccccoeviveveiieieeieceen, 13

Synthesis of 4-[(4-aminophenyl)ethynyl derivatives using
dichloromethane solvent (Daud et al., 2022) ..........cccccooviiiinienenn. 13

Synthesis of 4-[(4-aminophenyl)ethynyl derivatives using
tetrahydrofuran and triethylamine solvents
(Mohammed et al., 2022). ........cooviiieiiieee e 13

General scheme for formation of Schiff-base derivatives
(Dueke-Eze et al., 2011).....cciiiiiiiieiieecee e 14

Mechanism formation of ethynylated Schiff-base (ESB-NO>)
(Limetal., 2018)....ccceeiiiiiieiie sttt 15



Figure 2.10

Figure 2.11

Figure 2.12

Figure 2.13

Figure 2.14

Figure 2.15

Figure 2.16

Figure 2.17

Figure 2.18

Figure 2.19

Figure 2.20

Chalcone scaffold structural and numerical representations
(Gomes et al., 2017) c..eeieeeiieeeeee e s 15

Chalcone structures of (a), (b), (c), (d), (e) and (f) featuring
s-cis (E) whereas (g) and (h) featuring s-cis (Z)
configurations (Yu et al., 2017) ....ccccoveieieeiiee e 17

Chalcone structures of (a) (Patil et al., 2019),
(b) (Zainuri et al., 2021) and (c) (Zainuri, Razak, et al., 2018)

adopt s-trans (E) configurations...........cccocevieieiinnenie e 18

Structure of (E)-1-(anthracen-9-yl)-3-(2-chloro-6-fluorophenyl)
-prop-2-en-1-one (Abdullah et al., 2016) ........cccccevvrieriverreiesieenn, 18

The molecular structure of Schiff-base derivatives forming

S(6) six-membered ring via intramolecular O—H---N interactions
observed in related imine-phenol Schiff-bases (a) (Khalaji et al.,
2015), (b) (Cinar et al., 2020b), (c) (Dege et al., 2021) and (d)
(Karthikeyan et al., 2020)........ccccoiiiiiiiiiireieeee e 19

The structure of ferrocenyl Schiff-base (Lin et al., 2014a)................ 19

The conjugated pyrene donor and halogen acceptor substituent are
connected through (a) head-to-tail intermolecular C—H---O and
C—H---F bonds, (b) n-x stacking interactions (Alsaee et al., 2023) . 20

Crystal packing diagram depicted n-r stacking interactions
assembled in (a) head-to-head (b) edge-to-face orientation
(D’A1E0 €t al., 2025). ...oceeiviiiiiiieieiie e 21

The scaffold chalcone compound of (2E)-1-(4-nitrophenyl)-3-(2,3,4-
trimethoxyphenyl)prop-2-en-1-one (NPTMP) featuring three distinct
functional groups with its spectrum (Prabhu et al., 2020) ................. 23

The FT-IR spectrum of Schiff-base containing acetylene group
(Senol et al., 2016) .....ccovverieeieciere e 25

The *H NMR spectrum from BRUKER instrument depicting

chalcone nitro and methoxy substituents (Prabhu et al., 2020).......... 28

Xiii



Figure 2.21

Figure 2.22

Figure 2.23

Figure 2.24

Figure 2.25

Figure 2.26

Figure 2.27

Figure 2.28

Figure 2.29

Figure 2.30

Figure 2.31

The 3C NMR spectrum of anthracenyl nitro chalcone showing the
carbonyl functional group at most downfield region
(Patil et al., 2019) ....ccveieeie e e 28

The H and 3C NMR spectra of phenylacetylene substituted
Schiff-base monomer (IPA) (Senol et al., 2016)........c.ccceevvvverrrenenn. 30

The hypothetical energy diagram for different type of transitions
occur in the UV-Vis region (Bacher, 2016) ........cccccevvvvevveiveieennenn, 32

UV-Vis absorbance spectrum and their respective band gap energy
estimation (Bhadwal et al., 2014, Ghobadi, 2013).........c.ccccvvvrinnnne. 33

UV-Vis absorption spectrum of synthesized pyrenyl halogenated
chalcone (Nizar et al., 2023) ..o 36

Experimental UV-Vis absorption spectra of anthracenyl chalcone
derivatives (Anth-1) and (Anth-2) with unsubstituted chalcone

spectrum as shown in inset (Zainuri, Arshad, et al., 2018)................. 37

UV-Vis absorption spectrum showing the bathochromic effects for

nitroaniline at para-position of benzene ring (Bures, 2014) .............. 37

The energy level diagram of Me>N-z-DCI compound with

systematically enlarged m-linker (Bures$, 2014)......ccccoocvvvnvivnennnn. 40

The HOMO and LUMO frontier orbitals and their energy band gap
featuring: (a) nitro and cyano substituted chalcone molecules

(Fadhul et al., 2018, Maidur et al., 2017, Shinde et al., 2022)

(b) nitro substituted ethynylated Schiff-base molecules

(Cinar et al., 2020a, Lim et al., 2018) .......ccccovevvevecieceee e 42

The HOMO and LUMO electron density plots for para

monosubstituted chalcone derivatives (Xue et al., 2010)................... 43

The FESEM images of 1-(4-chlorophenyl)-3-(4- N, N dimethyl
amino phenyl)-2-propen-1-one (CDP) showed (a) powder,
(b) 150 nm and (c) 400 nm thin films (Ali et al., 2017).......c..ccoc....... 46

Xiv



Figure 2.32

Figure 2.33

Figure 2.34

Figure 2.35

Figure 2.36

Figure 2.37

Figure 2.38

Figure 2.39

Figure 2.40

Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4

Figure 3.5

The FESEM images of chalcone derivatives thin films of thickness
120 nm with magnifications of 75 000 (Makhlouf et al., 2018) ........ 46

The FESEM images of CPDP doped polymer film with a
magnification of X5K (Shetty et al., 2016).........c.cccevverveveiiierrenee 47

The FESEM images of FBMBC with 500 and 2000 resolutions
(Meenatchi et al., 2013).......cceiieiiiiiieece e 47

The FESEM images of (a) IPA and (b) PIPA depicting
nonhomogenous and homogenous structure, respectively
(Senol et al., 2016) ......oceriiiiieieiee e 48

The AFM images of pure PMMA and chalcones-doped PMMA thin
films at three different doping concentrations
(Maidur & Patil, 2018) .....cccccveiieiieeieceece e 50

The AFM images of (a) pure PMMA and (b) Br-ANC-30%,
(c) CI-ANC-20% and (d) N-ANC-10% doped PMMA thin films
(Maidur & Patil, 2019) ....ccooieiieiececeee e 52

The I-V curve showing the operating (turn-on) voltage
(Tamanna et al., 2014).......cccooiiiiieeee e 53

The single layer OLED featuring CSAB as emissive layer
(Saidin et al., 2022) .......oooeiiiiieee e 55

The I-V curve of alkoxy bischalcone (CSAB)

(Saidin et al., 2022) .......coooviiiiieiee e 55
Synthesis pathway of chalcone derivatives ...........ccccooceviveiviieieenenn, 58
Synthesis pathway of phenylethynyl derivatives ...........c.ccccccevvenen. 59
Synthesis pathway of ethynylated Schiff-base derivatives ................ 60
Crystallographic process flowchart (Ooi, 2010) .......ccoceevvevieiieennnnns 63

Gaussian calculation setup at B3LYP/6-311G++(d,p) basis set
(Frisch, 2009) .....oooiiiiiiieieie e 67

XV



Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 4.1
Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Cycle flow process for OLED device (Geffroy et al., 2006) ............. 68

Schematic diagram of the thermal evaporation system
(Bashir et al., 2020) ......ccceieiiiiieiieie e s 73

The fabrication process of an OLED device (Islam et al., 2013)....... 73

Schematic configuration of single material OLED device.
(@) atop view and (b) a side view (Bauri et al., 2021) .........ccccovenenee. 74

Overlay of the FT-IR spectra of compounds (1-6) .........cccccvevvrrvennene 79
Overlay of the FT-IR spectra of compounds (S1-S3) and (7-12)....... 83

(@) The molecular structure of 1 with atom labels and 50%
probability displacement ellipsoids; (b) The optimized structures
at B3LYP 6-311++G(d,p); (c) The dihedral angle between

anthracene moiety and nitrobenzene moiety planes...........ccccccvenn.n. 94

Formation of stacked inversion dimers and graph-set motif through
C—H---O interactions. The intermolecular hydrogen-bonds are
shown by the black dotted lINes............ccooviiiniiniie 95

(@) The molecular structure of 2 with atom labels and 50%

probability displacement ellipsoids; (b) The optimized structures

at B3LYP 6-311++G(d,p); (c) The dihedral angle between the
nitrobenzene plane and the 9H-carbazole unit; (d) The dihedral angle
between the nitrobenzene plane and the phenyl ring of the
9-phenylcarbazole Unit ..........c.ccooevvee e 97

(@) The crystal packing of 2 showing C—H---O interaction
(dashed lines); (b) The C—H---x interactions forming an infinite
chain along the ac-plane direCtion...........ccccceoevereneneneniseceees 98

(@) The molecular structure of the compound 3 showing 50%
probability ellipsoids; (b) The optimized structure of compound 3 at
DFT/B3LYP 6-311++G(d,p); (c) The dihedral angle between two

mean planes of indole and nitrobenzene moieties...........cccccvevvvenee. 100

XVi



Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

(@) The crystal packing of 3 showing the molecules are linked by
C—H---O interactions extending along c-axis direction.

The presence of water molecule binds the anti-parallel molecules
in the direction of b-axis. The n-- -7 stacking interactions shown by
grey lines further stabilize the crystal structure; (b) C—H---x

interactions are viewed dOWN @-aXIS ......veeeeeeeeeeeeeeeeeeee e 101

(@) The molecular structure of 4 with displacement ellipsoids drawn

at the 50% probability level; (b) The optimized structure at DFT
B3LYP/6-311G++(d,p); (c) The dihedral angle between the pyrene
and 4-acetylbenzonitrile MOIELIES..........covvieiiiiiiiceeeeee, 104

Crystal packing of 4 showing =---& stacking interactions................ 105

(@) The molecular structure of 5 with displacement ellipsoids
drawn at the 50% probability level; (b) The optimized structure
at DFT B3LYP/6-311G++(d,p); (c) The dihedral angle between

the phenylthiophene and nitrobenzene moieties..........c..cccccevvvennenee. 107

Crystal packing of 5 representing the intermolecular C—H--'xt
bonds extending along b-axis direction and weak «---x
11 - Uod T TSR 108

(@) The molecular structure of 6 with displacement ellipsoids
drawn at the 50% probability level; (b) The optimized structure
at DFT B3LYP/6-311G++(d,p); (c) The dihedral angle between

the phenylthiophene and benzonitrile moieties...........ccccccoevevvennenne. 110

Crystal packing of 6 representing the intermolecular C—H---n and

weak 7t---m interactions extending along c-axis direction................. 111

(@) The molecular structure of S1 with displacement ellipsoids
drawn at the 50% probability level; (b) The optimized structure at
DFT B3LYP/6-311G++(d,p); (c) The dihedral angle between two

planes showing a compound planarity .........ccccceveiieeiie e, 113

XVii



Figure 4.16

Figure 4.17

Figure 4.18

Figure 4.19

Figure 4.20

Figure 4.21

Figure 4.22

Figure 4.23

Figure 4.24

Crystal packing of the compound S1 showing (a) the intermolecular
N—H---O hydrogen bond extending along a-axis direction, (b) the
C—H--m interactions along c-axis and (c) the C—H-- & interactions

AlONG D-AXIS ..vevveiicic e 114

(@) The molecular structure of 7 with displacement ellipsoids
drawn at the 50% probability level; (b) The optimized structure at
DFT B3LYP/B-311G++(0,D) coveoveeveeereeeeeeeeeieeeeeeseeeseeesv s 116

Crystal packing of the compound 7 showing C—H---O and
C—H---m interactions extending along, (a) a-axis, (b) b-axis

and (c) C—H---m along c-axis direCtion...........ccccceevvevvevieseeseennenne, 118

(@) Molecular structure of 8 showing two independent molecules;
(b) The optimized structure performed by DFT at B3LYP/6-
K T (o 1 o) ISP 120

Crystal packing of the compound 8 showing C—H---O and
C—H---m interactions extending along, (a) a-axis, (b) b-axis and
(c) C—H---m along c-axiS direCtion ..........cceovevverierienenininieeeee, 121

(@) Molecular structure of 9 showing two independent molecules;
(@) The optimized structure performed by DFT at B3LYP/6-
K ] (o1 o) ISP 122

Crystal packing of the compound 9 showing; (a) sinusoidal wave
pattern; (b) C—H---x interaction along c-axis; (c) the molecules
independently linked to other molecules on a-axis........c.cccceeveunee. 124

(@) Molecular structure of 10 showing two independent molecules;
(b) The optimized structure performed by DFT at B3LYP/6-
i T (o 1 ) I USSP 125

Crystal packing of the compound 10 showing (a) head to tail
C—H---m interaction; (b) molecules are arranged in A-B-C
configuration; (c) =7 interactions connecting a pair of A-B-C
MOIECUIES ... 128

XViil



Figure 4.25

Figure 4.26

Figure 4.27

Figure 4.28

Figure 4.29

Figure 4.30

Figure 4.31

Figure 4.32

Figure 4.33

(a) Molecular structure of 11 showing two independent molecules;
(b) The optimized structure performed by DFT at B3LYP/6-
K (1 o) IS 129

Crystal packing of the compound 11 showing (a) side-by-side
arrangement; (b) weak =-- -7 interactions; (¢) C—H- &

INEEIACTIONS ..ottt et e e e e e e e e e e e eeeeeeeeeeeeeeeeeees 132

(@) Molecular structure of 12 showing two independent molecules;
(b) The optimized structure performed by DFT at B3LYP/6-
K T (o 1 o) ISP 133

Crystal packing of the compound 12 showing (a) the molecules are
arranged in head to head via C—H---O interaction, (b) numerous
N—H---N and C—H- -7t INteractions ..........ccccoecererenenvnienreninennenns 136

Molecular electrostatic potential surfaces at B3LYP/6-311++G(d,p)

level of chalcone derivatives (1-6) ........ccccocvvvieieeiesiie e, 151

Molecular electrostatic potential surfaces at B3LYP/6-311++G(d,p)
level of ethynylated Schiff-base derivatives (7-12)........cc.ccccvvvennene. 152

HOMO and LUMO energy levels and surfaces at B3LYP/6-
311++G(d,p) level of chalcone derivatives (1-6) ........cccccvveeervenrnne. 155

HOMO and LUMO energy levels and surfaces at B3LYP/6-
311++G(d,p) level of 4-(phenylethynyl)aniline
derivatives (S1-S3) ....coiciiiie e s 156

HOMO and LUMO energy levels and surfaces at B3LYP/6-
311++G(d,p) level of ethynylated Schiff-base derivatives (7-12).... 157

XiX



Anth

ATR

AFM

B3LYP

CIF

Cul

DFT

DMSO

FMOs

FESEM

GIAO

HOMO

ICT

-V

LUMO

MeOH

NaOH

NMR

NOR Lab

LIST OF ABBREVIATIONS

Acceptor

Anthracene

Attenuated Total Reflectance
Atomic Force Microscopy

Becke-style 3-Parameter Density Functional Theory
(using the Lee-Yang-Parr correlation functional)

Crystallographic Information File
Copper lodide

Donor

Density Functional Theory

Dimethyl Sulfoxide

Frontier Molecular Orbitals

Field Emission Scanning Electron Microscopy
Gauge-Invariant Atomic Orbital
Highest Occupied Molecular Orbital
Intermolecular Charge Transfer
Current-Voltage

Lowest Unoccupied Molecular Orbital
Methanol

Sodium Hydroxide

Nuclear Magnetic Resonance

Nano-Optoelectronics Research & Technology Laboratory

XX



ORTEP

OLED

ppm

SADABS

SAINT

SMART

TD-DFT

TMS

THF

USM

uv

UV-Vis

WR

Oak Ridge Thermal Ellipsoid Plot

Organic Light Emitting Diode

Parts per million

Siemens Area Detector Absorption Correction
SAX Area-detector Integration (SAX-Siemens Analytical X-ray)
Siemens Moecular Analysis Research Tools
Time Dependent Density Functional Theory
Tetramethylsilane

Tetrahydrofuran

Universiti Sains Malaysia

Ultraviolet

Ultraviolet Visible

Weighted Reliability Index

XXi



SINTESIS, PENCIRIAN DAN KAJIAN TEORI TERBITAN KALKON DAN
TERETILINASI BES-SCHIFF UNTUK POTENSI APLIKASI PEMANCAR

CAHAYA

ABSTRAK

Ciri fotofizikal dan elektrokimia bahan organik sedang dikaji secara aktif
untuk meningkatkan pengangkutan cas bagi OLED berprestasi tinggi. Diinspirasikan
oleh bahan organik berkonjugasi tinggi m, dua siri sebatian baharu yang
menampilkan konfigurasi penderma-pi-penerima (D-n-A) iaitu terbitan kalkon (1-6)
dan terbitan teretilinasi bes-Schiff (7-12) telah berjaya direka dan disintesis
menggunakan kaedah pemeluwapan Claisen-Schmidt dan kaedah pemeluwapan bes-
Schiff. Struktur hablur semua sebatian telah diselesaikan dan dimurnikan
menggunakan analisis pembelauan sinar-X hablur-tunggal. Pengiraan Teori Fungsian
Ketumpatan (DFT) mengesahkan geometri molekul yang dioptimumkan adalah
setanding dengan keputusan eksperimen. Gambar rajah padatan hablur semua
sebatian mendedahkan interaksi antara molekul termasuk interaksi C—H---O, N—
H---N, C—H:-'n dan =n--'m, yang menyumbang kepada pemindahan cas dan
kestabilan struktur. Kumpulan berfungsi dan struktur kimia molekul semua sebatian
telah dikenal pasti secara kuantitatif oleh analisis spektroskopi Fourier Transform
Inframerah (FTIR) dan 'H dan '*C Resonans Magnet Nuklear (NMR). Spektrum
UV-Vis mendedahkan bahawa semua sebatian mempamerkan panjang gelombang
penyerapan maksimum dalam julat semikonduktor dengan nilai antara 2.52 dan 2.94
eV untuk sebatian (1-6) dan 2.73 hingga 2.85 eV untuk sebatian (7-12). Jurang
tenaga HOMO-LUMO yang dikira untuk sebatian kalkon berada dalam julat 2.33 eV

hingga 3.32 eV manakala teretilinasi bes-Schiff adalah 2.31 hingga 3.06 eV, yang
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kedua-dua sebatian berada dalam julat semikonduktor. Tambahan pula, analisis
FESEM mendedahkan filem nipis (2, 3, 5, 6, 9, 10, 11, 12) mempunyai permukaan
homogen tanpa lubang jarum dan mempamerkan struktur bentuk zarah hablur
terkumpul. Mikroskopi AFM mengesahkan filem (1, 2, 5, 8, 9, 10) mempunyai
permukaan yang licin bagi menghalang berlakunya litar pintas elektrik. Selain itu,
terbitan teretilinasi bes-Schiff (7-12) menunjukkan voltan operasi yang lebih rendah
laitu 6.1 hingga 10.7 V berbanding terbitan kalkon (1-6) dengan 9.0 hingga 15.4 V.

Oleh itu, semua sebatian menawarkan potensi dalam aplikasi pemancar cahaya.
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SYNTHESIS, CHARACTERIZATION AND THEORETICAL STUDIES OF
CHALCONE AND ETHYNYLATED SCHIFF-BASE DERIVATIVES FOR

POTENTIAL LIGHT EMITTING APPLICATIONS

ABSTRACT

The photophysical and electrochemical characteristics of organic materials
are being studied actively to enhance charge transport for high-performance OLEDs.
Inspired by highly m-conjugated organic materials, two series of new compounds
featuring of donor-pi-acceptor (D-n-A) configuration namely chalcone derivatives
(1-6) and ethynylated Schiff-base derivatives (7-12) compounds were succesfully
designed and synthesized using Claisen-Schmidt condensation and Schiff-base
condensation methods, respectively. The crystal structures of all compounds were
solved and refined using single-crystal X-ray diffraction analysis. Density Functional
Theory (DFT) calculations confirmed the optimized molecular geometries are
comparable to the experimental results. The crystal packing diagrams of all
compounds revealed intermolecular interactions including C—H---O, N—H---N,
C—H--m and =---7 interactions, which contribute to charge transfer and structural
stability. The functional groups and molecule’s chemical structure of all compounds
were quantitatively identified by Fourier Transform Infrared (FTIR) and *H and 3C
Nuclear Magnetic Resonance (NMR) spectroscopy analyses, respectively. The UV-
Vis spectra revealed that all compounds exhibit maximum absorption wavelengths
within the semiconductor range, with values between 2.52 and 2.94 eV for
compounds (1-6) and 2.73 to 2.85 eV for compounds (7-12). The calculated HOMO-
LUMO energy gaps for chalcone compounds in range of 2.33 eV to 3.32 eV

meanwhile ethynylated Schiff-base is 2.31 to 3.06 eV, which both compounds fall

XXIV



within the semiconductor range. Furthermore, FESEM analysis revealed the thin
films (2, 3, 5, 6, 9, 10, 11, 12) have a homogeneous surface without pinholes and
exhibit an agglomerated crystal particle-shape structure. AFM microscopy confirmed
the smooth surface of films (1, 2, 5, 8, 9, 10) preventing electrical short circuits.
Ethynylated Schiff-base derivatives (7-12) demonstrated lower operating voltages
values of 6.1 to 10.7 V as compared to chalcone derivatives (1-6) of 9.0 to 15.4 V.

Therefore, all compounds offers great potential in light-emitting applications.
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CHAPTER 1
INTRODUCTION
1.1 Overview of Organic Light Emitting Diodes (OLEDs)

The generation of electronic displays has evolved from the first generation of
cathode-ray tubes (CRT) to the second generation of liquid crystal display (LCD)
and plasma display panels (PDP). Nowadays, organic light emitting diodes (OLEDs)
are emerging as the next generation and are becoming one of the latest devices in the
lighting industry. Active research and production of organic light emitting diodes
(OLEDs) began in 1987, when Eastman Kodak's Tang and VanSlyke demonstrated
that bright luminance was achieved >1000 cd/m? and efficiency of 1.5 Im/W at a
driving voltage of ~10V from bilayer OLED system using a small molecule of
aluminium tris(8-hydroxyquinoline) (Algs) sandwiched between anode and cathode
(Tang & VanSlyke, 1987). Since their report, much effort has been made to develop
practical OLEDs technology in flat-panel display and lighting applications for
achieving highly efficient luminance, long-lasting and low-cost device. For instance,
Burroughes and his group from Cambridge University successfully developed the
conjugated polymer OLEDs based on poly(p-phenylene vinylene) (PPV) that provide
an opportunity to explore the wet-processing method (Burroughes et al., 1990). Four
years later, Kido et al. (1994) continued the development of OLED studies on white
OLEDs at Yamagata University. In 1998, phosphorescent OLEDs were invented by
Baldo et al. (1998) to enhance the performance of OLEDs. Afterwards, the multi-
photon OLEDs (Koden, 2016) and thermally activated delayed fluorescence (TADF)
OLEDs (Endo et al., 2011, Youn Lee et al., 2012, Wu et al., 2014) were invented for

performances improvement. Since 2012, research on commercially flexible OLED



technologies has been actively developed for future OLED business with a number

of private companies.

The typical OLED structure is composed of a substrate, a conductive layer, an
emissive layer and both anode and cathode terminals which are approximately 100 to
500 nanometres thick. Heterojunctions or known as multi-layer OLEDs constituted a
stack of organic layers which widely employed in fabrication to increase the device
efficiency and to overcome the accumulation of excess electrons and holes (Ugale et
al., 2018). The multi-layer OLED architecture usually includes different functional
layers such as hole injection layer (HIL) and electron injection layer (EIL), hole
transporting layer (HTL), electron transporting layer (ETL) and emissive layer (EL),
shown in Figure 1.1. These layers are sandwiched between two electrodes where the
emissive layer acts as recombination site region of holes and electrons, producing a
light photon. Traditionally, the OLEDs are fabricated in a vacuum deposition system
under a high vacuum environment at 10“ ~ 10 Pa. A single-layer OLED has gained
popularity since the fabrication is quite simple yet less expensive. In the year 2000,
the single-layer OLED with Al cathode, obtained by spin coating has been
successfully performed and achieved high external quantum efficiency of 2.0 % and
a current efficiency of 8.5 cd/A at 22 V by Y.D. Jin et al. and cowerkers (Jin et al.,
2000). In their studies, the active layer consists of a blend of

Alga/rubrene/polystyrene (PS) with weight ratios y: x:100.



Cathode

Electron injection layer

Electron transporting layer
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Hole transporting layer

Hole injection layer

Anode (ITO)

Glass substrate

Figure 1.1  Typical structure of multilayer OLEDs (Lee et al., 2017)

The OLEDs are based on certain organic small molecules which behave as
diode semiconductors when the external current is applied. Organic materials can be
considered as candidates for practical light emitting devices if they exhibit high
fluorescent quantum efficiency in the visible spectrum. Thus, this research focus on
the to study of potential of organic chalcone and Schiff-base materials on single layer
OLED by adopting the different donor and acceptor substituents and different

conjugated m-bond molecular structures, respectively.

1.2 Organic n-Conjugated Materials

The selection of materials in organic electronics is of great importance for
optoelectronic applications. This is to ensure the organic materials must having a
good ability to transport and behave similar to conductors or semiconductors. The
synthesis of novel m-conjugated organic materials is essential for discovering basic
structure-property connections. The conjugation effect occurs when the molecules

consisting alternating single or double bonds which contributes to m-n conjugation as



illustrated in Figure 1.2. Many of the organic molecules that emit light are often -
conjugated compounds, in which the p; and py orbitals of nearby C-atoms overlap to
produce m-orbitals and m-bonds. Electrons in m-orbitals are delocalized along the
bond axis connecting the two C-atoms as a result of the overlap (Bassani et al., 2005).
The delocalized =-electron cloud in organic polymers such as polyaromatic
hydrocarbons (PAHSs) extends along the entire length of the chain as depicted in
Figure 1.3. This delocalization could reduce the energy gap of the organic molecules,
promoting efficient charge transfer. Thus, polyaromatic hydrocarbons (PAHS) such
as napthalene, anthracene and pyrene are excellent in w-electron delocalization and
charge transfer since PAHs materials possess a rigid and planar m-conjugated
skeleton (Li et al., 2020). Furthermore, PAHs materials also have outstanding

properties since they are mostly bulky and stable moiety.

4 2
5/\3/\1

conjugated bond

conjugated m-orbitals

Figure 1.2  Conjugated bond and z-orbitals in alternating single or double bonds
(Hissler et al., 2003)

6 p-orbitals delocalized

Figure 1.3  The delocalized electrons from the p-orbitals form rings in benzene
(Alevel Chemistry, n.d.)



1.3 Problem Statements

In the last decade, light emitting diode (LED) based on inorganic materials
have become fascinating candidates in solid-state lighting applications due to long-
life and good compatibility with integrated circuits for large area display panels such
as computer monitors, television screens and instrument displays. Inorganic LEDs
are light emitting diodes made of a crystalline semiconductor. Although the
inorganic LED can operate at low operating voltage and serves a flexible size for
display screen size, however its efficiency is comparatively lower than the organic
LED. For instance, white light emitting diodes (WLED) practicably use inorganic
material such as lead halide perovskite CsPbXs (X = Cl, Br, I) nanocrystals encounter
a drawback in which the device is unstable to work at a high operation current caused
by the deep traps occurred at the quantum dots surface (Zhang et al., 2018). In
addition, inorganic LEDs suffer from high cost production due to expensive
deposition techniques (Sessolo & Bolink, 2011, Haque et al., 2017). Apart from that,
the inorganic materials usually lack extended n-electron delocalization and high cost

maintainances of synthesis.

Due to that, many scientists have put a great effort to discover new materials
to enhance LED performances in terms of quantum efficiency, lifetime and low
production cost. In order for the compounds to exhibit a good fluorescence, the
molecules should have suitable selected n-conjugated core, linking groups, terminal
functionality and fine control of their self-assembly (Manohara et al., 2019). These
organic compounds are practically constructed based on push-pull systems where the
electron-donating group (D) is linked to an electron-withdrawing group (A) through
a m-conjugated spacer. In most situations, the intensity of the push-pull effects

determines how chromophores behave on a molecular level.
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Two organic materials having a m-conjugated system which act as a bridge
are the main interest in this research to investigate their photophysical and
electrochemical properties with a wide range of substitutions at both end-capped.
Therefore, this thesis will discuss further on the role of bulky substituents attached to
the design fragments of two classes of organic compound series which lead to high

optical properties.

1.4  Objectives

Based on the research problem, there are several objectives have been
identified and need to be achieved during this research study. The objectives of this

study are as listed below.

1. To design, synthesize and characterize two distinct classes of organic
compounds featuring mixed moieties of chalcone and ethynylated Schiff-base
derivatives using crystallographic and spectroscopic analytical methods to
elucidate their structural, chemical and optical properties.

2. To fabricate the single-layer OLED thin films of these derivatives using a
solution process of spin-coating technigue.

3. To study the microstructural and electrical properties of OLED thin films
using Field Emission Scanning Electron Microscopy (FESEM), Atomic Force

Microscopy (AFM) and current-voltage characterization.



CHAPTER 2

LITERATURE REVIEW

2.1  Molecular Organic Architecture

Recent studies have highlighted the potential of OLEDs in displays, lighting,
and automotive sectors. For instance, OLED displays have gained significant
attention in smartphones, televisions and wearable devices due to their superior
image quality, wider viewing angles and thinner form factors (Zou et al., 2020). In
the lighting industry, OLEDs offer a more energy-efficient and customizable
alternative to traditional lighting sources (Pode, 2020). Moreover, OLEDs are being
integrated into automotive applications such as dashboards and head-up displays to
enhance driver experience and safety (Blankenbach, 2018). As research continues to
advance, OLED technology is expected to play a pivotal role in shaping future
technological advancements. Due to that many scientists are working on designing
the molecular organic system which determine the final device performance. The
development of the OLEDs nowadays not depends in the processing technology but
also based on in-depth understanding of synthesis of new organic materials and

structure-property relationship for OLEDs behaviour (Dechun, 2013).

Several approaches must be addressed in order to develop and synthesize a
range of conjugated organic materials with varied structures and functional moieties
to suit the needs of these organic devices. Firstly, the arrangement of the organic
molecules system that must equipped with strong configuration push-pull system.
The D-A arrangement also referred to as "push-pull™ systems, confirms effective
intermolecular charge transfer (ICT) from the electron-donating group to the

electron-accepting group via m-bond conjugation and generates the donor-acceptor



system (Khan et al.,, 2021). Many chemical compounds with extended =-bond
conjugated arrangements that contain donor groups (N-CHs, O-CHz, -OH) and
acceptor groups (CN, NO2, CF2) have been studied, primarily correspond to donor-r-
acceptor (D-mn-A) chromophores as shown in Figure 2.1. However, conjugated
organic material carrying D-n-A system experiencing effect of aggregation caused
quenching (ACQ) in solid state and it is an obstacle for the development of solid-
state optoelectronic devices like OLEDs (Karuppusamy et al., 2017, Rajeswara Rao
et al., 2013). To overcome this drawbacks, the introduction of aggregation induced
enhanced emission (AIEE) is employed to organic the materials in enhancing the
fluorescence in both liquid and solid state (Luo et al., 2001). One method of doing
this is by incorporating bulky substituents to the bulky group and alkyl chain in the
luminophore moiety. These are intended to reduce H-aggregation (head to head)
molecular arrangement and z-x stacking intermolecular interaction (An et al., 2002).
The molecular organic D-z-A with AIEE characteristics must be designed to
obtaining the J-aggregation (head to tail) molecular arrangement for potential light

emitting diodes.

Donor

Figure 2.1 Molecular structure of studied D—n—A compounds based on
indole (EI Mouhi et al., 2019)



Secondly, the selection of donor materials are crucial for the property of
optoelectronic device. Polyaromatic materials such as pyrene and anthracene are an
electron rich moiety which can donate the electron and form an effective D-n-A
system when it is combined with an electron acceptor moiety. The m-electrons could
enhance the intramolecular charge transfer (ICT) and hence increase the conjugation
efficiency of polyaromatic based material (Puranik et al., 2021). Latest research
reported that strong electron-donating groups (EDGs) at the para-position of 4°-
methoxychalcone derivatives and good molecular planarity were beneficial to their
solid-state fluorescent quantum yields (Lin et al., 2022). Therefore, in an attempt to
investigate this property, two set of compounds were selected for realizing this
organic materials such as chalcone and Schiff-base compounds featuring D-n-A

system.

Intermolecular charge transfer (ICT) plays a crucial role in Organic Light-
Emitting Diodes (OLEDs) because it directly influences the efficiency of light
emission. ICT facilitates the formation of excitons, bound electron-hole pairs
responsible for luminescence (Sarma & Wong, 2018). Moreover, ICT enables
efficient energy transfer between molecules within the OLED material, thereby

minimizing non-radiative energy loss (Wang et al., 2020).



2.2  Synthesis of Chalcone

Chalcone are widely distributed in plants and are considered to be a precursor
of flavonoids and isoflavonoids. The standard chalcone consists of two aromatic
rings connected with the n-bridge also known as enone moiety bridge. There are
many methods to synthesize chalcones which includes Claisen-Schmidt condensation
(Winter et al., 2016), Sizuki-Miyaura Coupling reaction (Tang et al., 2010),
Sonogashira Isomerization Coupling reaction (Cho, 2005) and Carbonyative Heck
Coupling reaction (Lian et al.,, 2016). For this research, Claisen-Schmidt
condensation was employed due to its simplicity in procedure, short reaction time,
more environmentally friendly and without further required for column

chromatography (Kumar et al., 2010).

Over the past six years, there are six significant reported studies that used
Claisen-Schmidt condensation method to synthesize chalcones compounds (Baggio
et al., 2016, Karuppusamy et al., 2017, Zaini et al., 2019, Anizaim et al., 2019,
Zainuri et al., 2021, Alsaee, Bakar, et al., 2022). The reaction is prepared by
dissolving of appropriate ketone and aldehye moieties in methanol solvent with the
presence of sodium hydroxide NaOH base as catalyst. The synthesized compound is
filtered, washed successively and purified by recrystallization. The synthetic scheme

for the reported chalcone synthesized by this approach is shown in the Figure 2.2.
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Figure 2.2

20% NaOH CH,0H

o 5 X
sl ol o 1:X=ClL,Z=F&Y=H
X 2:Y=F,Z=Cl.X=H
@ « |[R2 3:Y=ClLX&Z=H
Br- Z 4X=F.Y&Z=H

Synthesis scheme of halogenated chalcone derivatives at ortho-, meta-
and para- position of aromatic ring R2 (Zaini et al., 2019)

Ahmad et al. (2016) also synthesized novel chalcone derivatives by

conventional and microwave irradiation methods. Both of these methods used

potassium hydroxide (KOH) solution as base catalysts. For microwave irradiation

methods, the final mixture was placed under microwave irradiated for about 2-6

minutes at 180 watts. The synthetic scheme is shown in Figure 2.3. Chalcone

fragment is one of the example that contains m-conjugated skeleton at the enone

bridge and their both end-capped which can be further tuning with donor and

acceptor groups for D-n-A chalcone configuration system.

11



o}
Il Ethanel, Aq. KOH
mcﬂc—cm + Ar - CHO HyC [\ = A
o R T and MWI,

1-(5-methytfuran-2-¥1) ethanone 12 - 24 hours

Ar

0 -

2a,

2b.

2d,
Ci
QF % >—cu
2e.
~

Figure 2.3  Synthetic scheme of chalcone derivatives using conventional and
microwave irradiation methods (Ahmad et al., 2016)

2.3 Synthesis of Sonogashira Cross-Coupling

Sonogashira cross-coupling reactions involve reacting terminal acetylenes
and aryl or alkenyl halides in the presence of palladium (Pd) and copper(l) catalysts
with base under 24 hours reflux condition (Perez, 2021). The final mixture is filtered
and proceed for column chromatography to obtain the purity of the product. In this
research, the final product was used as precursor materials to react with aldehyde in
the Schiff-base reaction to obtain the final product. There are several reported studies
were prepared using Sonogashira cross-coupling reaction with different moieties and
solvents (Maragani et al., 2012, Daud et al., 2014, Khairul et al., 2017, Lim et al.,
2018, Zaini, Khairul, et al., 2020b, Mohammed, Khairul, Rahamathullah, Razak, et

al., 2022, Daud et al., 2022) as presented in Figure 2.4, 2.5, 2.6 and 2.7. Nevertheless,
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several recent research have reported on copper-free Sonogashira cross-coupling
reactions which provide advantages in adopting green chemistry principles and
making the reactions more economically feasible (Gazvoda et al., 2018, Kanwal et

al., 2020, Mohajer et al., 2021).

CHO

- -
é} THF, E3N, Cul, %}, ;

Pd(PPhy);Cly, PPhs,
40°C, 48 h.

Figure 2.4  Synthesis of 4-(2-ferrocenyl-ethynyl)-benzaldehyde
(Maragani et al., 2012)

_ Pd(PPhs),Cl,, Cul
H,0, Et;N

4-iodoaniline 4-ethynyltoluene 4-[(4-aminophenyl)ethynyl]toluene

Figure 2.5 Synthesis of 4-[(4-aminophenyl)ethynyl]toluene using
triethylamine solvent (Daud et al., 2014)

Pd- cat/EtaN _
R—QI + Hes c@ R = NH,
H,0:DCM

Where R = CN (SC1) and COOCH; (SC2)

Figure 2.6 Synthesis of 4-[(4-aminophenyl)ethynyl derivatives using
dichloromethane solvent (Daud et al., 2022)

Q THF, Et;N Q
| ., HC=C _— O = O
Pd(PPhy),Cl

Figure 2.7 Synthesis of 4-[(4-aminophenyl)ethynyl derivatives using
tetrahydrofuran and triethylamine solvents
(Mohammed, Khairul, Rahamathullah, Razak, et al., 2022)
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2.4 Synthesis of Schiff-Base

Another type of organic compounds that posesses a m-conjugated motifs
materials is Schiff-base compounds. The Schiff-base was first discovered by Hugo
Schiff in 1864 and considered as a subclass of imines which consisting of functional
group carbon-nitrogen double bond (C=N) in the structure (Fabbrizzi, 2020).
Normally, the reaction involved approximately 24 hours condensation of an aldehyde
or ketone with a primary amine in ethanol solvent as shown in Figure 2.8. The
synthesis of Schiff-base compounds consist of various methods such as eco-friendly
conventional and microwave irradiation methods (Yang & Sun, 2006, Mishra & Jain,

2014, Ali et al., 2020, Mermer & Boulebd, 2023).

HO
N _NH N N :@-\
X 2 HO Ethanol. H' X7 e R,
| + RT,24 h ] H
S =
O::C R

H 1
R=H®
R,= NO, (II)
R = Br(II)
R,= OCH,(IV)

Figure 2.8 General scheme for formation of Schiff-base derivatives
(Dueke-Eze et al., 2011)

The reported studies by Lim et al. prevail that the Schiff-base compounds
were successfully synthesized by condensation reaction to form a tail-free nematogen
of ethynylated Schiff-base (ESB-NO2) and possesses excellent photophysical
properties for solution-processable OLED (Lim et al., 2018). Figure 2.9 shows the
synthetic pathway mechanism of the formation of ethynylated Schiff-base (ESB-

NO»).
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Figure 2.9 Mechanism formation of ethynylated Schiff-base (ESB-NO>)
(Limetal., 2018)

2.5  Single Crystal X-Ray Diffraction Studies

X-ray diffraction studies is one of important analysis to investigate the
structure-property of the molecule as potential use of organic light emitting materials.
In this study, chalcone and Schiff-base were chosen as two promising compound due
to their distinctive features of m-conjugation system. Each compound has a specific
molecular structure and configuration. The chalcone molecular structures exist as
either trans (E) or cis (Z) isomers having two aromatic rings connected by a three-
carbon a,B-unsaturated carbonyl system as shown in Figure 2.10. In most cases, the
configuration of chalcone with E isomer is more stable than Z isomer. The unstable
of Z isomer is due to the existence of strong steric effect occurred between carbonyl

group and the aromatic ring B (Aks6z & Ertan, 2011).

Figure 2.10  Chalcone scaffold structural and numerical representations
(Gomes et al., 2017)
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Meanwhile, the carbonyl bond (C=0) adopts s-cis or s-trans conformation
with respect to the vinylenic double bond due to free rotation along the single bond
between C-carbonylic and C-a (Nowakowska, 2005). Typically, the conformer s-cis
chalcone giving almost a fully planar rather than s-trans chalcone, which provides
increased in conjugation, fluorescent and high intramolecular charge transfer (ICT)
to the entire molecule. One related reported studies by (Yu et al., 2017) were found
that most of the synthesized chalcones containing pyrene and anthracene substituted
donor groups formed different types of s-cis configurations (Figure 2.11).
Additionally, the anthracenyl chalcones which originated from the anthracenyl-
ketone moiety exhibit s-trans (E) configuration in their molecular structure (Figure
2.12). However, fewer studies reported on s-trans (Z) for bulky subsituents chalcone.
Furthermore, the existence of intermolecular hydrogen bond C—H---F in the
molecular structure of (E)-1-(anthracen-9-yl)-3-(2-chloro-6-fluorophenyl)-prop-2-en-
1-one (Abdullah et al., 2016) locked the enone moiety in s-trans (E) configuration

thus generating an S(6) ring motif (Figure 2.13).

The Schiff-base molecular structure comprises of a double bond linking
carbon and nitrogen atoms (C=N). Chemically, this compound is known as imines or
azomethine functional group. Three of the reported studies about Schiff-base
compounds (Khalaji et al., 2015, Cinar et al., 2020b, Dege et al., 2021) exhibited the
intramolecular interactions O—H---N where all of the structures forming a S(6) ring
motif between the ortho-position of hydroxy group substituent to the imine group of
Schiff-base (Figure 2.14). Schiff-base ligands are now actively being researched due
to their ease of synthesis by condensation of designated aldehydes and imines.
Previous study carried out by (Lin et al., 2014a) has successfuly formed a crystal

structure of novel ferrocenyl Schiff-bases with phenylethynyl moiety (Figure 2.15).

16



Figure 2.11  Chalcone structures of (a), (b), (c), (d), (e) and (f) featuring s-cis (E)
whereas (g) and (h) featuring s-cis (Z) configurations (Yu et al., 2017)
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Figure 2.12  Chalcone structures of (a) (Patil et al., 2019), (b) (Zainuri et al., 2021)
and (c) (Zainuri, Razak, et al., 2018a) adopt s-trans (E) configurations
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Figure 2.13  Structure of (E)-1-(anthracen-9-yl)-3-(2-chloro-6-fluorophenyl)-prop-
2-en-1-one (Abdullah et al., 2016)
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Figure 2.14  The molecular structure of Schiff-base derivatives forming S(6) six-

membered ring via intramolecular O—H---N interactions observed
in related imine-phenol Schiff-bases (a) (Khalaji et al., 2015),
(b) (Cinar et al., 2020b), (c) (Dege et al., 2021) and

(d) (Karthikeyan et al., 2020)
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Figure 2.15  The structure of ferrocenyl Schiff-base (Lin et al., 2014b)
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The different types of crystal packing bring a significant impact on the
fluorescence behaviour of the molecules which primarily caused by intermolecular
interactions and molecular orientation. The existence of hydrogen bonds, halogen
bonds and m-m interactions can help stabilizes the crystal structure, facilitate an
efficient intermolecular charge transfer between the molecules thus offering a small
HOMO LUMO energy gap (Ashfaq et al., 2022, Gilday et al., 2015). Moreover, the
head-to-tail molecular structure orientation due to intermolecular interaction and
face-to-face stacking confirmation as a result of n-w interaction lead to a faster charge
transfer (Figure 2.16) (Alsaee et al., 2023). Another study published by (D'Aléo et al.,
2015) found that the compound comprising pyrene with a methoxy group on the
napthalene-group assembled to a face-to-face molecular arrangement, resulting in an
increase in emission efficiency in the condensed phase. Meanwhile, the edge-to-face
orientation of the crystal structure indicates the presence of H-like aggregates which
quenches the photoluminescence properties (Figure 2.17). In addition, the crystals
with the smallest dihedral angles and the least torsion extent possess the longest

emission peak wavelengths, which correlate to red fluorescence (Yu et al., 2017).
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Figure 2.16  The conjugated pyrene donor and halogen acceptor substituent are
connected through (a) head-to-tail intermolecular C—H---O and
C—H---F bonds, (b) n-n stacking interactions (Alsaee et al., 2023)
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(b)

Figure 2.17  Crystal packing diagram depicted nt-n stacking interactions assembled
in (a) head-to-head (b) edge-to-face orientation (D'Aléo et al., 2015)

2.6 Fourier Transform Infrared (FTIR) Studies

FTIR is a method that is very helpful for confirming the presence of
functional groups in a compound. Due to its wide spectrum of functional groups,
FTIR is primarily effective for identifying organic molecular functional groups
(Aksdz & Ertan, 2012). The frequency ranges are measured as wavenumbers
typically over the range 4000 — 400 cm™. In the FTIR spectrum, three typical
significant functional groups of interest for chalcone derivatives were identified as

stretching vibrations: v(C—H), v(C=0), and v(C=C) shown in Figure 2.18.
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Band assignment

Experimental vibrational

wavenumber (cm?)

Literature report

v(C—H) 3051, 3049 (Zainuri et al., 2021)

3038 (Alsaee, Bakar, et al., 2022)

2985.60 (Prabhu et al., 2020a)

3261, 3102 (Patil et al., 2019)

3110.2, 3071.7 (Parol et al., 2020a)

3100 — 2991 (Alsaee et al., 2023)

3092, 3054 (Zainuri, Abdullah, et al., 2018)
v(C=0) 1655, 1625 (Zainuri et al., 2021)

1670 (Alsaee, Bakar, et al., 2022)

1670 (Yuetal., 2017)

1658.67 (Prabhu et al., 2020a)

1642 (Patil et al., 2019)

1661.9 (Parol et al., 2020a)

1678 — 1576 (Alsaee et al., 2023)

1638, 1652 (Zainuri, Abdullah, et al., 2018)
v(C=C) (aromatic) | 1572, 1592 (Zainuri et al., 2021)

1584, 1490 (Alsaee, Bakar, et al., 2022)

1593 (Patil et al., 2019)

1531.6, 1422.3 (Parol et al., 2020a)
v(C=C) (a, B- 1584 (Alsaee, Bakar, et al., 2022)
unsaturated ketone) | 1520 (Yuetal., 2017)

1577.66 (Prabhu et al., 2020a)

1801 (Patil et al., 2019)

1597.9 (Parol et al., 2020a)

1599 (Alsaee et al., 2023)

1616, 1629 (Zainuri, Abdullah, et al., 2018)

Table 2.1

chalcone compounds
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The band assignments with their several vibrational wavenumbers for
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Figure 2.18  The scaffold chalcone compound of (2E)-1-(4-nitrophenyl)-3-(2,3,4-

trimethoxyphenyl)prop-2-en-1-one (NPTMP) featuring three distinct
functional groups with its spectrum (Prabhu et al., 2020a)

The C—H stretching mode is occured above 3000 cm™ which exhibited as a
multiplicity of weak to moderate bands compared to the aliphatic C—H stretch
(Coates, 2000). From the previous reported C-H stretching frequencies, the
wavenumber appears to be in the range of 2986 — 3261 cm™ as shown in Table 2.1.
The C—H in-plane bending vibrations usually occur in the region of 1300 — 1000 cm™*
while the C-H out-of-plane bending modes generally occur in the region of 1000 —

710 cm® (Varsanyi, 2012).
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The wavenumber of the C=0 stretch attributed to a carbonyl group is
primarily affected by the bond strength, which is determined by inductive,
conjugative, steric, and lone pair of electron on oxygen (Panicker et al., 2015). The
carbonyl stretching C=0O vibration was identified by strong band due to the
considerable dipole moment caused by the large partial positive and negative charge
of the carbonyl carbon and oxygen, respectively (Zainuri et al., 2021). Most of the
reported studies found that the wavenumber of C=O stretching vibrations were
observed at range of 1600 cm™ when they conjugate with the carbonyl group since it
is highly polar due to the double bond (Table 2.1). The position of the C=0 vibration
is extremely sensitive to several factors such as physical state, electronic effects by

substituents and ring strains.

Generally, the C=C stretching mode is expected in the region of 1667 — 1640
mt (Silverstein & Bassler, 1962). This C=C mode can be observed by strong doublet
band in FT-IR spectrum owing to the amount of charge transfer between the donor
and acceptor groups (Ravindra et al., 2008). Study showed by (Parol et al., 2020a),
the peak appeared at 1597.9 cm™ demonstrates C=C is conjugated with the C=0
group. Likewise (Socrates, 1995) also reported that the C=C stretching mode is

expected around 1600 cm™ when conjugated with C=0 carbony!.

Meanwhile, the ethynylated Schiff-base compound comprises of several
significant functional groups of interest in the molecular structure backbone. They
include v(C—H), v(C=N), and v(C=C) stretching bands as shown in Figure 2.19.
Table 2.2 shows the vibrational wavenumbers of each bands for several reported

studies.
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