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A series of five Schiff base molecules M1, M2, M3, M4 and M5 have been designed and synthesized by
aldol condensation reaction. Synthesized molecules have been characterized by standard spectroscopic
techniques in order to confirm their structural traits. The solvatochromic behavior of molecules M1 to M5
in solvents of varying polarity were investigated by UV—Vis, fluorescence spectroscopy and supported by
TD-DFT calculations. DFT studies performed in the gas phase confirmed the energy stabilized structure of

the molecules M1 to M5. Structural characteristics of molecule M2 favored higher fluorescence emission
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with a quantum yield of 0.35 and a solid-state emission of 512 nm. Fluorescence lifetime measurement of
the molecules M1 to M5 exhibited a lifetime of order 2—5 ns. Overall, molecule M2 can find its appli-
cation in organic light emitting diodes as a non-dopant emitter material.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

The design and synthesis of organic luminescent materials have
attracted considerable attention in academic and industrial circles
ever since the pioneering work of Tang et al. in 1987 [1]. Extensive
research by the scientific community have unveiled the wide range
of applications of organic luminescent materials such as organic
light-emitting diodes (OLEDs) [2—5], light-emitting electro-
chemical cells (LECs) [6,7], triplet—triplet annihilation based
upconversion [8—10], fluorescence probes [11—19], therapy [20,21],
and bio-imaging [22—25]. OLEDs have thrived in the field of organic
electronics leading to practical applications such as flat-panel dis-
plays and solid-state lighting resources, due to their low cost
[26—28]. Most widely used organic luminescent material is
composed of a polycyclic aromatic molecule with one plane of 7-
conjugated system, which would be favorable to the larger wave-
length of absorption (A;ps) and emission (Aem) bands with the
stronger absorption intensity and higher luminescence quantum
yield (®). Nevertheless, luminescence is often weakened or
quenched at high concentration or in solid state induced by the
phenomenon of aggregation-caused quenching (ACQ) effect [27]
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that is usually arisen from the intermolecular w—m stacking in-
teractions of m-conjugated plane molecules. ACQ effect is more
severe and challenging for OLED applications owing to the presence
of luminophores in solid state. More recently, Tang et al. have
discovered a phenomenon opposed to ACQ effect known as phe-
nomenon of aggregation-induced emission (AIE) [28]. AIE active
materials have seen progressive path in the field of organic elec-
tronics and has attracted great research interest [29—32].

Organic functional materials, by virtue of their ease of pro-
cessing and tunability of properties through a simple chemical
modification, lead to myriads of applications in comparison with
inorganic materials. The incorporation of functional groups in
organic materials have enriched the molecular materials with
unique and interesting optoelectronic properties [33—35]. Gondek
and co-workers have investigated the effect of nitrogen and methyl
substituent on the photophysical properties of organic molecules
[36]. Kouari and coworkers have studied the effect of hydroxyl and
methoxyl substituents on anthocyanidin and their effect on UV—Vis
absorption spectra, with decreasing bandgap and increasing the
ground state dipole moment enhancing NLO coefficient in the
system [37]. Small organic molecules possessing electron donor
and electron acceptor species have proven to exhibit interesting
optical and spectral properties aided by intramolecular charge
transfer (ICT). The charge transfer transitions have brought in wide
infra of applications in photoelectronic and nonlinear optical
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devices [38,39], chemical sensing [40] and revealing the photo-
chemical and photobiological processes [41]. Moreover, an azo-
benzene based iminopyridine ligand has been synthesized by
condensation reaction between N,Ndimethyl-4,4’-azodianiline and
2-formylpyridine to study its practical application in the field of
non-linear optics [42]. Researchers have investigated structure-
property relationship on tetrathiafulvalene—quinones and their
effect on third-order optical nonlinearity properties [43]. The
unique properties of small organic molecules such as strong solvent
polarity dependent changes in their photophysical characteristics
have made them quite interesting owing to their resultant large red
shifts in their emission spectra, stokes shifts between absorption
and fluorescence spectra, significant reduction in the fluorescence
quantum yield and lifetime on increasing the solvent polarity
[44—46].

Salicylaldehyde derivatives have received considerable atten-
tion for their facile preparation, good stabilities, biological activ-
ities, and rich photophysical properties. Five derivatives of
salicylaldehyde M1, M2, M3, M4 and M5 have been designed and
synthesized. M1 possesses salicylaldheyde covalently attached
through an imine linkage to benzohyrazide moiety without any
ancillary substituent in its structure. M2 and M3 possess an addi-
tional —OH functionality and an additional benzene ring on ben-
zohydrazide group respectively covalently attached through an
imine linkage to salicylaldehyde moiety whereas M4 comprises of
an —OH functionality on the naphthoic hydrazide unit. M5 com-
prises of nitro (NO2) functionality on the benzohydrazide unit at
position para to the imine linked salicylaldehyde. The aim of the
present work is focused towards detailed investigation on the
spectral behavior and photophysical properties of Schiff base sali-
cylaldehyde derivatives in solvents of varying polarity. The effect of
solvation on the photophysical properties of molecules M1 to M5
have been investigated to understand the excited state properties
in solvents of varying polarity. It was observed under present study
that the presence of ancillary substituent, like —OH, naphthyl and
NO; had profound influence on the physicochemical properties.
UV—Vis absorption studies, photoluminescence studies and cyclic
voltammetric studies performed on the molecules reveal the utility
in OLED applications. The study of energy band gap of the de-
rivatives through density functional studies (DFT) in support of the
experimental techniques has been the main theme of the present
work.

2. Experimental
2.1. Materials and methods

All the chemicals used in the present study were procured from
Sigma-Aldrich and Alfa Aesar and were used as received without
further purification. All the solvents were purchased from SD Fine,
India, were of HPLC grade and used without further distillation.
Melting point was measured on Stuart SMP3 melting-point appa-
ratus in open capillaries. Infrared spectrum was recorded on Bruker
Apex FTIR spectrometer. UV—Vis spectroscopy was performed with
analytik jena Specord S600 spectrometer in standard 3.0 mL quartz
cell with 1 cm path length. The 'H NMR spectra were recorded on
Bruker Ascend (400 MHz) instrument using TMS as internal refer-
ence and DMSOds as solvent. Resonance multiplicities are
described as s (singlet), d (doublet), t (triplet) and m (multiplet).
Cyclic voltammogram was recorded on IVIUM electrochemical
workstation (Vertex) at a scan rate of 20 mV/s with the potential
range —2.5V to 2.5 V. DSC was performed using Shimadzu DSC-60.
Differential scanning calorimetry calibrated using tin standard
material. For the analysis, samples were kept on the aluminum pan
and covered with a crimped lid and scanned from 30 °C to 300 °C at

a scanning rate of 10 °C/minute under a continuously purged dry
nitrogen atmosphere.

2.2. Synthesis

The molecules M1, M2, M3, M4 and M5 were synthesized by
simple condensation reaction between salicylaldehyde and
different substituted hydrazides. Ethanolic solution of salicylalde-
hyde was slowly added to an ethanolic solution of different
substituted hydrazides. The desired products were obtained in a
one-step reaction by refluxing in ethanol using acetic acid as
catalyst at 78°C for 4h. The formation of the product was
confirmed through Thin Layer Chromatography (TLC) by the gen-
eration of single spot indicative of the disappearance of starting
materials. After cooling to room temperature, the reaction mixture
was filtered through filter paper, washed with ethanol to obtain
pure product. The compounds have been characterized by various
spectral techniques such as DSC, FI-IR and 'H NMR analysis. The
structures of the molecules M1 to M5 are shown in Scheme 1.

M1: (E)-N'-(2-hydroxybenzylidene )benzohydrazide White solid
(75%). M.p. 173.06 °C. FT-IR (ATR, cm™!) »: 3587(0H), 3264 (NH),
1669 (-CH=N-). "THNMR (400 MHz, DMSOds, 6 ppm):12.10 (s, NH),
11.31 (s, OH), 8.66 (s, -CH=N), 7.96 (d, 2Ar-H), 7.60 (dt, 4Ar-H), 6.95
(t, Ar-CH), 7.32 (t, 2Ar-H).

M2: (E)-N'-(2-hydroxybenzylidene)-2-hydroxybenzohydrazide
Pale yellow solid (82%). M.p. 293°C. FI-IR (ATR, cm™ ') »:
3686(0H), 3427 (NH), 1612 (-CH=N-). '"HNMR (400 MHz, DMSOds,
0 ppm): 12.04 (s, NH), 11.77 (s, OH), 11.18 (s, OH), 8.68 (s, -CH=N-),
7.89(dd, Ar-H), 7.57 (dd, Ar-H), 7.46 (ddd, Ar-H), 7.32 (td, Ar-H), 6.99
(m, Ar-H), 6.95(m, Ar-H).

M3: (E)-N'-(2-hydroxybenzylidene)-1-naphthohydrazide Pale
yellow solid (85%). M.p. 242.54°C. FT-IR (ATR, cm™!) v: 3649(0OH),
3427 (NH), 3001(CH stretching), 1644 (-CH=N-). '"HNMR (400 MHz,
DMSOdg, 6 ppm): 12.25 (s, NH), 11.22 (s, OH), 8.55 (s, -CH=N-), 8.25
(m, Ar-H), 8.09 (m, Ar-H), 7.80 (dd, Ar-H), 7.62 (m, 6Ar-H), 7.32 (m,
Ar-H), 6.95 (m, 2Ar-H).

M4: (E)-3-hydroxy-N'-(2-hydroxybenzylidene)-2-
naphthohydrazide: White solid (77%). M.p. 299.69 °C. FT-IR (ATR,
cm™1) »: 3251(0H), 3165 (NH), 3051(CH stretching), 1642(-CH=N-).
THNMR (400 MHz, DMSOds, 6 ppm): 12.16 (s, NH), 11.26 (s, OH),
11.19 (s, OH), 8.68 (s, -CH=N-), 8.46 (s, Ar-H), 7.85 (dd, 2Ar-CH), 7.55
(m, 1Ar-CH), 7.34 (m, 4Ar-H), 6.95 (m, 2Ar-H).

M5: (E)-N'-(2-hydroxybenzylidene)-4-nitrobenzohydrazide
Pale yellow solid (83%). M.p. 299.58 °C. FT-IR (ATR, cm™ ') »: 3215
(OH), 3062 (NH), 3001(CH stretching), 1647 (-CH=N-). '"HNMR
(400 MHz, DMSOdg, 6 ppm): 12.36 (s, NH), 11.09 (s, OH), 8.69 (s,
-CH=N), 8.39 (d, 2Ar-H), 8.18 (d, 2Ar-H), 7.61 (m, Ar-H), 7.32 (t, Ar-
H), 6.94 (m, Ar-H).

3. Results and discussion
3.1. UV—Vis studies and solvent effect

The optical properties of synthesized molecules were studied in
order to probe the influence of substituents such as extension of
conjugation or increasing donor character on the photophysical
properties of salicylaldehyde derivatives. With a view to evaluate
the effect of polarities and hydrogen bond forming abilities of
various organic solvents on the fluorescence and absorption spectra
of molecules, UV—Vis spectra and fluorescence spectra of M1 to M5
have been recorded. 10~ > M solution of the molecules were pre-
pared in solvents of varying polarity such as THF, DCM, acetone,
EtOH, ACN, DMF and DMSO. Molecules M2 and M4 exhibited sig-
nificant fluorescence in solution phase when illuminated with UV
lamp as shown in Fig. 1.
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Scheme 1. 1. Structure of molecules M1, M2, M3, M4 and M5.
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Fig. 1. Fluorescent response of molecules M1 to M5 (107> M) in solvents of varying polarity under UV illumination.
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The UV—Vis spectra of these molecules reveal that the absorp-
tion band in the region ~300 nm corresponds to the transition be-
tween the p-orbital localized on the central bond of azomethine
(HC=N-) and the carbonyl (C=0) group. The second band located in
the range of ~350—400nm refers to an intramolecular charge
transfer (CT) transition within the molecule [47]. Furthermore, the
band at 400 nm is highly significant in salicylaldimine derivatives
which indicate the occurrence of strong intramolecular hydrogen
bond between the hydroxyl group and the azomethine nitrogen
that causes planarity of the molecules. This further facilitates the
charge transfer bands which are more sensitive to solvent changes
than bands which are resulting from local transition [47]. The re-
sults are shown in Table 1.

The role of solvent is significant in spectroscopic analysis as it
induces predominant changes in the position, intensity and shape
of the absorption and fluorescence bands [48]. The effect of changes
in the polarity of the solvents is reflected in changes in the exci-
tation and emission wavelengths on whether S1 or SO is more
stabilized by the solvent [49]. Among all the solvents used in the
present study, each molecule showed highest Stokes shift values in
a specific solvent. This reveals the influence of solvent polarity in
promoting or nullifying the solute-solvent interactions. 107> M
solution of molecule M1 in DMSO, M2 in EtOH, M3 and M4 in DMF
and M5 in ACN exhibited maximum stokes shift differing by 223,

162, 165, 188 and 111 units respectively. This proved the complex
nature of solute solvent interactions dominated by the hydrogen
bond accepting nature of the solvents to have a prominent role in
inducing red shift. The red shift and the stokes shift observed for
the molecules with the increase in solvent polarity reveals that the
long wavelength band of the molecule is due to n-7* transitions
existing in the neutral molecules used in the present study.

The UV—Vis spectral studies of the molecules M1 to M5 in sol-
vents of varying polarity reveals the following results. The mole-
cules M1 and M5 exhibited linear correlation between the solvent
polarity and red shift in the absorption bands in solvents such as
THEF, DCM and acetone. The absorption band for M1 and M5
exhibited a red shift in solvents of increasing polarity following an
order THF < DCM < acetone differing by 50 units respectively. THF
and acetone being polar aprotic solvents, DCM being a non-polar
solvent exhibited less prevalent solute-solvent interactions on the
molecules. Molecules M1 and M5 did not exhibit any linear corre-
lation between solvent polarity and red shift in absorption band in
solvents of higher dielectric constants such as EtOH, DMF, ACN, and
DMSO. The UV—Vis spectra of molecules M1 and M5 are repre-
sented in Figs. S12 and S15 (Supplementary data). Ethanol being a
polar protic solvent, DMF, ACN and DMSO being polar aprotic sol-
vent introduced complex nature of solute solvent interactions
dominated by the hydrogen bond accepting nature of the solvents.
The hydrogen bonding capacity of the solvents is necessary to be
considered from a view point of its importance over polarity. This is
justified with the anomalous behavior observed in the case of ACN
which is more polar than DMF, yet exclusively a hydrogen-bond
acceptor. Molecules M2, M3 and M4 by virtue of the presence of
an additional —OH functionality did not show any linear depen-
dence on the solvent polarity and the red shift, yet indicating
complex nature of solute solvent interactions. This justifies the role
of —OH functionality as a hydrogen bond donor site aiding the
solute-solvent interactions with hydrogen bond acceptor solvents
such as DMSO, ACN and EtOH. The UV—Vis spectra of molecules M2,
M3 and M4 are represented in Fig. 2, Fig. S13 (Supplementary data)
and Fig. S14 (Supplementary data) respectively. Molecules M2 and
M4, possessing two —OH functionalities, exhibited a significant red
shift at 385 nm and 400 nm respectively in DMSO which is attrib-
uted to the hydrogen bond interactions dominating over the solute-
solvent interactions.

——THF

M2 ——DCM
—— ACETONE
—— EtOH
——ACN
—— DMF
——DMSO

0.8 4

0.6

0.4

Normalized Absorbance

Table 1
Photophysical aspects of molecules M1 to M5 in solvents of varying polarity.
Aabs (NM) Aex (NM) Aems (NM) Stoke Shift FWHM

Tetrahydrofuran
M1 334, 295, 250 250 306 56 34
M2 334, 295, 250 334 446 112 75
M3 334, 295, 250 334 436 102 69
M4 335,305, 295, 250 250 311 61 38
M5 338, 295, 250 250 311 61 39
Dichloromethane
M1 330, 294, 285 294 392 98 99
M2 335,293 293 392 929 102
M3 328,294 294 393 929 103
M4 334,308 308 394 86 59
M5 340, 292 292 393 101 78
Acetone
M1 345, 415 345 426 81 79
M2 331 331 484 153 150
M3 343 343 428 85 124
M4 350 350 513 163 86
M5 350 350 427 77 77
Ethanol
M1 400, 330, 296, 285 330 429 929 68
M2 400, 333, 301 301 463 162 80
M3 400, 329, 297 329 429 100 65
M4 400, 337, 275 400 557 157 125
M5 345 345 430 85 64
Acetonitrile
M1 3,33,29,52,85,271 271 373 102 105
M2 3,35,291 335 474 139 102
M3 3,32,294 294 376 82 121
M4  33,93,03,290 290 360 70 121
M5 33,92,90,267 267 378 111 96
n,n-dimethylformamide
M1 397, 329, 298, 286 397 458, 553 61, 156 105
M2 412, 381, 364, 330 330 455 125 82
M3 395, 329, 300 395 560 165 95
M4 340 340 528 188 104
M5 380, 357 380 453 73 73
Dimethylsulfoxide
M1 329, 299, 288 329 552 223 175
M2 385, 329 385 458 73 78
M3 329, 285 285 336 51 51
M4 400, 333, 276 400 557 157 104
M5 342,276 276 330 54 55

0.2 1

0.0

T
300

350 ' 400
Wavelength (nm)

Fig. 2. UV—Vis spectra of molecule M2 in solvents of varying polarity.
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Fig. 3. Photoluminescence spectra of molecule M2 in solvents of varying polarity.

3.2. Photoluminescence studies

Photoluminescence studies were performed for the molecules
M1 to M5 in solvents of varying polarity. Furthermore, all the
materials show good solvatochromic effect in wide range of solvent
polarities. The probability of absorption is greater in polar solvents
in contrast with the fluorescence intensity which is affected by
other processes such as internal conversion and intersystem
crossing. These processes are favored by greater hydrogen bond
accepting character of ACN relative to other polar and hydrogen-
bond donor solvents such as methanol which inhibit these non-
radiative processes. Fluorescence emission is favored in solvents

of higher dielectric constants such EtOH and DMF. M2, by virtue of
the presence of two OH functionalities which is in direct conjuga-
tion with the imine linkage, further favors delocalization of elec-
trons. This in turn influences the electronic transition in the
molecule leading to emission intensity greater in comparison with
the other molecules of the series. The fluorescence emission
spectrum of M2 in various solvents is represented in Fig. 3. Varia-
tion of emission wavelengths of the molecules M1 to M5 in solvents
of varying polarity is shown in Fig. 4. Further, emission spectra of
molecules M1, M3, M4 and M5 is given in Fig. S21-S24 (Supple-
mentary data).

3.3. Fluorescence lifetime studies

Measurement of the fluorescence lifetime have been performed
with standard time-correlated single-photon counting method
(TCSPC). An LED with an excitation wavelength of 346 nm and a
spectral width of 1.2 nm has been used to excite the molecules. The
lifetime curves for M1 to M5 are represented in Fig. 5. The decay
curves obtained are then fitted with a DAS6 software to obtain the
fluorescence lifetime of the molecules (ts) and the results are
tabulated in Table 2. In general, certain materials exhibit only first
order progression decay having a single lifetime component, and
other materials can exhibit second or third order progression decay,
resulting in two or three component lifetimes [50]. Decay curve
with a good fit resulted in a XSQR value of lesser than 1.2 for the
molecules M1, M2 and M3 with a three-component lifetime and a
two-component lifetime for molecules M4 and M5.

3.4. Fluorescence quantum yield determination

The fluorescence quantum yield (¢f) were evaluated according
to the following equation, where Coumarin 153 in cyclohexane was

—— M1
600 - %
] 426 429 458
4004 306 & %
L T T T T T y T i T M2
g 600 1 w6 sop 484 463 474 455 458
Z40{ Y—v—7 v Y v 7
- L T T T v T T T T ¥ T
(2}
2 _ —a— M3
D 0] 560
[0)
¢>“ 200.] 436 303 428 429 276 _—
; L T T T T T T T T T T
= _ —eo— M4
.% 600 - 513 N 528 -4
) 1 394 360
= 400 - 311
a ! YT
600 ]
i 427 430 453
. s 393 378 330
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Fig. 4. Variation in the emission wavelength of molecules M1 to M5 in solvents of varying polarity.
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— M1
— M2
—M3
— M4
— M5

Counts (log)

Time (ns)

Fig. 5. Fluorescence decay curve of molecules M1 to M5 excited with a source of
346 nm.

Table 2

The lifetime of molecules M1 to M5 and its XSQR value.
Molecule XSQR Lifetime (ns)

T1 T2 T3

M1 1.095 13 5.59 0.079
M2 1.184 1.63 291 0.0763
M3 1.069 0.163 1.65 2.69
M4 1.063 0.78 4.39 -
M5 1.053 0.982 2.59 -

used as a reference (R) for molecule M2 and quinine sulphate in
0.5 M H,S0O4 chosen as the reference (R) for other molecules in the
series. Molecules M1 to M5 whose quantum yield to be determined
is denoted as S. Grad corresponds to the gradient from the plot of
integrated fluorescence intensity vs absorbance at the excitation
wavelength, and 7 the refractive index of the solvent for standard
and reference [51,52]. Molecule M2 exhibited a highest quantum
yield value of 0.35 in DMSO, whereas molecules M1 and M4

showed a quantum yield value of 0.005 and 0.06. The estimated
quantum yield of the molecules is presented in Table 3. Further
there were no significant emissions from M3 and M5 with refer-
ence to the standard.

_ [Grads] 72
@s = @R {Gde 7772,;» (1)

3.5. Solid state photoluminescence studies

Molecules M1 to M5 were deposited onto chemically cleaned
glass substrates with the help of thermal vacuum deposition to
study its solid-state emission properties. Molecule M2 exhibited
higher emission intensity in solid state in comparison with the
solution state exhibiting aggregation induced emission. M4
exhibited a mild emission as compared to M2 as shown in Fig. 6.
The -OH functionality in M2 and M4 are known to have prominent
role in exhibiting solid state luminescent property. M1 and M3
devoid of -OH substitution on one of the aromatic counterpart did
not exhibit solid state emission. Further, molecule M5, due to the
presence of -NO, group quenched the emission intensity and hence
no significant solid-state emission was observed. Photo-
luminescence spectra of the molecules M2 and M4 are as given in
Fig. 7 with the photophysical parameters tabulated in Table 4.

Molecule M2 exhibited a solid-state emission at 512 nm red
shifted in comparison with the solution state whereas M4 exhibited
an emission at 520 nm with a FWHM of 88. A good color purity
would imply in achieving a value of FWHM lesser than 60 and
molecule M2 exhibited a value of 70. Overall, molecule M2
exhibited a good solid-state emission property finding its utility as
emitter material in OLEDs.

3.6. Cyclic voltammetric studies

Cyclic voltammetric studies of molecules have been performed
with three electrode cell in ACN medium and tetrabutylammonium
perchlorate as supporting electrolyte. The anodic peak corresponds
to the oxidation of —NH functionality and the cathodic peak cor-
responds to the reduction of keto (C=0) functionality. Molecule M5
has a NO, and a keto functionality which can undergo reduction.
The cyclic voltammogram is represented in Fig. 8. Further, the onset
potentials of oxidation and reduction of a material can be correlated
to the ionization potential (Ip) and electron affinity (E,) according to

Table 3

Measured quantum yield for molecules M1, M2 and M4.
Molecule M1 M2
bf 0.005 0.35

M3 M4 M5
ND?* 0.06 ND?

2 ND — not determined (emission intensity is very low in comparison with standard).

Fig. 6. Solid-state emission of molecules M1 to M5 observed under UV lamp.
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Fig. 7. Solid-state photoluminescence spectra of molecule M2 and M4.

Table 4

Photoluminescence parameters of molecules M2 and M4 in solid state.
Molecule Aex (NM) Aems (NM) Stokes Shift FWHM
M2 360 512 152 70
M4 350 520 170 88

the empirical relationship proposed by Bredas and co-workers on
the basis of a detailed comparison between valence effective
Hamiltonian calculations and experimental electrochemical mea-
surements [53]. The highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMO) have been
calculated [54] by using Eqgs. (2) and (3) and the energy band gap Eg
deduced from Eq. (4) for the molecules are represented in Fig. 9.
The estimated value of HOMO and LUMO for molecules M1 to M5 is
tabulated in Table 5.

0.10
0.05
<
E
§ 0.00
S
O
-0.05 4
-0.10
T 4 1 ' I . T I
-2 -1 0 1 2
Voltage (V)

Fig. 8. Cyclic voltammogram of molecules M1 to M5.
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Fig. 9. HOMO, LUMO and band gap of molecule M1 to M5 derived from cyclic
voltammetry.

I = —(Eox + 4.4)eV 2)
Eq = —(Ereq + 4.4)eV 3)
Eg = Eq— I, (4)

3.7. DFT studies

The geometrical and electronic properties of molecules M1 to
M5 were performed using Gaussian 09 package [55]. The geometry
optimization was achieved by means of B3LYP (Becke three pa-
rameters hybrid functional with Lee-Yang-Perdew correlation
functionals) [56,57] with the 6-311++G (d, p) basis set [58,59]. The
molecules M1 to M5 with their optimized geometry and their
dihedral angle is shown in Fig. 10. Highest occupied molecular or-
bitals and lowest unoccupied molecular orbitals were visualized
using Avogadro software [60,61]. Vertical transition energies of
singlet excited states in gas phase was estimated. Oscillator
strength for all the structures were estimated using time-
dependent DFT method (TD-DFT) at the same level of calculation
with the same basis set that was used for ground state
optimization.

3.7.1. Time dependent density functional theory (TD-DFT)

TD-DFT calculation under the same basis set with vertical
transition energies up to first 20 singlet excited states for all the
molecules under various solvents have been estimated. The effect
of solvent on the energy parameters has been incorporated by self-

Table 5
Estimation of HOMO, LUMO and bandgap of molecules M1 to M5 from electro-
chemical studies.

Molecule  Iox (V)*  Erea (V)"  Enomo(eV)  Emo(eV)  Eg(eV)
M1 0.82 —-143 -5.22 -2.97 2.25
M2 1.41 -0.91 -5.81 —3.49 2.32
M3 1.45 -0.87 -5.85 —-3.53 2.32
M4 14 -0.9 -5.8 —-3.5 23

M5 2.04 -1.22 —6.44 -3.18 3.26

4 Oxidation onset measured from cyclic voltammogram.
b Reduction onset measured from cyclic voltammogram.
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Fig. 10. DFT optimized structures of the molecules M1 to M5.

consistent reaction field using inbuilt conductor polarizable con-
tinuum model (SCRF-CPCM) [62] as implemented in Gaussian09
software. The energy distribution diagram in gas phase repre-
senting HOMO and LUMO is shown in Fig. 11. Molecules M1 to M4
have their LUMO energy distributed on the entire molecule except
for M5 where it is localized on nitro benzohydrazide moiety. HOMO
is localized on salicylaldehyde and the imine group for molecules
M1, M2 and M5, whereas it is delocalized on the entire molecule for
M3 and localized on naphthohydrazide for M4. Charge transfer
transition is occurring between the salicylaldehyde and the entire
molecular network as seen in the spatial distribution. The corre-
sponding UV—Vis spectra are represented in Fig. S16-S20 (Supple-
mentary data). Computed electronic transitions obtained for the
molecules M1 to M5 were in good agreement with the experi-
mentally obtained absorbance. The overall trend of the spectrum
remained the same in comparison with the experimental results
where the discrepancies seen in the energy transition may be
attributed to the theoretical overestimation.

4. Conclusions

Molecules M1 to M5 have been synthesized in good yield and
characterized by standard spectroscopic techniques like FI-IR, 'H-
NMR and DSC. Solvent dependent studies of molecules M1 to M5
exhibited meager linear correlation between the solvent polarity
and the observed red shift value. This confirmed the solute-solvent
interaction dominating over the hydrogen bond accepting nature of
the solvents. Bandgap determination of the molecules M1 to M5
was measured experimentally from the cyclic voltammetric
studies. Energetically optimized ground state and the excited state
structure obtained from DFT and TD-DFT correlates with the
experimental results. The photophysical properties evaluated by
UV—Vis, photoluminescence, lifetime and quantum yield studies
have paved a way to look into the device applications in the field of
OLED. Overall, spectroscopic studies reveal molecule M2 as a
promising candidate for green OLED device applications. Further
OLED device application of these molecules will be studied and
presented in the future work.
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Fig. 11. Representation of energy distribution in molecules M1 to M5 in gas phase.
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