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In this study, solvent dependence of electronic and nonlinear optical properties of a new Schiff base, 2-(((5-
aminonaphthalen-1-yl)imino)methyl) phenol (DANOHB), has been investigated. Electronic and optical proper-
ties of the Schiff base studied using Uv-visible absorption and fluorescence spectroscopic techniques in solution
show that the Schiff base exhibitsfluorescencewith a quantumyield of 0.21 and a Stokes shift of 39nm.Quantum
chemical calculations were performed on the Schiff base at time-dependent density functional level of theory
using Becke-3-Lee-Yang-Parr method with 6-311++G(d,p) basis set. Solvent dependence of the excited state
energies (EE), energy gap (ΔE), first-order (β) and second-order (γ) hyperpolarizabilities were studied in gas,
cyclohexane and ethanol. The medium perturbed the energy levels which implies that the reactivity, activity
and stability of the system are solvent sensitive. The γ is more than thirty times higher than urea (standard
NLO material) and this property is further enhanced in less polar medium. Small ΔE and large
hyperpolarizabilities obtained for this system suggest its good potential in photonics and nonlinear optical
devices.

© 2020 Elsevier B.V. All rights reserved.ULL
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1. Introduction

Organic systems with π-electrons and heteroatoms possess proper-
ties for optoelectronic applications as optical devices and organic semi-
conductors [1]. However, their efficiencies for photoluminescent and
nonlinear optical (NLO) applications can either be enhanced or
quenched based on the perturbing effect of the solvating medium
[2–3]. A Schiff base is one of such organic systems with an extra merit
of easy synthetic route.

Based on the research work of Hugo Schiff on aniline and its deriva-
tives, the German chemist discovered the reaction routes to synthesiz-
ing organic systems with imine (C=N) functional group. These imine
systems were later named after the pioneer researcher as Schiff base
[4–5]. Due to the presence of imine group, the organic compounds
were found to possess biological, electronic and optical properties
[6–12]. These vast potentialsmotivate relentless effort inmodelling, de-
signing and synthesizing Schiff bases for a wide range of applications
such as novel drug designs and delivery, optoelectronics, materials
and corrosion science [8–16]. Due to their ease of tuneability, Schiff
bases are versatile organic systems and have been adapted for not
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only biological applications but also for industrial purposes. They have
been reported to possess chemosensing, chelating, photochromic,
thermochromic, nonlinear optical limiting and fluorescent properties
[17–21]. These potentials could majorly be attributed to the presence
of azomethine (C=N) functional group in the system.

Schiff bases of benzaldehyde have been reported to possess excel-
lent antimalarial, antibacterial, antifungal, anthelminthic and anticancer
potentials and they have, consequently, been explored in drug design
and delivery [22–25]. Also, recent researches on imine compounds
have shown that electron richness of amines coupled with rigidity of
the fused aromatic rings confers on them excellent photophysical prop-
erties [26–28]. While considering ease of synthesis and cost of produc-
tion, naphthalene-based Schiff bases have been found to present good
electronic, optical and biological properties which could be explored
in novel drug synthesis, organic light-emitting diodes and nonlinear op-
tical devices [29–33]. In spite of these vast potentials of fused aromatic
Schiff bases, their effective use for photoluminescent applications such
as luminescent solar concentrator has been limited due to small Stokes
shift (Δλ=5–20nm)which results into significant spectral overlap and
photon reabsorption problem [34].

Recent advances in quantum chemical calculations of electronic and
optical properties of organic systems have shown time-dependent den-
sity functional theory (TD-DFT) to be accurate and computationally less
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costly in predicting excited state properties of small to large molecules
[35–36]. When coupled with hybrid exchange and correlation method
like Becke-3-Lee-Yang-Parr (B3LYP), TD-DFT reproduces experimental
excited state energies, polarizabilities and hyperpolarizabilities espe-
cially when combined with split valence basis sets with diffuse and po-
larization functions such as 6–311++G(d,p) [37–40]. The choice of
6–311++G(d,p) basis set with polarization and diffuse functions on
hydrogen and non-hydrogen atoms accounts for the polarization of
electron density of atoms in applied electric field and the intra-(inter-
)molecular interactions essential in calculating dipole moment,
(hyper)polarizabilities and excited state properties [41–45]. However,
these electronic and nonlinear optical properties have been reported
to be solvent sensitive, that is, the applicability of the system can be en-
hanced or damped based on solute-solvent interaction [40,46–47].

Therefore, the aim of this research is to investigate the nonlinear op-
tical and electronic properties of 2-(((5-aminonaphthalen-1-yl)imino)
methyl)phenol in different solvent system.

2. Calculation

All calculations were conducted on Gaussian '09 programme [48].
The geometry of the Schiff base was fully optimized and the vibrational
modes of the optimized structure calculated at time-dependent-density
functional level of theory using B3LYP/6-311++G(d,p) method with
diffuse functions and polarization functions on hydrogen and non-
hydrogen atoms [49]. Excited state energies (EE) were then computed
in gas, cyclohexane and ethanol. The solvent was modelled as a contin-
uum of dielectric using polarizable continuummodel [2,49–50]. Quan-
tum chemical parameters describing the polarity, linear optical and
nonlinear properties of the system such as dipole moment (μ), polariz-
ability (α), first order hyperpolarizability (βtot) and second-order
hyperpolarizability (γ) were computed from their multipolar compo-
nents. The static dipole moment (μ) was computed from its x, y and z
components using Eq. (1)

μ ¼ μ2
x þ μ2

y þ μ2
z

� �1
2 ð1Þ

The polarizability,α, was calculated from the diagonalmatrices of its
quadrupolar components as shown from Eq. (2) and the anisotropy of
polarizability calculated using Eq. (3) from diagonal and off-diagonal
components.

α ¼ 1�
3 αxx þ αyy þ αzz
� � ð2Þ

Δα ¼ 1
√2

αxx−αyy
� �2 þ αyy−αzz

� �2 þ αzz−αxxð Þ2
� �

þ 6α2
xy þ 6α2

xz þ 6α2
yz

h i1=2

ð3Þ

The 27 components of 3D matrix of first order hyperpolarizability
were reduced by Kleimann symmetry into a 10-component matrix [51].
The β components reported in Gaussian ‘09 output files were further
processed using Eqs. (4)–(7) to obtain the total first order
hyperpolarizability (βtot), which was converted to S.I. unit using Eq. (9).
The second-order hyperpolarizability (γ) was calculated from the
hexadecapolar components (Eq. (8)) and converted to S.I. unit using
Eq. (10) [42]. The first-order and second-order hyperpolarizabilities are
related to the second harmonic generation (SHG) and third harmonic
generation (THG) applications of an NLO material, respectively, and can
be compared with the hyperpolarizabilities of urea which is a standard
nonlinear optical material.

βtot ¼ β2
x þ β2

y þ β2
z

� �1=2
ð4Þ
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βx, βy and βz were computed using:

βx ¼ βxxx þ βxyy þ βxzz ð5Þ

βy ¼ βxxy þ βyyy þ βyzz ð6Þ

βz ¼ βxxz þ βyyz þ βzzz ð7Þ

γ ¼ 1
5

γxxxx þ γyyyy þ γzzzz þ 2γxxyy þ 2γxxzz þ 2γyyzz

� �
ð8Þ

1 a:u: ¼ 3:206361� 10−53 C3m3 J−2 for βtotð Þ ð9Þ

1 a:u: ¼ 6:235377� 10−65 C4m4 J−3 for γð Þ ð10Þ

Also, quantum chemical descriptors for the chemical reactivity, sta-
bility and selectivity such as energy gap (ΔE), energies of the Highest
OccupiedMolecular Orbital (EHOMO) and Lowest Unoccupied Molecular
Orbital (ELUMO) were calculated and reported.

3. Experimental

3.1. General experimental

All reagents were of commercial grade and usedwithout further pu-
rification. Ethanolwas doubly distilled according to standard procedure.
1,5-diaminonaphthalene and 2-hydroxybenzaldehyde were purchased
from Aldrich and used without further purification.

1H, 13C, 13C- DEPT 135, HSQC and 1H\\1H COSY spectra of the sample
were obtained on a Bruker Ultrashield-300 NMR spectrometer in deu-
terated chloroform (CDCl3) using tetramethylsilane (TMS) as internal
standard. Attenuated Total Reflectance Fourier Transform Infrared
(ATR-FTIR) spectrum of the synthesized sample was recorded in the
solid state on a Perkin Elmer (Spectrum 100) ATR-FTIR spectrophotom-
eter mounted with Diamond-ZnSe crystal from 4000 to 650 cm−1. The
mass spectra were obtained on Bruker Compact high-resolution
Electrospray Ionization Quadrupole Time-of-Flight (HR-ESI-Q-TOF MS/
MS)mass spectrometer. The uncorrectedmelting pointwasdetermined
on a Gallenkamp instrument. The Uv-vis absorption spectrum was re-
corded on a Perkin Elmer Lambda 25 double beam Uv-vis spectropho-
tometer in ethanol at ambient temperature using a quartz cuvette of
1 cm path length in the concentration range of 10−5 M. Emission spec-
trum of the compound was obtained on a Varian Cary Eclipse Fluores-
cence Spectrophotometer in a quartz fluorescence cell. The
fluorescence quantum yield was calculated using comparative method
with quinine sulphate in 0.1 M H2SO4 as reference [52-54] as stated in
Eq. (11).

Φ f sð Þ ¼
Φ f rð ÞIsArn2

s

IrAsn2
r

ð11Þ

whereΦf, I, A and n are the fluorescence quantum yield, area under the
band, absorbance value at excitation wavelength and refractive index
for sample (s) and reference (r) respectively.

The oscillator strength in solution, a measure of the allowedness and
intensity of a transition, was calculated from the Eq. (12) [55].

f ¼ 2:303me c2εo
Noe2n

Z
εῡdῡ ð12Þ

whereme is themass of electron, c is the speed of light in vacuum, e is
the electronic charge, n is the refractive index of the solvent, εo is rel-
ative permittivity of free space, No is Avogadro's number, εῡ is the
molar absorptivity of the solute at wavenumber, ῡ. The integral of
the molar absorptivity with respect to the wavenumber was calcu-
lated as the area under each deconvoluted band. Eq. (12) could be
simplified into
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Fig. 1. Absorption spectrum of DANOHB in ethanol.
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f ¼ 4:321� 10−9

n

Z
εῡdῡ ð13Þ

The oscillator strength at vapour phase, fv, was calculated using
Shuyer's expression for the classical extension of Lorentz field effect as
adopted by Adeoye et al. [56].

f s
f v

¼ Φ ð14Þ

where fs and fv are the oscillator strengths in solution and vapour, re-
spectively andΦ is the correction factor when the system changes from
solution to vapour phase.Φ can be computed from the refractive index
(n) of the solvent using Eq. (15):

Φ ¼ 9n3

2n2 þ 1ð Þ2
ð15Þ

when n = 0.361 (for ethanol), Φ = 1.025.

3.2. Synthesis of 2-(((5-aminonaphthalen-1-yl)imino)methyl)phenol
(DANOHB)

0.79 g (0.005 mol) of 1,5-diaminonaphthalene was dissolved in
10mLethanol and added dropwise to hot and stirring ethanolic solution
of 0.39 mL (0.005 mol) o-hydroxybenzaldehyde which afforded an im-
mediate formation of yellow precipitate. The solution was further
refluxed for 1 h to obtain the high yield product which was filtered
and washed with cold ethanol and dichloromethane (Scheme 1). The
residue was dried in the fume hood. Yield (1.19 g, 91%,); Melting
point (214–216 °C); Molecular weight (M + 1) 263.09; Selected IR
peaks (ATR, ῡ cm−1); 3391 (NH2 str), 1612 (C=Nstr); 1H NMR
(300 MHz, CDCl3) δ 13.33 (s, 1H), 8.72 (s, 1H), 8.21 (d, J = 8.5 Hz,
1H), 7.61–7.52 (m, 1H), 7.50–7.41 (m, 3H), 7.26 (t, J = 5.6 Hz, 2H),
7.11 (d, J = 8.2 Hz, 1H), 7.00 (t, J = 7.5 Hz, 1H), 6.78 (t, J = 4.2 Hz,
1H) ppm; 13C NMR (75 MHz, CDCl3) δ 164.00 (C=N), 161.30, 146.34,
142.72, 133.68, 132.63, 128.92, 126.67, 125.42, 124.53, 122.35, 119.58,
119.43, 117.44, 115.04, 111.68, 109.98 ppm; 13C-DEPT 135 NMR
(75 MHz, CDCl3) δ 164.00 (azomethine H-C=N), 133.68, 132.63,
126.68, 125.42, 122.35, 119.43, 117.44, 115.04, 111.68, 109.98 ppm.

4. Results and discussion

4.1. Characterization of 2-(((5-aminonaphthalen-1-yl)imino)methyl)
phenol (DANOHB)

The Schiff base, DANOHB, was characterized using 1-D (1H, 13C and
13C-DEPT) NMR, 2-D (1H\\1H COSY and HSQC) NMR, ATR-FTIR, mass
spectrometry and melting point. The proton NMR spectrum of
DANOHB shows awell resolved and symmetrical resonance of aromatic
protons in the chemical shift range of δ 6.7 and 8.3 ppm. The azomethine
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Scheme 1. Synthes
peak is located downfield at a chemical shift of δ 8.72 ppm. The phenolic
proton is sighted downfield in the spectrum as a sharp singlet peak at δ
13.33 ppm. 13C proton decoupled NMR spectrum shows seventeen (17)
peaks in the chemical shift range of δ 109–164 ppm. The C\\H peak of
the Schiff base is observed at δ 164.00 ppm which is further confirmed
by 13C-DEPT 135 spectrum. In addition to the azomethine peak, ten
other peaks resonating as positive signals were observed in the DEPT
135 spectrum which could be assigned to C\\H of the aromatic rings.
From HSQC, the peak at δ 164.00 in the DEPT 135 spectrum is coupled
to the proton at δ 8.72 ppm which was assigned to the azomethine hy-
drogen (See supplementary material).

The infra-red spectrum of the compoundwas run neat using attenu-
ated total reflection technique. The O\\H stretching vibration of the
Schiff base occurs between 3400 and 2900 as a broad band which may
be due to intramolecular and intermolecular hydrogen bond formation.
The sharp peak at 1612 cm−1 could be assigned to imine C_N
stretching vibrations. The vibrations between 1592 and 1400 cm−1

are assigned to aromatic C_C ring stretch. From the mass spectrum,
the molecular ion [M + 1]+ for the compound is obtained at 263.09
(See supplementary material). Also, the melting point is in the range
of 214–216 °C.
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4.2. Electronic spectra of DANOHB

4.2.1. Experimental absorption and emission spectra of DANOHB
Figs. 1 and 2 show the absorption spectra of DANOHB reported

in wavelength and wavenumber, respectively. In Fig. 1, three
absorption bands were observed for DANOHB in ethanol designated as
Band I (S0 → S1), Band II (S0 → S2) and Band III (S0 → S3) in order of in-
creasing energy. The low-energy transition (Band I) appeared at 365 nm
(absorption edge around 420 nm) as a moderately broad and smooth
bandwith an oscillator strength of 0.05 and a low extinction coefficient.
The low-energy absorption edge (λed) at 420 nm, in linewith calculated
lowest energy transition, corresponds to a low band gap of 2.95 eV (that
is of DANOHB
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Fig. 2. Extinction coefficient against wavenumber for DANOHB in ethanol.

Table 1
Electronic absorption and emission properties of DANOHB in ethanol.

Compound
(DANOHB)

λ/nm f(s) ῡexpt/cm−1 × 104 εmax/M−1 cm−1 × 104 f(v) λmax
Em /nm 0–0 transition (λ/ nm) Stokes shift (Δλ)/nm Φf

BAND I 365 0.05 2.8 4.8 0.05 404 384 39 0.21
BAND II 268 – 3.6 5.4 –
BAND III 212 – 4.8 14.0 –

f: oscillator strength; ῡ: wavenumber; ε: molar absorptivity; λ: wavelength; λmax
Em /nm: emission peak;Φf: fluorescence quantum yield.

Note: subscripts s and v represent solution and vapour phase respectively.
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is, 1240/λed in eV) which is characteristic of materials applicable as or-
ganic semiconductors [57]. The low molar absorptivity and oscillator
strength of the low-energy transition suggest that the band arises
from a forbidden transition. Other bands appear at 268 and 212 nm
(Table 1). The emission band of DANOHB taken in ethanol at excitation
wavelength (λEx) of 330 nm has its peak at 404 nmwith a fluorescence
quantum yield of 0.21. This indicates that the Stokes shift between the
emission peak and absorption maximum (λmax) for the low-energy
transition is 39 nm (Fig. 3). Systems with large Stokes shift present re-
duced spectral overlap which minimizes the problem of photon reab-
sorption and have good applications in photovoltaic cells [34,58–60].
The wavelength of spectra overlap (0–0 transition) was obtained at
384 nm.  TO THE FULL
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Table 2
TD-DFT/B3LYP/6-311++G(d,p) result of excited states, orbitals, excitation energies (EE), wav

Excited states Orbitals Vacuum

EE λ/nm f

1 H-L 2.81 441.36 0.17
2 H-L + 1 3.93 315.83 0.20

FOR ACCESS
4.2.2. Calculated electronic absorption properties of DANOHB
Computed electronic absorption properties of DANOHB are reported

in vacuum, cyclohexane and ethanol (Table 2). Eighteen excited states
are calculated for the Schiff base from which two high intensity bands
arise (Fig. 4). The lowest energy transition appeared at 433.38 nm
(2.86 eV) in ethanol with an oscillator strength (f) of 0.24 and was pre-
dicted to arise from HOMO-LUMO transition which corresponds to the
experimental low-energy absorption band. The low oscillator strength,
depicting the forbidden nature of this transition, is in line with the ex-
perimental value. Negative solvatochromism, exhibited by the lowest
energy transition as the solvent polarity increases, suggests that the
ground state is more polar than the excited which results into the stabi-
lization of the ground state relative to the excited state [61]. The
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elength (λ) and oscillator strength (f) of DANOHB in vacuum, cyclohexane and ethanol.

Cyclohexane Ethanol

EE λ/nm f EE λ/nm f

2.82 440.43 0.24 2.86 433.38 0.24
3.90 318.20 0.28 3.89 318.65 0.24



Fig. 4. StackedUV-visible absorption spectra of DANOHB in vacuum(yellow), cyclohexane
(purple) and ethanol (blue) using TD-DFT/B3LYP/6-311++G(d,p).

Table 3
Quantum chemical parameters of DANOHB.

Compound Energy (au) ELUMO (eV) EHOMO (eV) ΔE (eV)

DANOHB in vacuum −841.19 −1.93 −5.24 3.31
DANOHB in cyclohexane −841.20 −1.98 −5.33 3.35
DANOHB in ethanol −841.21 −2.11 −5.51 3.40
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observed sensitivity of the low-energy band tomediumpolarity implies
that the reactivity of the Schiff basewould be enhanced in less polarme-
dium. Another high intensity transition observed at 315.83 nm
(3.90 eV), with notable bathochromic and hyperchromic shifts as sol-
vent polarity increases, indicates a more polar excited state than the
ground state leading to a relative stabilization of the excited state.
Bands II and III in vacuum and cyclohexane exhibit a notable overlap
which is slightly resolved in ethanol.

4.3. Quantum chemical calculations

4.3.1. Quantum chemical descriptors of stability and chemical reactivity
Fig. 5 shows the optimized structure of DANOHB. Table 3 shows the

result of the quantum chemical calculations carried out on DANOHB in
vacuum, cyclohexane and ethanol. The total energy of the system, en-
ergy of the lowest unoccupied molecular orbital (ELUMO), energy of the
highest occupied molecular orbital (EHOMO) and the energy gap (ΔE)
were calculated and reported. The thermodynamic stability of
DANOHB is related to the total energy of the system (E = −841.19 a.
u.). This parameter was observed to decrease as the polarity of the me-
dium increased which implies that better thermodynamic stability is
conferred on the system in polar environment.

Moreover, the reactivity of the compound is a function of the ener-
gies of the frontier orbitals. EHOMO is related to the electron donating
ability of a molecule. According to Koopman's theorem, this parameter
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Fig. 5. B3LYP optimized structure of DANOHB.
is used to calculate the ionization potential (I) of a system [62–64].
EHOMO value for the Schiff base was observed to decrease with increase
in solvent polarity. ELUMO, a parameter which is related to the electron
affinity (A) of a system, follows the same trend with EHOMO as it in-
creases with increase in the polarity of the medium. In addition, ELUMO

of this Schiff base is best stabilized in ethanol (−2.11 eV) which sug-
gests a low-lying conduction band and good electron affinity of the sys-
tem in the polar environment. The energy gap (ΔE= ELUMO – EHOMO) is
a descriptor of the reactivity of a molecule which increases as its energy
gapdecreases. The lowenergy gapof the Schiff base indicates the poten-
tial of the compound as an organic semiconductor. This parameter is ob-
served to be destabilized as the polarity of the solvent increases which
could be attributed to better stabilization of the HOMO relative to
LUMO. This destabilization of band gap suggests a better semiconduct-
ing potential of the Schiff base in less polar medium. SITE
4.3.2. Quantum chemical descriptors of molecular polarity and nonlinear
optical activities

Table 4 shows the dipole moment of DANOHB in the chosen media
of varied dielectric constant. The highest contribution to the dipole mo-
ment arises from the x-component and the magnitude increases with
solvent polarity. In the same vein, the total static dipole moment (μ)
in the gas solvent is 1.94 D which increases as the medium polarity in-
creases. This may be attributed to better charge separation in polar
medium.

From the quadrupolar components, themean polarizability was cal-
culated and reported in Table 5. The quadrupole moment along the αzz

coordinate gives a major contribution to the polarizability tensor of the
imine system. Since the mean polarizability of the Schiff base decreases
with increasing solvent polarity, it could be inferred that less distortion
of electron cloud is operative in polar environment and a decrease in
molecular size. Anisotropy of polarizability also obtained is solvent de-
pendent and increases in polarmedia. This implies that the applicability
of the Schiff base in nonlinear optical applications like optical telecom-
munications would be preferred in less polar environment [65].

Diagonal and off-diagonal octupolar components of first
hyperpolarizability in vacuum, cyclohexane and ethanol of DANOHB
are reported in Table 6. Except for the βxyy component, other compo-
nents show an increase in magnitude with increase in solvent polarity
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Table 4
Dipolemoment (μ) and its components for DANOHB in vacuum, cyclohexane and ethanol.

Compound μx μy μz μ/Debye

DANOHB in vacuum 1.77 0.80 0.08 1.94
DANOHB in cyclohexane 1.99 0.98 0.16 2.22
DANOHB in ethanol 2.25 1.40 0.25 2.66

Table 5
Mean polarizability, components of polarizability and polarizability anisotropy of
DANOHB.

Compound αxx αyy αzz <α>/a.u. Δα/a.u.

DANOHB in vacuum 77.22 108.31 121.79 102.44 43.58
DANOHB in cyclohexane 72.48 107.72 121.65 100.61 48.21
DANOHB in ethanol 63.42 106.25 121.68 97.12 56.94



Table 6
Octupolar components of DANOHB in vacuum, cyclohexane and ethanol.

Compound βxxx βxyy βxzz βxxy βyyy βyzz βxxz βyyz βzzz

DANOHB in
vacuum

21.24 3.99 25.44 7.73 11.01 5.97 10.04 0.23 10.31

DANOHB in
cyclohexane

25.22 3.29 27.58 8.18 11.97 6.37 10.88 0.32 10.98

DANOHB in
ethanol

29.63 2.04 30.20 10.24 14.29 7.10 12.49 0.32 11.57
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as the largest contributions to the third rank tensor are along the xxx
and xzz coordinates. The dipolar components of hyperpolarizability
and the total hyperpolarizability (βtot) in the selected media are re-
ported in Table 7. Note-worthy, however, is the higher value calculated
for the total first-order hyperpolarizability (βtot) of this Schiff base than
the urea (standard NLO material) at the same level of theory. βtot for
DANOHB is observed to be about three times higher than that of urea.
Hence, the Schiff base exhibits second harmonic generation potentials
which is enhanced by increase in solvent polarity.

The microscopic descriptor of the third harmonic generation (THG)
computed in terms of the second order hyperpolarizability (γ) and its
hexadecapole moment are reported in Table 8. Absolute value of γ is re-
ported in S.I. unit and observed to decreasewith increase in solvent polar-
ity. This third-order nonlinear optical parameter is more than thirty (30)
times larger than that of urea. Major contribution to the second-order
hyperpolarizability arises from γxxxx and the amplitude is observed to
be solvent-dependent. Materials with better hyperpolarizabilities than
urea are applicable in optical switching, optical modulation, optical data
storage devices and fiber-optic telecommunication.

5. Conclusions

Synthesis of 2-(((5-aminonaphthalen-1-yl)imino)methyl)phenol
(DANOHB) has been achieved from one-step condensation and charac-
terization achieved using spectroscopic techniques. Solvent plays a
major role in enhancing or damping the electronic and nonlinear optical
properties of the Schiff base. The experimental low-energy absorption
edge is in agreement with the calculated lowest energy transition
which suggests a low band gap and, consequently, good potential as
an organic semiconductor. The compound exhibits fluorescence with a
fairly large Stokes shift which implies a reduced photon reabsorption
and better effectiveness for photoluminescent applications. From den-
sity functional calculations, the nonlinear optical properties of the Schiff
base are better than that of urea standard which indicates that the ma-
terial has good potentials for nonlinear optical applications. In polar en-
vironment, the first hyperpolarizability (second harmonic generation
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Table 7
Dipolar first hyperpolarizability components and total hyperpolarizability of DANOHB.

Compound βx/a.u. βy/a.u. βz/a.u. βtot/a.u. βtot/10−53 C3m3J−2

DANOHB in vacuum 50.67 24.70 20.58 60.01 192.42
DANOHB in cyclohexane 56.09 26.52 22.18 65.89 211.26
DANOHB in ethanol 64.49 28.69 22.60 74.11 237.63

Urea: βtot = 57.68 × 10−53 C3m3J−2.

Table 8
Second order hyperpolarizability (γ) and its hexadecapole moments.

Compound γxxxx/
a.u.

γyyyy/
a.u.

γzzzz/
a.u.

DANOHB in vacuum −6817.25 −1397.17 −393.19
DANOHB in cyclohexane −6616.54 −1380.13 −399.18
DANOHB in ethanol −6236.57 −1353.11 −404.36

Urea: γ = 591 × 10−65 C4m4J−3.
property) of the Schiff base is enhanced while the second
hyperpolarizability is slightly damped.
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