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charge transfer (ICT) from HOMO to LUMO.

INTRODUCTION

An interest in spectroscopic properties of organic mole-
cules featuring intramolecular charge transfer (ICT) has attracted
increasing attention in both biochemistry and photochemistry,
because of their notable applications in the field of molecular
electronics, organic sensors, dye sensitized solar cells, non-linear
optics and pharmacology [1-5]. In recent years, considerable
attention has been focused on donor-acceptor-donor (D-A-D)
system featuring ICT based on polycyclic aromatic hydro-
carbons that are applicable in organic electronic devices such
as organic light emitting diodes (OLEDs), organic light emitting
transistors (OLETSs), solid-state lighting (SSL), chemical sensors
and photovoltaic cells [6-8].

Among the various polycyclic ring structures, anthracene
and naphthalene are being utilized extensively, because these
derivatives display intrinsically high thermal stability, tunable
fluorescent wavelength and more adjustable charge transp-
orting properties [9,10]. More importantly, anthracene moiety
with its intrinsic planarity and grid structure, it can be easily
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Fluorophore molecule (Z)-3-(anthracen-9-yl)-2-(naphthalen-1-yl)acrylonitrile (ANCN) containing anthracene as donor (D), acrylonitrile |
as acceptor (A) and naphthalene as donor (D) has been synthesized and characterized. ANCN is crystallized in monoclinic crystal system |
with P2,/c space group. The absorption spectra of the compounds are dominated by intramolecular charge transitions that arise from the
anthracene core to the acceptor groups. The compounds display distinct dual and single emission behaviour in different solvent environments. |
The CIE colour chromaticity diagram shows that the emission of ANCN in dichloromethane solution is in blue region, while neat film in |
greenish blue and 1% ANCN doped with PMMA in bluish-green region. Frontier molecular orbitals of the compound show that the localization |
of HOMO can be visualized on the anthracene unit and the LUMO is localized on the acrylonitrile unit. Thus, there is an intramolecular |
|
|
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modified at the 9,10-positions by incorporating various funct-
ionalized moieties. Continuous efforts have been put forward
to analyze the effect of substituent on optical properties of
various D-A-D groups with anthracene moiety [11-16]. How-
ever, despite this effort, the influence of different donor-acceptor
substituents on its photophysical properties is not yet completely
understood. Presumably, these groups are very sensitive to the
solvent environments, which drastically changes its absorption
and emission behaviour.

In view of this, the work presents the synthesis of (Z)-3-
(anthracen-9-yl)-2-(naphthalen-1-yl)acrylonitrile [ 17] and were
characterized using NMR, HR-MS and single crystal X-ray
diffraction techniques. While their photophysical characteris-
tics in fluids and polymer matrices have been researched to some
extent, anthracene-based compounds have been the subject of
far more research in the context of device development [18-
21]. The photophysical characteristics of the molecule have been
investigated in various media, such as solids, solutions and poly-
(methyl methacrylate) (PMMA) matrices. The DFT calculations
were performed to elucidate the molecular electrostatic potential
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surface and frontier molecular orbitals of the compound. This
study will present a viable approach for acquiring high perfor-
mance optoelectronic materials.

EXPERIMENTAL

Anthracene-9-carbaldehyde and poly(methyl methacrylate)
(PMMA) with the average Mw of ~120,000 were purchased
from Sigma-Aldrich, while naphthalen-1-yl-acetonitrile and
sodium hydroxide (NaOH) were purchased from Spectrochem,
India. Thin layer chromatography (TLC) precoated silica gel
sheets obtained from Merck. Column chromatography was
carried out by using (100-200) mesh silica gel as a stationary
phase. All the solvents toluene, tetrahydrofuran, ethylacetate,
acetonitrile, dichloromethane, N,N-dimethylformamide (DMF)
and dimethyl sulfoxide (DMSO) used were of Analar reagent
grade and used as received without further purification. The
'H NMR (400 MHz) and "*C NMR spectra (100 MHz) were
recorded on a Bruker spectrometer in CDCI; solvent with tetra-
methylsilane as internal standard. High resolution mass spectra
(HR-MS) were recorded with a MICRO-Q TOF mass spectro-
meter by using the ESI technique at 10 eV. Absorption and
fluorescence spectral measurements were recorded by using
JASCO V630 UV-visible spectrophotometer and JASCO FP-
8300 spectrofluorimeter. Single-crystal X-ray data for ANCN
were collected on a Bruker APEX-II CCD diffractometer. The
single-crystal X-ray diffraction analysis for molecule (Z)-3-
(anthracen-9-yl)-2-(naphthalen-1-yl)acrylonitrile (ANCN) was
obtained by solvent diffusion method using hexane/ethyl acetate
at 25 °C (CCDC reference: 2259292). Theoretical calculation
was optimized using the Gaussian 09W software package using
DFT method at the B3LYP/6-31+G (d,p) level of theory.

General procedure: The desired compound was prepared
as per the synthetic methodology given in Scheme-I. In a
typical procedure, 50 mL round bottom flask was charged with
anthracene-9-carbaldehyde (1 mmol) and naphthalen-1-yl-
acetonitrile (1 mmol) were uniformly dispersed in ethanol (34
V) and the mixture was dissolved homogeneously. To a mixture
10% NaOH ethanolic solution was added and kept stirred for
12 h at room temperature. The progress of the reaction was
monitored by TLC. After the completion of reaction, solvent
was evaporated under reduced pressure and the residue was
dissolved in ethyl acetate and washed with brine solution. The
obtained compound was further purified using column chrom-
atography (100-200 mesh silica gel) to afford the final product
(Z)-3-(anthracen-9-yl)-2-(naphthalen-1-yl)acrylonitrile

0 CN
=

(ANCN). The obtained crystal was successfully grown from
mixed hexane/ethyl acetate at room temperature and the structure
was characterized by a single-crystal X-ray diffraction study.
'H NMR (400 MHz, CDCl;) 8 ppm: 8.57 (s, 1H), 8.42 (d, J =
8.4 Hz, 1H), 8.28 (s, 1H), 8.23 (d, /= 0.8 Hz, 2H), 8.21 (d, J
= 0.8 Hz, 2H), 8.10-8.02 (m, 2H), 7.98 (d, J = 8.4 Hz, 1H),
7.89-7.52 (m, 7H). *C NMR (100 MHz, CDCl;) 8 ppm: 146.5,
133.9,132.7,131.3, 130.8, 130.4, 129.4, 129.2, 129.15, 128.9,
127.6, 127.5, 126.9, 126.7, 125.6, 125.5, 124.9, 124.5, 120.3,
117.2. HR-MS (ESI) m/z: C; Hi7 N [M+Na]*: 378.1258, found:
378.1232.

RESULTS AND DISCUSSION

Anthracene-9-carbaldehyde which undergoes Knoevenagel
condensation with naphthalen-1-yl-acetonitrile in presence of
10% NaOH in ethanol to yield the target fluorophore molecule
(Z)-3-(anthracen-9-yl)-2-(naphthalen-1-yl)acrylonitrile
(ANCN). The chemical structure of the ANCN final product
was well characterized by '"H NMR, *C NMR and HR-MS spec-
troscopic techniques.

The compound ANCN crystallized from the mixed solvents
hexane/ethyl acetate at room temperature in the monoclinic
crystal system with P2,/c space group. The molecular structure
of ANCN is illustrated in Fig. 1 & Table-1; and the selected
bond lengths and bond angles are given in Table-2. The ANCN
compound consists of an anthracene ring linked to naphthalene
ring via acrylonitrile unit, representing a D-A-D system. The
molecular structure of the synthesized ANCN acrylonitrile
fluorophore crystal was optimized using the Gaussian 09W
[22] software package using DFT method at the B3LYP/6-31+G
(d,p) [23-25]level of theory. The optimized structure has two
different ring structures, the anthracene unit and the naph-

Fig. 1. ORTEP structural drawing of ANCN with ellipsoids shown at the
30% probability level

10% NaOH, EtOH

RT,12h

Scheme-I: Synthesis of the ANCN fluorophore. Reaction conditions: i) 10% NaOH, EtOH, RT, 12 h
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TABLE-1
CRYSTALLOGRAPHIC DATA OF ANCN

Chemical formula
Ml'

Crystal system, space group
Temperature (K)

a, b, c (A)

B

vV (A%

Z

Radiation type

u (mm')

Crystal size (mm)
Data collection
Diffractometer
Absorption correction
Tmim Tmax

No. of measured, independent and
observed [I > 20(I)] reflections
Rix

(sin O/A) (A

Refinement

R[F* > 26(F%)], wR(F?), S

No. of reflections

No. of parameters

H-atom treatment

(A/O)

Apmam Apm'm (e A-3)

CyH;:N

355.42
Monoclinic, P2,/c
298

7.6533 (5), 23.0165 (16),
12.9567 (10)
105.703 (3)
2197.2 (3)

4

MoKo.

0.06

0.31 x 0.27 x 0.23

Bruker D8 Quest XRD
Multi-scan

0.713, 0.746

72798, 6436, 4118

0.050
0.706

0.096, 0.366, 1.37

6436

253

H-atom parameters constrained
0.124

1.16, -0.37

thalene unit, which are resided in two different planes similar
to the observation in their crystal structure (Fig. 2). This can
be further affirmed by the C23-C21-C3-C4 dihedral angle,

which is -176.250.

The geometrical parameters of the optimized crystal struc-
ture correlates well with the experimental crystal values. This
can be observed through the various bond parameters as given
in Table-2. For instance, the C2-C3 bond length of the optimized
structure of ANCN acrylonitrile fluorophore is 1.439 A and
the crystal structure bond length is 1.435 A. Moreover, the
C3-C4-C5 bond angle of 118.37° in the optimized structure is
comparable with the C3-C4-C5 bond angle of 118.25° in the
crystal structure. The dihedral angle C24-C23-C21-C3 of the
optimized structure exhibits a value of -120.51°, while the
corresponding angle in the crystal structure was calculated at

-121.28°.

(@)

TABLE-2
BOND PARAMETERS OF OPTIMIZED GEOMETRY
AND CRYSTAL STRUCTURE OF ANCN

S. No. Bond parameters ngnnllé?yd s?r?::ige
A Bond length (A)
1 C2-C3 1.439 1.435
2 C3-C21 1.356 1.348
3 C21-C23 1.479 1.473
4 C3-C4 1.496 1.490
5 N1-C2 1.165 1.150
B Bond angle (°)
1 C23-C21-C3 128.14 127.21
2 C21-C3-C2 120.83 119.48
3 C2-C3-C4 117.39 117.35
4 C3-C4-C5 118.37 118.25
C Dihedral angle (°)
1 (C24-C23-C21-C3 -120.51 -121.68
2 C23-C21-C3-C2 2.18 4.39
3 C23-C21-C3-C4 -176.25 -171.97
4 C2-C3-C4-C5 -122.64 -125.20
5 C2-C3-C4-C20 57.78 53.05

Photophysical analysis: The ground state absorption and
excited state emission characteristics of ANCN in solvents of
varying polarity were measured and the respective spectra are
displayed in Fig. 3a-c and the relevant data are shown in Table-3.
ANCN displays two distinct absorption characteristics in which
the first band is located in the shorter wavelength region of
230 to 280 nm possessing higher a molar extinction coefficient
in the range of 1.19 x 10* M cm™ that attributed to the 7T-T*
transitions occurring in the anthracene and naphthalene donor
units.

On the other hand, the second absorption band located in
the longer wavelength region of 350 to 430 nm with lowered
molar extinction coefficient in the range of 1.22 x 10° M cm’
corresponds to the intramolecular charge transfer characteristics
from the donor unit to the acrylonitrile acceptor unit. The optical
energy gaps (E,) obtained from the onset of the absorption
spectrum in various solvents lie in the range of 3.18 eV. In
general, ANCN possess three emission bands in which the first
two bands with higher emission intensity are observed in the
region of 390-480 nm with peak maximum lies around 400
and 431 nm, while the third emission observed as shoulder
band in the region of 510-600 nm. Among these three emission

Fig. 2. (a) A representation of the anthracene unit and the naphthalene unit residing in different planes and (b) the optimized structure using
DFT method at the B3LYP/6-31G + (d,p) level
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Fig. 3. (a) Absorption spectrum of ANCN in different solvents, (b) Emission spectra of ANCN in DCM, neat film and 1% ANCN dispersed
in PMMA, (c) Emission spectrum of ANCN excited at 365 nm in different solvents, (d) The photographs of the neat film and 1%
ANCN dispersed in PMMA states excited at 365 nm UV illumination

TABLE-3
PHOTOPHYSICAL DATA OF ANCN IN VARIOUS SOLVENTS
TOL THF DCM MeOH CH,CN DMF DMSO  Neat film i?;ﬁﬁ
251 253 o 374
). (nm) 302 15 256 [90,602]  [93,266] Dol [8,305]
(¢ (mol” [7.237] osgy  [19.110] 366 371 o0 392
em™)] 391 : 390 [6.036] 8.062] 70531 [9.532]
(11,172] [12,244] 387 387 :
8,710] [9.470]
b
é‘;mé(;‘g) 32(9) 409 431 433 430 416 i;(s) 492 472
530 530 530 530 530 536 529
nm 531 528

“Absorption wavelength A, (nm) and Molar extinction Coefficient [ (mol™' cm™)] of ANCN in different solvents (1 x 107> M).
"Emission wavelength A,; (nm) of ANCN excited at 365 nm in different solvents (1 x 10> M), neat film and 1% ANCN dispersed in PMMA.

bands, the shoulder band is observed with all solvents while
either one of the first two emission bands were observed with
varying solvents despite all three emission bands observed in
toluene and DMSO medium. In contrast to the solution state
characteristics of ANCN, the emission characteristics of ANCN
was varied significantly in the solid-state conditions (Fig. 3b,c).
For instance, ANCN in the neat film exhibited an emission in
the range of 430-650 nm with a peak maximum located at 492

and 536 nm, which is red-shifted by 61 nm compared to its
emission characteristics in the DCM solvent medium. Dispersing
1% ANCN in PMMA blue-shifted the emission peak by 20
nm compared with its neat film medium. The emission spectra
of ANCN molecule in the neat-film show an obviously broader
peak and slight red-shift of the peak compared to the emission
spectra of ANCN in CH,Cl; solution and 1% ANCN in PMMA
film. These phenomena imply that the emitter reported herein
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form a compact stacking structure in the thin film that benefits
charge transport. The peak maximum of the 1% ANCN in
PMMA film emission is found to be observed at 472 nm and
another shoulder band around 529 nm. The intermolecular
interactions between the ANCN molecules are likely to be
stronger in the highly concentrated solid state than those in
less concentrated solution states (1 x 10° M) that led to the
observed different photophysical properties between these two
states. The observed promising luminescence characteristics
of the ANCN reveal it as a potential candidate in light emitting
applications such as organic light emitting diodes (OLEDs)
and organic light emitting transistors (OLETS).

CIE colour chromaticity: The photoluminescence spectra
at 365 nm of ANCN in DCM, neat film and 1% ANCN in
PMMA have the corresponding chromaticity coordinates as
follows: DCM (x = 0.1803; y =0.1918); neat film (x = 0.2484;
y=0.4263) and 1% ANCN in PMMA (x=0.1765; y = 0.2459),
respectively. The emission of PL spectra for DCM in the blue
region, while neat film in greenish-blue and 1% ANCN doped
with PMMA in bluish-green region. The results are shown in
the CIE colour chromaticity diagram as presented in Fig. 4.

0.9

520 ] ]
: +ANCN in DCM \

+ANCN in neat film |
1% ANCN in PMMA |

y coordinate

0.1 0.3 0.4 0.5

x coordinate

0.6 0.7 0.8

Fig. 4. CIE colour chromaticity diagram of the compound

Molecular electrostatic potential (MEP): The molecular
electrostatic potential surface is shown in Fig. 5. The red coloured
areas on the molecule depict the more electron-rich areas with
negative potential. Also, the green coloured areas illustrate
the neutral regions with zero potential. The blue coloured areas
show electron deficient regions with positive potential [26]. It
is clear that the N atom attached to C2-C3-C21 which is conne-
cting both the anthracene unit and naphthalene unit shows red
coloured surface because of the more electronegativity nature
of the N-atom. Therefore, this region is electron rich region.
Moreover, the anthracene and naphthalene units have green
surface over them. Thus, both of these units are neutral with
zero potential. No blue regions are observed in this molecule
and thus the molecule does not have any electron deficient
regions.

Fig. 5. Molecular electrostatic surface of ANCN fluorophore

Frontier molecular orbital (FMO) analysis: Frontier
molecular orbitals (HOMO) and (LUMO), obtained from the
B3LYP/6-31G+(d,p) level of calculation are shown in Fig. 6a.
The localization of HOMO can be visualized on the anthracene
unit and the LUMO is localized on the acrylonitrile unit. Thus,
there is an intramolecular charge transfer (ICT) from HOMO
to LUMO. Also, HOMO-1 is localized on the naphthalene unit

LUMO+1

-0.82- (b)
-1.64 —
—— LUMO+2
246 A = LUMO+1
. i — LUMO
% -3.28 i — HOMO
L o —— HOMO-1
& -4.10+ S = HOMO-2
2 )
@0 -4.92- :
v
-5.74 -_
-6.56- -
-7.38
T 1
ANCN

Fig. 6. (a) Frontier molecular orbitals (HOMO and LUMO) of ANCN fluorophore obtained from DFT calculations, (b) HOMO and LUMO

energy gap (eV) of ANCN fluorophore
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whereas the LUMO+1 is completely localized on the whole
molecule. Therefore, the transition from HOMO-1 to LUMO
or LUMO+1 shows ICT. Similarly, the transition from HOMO
to LUMO+1 also shows ICT. The HOMO-2, HOMO-1, HOMO,
LUMO, LUMO+1 and LUMO+2 energies are depicted Fig. 6b.
The HOMO-LUMO gap for ANCN is calculated to be 3.24 eV,
which lies close enough with the experimentally calculated
value of 3.18 eV obtained from the UV-vis analysis.

Conclusion

In this work, D-A-D kind fluorescent emitter molecule
ANCN containing anthracene, acrylonitrile and naphthalene
respectively, has been synthesized and characterized thoro-
ughly using NMR, HR-MS and single crystal X-ray diffraction
measurements. Twisted orientation of anthracene and naphth-
alene unit has been found from crystal structure. The compound
show moderate solvatochromic behaviour in various solvents
with different polarity and show profound intensity enhanced
emission. Broadened emission due to molecular interaction
in solid state has been further confirmed by CIE colour chrom-
aticity analysis. The DFT studies reveal that there is an intramo-
lecular charge transfer between anthracene and acrylonitrile
unit. Overall, the studied photophysical properties of anthra-
cene derivatives are of vast significance in the further develop-
ment of novel molecules that will find extensive applications
in research fields of current interests.
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