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Abstract A series of novel unsymmetrically substituted
indene-oxadiazole derivatives (3a–f) have been designed
and synthesized by employing palladium catalysed Suzuki
cross coupling reaction in high yields. The structural integrity
of all the novel compounds was established by 1H, 13C NMR
and LC/MS analysis. These compounds are amorphous in
nature and are remarkably stable to long term storage under
ambient conditions. The optoelectronic properties have been
studied in detail using UV–Vis absorption and Fluorescence
spectroscopy. All compounds emit intense blue to green-blue
fluoroscence with high quantum yields. Time resolved
measurments have shown life times in the range of 1.28 to
4.51 ns. The density functional theory (DFT) calculations
were carried out for all the molecules to understand their struc-
ture–property relationships. Effect of concentration studies
has been carried out in different concentrations for both ab-
sorption and emission properties and from this we have iden-
tified the optimized fluoroscence concentrations for all these
compounds. The indene substituted anthracene-oxadiazole
derivative (3f) showed significant red shift (λmax

emi=
490 nm) and emits intense green-blue fluoroscence with larg-
est stokes shift of 145 nm. This compound also exhibited
highest fluoroscence life time (τ) of 4.51 ns, which is very

close to the standard dye coumarin-540A (4.63 ns) and better
than fluorescein-548 (4.10 ns). The results demonstrated that
the novel unsymmetrical indene-substituted oxadiazole deriv-
atives could play important role in organic optoelectronic ap-
plications, such as organic light-emitting diodes (OLEDs) or
as models for investigating the fluorescent structure–property
relationship of the indene-functionalized oxadiazole
derivatives.

Keywords Amorphous materials . Chemical synthesis .
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Introduction

Enormous development in the field of organic electronics [1]
has enabled applications such as light-emitting diodes (LEDs),
field-effect transistors (FETs), sensors and photovoltaics
[2–5]. Extensive research has been carried out to promote
organic light-emitting diodes (OLEDs) in commercial appli-
cations, such as flat-panel displays and solid-state lighting
resources, due to their low cost [6–8]. OLEDs have been suc-
cessfully utilized in mobile phones, computers, car stereos,
digital cameras, wrist watches and white solid-state lighting
[9–11]. The search for new and efficient emitting materials
and charge transport layers remains one of the most active
areas in this field [12, 13]. Since most of the organic com-
pounds are inherently p-type (hole-transporting) semiconduc-
tors, considerable research has been focused on n-type
(electron-transporting) materials for improved devices and
complementary circuits [14–16]. One strategy for affecting
n-type behavior is the inclusion of electron-withdrawing
groups, especially 1,3,4-oxadiazole derivatives, which are
one of the most widely studied class of electron-injection/
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hole-blocking materials due to their electron deficiency, high
photoluminescence quantum yield, good thermal, and chemi-
cal stabilities. It has been shown previously that 2-(4-
biphenylyl)-5-(4-tertbutylphenyl)-[1,3,4]-oxadiazole (PBD)
functions very well as an excellent electron-transport material
(ETM) in multilayer OLEDs [17].

Amorphous small organic molecules are good candidates
for use in OLEDs [18–22] and also have other advantages
over polymers and inorganic compounds like easy synthesis,
purification and analysis. But the efficiency and life-time are
the main limitations restricting the large scale, low cost
manufacturing of multi-layered OLED devices. Incorporating
unsymmetrical connection in small organic compounds pre-
vents from crystallizing and yield higher thermal stability over
that of symmetric derivatives [18, 23]. The development of the
palladium-catalyzed cross-coupling Suzuki reaction of aryl
halides with boronic acids provides an efficient and versatile
means of extending π- π conjugation in organic compounds.
In continuation of our research in the development of novel
oxadiazoles for OLED applications [24, 25], herein we report
a novel series of unsymmetrical indene substituted
oxadiazoles, which shows intense blue-green fluoroscence
can be explored for use in OLED applications.

In this study, we have designed and synthesized a
series of novel unsymmetrical small organic molecules
3a–f (Fig. 1) with indene substituted oxadiazole core
moiety as an electron transporter, which are connected
through a phenyl spacer with para linkages. The intro-
duction of the indene moiety extends the π- π conjuga-
tion and oxadiazole moiety enhances the electron
transporting capability because of the two withdrawing
C=N groups, and also improves the thermal stability for
better morphology. We have thoroughly investigated the
optoelectronic properties like UV–Vis spectra, Fluores-
cence emitting spectra, Quantum yields, HOMO–LUMO
calculations, Life-time measurements and Effect of con-
centration on the absorption/emission properties.

Experimental

Physical Measurements

All chemicals are reagent/analytical grade and used without
further purification. Melting points were determined by open
capillary method and are uncorrected. The IR spectra were
recorded on Nicolet Impact 410 FT IR spectrophotometer
using KBr pellets. 1H and 13C NMR were recorded on Bruker
400-MHz FT NMR spectrometer in CDCl3 by using TMS as
an internal standard. Chemical shifts are reported in ppm
downfield (δ) from TMS. Mass spectra were recorded using
Quadrupole LC/MS system with ESI resource. Elemental
analysis were performed on a Vario III elemental analyzer.
UV–Vis absorption spectra were recorded using JASCO
UV–Vis NIR Spectrophotometer (Model V-670).
Photoluminescence spectra were measured using Hitachi F-
4500 fluorescence spectrophotometer. Fluorescence quantum
yields (Φ) of the compound solutions were estimated by com-
paring wavelength-integrated photoluminescence (PL) inten-
sity of the compound solutions with that of the reference. The
lifetimes for the excited states were measured by employing
picoseconds time domain spectrometer based on Time Corre-
lated Single Photon Counting (TCSPC) technique (IBH Jobin
Yvon6.1). The samples were excited at 375 nm using Nano
LED in an IBH Fluorocube apparatus. The fluorescence emis-
sion at the magic angle was dispersed in a monochromatic
(f/3) aperture and counted by a Hamamatsu Micro Channel
Plate Photo-multiplier tube (R3809MCP-PMT). The instru-
ment response function (IRF) for this system is∼373.12 ps.
An iterative fitting program provided by IBH (DAS-6) ana-
lyzed the fluorescence decay curves.

Materials and Synthesis

The required intermediate 4-bromobenzhydrazide and OXD-
bromides (1a–f) were synthesized according to the published
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Fig. 1 Molecular structures of
the designed indene-substituted
oxadiazole derivatives 3a–f
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procedures [26]. The catalyst Pd(dppf)2Cl2 and 2-
indenylboronic acid were purchased from commercial
suppliers.

General Procedure for the Synthesis of Indene-Substituted
Oxadiazole Derivatives (3a–f)

Under nitrogen atmosphere, OXD-bromides 1a–f (0.5 g,
1.39 mmol), 2-indenylboronic acid (0.25 g, 1.54 mmol) and
Pd(dppf)Cl2 (0.051 g, 0.07 mmol) as a catalyst were added to
a mixure of 1,4 dioxane (10 mL) and aqueous 2 M Na2CO3

(5 mL). The reaction was heated to 80 °C for 8 h. The progress
of the reaction was monitored by TLC. The solvent was evap-
orated under reduced pressure. The residue was dissolved in
DCM (25 mL), washed with H2O (25 mL) and brine (25 mL).
The organic phase was dried over anhydrous Na2SO4 and the
solvent was evaporated, the residue was purified by column
chromatography by eluting with Hexane/DCM (8:2, v/v). The
title compounds were obtained as amorphous solids in 80–
85 % yield.

2-(4-(1H-inden-2-yl)phenyl)-5-(4-tert-butylphenyl)-1,3,4-
oxadiazole (3a) Yield: 82 %, Light ash colour. MP=240–
242 °C. 1H NMR (400 MHz, CDCl3) δ: 8.07 (d, J=8.4,
2H), 8.01 (d, J=8.4 Hz, 2H), 7.71 (d, J=8.4 Hz, 2H), 7.49
(d, J=8.4, 2H), 7.44 (d, J=7.2, 1H), 7.38 (d, J=7.6, 1H), 7.30
(s, 1H), 7.23 (t, J=7.4 Hz, 1H), 7.18 (d, J=7.4 Hz, 1H), 3.76
(s, 2H), 1.30 (s, 9H); 13C NMR (100MHz, CDCl3) δ: 164.61,
164.27, 155.36, 145.03, 144.92, 143.32, 139.10, 128.83,
127.25, 126.84, 126.81, 126.06, 125.48, 123.81, 122.59,
121.49, 121.16, 38.91, 35.12, 31.15.; LC-MS (ESI): m/z cal-
culated for C27H24N2O [M+H] 393.19, found 393.3; Anal.
Calcd (%) for C27H24N2O: C 82.62, H 6.16, N 7.14. Found:
C 82.41, H 6.13, N 7.11

2-(4-(1H-inden-2-yl)phenyl)-5-(thiophen-2-yl)-1,3,4-
oxadiazole (3b) Yield: 85 %, Brown colour. MP=210–
212 °C. 1H NMR (400 MHz, CDCl3) δ: 8.05 (d, J=8.0 Hz,
2H), 7.78 (d, J=3.2 Hz, 1H), 7.70 (d, J=8.4 Hz, 2H), 7.51 (d,
J=4.8, 1H), 7.44 (d, J=7.2 Hz, 1H), 7..38 (d, J=7.2 Mz, 1H),
7.31 (s, 1H), 7.23 (t, J=7.4 Hz, 1H), 7.13 (t, J=7.4 Hz, 1H),
3.76 (s, 2H); 13C NMR (100MHz, CDCl3) δ: 162.80, 159.65,
143.83, 143.76, 142.20, 138.08, 129.11, 128.63, 127.80,
127.07, 126.15, 125.72, 124.93, 124.39, 124.19, 122.69,
121.07, 120.39, 37.77.; LC-MS (ESI): m/z calculated for
C21H14N2OS [M+H] 343.08, found 343.2; Anal. Calcd (%)
for C21H14N2OS: C 73.66, H 4.12, N 8.18. Found: C 73.41, H
4.09, N 8.11

2-(4-(1H-inden-2-yl)phenyl)-5-biphenyl-1,3,4-oxadiazole
(3c) Yield: 78 %, Light brown colour. MP=243–245 °C. 1H
NMR (400 MHz, CDCl3) δ: 8.17 (d, J=7.6 Hz, 2H), 8.11 (d,
J=8.0 Hz, 2H), 7.72 (t, J=7.0 Hz, 4H), 7.61 (d, J=8.0, 2H),

7.45–7.33 (m, 6H), 7.25 (t, J=7.4 Hz, 1H), 7.17 (t, J=7.4 Hz,
1H), 3.78 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 164.52,
164.35, 145.05 143.21, 139.12, 136.09, 136.51 129.29,
129.01, 128.38, 128.01, 129.0, 127.85, 127.65, 127.25,
126.84, 126.81, 126.06, 125.39, 125.24, 123.56, 122.43,
121.51, 121.21, 38.41.; LC-MS (ESI): m/z calculated for
C29H20N2O 412.16, found 412.9; Anal. Calcd (%) for
C29H20N2O: C 82.62, H 6.16, N 7.14. Found: C 82.41, H
6.13, N 7.11

2-(4-(1H-inden-2-yl)phenyl)-5-(naphthalen-2-yl)-1,3,4-
oxadiazole (3d) Yield: 85 %, Color: Light brown. MP=248–
250 °C. 1H NMR (400MHz, CDCl3) δ: 8.57 (s, 1H), 8.15 (m,
3H), 7.94 (d, J=8.4 Hz, 2H), 7.84 (s, 1H), 7.74 (d, J=8.0,
2H), 7.53 (m, 2H), 7.45 (d, J=7.2 Hz, 1H), 7.39 (d, J=7.6 Hz,
1H), 7.33 (s, H), 7.24 (t, J=7.4 Hz, 1H), 7.17 (t, J=7.4 Hz,
1H), 3.78 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 164.52,
145.21, 143.15, 139.41, 136.79, 134.35, 133.78, 129.32,
129.12, 128.6, 128.11, 127.88, 127.37, 126.91, 126.29,
126.22, 125.78, 123.89 122.71, 121.85, 121.32, 38.95; LC-
MS (ESI): m/z calculated for C27H18N2O [M+H] 387.14,
Found 387.3; Anal. Calcd (%) for C27H18N2O: C 83.92, H
4.69, N 7.25. Found: C 83.78, H 4.57, N 7.28

2-(4-(1H-inden-2-yl)phenyl)-5-(perfluorophenyl)-1,3,4-
oxadiazole (3e) Yield: 75 %. Color: Off white. MP=233–
235 °C. 1H NMR (400 MHz, CDCl3) δ: 8.07 (d, J=8.4 Hz,
2H), 7.73 (d, J=8.4 Hz, 2H), 7.45 (d, J=7.2 Hz, 1H), 7.39 (d,
J=7.6 Hz, 1H), 7.34 (s, 1H), 7.24 (t, J=7.4 Hz, 1H), 7.17 (d,
J=7.4 Hz, 1H) 3.77 (s, 2H); 13C NMR (100 MHz, CDCl3) δ:
165.68, 144.77, 143.34, 139.97, 129.39, 127.66, 126.91,
126.21, 125.68, 123.84, 121.61, 121.45, 38.91; 19F NMR
(400 MHz, CDCl3) δ: −135.33, −147.23, −159.49; LC-MS
(ESI):m/z calculated for C23H11F5N2O [M+H] 427.08, found
427.0; Anal. Calcd (%) for C23H11F5N2O: C 64.80, H 2.60, N
6.57. Found: C 64.69, H 2.56, N 6.51

2-(4-(1H-inden-2-yl)phenyl)-5-(anthracen-10-yl)-1,3,4-
oxadiazole (3f) Yield: 84 %. Color: Yeloow. MP=254–
256 °C. 1H NMR (400 MHz, CDCl3) δ: 8.63 (s, 1H), 8.14
(d, J=8.4 Hz, 2H), 8.03 (m, 4H), 7.74 (d, J=8.4 Hz, 2H), 7.50
(m, 4H), 7.41 (m, 2H), 7.33 (s, 1H), 7.24 (t, J=7.4, 1H), 7.16
(t, J=7.4, 1H), 3.78 (s, 2H); 13C NMR (100 MHz, CDCl3) δ:
164.48, 145.11, 143.13, 139.39, 139.21, 136.81, 136.01,
130.22, 129.32, 129.10, 128.62, 128.25, 127.88, 127.37,
126.91, 126.29, 126.22, 125.78, 123.89 122.64, 121.715,
121.22, 39.13; LC-MS (ESI): m/z calculated for C31H20N2O
[M+H] 437.16, found 437.2; Anal. Calcd (%) for
C31H20N2O: C 85.30, H 4.62, N 6.42. Found: C 85.42, H
4.33, N 6.51
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Results and Discussion

Synthesis and Characterization

The molecular structures of target unsymmetrical indene-
oxadiazole derivatives (3a–f) are illustrated in Fig. 1. Rela-
tively simple and efficient synthetic protocols were used to
synthesize the target compounds and the synthetic details are
illustrated in Scheme 1. The 2-indenyl-phenyl substituent is
kept constant in the second position of oxadiazole ring and in
the fifth position we have incorporated different substituents
such as p-tert-butylphenyl, thiophen-2-yl, biphenyl, 2-
napthyl, pentafluorophenyl and anthracene to modify their
spectral properties. The required starting material 4-
bromobenzohydrazide was obtained from commercially avail-
able 4-bromobenzoic acid on esterification followed by
treating with hydrazine hydrate as per the reported literature
[27, 28]. The key intermediates OXD-bromides (1a–f) were
synthesized by treatment of 4-bromobenzohydrazide with var-
ious aromatic carboxylic acids in refluxing POCl3 [17, 24].
Subsequent Pd-catalyzed Suzuki cross-coupling reaction be-
tween the OXD-bromides (1a–f) and 2-Indenylboronic acid
(2) afforded the unsymmetrical target compounds (3a–f) in
75–85 % yields. All compounds were purified by column
chromatography on silica gel followed by recrystallization in
ethanol before spectral characterization. All these compounds
are amorphous in nature and are stable to routine purification
and can be stored under ambient conditions for long term
without any detectable decomposition. These compounds are
readily soluble in common organic solvents like EtOH,
CHCl3, DCM and THF etc. Their structural identities and
purities were confirmed by 1H NMR, 13C NMR, IR and LC/
MS and elemental analysis (see Supporting information).

UV–Vis Absorption and Fluoroscence Spectra

Figure 2 shows the UV–Vis absorption spectra of compounds
3a–f in ethanol (HPLC grade) at room temperature and the

corresponding photo-physical data are listed in Table 1. The
electronic absorption spectra of all compounds have similar
absorption peaks in the range from 341 to 355 nm and these
characteristic bands are assigned to the π-π* transitions of the
extended conjugative indene-OXD-aryl chain. Additionally,
strong absorption bands at the high energy 200–220 nm re-
gion, corresponding to the spin-allowed, π-π* transitions, the
so-called K band absorption of the indene group. In the series,
the biphenyl derivative 3c showed least λmax

abs of 341 nm and
the 2-naphtyl derivative 3d exhibited highest λmax

abs of
355 nm.

Figure 3 shows the real scale photoluminescence (PL)
spectra, which could provide a good deal of information on
the electronic structure of the conjugated compounds, as
oxadiazole itself is an electron deficient system having three
electron rich atoms delocalized over the ring that can act as a
π-electron acceptor; incorporation of electron rich indene and
aryl groups at the 2nd and 5th position of oxadiazole ring
alters the maximum emission and intensity which in turn af-
fects the quantum yield of the compounds. This implies inter-
action of the electron rich bulky groups at 2nd and 5th posi-
tions of oxadiazole backbone and internal charge transfer
along the oxadiazole backbone in the excited state to enhance
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luminescence intensity. The least overlapping of the emission
and absorption spectra of these compounds indicate that reab-
sorption of the emitted light by the compounds is negligible.
The PL spectra of all these compounds (3a–f) in ethanol at
room temperature were found to exhibit excellent blue emis-
sion with the peak maxima λmax

emi in the range of 410 to
490 nm. The anthracene derivative 3f displayed a significant
red-shifted PL emission with a broad λmax

emi at 490 nm (emits
blue-green light) compared to other compounds in the series.
This is due to the bulky anthracene group, which makes the
compound 3f to have extended conjugation length and the
degree of intermolecular interaction could lead to the forma-
tion of excimers or aggregates.

The stokes shift, indicating the extent of the red shift of the
fluorescence maxima (λmax

emi) compared to the absorption
maxima (λmax

abs) is in the range of 61–145 nm. The lowest
stokes shift for compounds 3a and 3d is 61 nm and is higher

for 3c (75 nm) and it is highest for 3f (145 nm) indicating the
more structural changes between the ground and excited state
of 3f compared to other compounds in the series and is there-
fore connected with the difference in the intramolecular
charge transfer (ICT) character of the ground state of these
molecules.

Computational Methods

To have a deeper understanding on the structure–prop-
erty relationship, we performed theoretical calculations
on the frontier molecular orbitals via DFT/B3LYP/6-
31G method using the Guassian 09 program [29] for
the geometry optimization. The ground state optimized
molecular structures and frontier molecular orbitals for
all compounds shown in Fig. 4. The Highest Occupied
Molecular Orbitals (HOMO) and Lowest Unoccupied
Molecular Orbitals (LUMO) and their energy band gap
(Eg) values are tabulated in Table 2. It is interesting to
note that the HOMOs of all compounds are mostly lo-
calized on the electron donating indene-phenyl center,
whereas the LUMOs are shifted to the peripheral elec-
tron accepting oxadiazole moieties, leading to an obvi-
ous spatial separation of frontier orbitals. In contrast,
the HOMO and LUMO of anthracene derivative 3f are
effectively delocalized over the electron donating and
accepting moieties, leading to a weak trend of charge
transfer upon photo excitation. The computationally cal-
culated HOMO and LUMO energy values are in the
range of −5.39 to −5.78 eV and 1.99–2.64 eV, respec-
tively. Small variations in HOMO and LUMO energy
values for all compounds indicate a similar electronic
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Fig. 3 PL spectra of compounds 3a-f in ethanol at room temperature
(Optical Density concentration 0.1 a.u.) compared with Reference
(Coumarin 440)

Table 1 Photo physical & Time
resolved measurements of
compounds 3a-f

Compounds Absorption
λmax

abs

(nm)a

Emission λ
max

emi (nm)a
Stokes
shift Δλ
(nm)

Quantum
Yield

Life
Time τ
(ns)

Optimized
Fluoroscence
Concentration (μM)

3a 349 410 61 0.45 1.286 8

3b 351 423 72 0.40 1.332 80

3c 341 416 75 0.40 1.305 10

3d 355 416 61 0.51 1.378 20

3e 349 421 72 0.27 1.653 4

3f 345 490 145 0.26 4.514 4

Refb 351 427 76 0.98 nd nd

Refc nd nd nd nd 4.63 nd

Refd nd nd nd nd 4.10 nd

nd not determined
a The absorption and emission spectra were measured in ethanol at room temperature (Optical Density concen-
tration 0.1 a.u.)
b Coumarin 440
c Coumarin 540A
d Fluorescein 548
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structure. Optical band gaps obtained from absorption
spectrum are in the range of 3.49–3.64 eV which is in
good agreement with the band gaps (3.14–3.54 eV) ob-
tained using DFT method.

Quantum Yield (Φ) and Life Time Measurements (τ)

Fluorescence quantum yields (Φ) of the all the compounds
were measured in ethanol at room temperature by comparison
with a standard dye Coumarin 440 (C120) of known quantum
yield (Φ=0.98) [27, 30] using the Eq. 1.

Φ ¼ ΦR
I

IR

ODR

OD

n2

n2R
ð1Þ

Where I is the integrated intensity,OD is the optical density
and n is the refractive index, the subscript R refers to the
reference fluorophore of known quantum yield. The quantum
yields of all the compounds are in the range of 0.26 to 0.51
(Table 1). The 2-napthyl derivative 3d exhibited higher quan-
tum yield of 0.5 and substantial decrease in the quantum yield
for the anthracene derivative (3f) to be 0.26 because of low
emission intensity which is attributed to the photoinduced
intramolecular charge transfer (ICT) processes [31, 32]. The
decrease in quantum yield resulting from the photoinduced
ICT process is a common phenomenon for organic com-
pounds [33, 34].

Table 2 Optical band gap obtained from DFT and UV–Vis absorption
spectrum for comparison

Compounds HOMO (eV)a LUMO (eV)a ΔE (eV)a ΔEopt (eV)
b

3a −5.53838 −1.99869 3.54 3.20 (388)

3b −5.56532 −2.15924 3.41 3.15 (394)

3c −5.55334 −2.07597 3.48 3.15 (393)

3d −5.54681 −2.07244 3.47 3.15 (394)

3e −5.78247 −2.64089 3.14 3.15 (393)

3f −5.39769 −2.22346 3.17 3.00 (413)

where λ is the edge wavelength (in nm) of the UV–Vis absorption
spectrum
a Obtained using DFT/B3LYP/6-31G method, ΔE=HOMO−LUMO
(eV)
bOptical band gap energies were calculated from the equation Eopt=hc/
λ=1240/λ (eV)

Compound Ground state optimized 
structure

H O M O L U M O

3a

3b

3c

3d

3e

3f

Fig. 4 Ground state optimized
structures and Frontier molecular
orbitals (HOMO and LUMO) of
3a–f calculated by the DFT/
B3LYP/6-31G method
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Figure 5 shows the experimentally determined fluores-
cence lifetimes (τ) for all compounds and is in the range of
1.28–4.51 ns. The p-tert-butylphenyl derivative 3a has shown
the least life time of 1.28 ns, an anthracene derivative 3f
showed highest life time of 4.51 ns and the remaining com-
pounds have shown life times between 1.30 and 1.65 ns. The
life time of anthracene derivative 3f (4.51 ns) is very close to
the standard dye Coumarin-540A (4.63 ns) and is better than
Fluorescein-548 (4.10 ns) indicating the good lasing property.

Effect of Concentration on the Absorption/Emission
Properties

To evaluate the effect of concentration on absorption-emission
properties of all the synthesized compounds 3a–f, we have
recorded the absorption and emission spectra in different con-
centrations for all compounds. In the absorption spectra, the
intensity of absorption gradually increased with increasing
concentrations from 0.05 μM to 10 μM which is an ideal
condition for good OLED compounds. The representative ab-
sorption spectrum of 3f, which shows the effect of concentra-
tion is shown in Fig. 6. In the emission spectrum of all the
compounds, initially the intensity of emission gradually in-
creased with increasing concentration and reached a

maximum (optimized concentration) and then gradually de-
creased due to self quenching. We have identified the opti-
mized fluoroscence concentration for all the synthesized com-
pounds and are summarized in Table 1 and representative PL
spectrum of 3f, which shows the effect of concentration on the
intensity of emission is shown in Fig. 7. The thiophene deriv-
ative (3b) has the highest optimized fluoroscence concentra-
tion of 80 μM and the pentafluorophenyl derivative (3e) has
the lowest optimized fluoroscence concentration of 4 μM.

Conclusion

In summary, we have successfully synthesized a series of nov-
el unsymmetrical indene-substituted oxadiazole derivatives as
blue emitters for use in organic light emitting diodes (OLEDs)
by employing palladium catalysed Suzuki cross coupling re-
actions in high yields. The synthesized compounds were con-
firmed by FT-IR, 1H NMR, 13C NMR and Mass spectral anal-
ysis. All these compounds are amorphous in nature and are
remarkably stable to long term storage under ambient condi-
tions. The photo physical properties have been studied in de-
tail using UV–Vis absorption and fluorescence spectroscopy.
All compounds emit intense blue to green-blue fluoroscence
with good quantum yields. The fluorescence quantum yield
was found to be excellent (0.51) for 2-napthyl derivative (3d).
Computationally we have calculated HOMO-LUMO energy
values for all compounds using DFT method and their small
band gap energy values indicate similar electronic structure.
Optical band gaps obtained from absorption spectrum are in
good agreement with the band gaps obtained from
DFT method. We have evaluated the effect of concentration
on the absorption and emission spectra of all the synthesized
compounds. With increasing concentration the intensity of
absorption gradually increases where as the intensity of emis-
sion initially increases and reaches a maximum (Optimized
fluoroscence concentration) and then decreases at higher con-
centration due to self-absorption. We have identified the

400 450 500 550 600 650 700
0.0

3.0x106

6.0x106

9.0x106

In
te

ns
it

y 
(a

.u
.)

Wavelength (nm)

 1
 2
 3
 4
 5
 6
 7
 8
 9

Fig. 7 Effect of concentration on the emission spectra of 3f in ethanol;
(1) 0.5 μM, (2) 1 μM, (3) 2 μM, (4) 4 μM, (5) 6 μM, (6) 8 μM, (7)
10 μM, (8) 20 μM, (9) 40 μM. λmax

abs=349 nm

300 350 400 450 500
0.0

0.2

0.4

A
bs

or
pt

io
n 

(a
.u

.)

Wavelength (nm)

 1
 2
 3
 4
 5
 6
 7
 8
 9

Fig. 6 Effect of concentration on the absorption spectra of 3f in ethanol;
(1) 0.5 μM, (2) 1 μM, (3) 2 μM, (4) 4 μM, (5) 6 μM, (6) 8 μM, (7)
10 μM, (8) 20 μM, (9) 40 μM. λmax

abs=349 nm

10 20 30 40

102

103

104

 3a
 3b
 3c
 3d
 3e
 3f

C
ou

nt
s

Time (ns)

Fig. 5 Log scale plot of time-resolved PL traces of 3a–f

J Fluoresc (2015) 25:1323–1330 1329



optimized fluoroscence concentration for all the compounds.
Time resolved measurements have shown lifetimes in the
range 1.28–4.51 ns. Among the compounds, anthracene de-
rivative (3f) showed a significant red shift (λmax

emi=490 nm)
and emits intense green-blue fluoroscence with largest stokes
shift of 145 nm. This compound also exhibited highest
fluoroscence lifetime (τ) of 4.51 ns, which is very close to
the standard dye Coumarin-540A (4.63 ns) and is better than
Fluorescein-548 (4.10 ns) indicating good lasing property.
The results demonstrated here indicate that the new unsym-
metrical indene-substituted oxadiazole derivatives could play
important role in organic optoelectronic applications, such as
organic light-emitting devices (OLEDs) or as models for in-
vestigating the fluorescent structure–property relationship of
the indene-functionalized oxadiazole derivatives.
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