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Abstract

A new class of 2-naphthol luminophors doped with varying amounts of pyrene were prepared by applying standard solid-
state reaction method to sight new luminophors which emit at a higher wavelength. The optical and electrochemical proper-
ties of prepared luminophors were studied by fluorimetry and cyclic voltammetry technique, respectively. The fluorescence
spectrum of doped 2-naphthol showed broad fluorescence band at maximum wavelength 450 nm for 1 x 10~! mol pyrene
per mole 2-naphthol. The shifted broad spectra confirmed the exciplex formation between 2-naphthol and pyrene in the
excitation state. On the basis of electrochemical data, energy levels of HOMO and LUMO were obtained for the prepared
luminophors. The observed values fit between 5.70-5.72 eV and 3.02-3.09 eV, respectively. Their thermal stability was
studied by TGA-DSC analysis. The SEM images evidenced crystal size of ~ 115 nm. Thus, the overall study proposes that

the prepared novel luminophors are useful in optoelectronics.

1 Introduction

In present era, the fabrication of OLEDs [1-5], and devices
such as light emitting diodes [6—8] attracted more attention
by many researchers worldwide. The energy restructuring
and transmission in polynuclear aromatic hydrocarbons
turned important for researchers. The fluorescence phenom-
enon, such as quenching in fluorescence, excimer emission
or exciplex emission and emission due to charge transfer,
etc., has been applied to study the prepared organolumino-
phors [9].

The excimer and exciplex emission phenomena are
popularly exhibited by polynuclear aromatic hydrocarbons
(PAHs). The formation of exciplex turns feasible in pyr-
ene and other PAHs, only when selection of host molecule
is done properly [10]. Highly fluorescent pyrene functions
as an effective donor by exciplex formation with biphenyl
[11], while 2-naphthol is known as a good matrix in which
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homogeneous solid solution of pyrene shall be achieved.
This article focuses mainly on the preparation of 2-naph-
thol luminophors with varying amounts of pyrene and the
studies on photophysics of emissions observed from these
luminophors. The weak violet fluorescence of 2-naphthol
was replaced by an intense blue emission due to the exciplex
formation with Pyrene. The synthesis of these blue-light-
emitting lumiophors of 2-naphthol is more economic and
could meet demands of fluorescent lamp technology.

2 Experimental

2-naphthol of AR grade and pyrene of scintillation grade
were procured from Merck-Schuchardt. The recrystallization
and sublimation methods were used for their purification
and further the purity was confirmed by their fluorescence
spectra.

2.1 Preparation of 2-naphthol doped luminophors

The solid-state reaction technique had been employed to pre-
pare polycrystalline 2-naphthol luminohors with different
concentrations of pyrene [12]. This was processed in sealed
silica crucible. The solid solution was heated at the tempera-
ture of the M.P. of 2-NP (122 °C). Furthermore, the melt
obtained was slowly cooled to get finely grained powdered
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polycrystalline luminophors of 2-NP containing pyrene.
Finally, this powder was subjected for characterization.

2.2 Characterization

The fluorescence spectra of guest doped 2-naphthol were
recorded by JOBIN Y VON Fluorolog-3-11 spectrofluorim-
eter, at SAIF, Indian Institute of Technology, Madras. The
XRD spectra of doped and non-doped crystals were recorded
with the Philips diffractometer (model PW-3710, Nether-
lands) with Cr Ko radiation (2.28 A). (TGDTA-DSC) TA
Inc. SDT-2790 with heating rate of 10 °C per minute under
nitrogen atmosphere was used to perform thermogravimet-
ric analysis at Instrumentation centre of Solapur University,
Solapur. The surface morphology of samples were studied
by scanning electron microscope at SAIF, Indian institute of
Technology, Madras.

3 Results and discussion
3.1 XRD analysis of doped 2-naphthol luminophors

Figure 1 shows the XRD spectra of undoped 2-naphthol and
pyrene-doped 2-NP. The crystallinity of the doped 2-NP
luminophors was identified by sharp peaks observed in XRD
spectra. The additional peaks for pyrene were not seen in the
XRD profile of the doped samples indicated the formation
of homogeneous mixed crystals. The parameters like grain
size, dislocation density and stacking fault were estimated
by the usual methods and reported in Table1 [13]. On adding
pyrene in 2-NP as a guest matrix, exhibited highest grain
size at lower concentration, i.e. 1 x 107, The addition of
guest impurities in the host produces defects, imperfections
and deformations [14].

Figure 2 shows SEM images of doped 2-naphthol and
pure exhibiting identical and finely detached crystallites of
monoclinic form. It also provides crystals of ~ 115 nm size.

3.2 Photophysical properties

Monoclinic unit cells of 2-naphthol after excitation reveals
fluorescence in the UV region [15]. Doping of pyrene in
2-naphthol showing emission with intense violet colour
further be changed gradually to intense blue colour with
increase in concentration of pyrene.

Figure 3a shows the emission spectra of 2-NP and absorp-
tion spectra of pyrene. The shaded area shows the overlap-
ping region between the emission spectrum of 2-naphthol
and absorption spectrum of pyrene. The Forster energy
transfer distance, Ry, estimated by the known method is
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38 A. This shows that the efficient excitation energy trans-
fer (EET) from host 2-naphthol moiety to the guest pyrene
moiety. Figure 3b reveals fluorescence spectra of vary-
ing amount of pyrene-doped 2-NP. 1 x 107, 1x 10~2and
1 x 107! mol pyrene per mole 2-NP fluorescence spectra
exhibits structured peaks at 356, 380 and 414 nm. This is
attributed to the pyrene monomeric emission, as such emis-
sion being possible at low concentration [16].

However, at increased addition of pyrene in 2-naphthol
mixed crystals, quenching of monomeric emission of pyrene
is observed. At the same time broad emission observed in
the range 430—540 nm. This red shifted emission band does
not matches with well known crystalline pyrene excimer
emission which is expected at 480 nm. The hetero dimeric
species formed between 2-naphthol and pyrene. The lateral
overlapping of m-molecular orbitals results in to formation
of hetero-dimeric species in the excited state. The formation
of exciplex between the guest and the host components is
more probable due to the decrease in intermolecular distance
between the components. However, at still higher concen-
tration i.e. at 5x 10" mol pyrene per mole 2-naphthol, this
exciplex emission is quenched. This may be due to the con-
centration quenching phenomena.

The energy level diagram is shown in Fig. 4. The
energy level diagram shows that the singlet level of pyrene
(26802 cm™") lie below the corresponding level of 2-naph-
thol (30303 cm™!). However strong vibrational coupling
between excited singlet level of pyrene (P,) and triplet level
of 2-naphthol is possible. The transfer of excitation energy
occurs from pyrene to 2-naphthol as shown in the figure and
thus 2-naphthol triplets gets populated. At higher concen-
tration due to lateral overlapping increases the possibility
of formation of exciplex, i.e. hetero-dimeric species. The
detailed mechanism of exciplex emission is depicted as
below:

Mechanism

Presentation Process

Py, + hv = Py,
Pg; + Ngy = Pgy + Ny

Pyrene excitation
Singlet—triplet energy transfer
(2-naphthol triplet forma-

tion)
NTl + PSO = (PN)Exciplex
(PN)Exciplex = PSO + NSO + hvwx

Exciplex formation

Exciplex emission

3.3 TGA-DSC analysis of doped 2-naphthol
luminophors

The TGA-DSC analysis of prepared luminophors turns
essential for its applications in optoelectronics. Therefore,
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Fig. 1 XRD study of pure 2-NP a

and Py-doped 2-NP. a 1 x 10~ 90000
"M,b 1x102M,c1x10°M
and d pure 2-NP
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thermogravimetric analysis was performed to scan  the temperature range 0—300 °C. The 2-naphthol lumino-
the variation of thermal stability of pyrene doped with  phors observed to be thermally stable at 125 °C and then
2-naphthol as shown in Figs. 5 and 6 for 1 x 107 mol in  start to decompose The first stage starts from 125 °C to
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Table 1 Structural parameters of 2-naphthol luminophors

Conc. of AN (M) per Glancing angle, FWHM, f, Microstrain, Grain size (D) A° Dislocation density, Stacking fault, o,
mole of 2-NP (260) degree ex 107 /m™ px 10" cm™

Pure 2-NP 19.44 0.446 1.917 266.9 4.725 0.2725

1x107! 21.84 0.456 1.9304 265.74 4.778 0.5759

1x1072 21.38 0.449 1.9172 267.56 4.656 0.5770

1x107 20.99 0.441 1.8876 271.76 4.569 0.5878

—— 10 pm ——

QuantaFEG

det e
1.9mm|LFD| SE

HV mag
00 kV' 30 000 x {11

Fig.2 SEM images of a pure 2-napthol and b 1x 10~ M of Py per mole 2-NP

230 °C, the subsequent stage of 230 °C to 250 °C, sug-
gesting a maximum loss in weight while whole decay in
the third stage. Figure 5 shows a DSC curve presenting,
respectively, two endothermic peaks at 105 °C and 120 °C.

3.4 Electrochemical properties

The cyclic voltammetry technique (CV) has been utilized to
study the electrochemical properties of 2-NP luminophors
doped with Py. The dichloromethane solution with ferro-
cene is used as an internal standard. In the obtained cyclic
voltagramm, two quasi reversible waves were observed near
— 1.0 and close to 1.15 at all curves (Fig. 7). From these
obtained values, the energy levels of HOMO and LUMO
were observed, respectively, in the range 5.70-5.72 eV and
3.02-3.09 eV. Furthermore, the values of Eg calculated
were in the range 2.25-2.82 eV detected near the band gap
[17, 18]. The electrochemical study further reveals that the
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prepared luminophors could meet the demands of the opto-
electronic devices.
The details of analysis are given in Table 2.

4 Conclusions

The broad emission from the formed exciplex between pyr-
ene-2-naphthol was observed for prepared novel pyrene-
doped 2-naphthol luminophors. The XRD analysis indicated
the formation of homogeneous solid solutions of the host
and guest materials. The SEM images evidenced crystals
of ~ 115 nm size. TGA-DSC and CV study revealed that the
prepared 2-naphthol luminophors can be the suitable can-
didates for the optoelectronic devices. It is worthwhile to
note that the intense exciplex emission is obtained from the
prepared luminophors.
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Table 2 Electrochemical data of doped 2-NP luminophors

Compound Egeak a Egei:‘ b HOMO® LUMO‘ ES

1x 107! Py/mole 2-NP  1.12 -068 =572 -=3.09 2.63
1x 1072 Py/mole 2-NP  1.10 -070 =570 -=3.07 2.63
1x 1073 Py/mole 2-NP  1.10 -075 =570 -3.02 2.68

aEge:k oxidation peak potential (V)
hEﬁceZk reduction peak potential (V)

K
“Eyomo = —(Epoexa — EoxEere+) + 4~8)6V

d _ peak
Erumo = _<ERed — Egeaporre+) + 4.8>eV

€ —
Eg - EHOMO - ELUMO
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