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ABSTRACT

Oxypeucedanin hydrate monoacetate (Mol. Formula = C;gH;gO;) micro-crystals were obtained by acetylation of
oxypeucedanin hydrate, a furanocoumarin, isolated from the roots of Prangos pabularia. The composition related struc-
tural, thermal and optical properties were investigated. All the crystals were found to have triclinic structure. From
thermal studies of these crystals, stability, melting point and other relevant informations were obtained. Their blue
emission, less absorption in entire visible range and band gap predicts these crystals as good candidate for modern op-

toelectronic devices.
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1. Introduction

The current technological trend demands the devotion of
interest to identify the organic compounds exhibiting large
second-order hyper polarizabilities and their processing
for use in non-linear optical (NLO) materials and other
optoelectronic devices [1].

In this direction, a lot of advancement has been made
in the field of organic electronics, resulting in the dem-
onstration of prototype devices such as a 4.7 inch QVGA
(Quarter Video Graphics Array) active matrix display
containing 76,800 organic transistors [2], mechanical sen-
sors [3] and chemical sensors [4]. Devices, such as or-
ganic light emitting diodes (OLEDs), which are essen-
tial part of display technology, are now mostly used in
consumer electronics instead of LCD. Most of these have
been possible with the availability of a number of organic
materials, conducting polymers, insulators, semiconduc-
tors and metals. Besides other conventional organic ma-
terials, biomaterials are of particular interest. Biomate-
rials sometimes show strange properties which are not
easily replicated in conventional organic or inorganic ma-
terials. In addition, natural biomaterials are from renewable
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resources and are inherently biodegradable. Among natural
biodegradable materials, the condense matter community
has shown interest in DNA for various reasons, such as
potential use of DNA assembly in molecular electronic
devices [5], nano-scale robotics [6] and DNA-based com-
putation [7].

The studies about the epitaxial growth of aromatic com-
pounds such as p-nitrophenol [8], p-nitroaniline [9] on
PTFE substrates have indicated that the polar axis of the
substituted aromatic molecules is oriented along the
PTFE chain axis with a very low angular dispersion. The
compounds like 2-methyl-4-nitroaniline (MNA) also shows
non-centrosymmetric behavior [10]. Nonlinear optical
(NLO) materials find extensive optoelectronic applica-
tions such as optical frequency conversion, optical data
storage and optical switches in the inertially confined
laser fusion systems. Of late, second-order nonlinear op-
tical (SONLO) materials, capable of efficient frequency
conversion of infrared or visible laser radiation to visible
or ultraviolet (UV) wavelengths, are of considerable in-
terest in the field of telecommunications, high density
optical recording, color display, medical diagnostics, etc.
Therefore, presently there is a need to produce highly
efficient NLO materials capable of generating blue light

AJAC



J.A.BANDAY ET AL. 205

by second harmonic generation [11-14]. Materials with
second-order optical nonlinearities, short transparency cut
off wavelength, high thermal and mechanical properties
are needed in order to realize most of these applications.
The nonlinearity of the organic material is increased due
to the delocalized m-electron system between donor and
acceptor groups, which enhances their asymmetric po-
larizability [15-17]. In present paper, we report the struc-
tural, optical and thermal properties of oxypeucedanin hy-
drate monoacetate micro-crystals prepared by acetylation
of oxypeucedanin hydrate, isolated from the ethyl ace-
tate extract of the root parts of the plant Prangos pabu-
laria.

2. Experimental

Melting points were determined in centigrade scale in
one end open capillary on Buchii 570 melting point ap-
paratus and are uncorrected. IR spectrum was recorded
on Perkin-Elmer Paragon-1000 spectrophotometer Es-
quire 3000 spectrometer. 'H and *C NMR spectra were
recorded by a Bruker 500 and 125 MHz instruement us-
ing TMS as internal standard and CDCI3 as solvent. UV
spectra were recorded on a Shimadzu UV-1601 spec-
trometer. Column chromatography was carried out with
Merk silica gel (60 - 120 mesh and 100 - 200 mesh). The
crystals were characterized by x-ray diffraction (XRD)
with a Rigaku powder diffractometer for structural study.
Photo Luminescence (PL) was carried out by using spec-
troflorometer by JY-Horiba. Thermo gravimetric analysis
(TGA) measurements were carried out on a Perkin Elmer
Diamond TA/TGA at a heating rate of 10°C/min under a
nitrogen flow.

3. Results and Discussions
3.1. Structural Analysis

Oxypeucedanin hydrate Figure 1(a), m.p. 134.5°C, mo-
lecular formula C;H ;604 was isolated from ethyl acetate
extract of the roots of the plant Prangos pabularia by
column chromatography using silica gel as adsorbent.
The structure of (a) was confirmed by comparison of its
spectral data ("H-NMR, >C-NMR, UV, IR and MS) with
the data values reported in literature [18]. Compound (&)
was subjected to acetylation with acetic anhydride and
pyridine at room temperature to give compound Figure
1(b), m.p. 138°C, molecular formula C;sH;505.

On comparison of the spectral data with the data val-
ues reported in literature [18], compound (b) was identi-
fied as oxypeucedanin hydrate monoacetate.

The Figure 2, shows the powder X-ray diffractogram
of oxypeucedanin hydrate monoacetate micro-crystal.
From this data, the appearance of sharp peaks at specific
Bragg’s angles is clear indication of crystallinity of this
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Figure 1. Structures of compounds (a) and (b).
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Figure 2. XRD image oxypeucedanin hydrate monoacetate
micro-crystal.

system.

The diffractograms were indexed using Powder-X
software. Calculation of cell parameters reveals that this
crystal belongs to triclinic crystal structure having space
group P111. The cell parameters for this crystal are a =
6.22992 A, b =17.35151 A, c = 15.11041 A, a = 90.821°,
p=97.330" and y = 113.093°. The experimental d-values
are in conformity with the calculated ones using the
above cell parameters for this system. From further
analysis, other structural parameters like density and cell
volume were calculated. The present observed parame-
ters are well in agreement with other similar systems [19].
The structural parameters are also well correlated with
other techniques like NMR and IR carried out on this
system. These observations are quite consistent with other
reports of the similar system [20].

Furthermore, oxypeucedanin hydrate monoacetate mi-
cro-crystal was not of good color and developed with
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slightly irregular morphology (see Figure 3). These crys-
tals were whitish brown in color without much transpar-
ency. The possible reason behind this observation may be
the nucleation centers and the ordering of carbon mole-
cules [21].

3.2. Optical Properties

The UV-VIS NIR spectra of oxypeucedanin hydrate
monoacetate micro-crystal is shown in Figure 4.

It is clear that the absorbance is less in the wavelength
range 350 - 700 nm for these crystals. Here, clearly no
absorbance due to electronic transitions in these regions
of this system is seen. Also, the possibility of any over-
tones or combination modes above the threshold values
of wavelength for these crystals is not seen. Since, less
absorbance in the entire visible region is an essential
condition for the Non-linear optical (NLO) applications,
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Figure 3. SEM micrograph of oxypeucedanin hydrate mono-
acetate micro-crystal.
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Figure 4. UV-Visible spectra for oxypeucedanin hydrate
monoacetate micro-crystal.
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good transmittance exhibited by these crystals predicts
them good candidate for the generation of second har-
monic light (532 nm) as well as third harmonic genera-
tion (354.6 nm) for Nd:YAG laser (1064 nm).

Further, the fundamental absorption edge in most
semiconductors follows the exponential law. Above the
exponential tail, the absorption coefficient of the semi-
conductor was observed to obey the equation: Some
Common Mistakes

ahv =B (hv-E,) (1) [22]

where a is the absorption coefficient and v frequency, B
is a constant and # is an index which can be assumed to
have values of 1/2, 3/2, 2 and 3, depending on the nature
of electronic transition responsible for the absorption, i.e.,
n = 1/2 for the direct allowed transition (high energy part
of the spectra), n = 3/2 for forbidden direct transition, n =
2 for the indirect allowed transition (low energy part of
the spectra) and n = 3 for forbidden indirect transition
[23]. The variation of (ahv)" with hv (Tauc plot), for
these crystals, is shown in Figure5.

The values of E, for the sample have been calculated
by extrapolating the linear region of the curves to meet
the hv axis at (a4v)" = 0, and are presented in Figure 5.
The band-gap of pure crystal prepared by similar method
is 42 eV [11]. The band-gap in our case, however,
appears slightly lesser, which can be attributed to the
nature of excitation.

When molecule or compound absorbs light of an ap-
propriate wavelength, an electron is promoted to a higher
energy orbital. Also, ultraviolet (UV) and visible (Vis)
light has enough energy to cause electronic transition.
The higher energy electronic transition is promotion of
an electron from a m bonding molecular orbital into a 7’
antibonding molecular orbital, known as m-n" transition
(ligand 7-n" transition). This means that only compounds
with 7 electron and non-bonding electrons can produce
UV-Vis spectra [15-17]. The observed less absorbance/
high transmittance in the entire visible region is due to
m-m transition of this molecule. This observed high
transmittance in these molecules (in visible region) is
much higher than that of various other organic mole-
cules, supposed to be useful in NLO devices.

The Photo-luminiscence studies of the oxypeucedanin
hydrate monoacetate micro-crystal is presented in Figure
6.

We observe various intensity peaks, but peaks at 404
and 430 nm are dominant ones. The reason for these
emissions is not fully known. Possible reason can be
C=C bond and n-n transition of this molecule. How-
ever, the exact knowledge is beyond the scope of this
paper (study). The presence of these two peaks in visible
region gives a clear indication that this material can be
used for organic optoelectronic devices.
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Figure 5. Shows Tauc plot for band gap calculation using different “n” values of oxypeucedanin hydrate monoacetate mi-
cro-crystal.
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Figure 6. PL spectra of oxypeucedanin hydrate mono ace-
tate micro-crystal after excited by 370 nm light source.

3.3. Thermal Properties

The TG-DTA curves of grown crystals are shown in Fig-
ure7. The DTA curve shows that oxypeucedanin hydrate
monoacetate micro-crystal melts at 138 °C.

The TGA curve shows a weight loss of about 18% at
137°C due to step-wise decomposition of the compound
and release of volatile substances, like ammonia and

Copyright © 2012 SciRes.

Structural, optical and thermal studies were carried out
on oxypeucedanin hydrate monoacetate micro-crystals
obtained by acetylation of oxypeucedanin hydrate, a fu-
ranocoumarin, isolated from the roots of Prangos pabu-
laria. From these studies, it is revealed that these crystals
show triclinic structure, are thermally stable up to 138°C,
have high transparency from 350 to about 700 nm with
large band gap and high dielectric constant, show PL
emission at around 403 and 430 nm. These characteristic
features of oxypeucedanin hydrate monoacetate crystals
make them the potential candidate for non linear optical
and other device applications.
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Figure 7. TGA-TA of oxypeucedanin hydrate monoacetate micro-crystal.

Therefore, the results of our studies, on oxypeucedanin
hydrate monoacetate crystals clearly indicates these crys-
tals can successfully be used in multiple applications,
such as organic light emitting diodes (OLED), cladding
and host material in nonlinear optical devices and organic
field-effect transistors (OFET). Also, using oxypeucedanin
hydrate monoacetate crystals as a gate dielectric layer,
OFET devices can be fabricated, that exhibit current-
voltage characteristics with low voltages. This is a sig-
nificant adventage of these crystals over other polymer or
oxide based dielectrics.
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