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Abstract.

A new series of 1,3,4-oxadiazole derivatives containing 2-fluoro-4-methoxy phenyl were synthe-

sized by refluxing mixture of acid hydrazide 3 with different aromatic carboxylic acids (a—e) in phosphorous
oxychloride. These newly synthesized compounds were characterized by NMR, mass spectral, and IR spectral
studies, and also by C, H, N analyses. The open-aperture z-scan experiment was employed to measure the
optical nonlinearity of the samples at 532 nm, using 5 ns laser pulses. The measurements indicate that com-
pound 4a, which contains Bromine, behaves as an optical limiter at this wavelength, with potential applica-

tions in optoelectronics.
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1. Introduction

Recently, organic molecules with significant nonlinear
optical (NLO) properties have gained considerable im-
portance due to their potential applications in optical data
storage, optical communications, optical computing, opti-
cal switching, dynamic image processing, etc (Prasad and
Williams 1991; Kanis et al 1994; Perry et al 1996; Suth-
erland 1996; Ronchi et al 2003). A large number of or-
ganic materials have therefore been investigated for their
NLO properties. Due to their high molecular hyperpo-
larizabilities, organic materials display a number of inter-
esting nonlinear optical effects. In addition to organics, a
variety of inorganic and organometallic molecular systems
also have been studied for NLO activity (Kanis et al 1994).
In general, the design strategy, used by many with suc-
cess, involves connecting the donor (D) and acceptor (A)
groups at the terminal positions of a p-bridge to create
highly polarized molecules that can exhibit large molecu-
lar nonlinearity (Masraqui et a/ 2004). To date, the types
of p-bridges investigated for developing efficient NLO
materials and molecules include D-A4 olefines (Marder
et al 1994; Blanchard-Desce et al 1995), acetylencs
(Cheng ef al 1991a), azo bridges (Moylan ef al 1993), and
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aromatic (Cheng ef a/ 1991b; Ruanwas ef a/ 2010) and
heteroaromatic rings (Rao ef al 1993, 1994). Although
push—pull polyenes generally show a large first hyperpo-
larizability, their thermal stability is not satisfactory. On
the other hand, aromatic D-4 molecules are more stable
but they exhibit relatively lower hyperpolarizability
values. Another observed issue is that the incorporation
of benzene rings into the aliphatic push—pull polyenes
results in saturation of the molecular nonlinearity (Vara-
nasi et al 1996). To overcome this problem, several groups
(Rao et al 1993, 1994; Varanasi et al 1996) have deve-
loped NLO chromophores containing easily polarizable
five membered heteroaromatic rings. Heterorings such as
furan and thiophene, due to their relatively lower aro-
matic stabilization energy than benzene, are reported to
provide more effective p-conjugation between D and 4,
resulting in larger nonlinearities (Varanasi ef al 1996).

In search of new NLO materials among heterocyclic
compounds, here we have used the 1,3.4-oxadiazole ring
as a p-bridge on the grounds that its reduced aromaticity
may offer better prospects for p-electron delocalization
across the D—A links. Substitutions at the 2 and 5 posi-
tions of the oxadiazole core were made to ensure that
the oxadiazole core, indeed, acts as a p-conjugated back-
bone. The third order optical nonlinearity in these
molecules were investigated by the open aperture
z-scan experiment. Various aromatic donors and acceptors
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where R = 3-bromo-2-methylphenyl (4a), 2,3 4-trifluorophenyl (4b),
2-trifluoromethylphenyl (4¢), 3-cyanophenyl (4d), 2,3-dimethylphenyl (4e).

Figure 1.

were used to tune the electronic factor and understand the
origin of the nonlinearity in these molecules.

2. Experimental

Infrared spectra of all intermediate and final compounds
were recorded on a Nicolet Avatar 5700 FTIR (Thermo
Electron Corporation) spectrometer. The UV-Vis and fluo-
rescence emission spectra of the 1,3,4-oxadiazoles were
measured in GBC Cintra 101 UV-Vis and PerkinElmer
LS55 spectrophotometers respectively. '"H NMR spectra
were obtained with AMX 400 MHz FT-NMR spectropho-
tometer using TMS/solvent signal as internal reference.
Mass spectra were recorded on a Jeol SX-102 (FAB)
Mass Spectrometer. Elemental analysis was performed on
a Flash EA1112 C, H, N, S analyzer (Thermo Electron
Corporation).

2.1 Synthesis of 1,3,4-oxadiazoles

2.1a Preparation of ethyl 2-fluoro-4-methoxybenzoate
(2): To a mixture of 2-fluoro-4-methoxybenzoic acid (1,
10 g, 0-0587 mol) in ethanol (100 ml) conc. sulphuric
acid (1 ml) was added and refluxed for 5 h. The reaction
mixture was concentrated, the solid separated was fil-
tered, washed with water, and recrystalised with ethanol
to give 2 as white crystals (10 g, 85%) m.p. 200-223°C.

2.1b  Preparation of 2-fluoro-4-methoxybenzohydrazide
(3): A mixture of ethyl 2-fluoro-4-methoxybenzoate (2,
10 g, 0-0504 mol) and hydrazine hydrate (5-0 ml,
0-1009 mol) in cthanol (100 ml) was heated under reflux
for 8 h. The reaction mixture was concentrated and left to
cool. The solid product obtained was filtered, washed
with water and recrystallised with ethanol to give 3 as
white crystals. (7 g, 89%), m.p. 240-243°C.

2.1c  General procedure for preparation of 2-(2-fluoro-
4-methoxyphenyl)-5-substituted 1, 3,4-oxadiazole (4): A

Scheme for synthesis of oxadiazole derivatives.

mixture of acid hydrazide 3 with different aromatic
carboxylic acids (a—e) was refluxed with phosphorous
oxychloride (10 vol) for 3 h. Reaction mixture was
concentrated using rotor ecvaporator, the residue was
quenched with ice water and the solid separated was fil-
tered off, washed with water and further purified by
recrystallization with ethanol to afford 5-substituted
1,3.4-oxadiazole bearing 2-fluoro-4-methoxy phenyl
moiety as white crystalline solid.

2.2 Characterization data for the newly synthesized
molecules (4a—4e)

Compound 4a: (1-5 g, 78%); m.p. 290-295°C; IR (KBr)
cm™ 3097 (Ar-H), C=N (1594), C=C (1560), C-O (1057,
stretch of oxadiazole ring), C-F (1093); mass m/z (M")
364: "H NMR (300 MHZ-DMSO dg-ppm) & 8-02-8-07 (m,
1H, Ar-H), 7-95-7-98 (d, 1H, Ar-H, J=7-8 Hz), 7-87—
7-89 (d, 1H, Ar-H, J=7-14 Hz), 7-34-7-39 (m, 1H,
Ar-H), 7-10-7-16 (dd, 1H, Ar-H, J=2-4 Hz), 7-00-7-04
(dd, 1H, Ar-H, J=2-31 Hz), 3-87 (s, 3H, -OCHs;), 2-73
(s, 3H, -CHs) Anal. found (calc.) for C;sH;,BrFN,0O,
(%): C, 53-01 (52-91); H, 3-45 (3-29); N, 7-96 (7-8).

Compound 4b: (16 g, 90%): m.p. 235-238°C; IR (KBr)
cm ! 3070 (Ar-H), C=N (1585), C=C (1580), C-O (1040,
stretch of oxadiazole ring), C-F (1090); mass m/z (M")
325: "H NMR (300 MHz-DMSO-ds-ppm) & 8-04-8-09 (1,
1H, Ar-H, J =85 Hz), 7-91-7-93 (m, 1H, Ar-H), 7-15—
7.19 (m, 1H, Ar-H), 6:77-6-89 (m, 2H, Ar-H), 3-9 (s, 3H,
—OCHs;). Anal. found (calc.) for C,sHgF;N,O, (%): C,
55.65 (55-56); H, 2-60 (2-47); N, 8-78 (8-64).

Compound 4¢: (1-5 g, 81%); m.p. 222-228°C; IR (KBr)
cm! 3070 (Ar-H), C=N (1545), C=C (1560), C-O (1070,
stretch of oxadiazole ring), C-F (1050); mass m/z (M")
339: '"H NMR (400 MHz-DMSO-ds-ppm). 6 8-:34-8-39
(m, 2H, Ar-H), 8:07-8-11 (m, 1H, Ar-H), 7-81-7-83 (m,
1H, Ar-H), 7-67-7-71 (m, 1H, Ar-H), 6-79-6-89 (dd, 2H,
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Ar-H, J=88Hz), 39 (s, 3H, ~OCH;). Anal. found
(calc.) for Ci6H;oF4N-O5 (%): C, 57-01 (56:91); H, 2-18
(3-00); N, 843 (8-3).

Compound 4d: (1-5 g, 81%); m.p. 222-228°C; IR (KBr)
cm’ 3030 (Ar C-H), C=N (1615), C=C (1540), C-O
(1060, stretch of oxadiazole ring), C-F (1070); mass mi/z
(M") 296: "H NMR (400 MHz-DMSO-dg-ppm). & 8-39—
8-41(m, 2H, Ar-H), 8-11-8-17 (m, 2H, Ar-H), 7-82-7-86
(m, 1H, Ar-H), 7-14-7-18 (dd, 1H, Ar-H, J=2-4 Hz),
7-03-7-06 (dd, 1H, Ar-H, J=2-4Hz), 3-89 (s, 3H,
—OCHs;). Anal. found (calc.) for C,cH;oFN;O, (%): C,
65-29 (65-09); H, 3-51 (3-39); N, 14.23 (14-44).

Compound 4e: (1-5 g, 92%); m.p. 222-228°C; IR (KBr)
cm’ 3020 (Ar C-H), C=N (1615), C=C (1540), C-O
(1060, stretch of oxadiazole ring), C-F (1070); mass mi/z
(M") 299: "TH NMR (300 MHz-DMSO dgs-ppm). & 8-04—
8-10 (¢, 1H, Ar-H, J = 8-52 Hz), 7-80-7-82 (d, 1H, Ar-H,
J=17-59 Hz), 7-24-7-35 (m, 2H, Ar-H) 6-76-6-88 (m, 2H,
Ar-H), 3-89 (s, 3H, —OCHs), 2-65 (s, 3H, —CH3), 2-40 (s,
3H, —CH3) Anal. found (calc.) for C17H15FN303 (%): C,
68-65 (68-55); H, 5-38 (5-:09); N, 9-64 (9-50).

3. Results and discussion

The formation of oxadiazole 4a was confirmed by recording
its IR, NMR and mass spectra. IR spectrum of oxadiazole
showed the Ar-H band at 3097 cm™, C=N band at
1594 cm™, C=C band at 1560 cm”' and C-F band
at 1093 cm™'. The stretch of oxadiazole ring appeared
at 1057 cm™ due to C—O. Mass spectrum of 4a showed
molecular ion peak m/z (M") 364. "H-NMR spectrum
showed multiplet in the region of 5, 7-8-07. A singlet
appearing at o, 3-87 is due to three protons of —OCHj.
Scheme for synthesis of the oxadiazole derivatives is
given in figure 1, physical data and spectral details of
remaining compounds are presented.

For the z-scan, samples dissolved in chloroform were
taken in 1 mm path length cuvettes, and irradiated by
laser pulses of 90 microjoules energy and 5 nanoseconds
duration at the wavelength of 532 nm. The laser pulses
were obtained from the second harmonic output of
an Nd:YAG laser (Continuum, MiniLite). Of all the
samples investigated, sample 4a, which contains Bromine,
showed maximum optical nonlinearity. As seen from the
open aperture z-scan curve given in figure 2, the optical
transmission of sample 4a is reduced at higher laser in-
tensities, showing that the sample behaves as an optical
limiter. The UV-Vis spectrum of sample 4a depicted in
figure 3 shows a single absorption band that peaks near
350 nm, and the absorption is very weak at the excitation
wavelength of 532 nm. Indeed our sample had a high lin-
ear transmission of 83% at the excitation wavelength.
This reduced to 54% at maximum laser intensity used
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i.e. when the sample was at the beam focus in the
z-scan. It is well known that optical limiters are poten-
tially useful in protecting human eyes and other light sen-
sitive devices like cameras from accidental exposure to
intense light.

Since the sample had a high transmission at the excita-
tion wavelength, from a first approximation it could be
surmised that the cause of the observed optical limiting is
two-photon absorption (TPA). Therefore we tried to fit
the z-scan data to the standard nonlinear transmission
equation for a TPA process, given by Sheik Bahae ef al
(1990). Even though a good fit was obtained, it became
clear that absorption saturation in the sample also should
be considered to obtain the best fit. Hence an effective
nonlinear absorption coefficient « (/), given by

)

al) = 1+

Pl (1

has been considered, where oy is the unsaturated linear
absorption coefficient at the wavelength of excitation,
and J; is the saturation intensity (intensity at which the
linear absorption drops to half its original value) and f/ is
the TPA coefficient. For calculating the transmitted
intensity for a given input intensity, we numerically solve
the propagation equation

L

using the fourth order Runge—Kutta method. Here 2z’ indi-
cates the propagation distance within the sample. Input
intensities for the gaussian beam for each sample position
in the z-scan are calculated from the input energy, laser
pulse width and irradiation area. Finally, the normalized
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Figure 2. The open aperture z-scan curve of sample 4a. At the
maximum laser intensity used (z = 0), the normalized transmit-
tance of the sample has reduced to 0-65. Circles are data points
while the solid curve is a numerical fit using (2).
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transmittance is calculated by dividing the output inten-
sity with the input intensity and normalizing it with the
linear transmittance. As seen from figure 2, there is
excellent agreement between the experimental data and
numerical simulation. The numerically estimated values
of $ and I, are 3-3 x 10" m/W and 8 x 10'> W/m" re-
spectively.

It may be noted that in molecular systems the possi-
bility of excited state absorption (ESA) is much stronger
when excited with nanosecond laser pulses, compared to
shorter (picoseconds and less) laser pulses. Even though
the excited state population will be low in the present
case due to the weak absorption at 532 nm, ESA cross-
sections are much larger than genuine TPA cross-sections
in general, and hence cannot be ignored. Therefore S will
have contributions from genuine TPA as well as ESA
effects. Under similar excitation conditions, NLO materi-
als like Cu nanocomposite glasses gave /3 values of 107 °—
10" m/W (Karthikeyan et a/ 2008), bismuth nanorods
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Figure 3. UV-Vis spectrum of sample 4a.
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Figure 4. The open aperture z-scan curve of sample 4b.
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gave 5-3 x 10" m/W (Sivaramakrishnan et al 2007) and
CdS quantum dots gave 1.9 x 10° m/W (Kurian et al
2007) respectively. These values show that the present
samples have an optical nonlinearity comparable to these
recently investigated nanomaterials. Figures 4-7 are the
z-scan measurements for the compounds 4 (b—e), which
indicate that 4a is an interesting molecule.

4. z-Scan measurement

We employed the open-aperture z-scan experiment
(Varanasi et al 1996) to measure the optical nonlinearity
of the newly synthesized compounds. In the open aper-
ture z-scan, which gives information about the nonlinear
absorption coefficient, a focused laser beam is passed
through the sample under study. The direction of propa-
gation of the beam is taken as the z-axis. The beam will
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Figure S. The open aperture z-scan curve of sample 4c.
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Figure 7. The open aperture z-scan curve of sample 4e.

have maximum energy density at the focus, which is
taken as z=0. The energy density will symmetrically
reduce towards either side of the focal point (i.e. for the
positive and negative values of z). The experiment is
done by placing the sample in the beam at different posi-
tions with respect to the focus, and measuring the corre-
sponding light transmission. The nonlinear absorption
coefficient can be calculated by fitting the z-scan curve to
standard nonlinear transmission equations.

5. Conclusions

We have synthesized new oxadiazole derivatives which
were characterized by IR, NMR and mass spectral stud-
ies. The optical nonlinearity of the compounds was meas-
ured at 532 nm using 5 ns laser pulses, employing the
open aperture z-scan technique. Sample 4a which con-
tains bromine has shown a substantial optical limiting
property, comparable in magnitude to previously investi-
gated metal nanocomposites and nanorods. This material
may have potential applications in optical limiting devices.
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