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ABSTRACT
We investigated the electronic and optical properties of an organic material, 
2-(4-bromophenyl)-5-phenyl-1,3,4-oxadiazole (BP-OXA), combining experimen-
tal measurements and theoretical calculations. FT-IR and FT-Raman spectra were 
recorded in the solid phase. The NMR chemical shifts (1H and 13C) were recorded 
in chloroform solution. The 1H and 13C NMR spectra were computed by using 
the gauge-invariant atomic orbital (GIAO) method, showing good agreement 
with the experimental ones. PL studies were utilized to investigate the light-emit-
ting properties of BP-OXA. UV–Vis spectra were recorded in dichloromethane 
(DCM) at different concentrations, showing strong absorption peaks in the near-
UV region (200–400 nm). In the study, we calculated the HOMO–LUMO energy 
gaps, UV spectra, and optical parameters of the molecule using B3LYP and CAM-
B3LYP functional methods and evaluated their compatibility with experimental 
data. The experimental optical band gap (Eg) of the molecule of approximately 
3.84 eV indicates that it has semiconductor properties. Additionally, refractive 
index values (1.70–2.58) and optical conductivity parameters indicate that BP-
OXA is well-suited for optoelectronic applications. The material exhibits robust 
optical behavior, supported by high dipole moments and significant hyperpo-
larizability values (5503.52 × 10⁻33 esu), suggesting potential for advanced pho-
tonic technologies. These results highlight BP-OXA as a promising candidate for 
applications in optoelectronic devices and nonlinear optics.

1 Introduction

Oxadiazole compounds have gained an important 
place among organic materials in recent years as a 
versatile field of study with their biological activities, 
synthesis methods, and semiconductor properties. 

There are four isomers of the five-membered hetero-
cyclic structure, 1,3,4, 1,2,5, and 1,2,4 1,2,3, according 
to the nitrogen configuration. The most biologically 
active of these isomers are 1,3,4-oxadiazole deriva-
tives, and these compounds are also used to prepare 
donor–acceptor molecules containing π-electron-rich 
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aromatic rings. It has been observed that 1,3,4 oxadia-
zole acts as an electron acceptor when combined with 
pyrene, increasing charge transfer [1]. Examination 
of some bis-1,3,4-oxadiazole derivatives with D–π–A 
(donor–π–acceptor) structure showed that these mol-
ecules have high hyperpolarizability values and are 
promising candidates for NLO applications [2, 3]. In 
another study, four new 1,3,4-oxadiazole derivative 
chromophores (TM1–TM4) were developed and the 
interactions between donor and acceptor groups and 
intramolecular charge transfer of these compounds 
were revealed [4].

Due to the high electron affinity of 1,3,4-oxadia-
zole ring combined with various substituents, it is an 
important carrier structure investigated for optoelec-
tronic devices such as OLEDs, organic photovoltaics 
(OPV) and organic solar cells (OSC) [5–9]. For exam-
ple, Zhao et al. in their study of optical and electri-
cal properties of 1,3,4-oxadiazole derivatives, showed 
that these compounds provided significant improve-
ments in photovoltaic efficiency [10]. Similarly, Liu 
et  al., by using oxadiazole derivatives in OLEDs, 
increased the light efficiency [11]. 2-(4-Biphenyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole (PBD) showed an 
electron affinity of 2.16 eV and was first used as an 
electron carrier material in a double-layer OLED [12]. 
The compounds formed also affect their physical and 
chemical properties. In the search for efficient materi-
als for the production of OLEDs, it was found that 
2,5-Diaryl-1,3,4-oxadiazoles exhibited suitable proper-
ties to be good electron carriers [13]. At the same time, 
oxadiazole derivatives were found to have thermal 
and chemical stability and photoluminescence quan-
tum yield [14–19]. Dong et al. investigated the UV–Vis 
spectra of stilbene-based 1,3,4-oxadiazole derivatives, 
Nayak et al. investigated the 1,3,4-oxadiazole deriva-
tives containing isobenzofuran group, and Sas et al. 
investigated the 1,3,4-oxadiazole derivatives contain-
ing naphthyl group, and showed that these materials 
have potential applications in optics [20–22]. Develop-
ing high-efficiency fluorescent emitting material is an 
important issue for high-performance OLED devices 
[23]. In recent years, OLED fluorescent materials 
incorporating AD and DAD (donor–acceptor) units 
have been frequently investigated [24–27]. In addi-
tion, a new 1,3,4-oxadiazole derivative, BPOXD-B8, 
was synthesized and the emission properties of this 
compound in different solvents were investigated. The 
organogel formation ability and self-assembly proper-
ties of BPOXD-B8 in solvents such as methanol were 

investigated by SEM, XRD, temperature-dependent 
FT-IR and UV–Vis spectroscopy [28].

These studies examine the optical properties of 
1,3,4-oxadiazole derivatives in detail and show how 
promising these compounds are in areas such as 
optoelectronic devices, photovoltaic applications, 
and biosensors. In order to thoroughly investigate the 
electronic and optical characteristics of the organic 
material 2-(4-Bromophenyl)-5-phenyl-1,3,4-oxadia-
zole (BP-OXA), a derivative of 1,3,4-oxadiazole with 
a wide range of applications, we employed spectro-
scopic techniques including FT-IR and FT-Raman, 1H 
and 13C NMR, PL, and UV–Vis. Using the DFT/B3LYP 
6-311G(d,p) approach, we computed the molecule’s 
theoretical data and contrasted it with the experimen-
tal data. Based on the molecule’s optical and non-lin-
ear optical characteristics, we assessed its suitability 
for use in the optoelectronics industry.

2 �Experimental and computational details

We purchased the oxadiazole derivative BP-OXA and 
the solvent of this molecule DCM from Sigma-Aldrich. 
FT-IR and FT-Raman spectra of the solid form BP-OXA 
molecule were recorded using a Thermo Scientific 
Nicolet 6700 FT-IR/NXR FT-Raman spectrometer at 
room temperature. Data from both spectra were taken 
in the range of 4000–400 cm−1. NMR experiments were 
performed on an Agilent Premium Compact 600 MHz 
(14.1 Tesla) spectrometer at 300 K. Chemical shifts are 
reported in ppm for 1H and 13C NMR spectra in chlo-
roform compared to tetramethylsilane (TMS). The PL 
spectra of the investigated material were recorded at 
room temperature using a fluorescence spectropho-
tometer (DONGWOO Maplee II) with PMT (800), 
Lazer He Cd Detector in the excitation wavelength 
range of 325 nm, spectral range of 330–960 nm. We 
prepared the BP-OXA molecule in three different con-
centrations DCM solvent. We then recorded these con-
centrations in a UV spectrophotometer (Genesys 10S 
UV–Vis Spectrophotometer, Thermo Scientific) in the 
range of 200–1100 nm.

We calculated the geometric structure of the BP-
OXA molecule by the DFT/B3LYP/6–311G(d, p) 
method [29, 30]. After determining the minimum 
energy structure of the molecule, we used the same 
method for vibrational spectra. We used the scale 
factor (0.967) to fit the theoretical vibrational spectra 
with the experimental spectra [31]. 1H and 13C NMR 
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chemical shift values of the title molecule were com-
puted in chloroform solvent using B3LYP/6-311G(d,p) 
basis set by the GIAO method [32]. In order to theo-
retically investigate the optical parameters and com-
pare them with the experimental data, we obtained 
the absorbance spectra of the molecule by using the 
TD-DFT method in two different functionals (B3LYP 
and CAM-B3LYP) [33, 34]. We obtained the neces-
sary calculations for the molecule from the GAUSS-
IAN09 package program [35]. In order to examine the 
HOMO–LUMO energies in detail, we drew the DOS 
spectrum using the GaussSum 2.2 program [36].

3 �Results and discussion

3.1 �Molecular structure and vibrational 
spectral analysis

The BP-OXA molecule, which is a 1,3,4 oxadiazole 
derivative, consists of bromine atom, phenyl and 
oxadiazole ring. In order to determine the geometric 
structure of the molecule, the phenyl rings attached to 
the oxadiazole rings were rotated around the carbon 
bonds and the minimum energy state was determined. 
According to the optimized structure, the minimum 
energy of the molecule is − 3297.94251432 Hartree 
and the molecule is planar. Theoretical IR and Raman 
spectra of BP-OXA molecule were calculated from the 
optimized structure using 6–311 G(d,p) basis set and 
are given together with experimental spectra in Fig. 1. 
C–H stretching vibrations, which are one of the impor-
tant vibrations in the molecule, generally occur in the 
range of 3000–3100 cm−1 in aromatic rings [37]. In this 
study, C–H stretching vibrations were calculated in 
the region between 3064 and 3105 cm−1 and this band 
was named as pure band. These vibration bands were 
observed at 3058 and 3081 cm−1 in FT–IR and at 2987 
and 3064 cm−1 in FT-Raman. In aromatic rings, C–N 
and C=N stretching vibrations are generally observed 
in the range of 1382–1266 cm−1 [38]. Similarly, Var-
sanyi showed C–C and C=C stretching vibrations in 
the range of 1280–1625  cm−1 [39]. These bands are 
observed mixed in the spectrum. The sharpest peak 
(1471 cm−1) seen in FT-IR and FT-Raman was assigned 
as the stretching vibration of C=N and C–C.

C–Br vibrations are not pure vibrations, they are 
bands mixed with other vibrations of the molecule. 
Varsanyi gave C–Br vibrations in the long wavelength 
region (200–480  cm−1) [39]. In our previous study, 

C–Br vibration band was calculated at 292 cm−1 and 
observed at 308  cm−1 in FT-Raman [40]. Sas et  al. 
observed this vibration band at 358 cm−1 in FT-Raman 
and theoretically calculated 396 and 233  cm−1 [41]. 
In this study, we calculated C–Br vibration band at 
454 cm−1 and observed at 460 cm−1 in FT-IR.

3.2 �NMR analysis

NMR spectroscopy is one of the most important 
techniques for structural analysis of organic com-
pounds [42]. To obtain more information about the 
structural properties of the BP-OXA molecule, 1H and 
13C NMR analysis were studied experimentally and 
theoretically. Experimental NMR spectra and theo-
retical NMR data of the title molecule are given in 
Fig. 2a–c, respectively. The chemical shifts of aromatic 
protons of organic molecules are usually observed in 
the range of 8.00–7.00 ppm, and the chemical shifts of 
aromatic carbons are usually observed in the region 
of 100–150 ppm [43, 44]. Due to the electronic envi-
ronment of the proton, these chemical shifts can 
change towards a high or low frequency [45, 46]. 
We calculated the proton chemical shifts in phenyl 
rings in the range of 7.63–8.66 ppm. It was observed 
that the chemical shifts of protons close to the oxa-
diazole ring shifted to a higher frequency due to the 
electronic environment. The chemical shift values ​​
of these protons in the chloroform solvent are in the 
range of 7.24–8.24. These values ​​show the agreement 
of the theoretical and experimental studies. We cal-
culated the chemical shift values ​​of the aromatic car-
bon atoms of the BP-OXA molecule in the range of 
127.4–149.5 ppm and measured experimentally in the 
range of 122.8–132.5 ppm. The chemical shift values ​​
of the two carbon atoms in the oxadiazole ring were 
calculated as 168.6 and 169.8 ppm, while they were 
measured experimentally as 163.8 and 164.7 ppm. The 
proton chemical shift values ​​of the phenyl and oxa-
diazole rings are in good agreement with the experi-
mental data.

3.3 �Photoluminescence (PL) spectroscopy

When a physical system is excited by visible and 
ultraviolet light, it emits optical radiation known 
as photoluminescence [47]. A non-contact method 
called photoluminescence (PL) spectroscopy uses 
optical excitation to induce spontaneous light 
emission from a substance. It is frequently used to 
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explain the material’s chemical and physical char-
acteristics [48–50]. The difference in energy levels 
between the two electronic states is correlated with 
the photon energies released. An optical spectrom-
eter determines the intensity of these photons in 
relation to their wavelength [51, 52]. The emission 
characteristics of the BP-OXA molecule were inves-
tigated using PL measurements. Figure 3 shows the 
PL spectra obtained in the 330–960 nm region. The 
photoemission transition band is visible at 733 nm 
(red). The interaction between the activator atoms 
is known to be the cause of the red shift in the emis-
sion bands [53, 54]. Concentration quenching is 
a phenomena that can happen when the lumines-
cence centers are sufficiently close to one another to 

cause an interaction [53, 54]. The excitation wave-
length (325  nm) is substantially shorter than the 
main emission beam’s wavelength. Its wavelengths 
are greater than the excitation peaks because it takes 
more energy for a molecule to move from a lower 
state to a higher state. The characteristics of fluo-
rescent molecules are determined by the magnitude 
of the Stokes shift [52]. The primary Stokes shift in 
this instance is roughly 408 nm. Practically speak-
ing, a big Stokes shift is helpful since it can lessen 
the “self-quenching” brought on by molecules’ self-
absorption [55]. Alongside this peak, another peak 
was seen at 375 nm, which is close to the ultraviolet. 
Peaks in the near-UV spectrum could be associated 
with the molecule’s functional groups. These results 

Fig. 1   The experimental and calculated (with the scale factor) FT-IR and FT-Raman spectra of the BP-OXA
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Fig. 2   1H and 13C NMR 
spectra of the BP-OXA in 
chloroform solution
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suggest that the BP-OXA material is suitable for pho-
toluminescence devices.

3.4 �UV spectra and optical parameters

We compared the UV spectra measured in DCM 
solvent and calculated by the TD-DFT method. We 
gave the UV spectrum calculated in the B3LYP and 
CAM-B3LYP functionals in the molar absorptivity and 
wavelength graph (Fig. 4a) and the spectrum meas-
ured at different concentrations in the absorbance 
and wavelength graph (Fig. 4b). We found that the 
absorbance peaks of BP-OXA recorded at concentra-
tions of 0.189, 0.126, 0.095, and 0.038 mM decreased 
with decreasing concentration. We can say this by 
looking at the observed curve of the peaks. From this 
spectrum, we can say that a maximum peak at 290, a 
small peak at 234 nm, and a shoulder at 317 nm are 
observed. The recorded spectral values ​​indicate that 
the BP-OXA molecule is active in the near UV region 
(200–400 nm). This figure shows us two important 
results. First, absorbance and molar absorptivity spec-
tra differ when different methods such as theoretical 
and experimental methods are used. Second, absorb-
ance and molar absorptivity spectra, which differ in 
each method, show a slight change at different con-
centrations. The positions of the maximum peaks are 
different for the theoretical CAM-B3LYP and B3LYP 
functionals. The experimental results are consistent for 
both functionals.

The absorbance band edge (EAbs−be), one of the 
important optical parameters of the molecules, is 
obtained from the dT/dλ and wavelength graph. 
EAbs−be values ​​for four different concentrations were 

obtained as 3.855, 3.853, 3.856, and 3.856 (for concen-
trations 0.189, 0.038, 0.095, and 0.126 mM), respectively 
(Fig. 5a, b). The curves show how the optical activity 
of the molecule is affected by concentration. Spectra 
recorded at different concentrations reflect the sharp-
ness of the absorption band and energy transitions. 
According to experimental measurements, this value 
remained constant despite the concentration change. 
This shows that the optical constants of BP-OXA in 
solution are stable and the molecule can exhibit reli-
able performance in optoelectronic applications. In 
addition, we calculated this value theoretically with 
the CAM-B3LYP and B3LYP functionals, and we gave 
Table 1 together with the experimentally obtained 

Fig. 3   Photoluminescence spectra for BP-OXA

Fig. 4   a The theoretical molar absorptivity and wavelength 
graph and b the spectrum measured at different concentrations in 
the absorbance and wavelength graph of the BP-OXA
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value. A concentration value of 0.189 mM was used 
for this table and other optical parameters. BP-OXA 
material can be used in semiconductor technology 

according to EAbs−be values. For this reason, we ana-
lyzed the optical band gap values ​​of the molecule 
using the Tauc equation [56, 57],

where hν is the photon energy, A is a constant, and 
m is the parameter measuring the type of band gaps. 
While drawing Fig. 6, E and (αhϑ)2 curves were used. 
Here, E represents the photon energy, and (αhϑ)2 
denotes direct transitions. Experimental and theoreti-
cal results from CAM-B3LYP and B3LYP are given in 
Table 1. Computational results show that the gap val-
ues ​​of BP-OXA vary depending on the functional used. 
According to the table, optical band gaps and absorb-
ance band edge values are compatible with each other. 
As can be seen from Table 1 and Fig. 6, the Eg and 
absorbance band edge values found with the CAM-
B3LYP (3.81, 3.91 eV) functional yield better results 
compared to the experimental results (3.84, 3.86 eV). 
The Eg values obtained show that BP-OXA material 
exhibits semiconductor properties, indicating that this 
material can be used in optoelectronic applications.

Another parameter that should be considered 
in optical studies is the refractive index values [58, 
59]. This value can be obtained from the spectrum 
plotted against the wavelength or with some equa-
tions depending on the optical band gap, such as 

(1)(�h�) = A

(
h� − E

g

)
m

Fig. 5   The dT∕d� plot vs. wavelength (�) of BP-OXA organic 
material for DCM solvent

Table 1   The absorption band edge (EAbs−be) and optical band 
gap (Eg) parameters of the BP-OXA

Eg (eV) EAbs−be (eV)

B3LYP 3.375 3.482
CAM-B3LYP 3.807 3.910
EXP 3.844 3.855

Fig. 6   The (�hv)2 vs photon energy (E) of BP-OXA
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Kumar-Singh, Moss, Hervé-Vandamme, Ravindra, 
and Reddy. The refractive index values obtained from 
these equations are given experimentally and theoreti-
cally in Fig. 7. The refractive index values were found 
between 1.70 and 2.58 in the experimental, 1.72–2.58 
in the CAM-B3LYP functional, and 1.98–2.67 in B3LYP 
with these equations. The high value of n is promising 
for optoelectronic uses. These values are in the range 
of semiconductor materials. As with the optical band 
gap (Eg) and absorbance band edge values, the values 
calculated with the CAM-B3LYP function are more 
compatible with the experimental data.

Optical conductivity 
(
�
opt

)
 and electrical conductiv-

ity 
(
�
elct

)
 are parameters that should be examined 

while investigating the optical properties of semicon-
ductor materials. Optical conductivity is directly pro-
portional to the absorption coefficient (α), refractive 
index (n), and speed of light (c), and electrical conduc-
tivity is inversely proportional to the absorption coef-
ficient (α) and directly proportional to optical conduc-
tivity and wavelength (λ) [60]. If the absorption 
coefficient increases, the optical conductivity increases. 
The absorption coefficient is given by the following 
equation [22, 61].

where A is the absorbance and d is the sample thick-
ness. The spectrum of the absorption coefficient is 
similar to the absorption spectrum, as can be seen in 
the equation above (see Fig. 4). A high value of optical 
conductivity may indicate a highly excited electron 
state or high absorbance. This is a desired situation 
in the materials examined. Energy-dependent graphs 

(2)� = 2.303
A

d

of and parameters are experimental for CAM-B3LYP 
and B3LYP; Fig. 8a and b is given. Optical conductivity 
reached its maximum value at 4.07, 4.23, and 3.78 eV 
(experimental, CAM-B3LYP, and B3LYP), depending 
on absorbance. The second peak in the optical con-
ductivity values ​​is also very close (4.14, 4.56, 4.60). 
Similarly, the maximum value of electrical conduc-
tivity was found to be 3.95, 4.04, and 3.59 eV for the 
experimental CAM-B3LYP and B3LYP, respectively.

3.5 �Frontier molecular orbitals and density 
of states (DOS) analysis

A molecule’s most important charge transfer tran-
sition is the transition from the highest occupied 
molecular orbital to the lowest unoccupied molecu-
lar orbital. With this transition, the energy gap value 
between the conductivity and valence bands can be 
found. This value is important for charge transfer 
[62, 63]. The transition between frontier molecu-
lar orbitals was calculated as 4.45 eV (B3LYP) and 
6.47 eV (CAM-B3LYP) using the TD-DFT method. 
In the gas phase, this value is calculated as 4.45 eV. 
Experimentally, the Eg (optical band gap) value 
found in the DCM solvent is 3.844 eV. The Eg value 
calculated with the B3LYP and CAM-B3LYP func-
tionals is 3.375 and 3.807 eV, respectively. According 
to these results, the B3LYP method provides better 
results in the transition between HOMO and LUMO 
in the BP-OXA molecule. Figure 9 is provided to 
illustrate the charge transfer in the molecule. 
According to Fig. 9, HOMO orbitals are localized 
throughout the molecule except for the oxygen and 
hydrogen atoms, while LUMO orbitals are localized 
throughout the molecule except for the hydrogen 
atoms.

Besides the interaction between HOMO and 
LUMO, it is important in transitions in neighboring 
orbitals [64]. To examine these transitions, orbital 
information and density of states between − 20 and 
20 eV were investigated. The total density of state 
(TDOS or DOS) for BP-OXA was plotted with the 
GaussSum 2.2 program using the Gaussian output 
files found with the B3LYP and CAM-B3LYP func-
tionals. Orbital information, density of state of the 
orbitals, and HOMO–LUMO charge transfer graphs 
are combined to form Fig. 9. The density in each 
orbital can be seen according to the DOS graph.Fig. 7   The refractive index (n) curves wavelength (λ) of BP-

OXA
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3.6 �The atomic charges, dipole moments 
and NLO (non‑linear optical) properties

The atomic charges of the BP-OXA molecule were 
determined by Mulliken population analysis and 
are given in Fig. 10. Atoms can have negative and 

positive atomic charges according to their posi-
tions in the molecule. All carbon atoms in the mol-
ecule except for C1 and C2 atoms in the oxadiazole 
ring has a negative charge. The oxygen atom in 
the oxadiazole ring has the lowest negative charge 
(− 0.29583e), and the carbon atom has the highest 

Fig. 8   a. The optical 
conductance 

(
�opt

)
 and b. 

electrical conductance 
(
�elect

)
 

curves vs. (E) of BP-OXA
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positive charge (0.376896e). These values may be due 
to the O–C interaction in the oxadiazole ring. Since 
all hydrogen atoms in the BP-OXA molecule are 
acceptors, they have a positive charge and a charge 
of about 0.1e.

As can be seen from the Mulliken charge popula-
tion, the BP-OXA molecule does not have a homo-
geneous charge distribution. The dipole moment 
resulting from the difference between negative and 

positive charges in the molecule is 3.3553 Debye in 
the gas phase. While the �

y
 component contributes the 

greatest to the dipole moment, the �
z
 component has 

no contribution. A high dipole moment value indi-
cates a strong intermolecular interaction. The values 
in the DCM solvent are 4.3762 and 4.4279 Debye in the 
B3LYP and CAM-B3LYP functionalities, respectively. 
These values are tabulated in Table 2. Dipole moment 
values are compatible with the HOMO–LUMO energy 
gap, and large values mean that electrons can be 
excited easily.

The quantum chemical parameters known as the 
nonlinear properties of the molecule were calculated 
with the following equations [59].

⟨�⟩ = 1∕3
�
�xx + �yy + �zz

�

Δ� = 1∕2
��

�xx − �yy
�
2

+ (�xx − �zz)2 +
�
�yy − �zz

�
2

�

� =
��
�xxx + �xyy + �xzz

�
2

+
�
�yyy + �yzz + �yxx

�
2

+
�
�zzz + �zxx + �zyy

�
2

�

Fig. 9   Density of state (DOS) spectrum with HOMO–LUMO of BP-OXA

Fig. 10   Mulliken atomic charge of BP-OXA

Table 2   Dipole moment and its component for BP-OXA

μx μy μz μ0

Vacuum 1.4887 − 3.007 0 3.3553
DCM (B3LYP) 1.6961 − 4.0342 0 4.3762
DCM (CAM-B3LYP) 1.7551 − 4.0652 0 4.4279
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The polarizability expressed by α is computed from 
the diagonal matrices of the quadrupole components, 
and the polarizability anisotropy expressed by Δα is 
computed from the diagonal and off-diagonal compo-
nents of this matrix. First-order hyperpolarizability is 
represented by β and calculated using the above equa-
tion with data from the Gaussian output file. In the 
theoretical study of molecules, variables like polariz-
ability and hyperpolarizability play a significant role 
in revealing details regarding nonlinear linear optical 
characteristics. Atomic units were changed to elec-
tronic units in order to acquire these values, which 
are shown in Table 3. It was discovered that the col-
lected data was 100 times more polarized than urea, 
a polarized molecule (βtot = 5503.52 × 10–33 esu and 
Δα = 60.03 × 10–24 esu). These findings suggest that the 
BP-OXA molecule is a suitable NLO material. Fiber-
optic telephony, optical switching, optical modulation, 
and optical data storage systems can all benefit from 
materials with higher hyperpolarizabilities than urea 
[64–66].

4 �Conclusion

The electronic and optical properties of the organic 
material 2-(4-Bromophenyl)-5-phenyl-1,3,4-oxadiazole 
(BP-OXA) were extensively investigated using both 
experimental and theoretical approaches. This inves-
tigation was carried out using some spectroscopic 
techniques such as FT-IR and FT-Raman, 1H and 13C 
NMR, PL, and UV–Vis, and theoretical calculations. 

We found the molecule to have a C1 symmetry and a 
planar structure without any straining. In the FT-IR 
and FT-Raman spectra and the vibrational bands cal-
culated by the DFT method, the most intense peak 
was observed to be the C=N stretching vibration, as 
expected. This band was assigned to the mixed C–C 
and C–N stretching vibration bands. 1H and 13C NMR 
chemical shift values ​​of the BP-OXA molecule were 
found to be in the desired range and consistent with 
experimental data and similar molecules. Photolumi-
nescence (PL) properties were evaluated by measure-
ments performed at a 325 nm excitation wavelength, 
and the spectral band showed maximum emission 
around 733 nm. This band indicates a strong photo-
luminescence behavior with a red shift in the visible 
region. This indicates a structure with high quantum 
efficiency that suppresses the self-absorption of the 
BP-OXA molecule. The absorbance band edge of the 
molecule (~ 3.85 eV) and the optical band gap obtained 
by the Tauc method (~ 3.84 eV) confirm that BP-OXA 
has a wide band gap semiconductor character. Refrac-
tive index values ​​(in the range of 1.70–2.58), high opti-
cal and electrical conductivity, HOMO–LUMO energy 
levels, and density of state (DOS) analyses revealed 
the efficiency of the molecule in terms of photon 
absorption and charge transfer mechanisms. In addi-
tion, high dipole moment and first-order hyperpolar-
izability value (β_tot = 5503.52 × 10⁻33 esu), which is 
approximately 100 times higher than urea, indicate 
that BP-OXA is promising for second-order nonlin-
ear optical applications. Considering the research, the 
study of similar derivatives of the molecule can also 
be focused on.
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