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Abstract: The purpose of this paper is to investigate the structural and optical characteristics of 1-(4-
Methylsulfonyl Phenyl)-3-(4-n, n Dimethyl (amino Phenyl)-2-Propen- 1-One (MSPPP) Chalcone doped in ZnO
nanoparticles. Part of the aim is to study the characterization of chalcone doped ZnO nanoparticles by several
techniques such as X-ray diffraction, Scanning electron microscope, FTIR spectroscopy, and diffuse reflection
spectra. All doped samples showed a hexagonal wurtzite structure. This study has shown that the crystallite size
of pure ZnO varied from 23.50 to 27.45 nm and when increasing the chalcone percentage by 0.5 and 1.5%, has
increased the crystallite sizes in the range of 33.40-33.80 nm and 33.80-36.20 nm, respectively. The value of the
energy gap (Eg) for ZnO nanoparticles was 3.14 eV. For 0.5 and 1.5% chalcone doped ZnO, the energy gap

decreased by an order of magnitude 0.16 eV.

Keywords: ZnO, Spectroscopic studies, optical, Structural

1. Introduction

Zinc oxide (ZnO) nanoparticles plays a vital
role and are extensively utilized in different applications
because of their properties [1,2]. ZnO nanoparticle
own a broad bandgap of 3.37 eV, a large exciton
binding energy of 60meV and is an n-type
semiconductor material [3,6]. Owing all these
properties, it has found widely utilize in different
technological application, like laser, photocatalyst, gas
sensors and solar cell [7,8]. Additionally, compared to
other metal oxides it is economical, easy to fabricate
and environmentally [9]. By doping with various
materials, the properties of ZnO can be tuned to
acquire particular properties [10]. Doping can lead
fundamental changes in ZnO 's physical behavior [6].
Most studies noted that variations happen by
incorporation of transition metal ions into ZnO lattice
[11,12]. Chalcone derivatives have a functionality of a
carbonyl group in conjugation with a carbon-carbon
double bond, which is known as a, B-unsaturated keto
group. The desirable properties of the chalcones are:
adding/removing donor can modify high conjugation
level; and the photophysical characteristics of these
chalcones or acceptor groups the skeleton [13, 14].
The doping of 2ZnO with other materials
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(heterostructures) has attracted significant interests
from their predominant properties to combine two
kinds of materials with lower photoexcitation threshold
than individual components and decrease the
recombination rate of electron-hole pairs by their
physically separated band gap [15,16]. The essential
purpose of the present work is to report on the
photophysical properties of ZnO nanoparticles doped
with the chalcone (MSPPP) in order to obtain novel
proprieties through alloying and doping materials. This
investigation is an attempt to highlight the behavior of
chalcones doped ZnO nanoparticles as a novel material
for optoelectronics applications.

2 Experimental Section
2.1 Chalcone synthesis

Chalcone material of 1-(4-methylsulfonyl
phenyl)-3-(4-N, N dimethyl (amino phenyl)-2-propen-1-
one (MSPPP) was performed using a simple reaction of
4- dimethylamino benzaldahyde (0.01 mol) and
acetophenones derivatives (0.01 mol) in a basic
solution of sodium hydroxide (1.0 gm) and ethanol (50
ml). The product was recrystallized from ethanol and
water, filtered, washed with water, and left to dry [17].
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The molecular structure of the chalcone is given in Fig.
1. The product confirmed by H1 NMR and UV -Vis
spectroscopy. 400 MHz, from 0 to 11 ppm) !NMR: &
2.86 (6H, s), 3.07 (3H, s), 6.47 (1H, d, J = 15.6 Hz),
6.84 (2H, ddd, J = 8.2, 1.2, 0.4 Hz), 7.47-7.58 (3H,
7.51 (d, J = 15.6 Hz), 7.55 (ddd, J = 8.2, 1.5, 0.5 Hz)),
7.81 (2H, ddd, J =7.9, 1.9, 0.5 Hz), 8.01 (2H, ddd, J =
7.9, 1.5, 0.5 Hz). Amax (methanol 419 nm).

Figure 1 The molecular structure of MSPPP chalcone

2.2 ZnO nanoparticle synthesis and doping
mechanism

A certain amount of zinc acetate dihydrate was
dissolved in 75 mL of methanol, after stirring for 50
min. Further, an amount of double distilled water
solution (50 mL) of tartaric acid was added dropwise to
the previous mixture. The gel formed rapidly [10
minutes] at room temperature under vigorous
magnetic stirring and dried at 100°C for 12 h.
Subsequently, the dry gel was first grinded and
annealed at 550°C for 1 h. A 0.5 and 1.5 % of MSPPP
chalcone were added to the prepared ZnO nanoparticle
and milled for 5 h and annealed at 110 °C for 1 h.

2.3 Material characterization

The morphology of the materials samples was
examined using a scanning electron microscope (SEM).
The X-ray diffraction (XRD) was performed on a Bruker
D8-Advance using Cu Ka (A = 0.1541 nm). The
accelerating voltage and scanning angles were 40 kV
and 20° — 75°, respectively. The chemical bonding of
the synthesized materials was investigated by means of
Fourier transform infrared spectroscopy (FTIR): Model:
Nicolet 6700 in the range 4000 —400cm™! with a
resolution of 4 cm~!. The diffusion reflection spectra
(DRS) of the specimens synthesized were obtained in
the range from 200 to 800 nm by using JASCO V-770
spectrophotometer: scans were performed at speed of
37 nm min~?! with a bandwidth of 1 nm.

3 Result and Discussion

3.1 characterization of pure ZnO, 0.5 and
1.5 % chalcone doped ZnO

3.1.1 XRD analysis

Figure 2 displayed the structure of pure and
chalcone doped ZnO nanoparticles using X-ray
diffraction patterns. The peak positions of pure ZnO
were found at 2 6 of 31.55° ,34.32° ,36.19°
,47.339,56.43%,62.77° and 67.91°, These peaks
correspond to the (100), (002), (101), (102), (110),
(103) and (112) planes of hexagonal wurtzite structure
of ZnO, respectively [18].

Table 1 XRD parameters data of ZnO and MSPPP chalcone doped ZnO

Sample Orientation | 26 Crystal size (nm) | Lattice parameters c/a
100 C100

(100) 31.62 | 25.73 3.2646 5.2287 | 1.600
Zn0O (002) 34.27 | 23.48

(101) 36.12 | 27.46

(100) 31.66 | 33.40 3.2605 5.2231 | 1.602
0.5 % MSPPP chalcone - ZnO | (002) 34.31 | 33.55

(101) 36.15 | 33.80
1.5 % MSPPP chalcone - ZnO | (100) 31.71 | 36.16 3.2566 5.2158 | 1.602

(002) 34.36 | 33.83

(101) 36.19 | 35.66
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Figure 2 XRD pattern for undoped and MSPPP chalcone doped ZnO

The doped samples showed peaks similar to
ZnO nanoparticle patterns and no new peak has been
detected in the XRD patterns. The average crystallite
size (D) was calculated using Scherrer’s [19].

~ 092
Y

€y

where A the wavelength of Cu Ka radiation, g is the full
a width half maximum (FWHM) of the diffraction peak
and is the Bragg peak angle. Table 1 displayed the
average crystallite size (D). The crystallite size of pure
ZnO varied from 23.48 to 27.46 nm. Increasing the
chalcone percentage by 0.5 and 1.5% has increased
the crystallite sizes in the range of 33.40-33.80 nm
and 33.83-36.16 nm, respectively.

The lattice parameters a and ¢ can be
calculated by using Egs. (2) and (3) [20]:
A
= 2
a V3 sinf @
€= sin@ ®)

3.1.2 SEM of materials

Undoped, 0.5 and 1.5% MSPPP chalcone
doped ZnO nanoparticles SEM images are shown in Fig.
3 (a — ¢). The high magnification SEM images show
that the entangled ZnO nanoparticles appear in the
form of a clear hexagonal structure. The morphology of
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the chalcone doped ZnO samples changed and the
surface area decreased with increasing the particle
size. This decrease in the surface area can be
attributed to the molecular structural disorder and
lattice strains attributed to chalcone dopant. However,
the dopant samples showed more surface porosity
compared with ZnO.

3.1.3 FTIR of ZnO and MSPPP chalcone doped —
Zn0

FTIR was used to measure the vibration and
bending modes of the structure of ZnO, 0.5 and 1.5%
doped-ZnO at room temperature. The spectra are
shown in Fig. 4. The broad absorption band at
3439.39, 1077.74 cm™!, can be attributed to the
normal polymeric O-H stretching vibration of H20, in
ZnO lattices [21]. Other sharp peaks observed at
1621.45 and 1615.60 cm™ can be attributed to H-O-H
bending vibration, which in turn can be assigned to the
small amount of H20 in the ZnO nanocrystal, also, the
absorption band observed between 2300 and 2400 cm-
1 are due to the existence of CO2 molecule in the air.
The vibration band at446.31 cm™ assigned to the
stretching mode of pure ZnO [21] while the band
shifted to 445.51 and 450.18 cm~! for the dopant 0.5
and 1.5%, respectively. This shift might be attributed
to the formation of a new bond between the chalcone
and ZnO (Table 2).
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Figure 4 FTIR spectra of ZnO and MSPPP chalcone doped ZnO

3.1.4 Optical Properties

The optical absorption spectra are shown in
Fig. 5 with wavelength range 300 nm — 1100 nm.
When the ZnO was doped with the chalcone by a ratio
of 0.5%, the absorption edge (395 nm) red shifted to
415 nm. When the dopant was increased to 1.5%, the
absorption edge of the spectrum remained unchanged.
The band gaps of the fabricated nanoparticles were
calculated using Tauc Eq. [22].

ahv = B (hv — Eg)" 4)

where a is absorption coefficient, Eg represent
optical band gap, B is band tailing parameter, hv is the

[ —
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photon energy, and n = 0.5 for direct band gap. The
energy band gap is determined by extrapolating the
straight portion of the curve between (ahv)2 and hv
when a equal to zero. The value of the energy gap
(Eg) for ZnO nanoparticles was 3.14 eV. This value is
in a good agreement with some previous studies [4,
23]. For 0.5 and 1.5% chalcone doped ZnO, the energy
gap decreased by an order of magnitude 0.16 eV as
seen in Fig. 6. However, the introduction of chalcone
on ZnO increased the optical density of the absorption
spectrum in the visible region. The good absorption in
the UV and visible regions for the chalcone doped ZnO
can open a new window for solar cell applications.
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Table 2 FTIR for all specimens

Assignment Wavenumber (cm™)
Pure ZnO | 0.5% MSPPP chalcone - ZnO | 1.5% MSPPP chalcone - ZnO
O — H stretching modes 3443.34 | 3435.01 3435.25
CO:2 stretching modes 2343.19 | 2351.45 2357.68
Zn — O stretching vibration | 445.98 447.55 453.21
H — O — H bending vibration | 1077.67 | 1031.26 1023.12
1.0 < ZnO
1.5% MSPPP chalcone - ZnO
0.5% MSPPP chalcone - ZnO
0.8 -
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Figure 5 UV — Vis diffuse reflection spectra of ZnO and MSPPP chalcone doped ZnO
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4 Conclusion

A chalcone derivative, of 1-(4-Methylsulfonyl
Phenyl)-3-(4-n, n Dimethyl (amino Phenyl)-2-Propen-
1-One (MSPPP) was prepared and added to pure ZnO
nanoparticles with 0.5 and 1.5 wt% doping
percentages. It was found that the value of the energy
gap (Eg) for ZnO nanoparticles was 3.14 eV and for 0.5
and 1.5% chalcone doped ZnO, the energy gap
decreased by an order of magnitude 0.16 eV. Also, it
was found that the increasing dopant percentage
distorted the hexagonal shape of ZnO nanoparticles.
Further, the lattice parameters and microstrain were
decreased while the crystallite size was increased.
Chalcone loading on ZnO has decreased the energy
bandgap.
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