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Abstract The effect of PAni loading (5 and 15%) on the properties (PAni-ZnO) composite was
investigated. X-ray diffraction analysis confirms the hexagonal wurtzite-type ZnO crystal
structure, while ZnO peaks’ intensity decreases with increasing PAni content. Field emission
scanning microscopy observations indicate, in the absence of PAni, ZnO crystallizes as
twinned hexagonal rod nanostructure; the size of crystals of ZnO-15%PAni is shorter along
Zn0O-5% PAni while the width of the crystals is larger with increasing concentration of P Ani.
The composites deposited onto glass, PET, and Si substrates revealed interesting characteristics
for the fabricated photodetector devices. The photodetector based on ZnO-15%PAni / Si
substrate demonstrates the best performance with a high gain of 43 and a sensitivity of 4962.
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1. Introduction

Composites of polymer and inorganic material with specific properties are gaining more attention for
various applications. There are three main preparations procedures which can be employed to obtain
polymer-inorganic composites, namely direct mixing of two or more components in solvent, in situ
polymerization of monomer units in the presence of inorganic particles and dissolve mixing of
polymer with inorganic particles [1]. The incorporation of inorganic component such as ZnO into
polymer matrices could result in the modification of optical, electrical and mechanical properties of
the respective components [2]. Polyaniline (PAni) is one of the most studied organic based
conducting polymer, with ideal properties for various applications because of its low cost, simple
preparation procedure, good environmental stability, and can be easily doped. It is a p-type
conducting polymer which can be produced as powder|[3], thin film[4], or fiber[5].

Zinc oxide (Zn0) as n-type semiconductor is one of the versatile inorganic compound that can
be used in wide range of applications because of its low cost and can be readily produced in various
forms such as nanowires [6], nanoflowers [7] nanosheets [8], and nanorods [9].

Ultraviolet (UV) photodetectors based on semiconductor have found applications in water
sterilization, human traffic safety, flame sensing, and pollution monitoring systems [10]. Composites
and p-n Junction from conducting polymer and metal oxide have been produced for numerous
applications such as gas sensors [11], humidity sensors [12], biosensors [13], and photo sensors [14].
However, conducting polymer/ metal oxide composites-based sensors are relatively new and more
studies are needed to evaluate the effects of preparation conditions on the evolution of the physical
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properties towards the development of high-performance photodetectors. Several researchers have
reported on the preparation of ZnO-PAni composite thin films [15-17] and the preparation of twin-
structure ZnO with PVP, PEO and PVA [18-20]. More investigation should be conducted on the
preparation of twin-structure ZnO with PAni to elucidate its characteristics for sensor applications.

The aim of this research work consists on low temperature growth of twin ZnO - PAni
composites. A low cost and simple polymer-ZnO based photodetectoris fabricated. The use of glass
and silicon as substrates will further reduce the cost of the device. In addition, the use of polyethylene
terephthalate (PET) as substrate could provide on advantage due to its flexibility, light weight,
transparency, and high resistivity.

2.Experimental and methods

1.0 g zinc acetate hexahydrate (Zn (CH;COO),.6H,0) powder was dissolved in 50 ml of distilled-
water then stirred for 10 min at 30°C. After that, 5 ml of (M) ammonium hydroxide was added to the
solution under vigorous stirring at 70°C for 2 h. Subsequently, a certain amount of PAni (M,,=15,000
from Sigma-Aldrich) was added to the mixture; 5 and 15 wt.%, then the mixture was kept under
stirring for 3h at 50°C. The as-obtained precipitate was washed several times with distilled water to
remove any residual reactants and finally dried in oven at 80°C for 1h.The glass substrates, PET, and Si
wafer were cut into small square shapes, then cleaned in a beaker containing isopropyl alcohol solution
and ethanol alcohol solution in an ultrasonic bath for 15 min. Si substrate was cleaned by Corporation
of America (RCA) method[21].The composites films were deposited onto cleaned substrates by casting
technique in formic acid to obtain homogeneous solution.

Morphological observations were performed by field emission scanning electron microscopy
(FESEM) using FEI Nova Nano SEM 450. EDX. Structural analysis was checked by high-resolution
X-ray diffraction using PANalyticalX’Pert Pro MRD system equipped with Cu-Ka radiation source
(A=0.1541 nm). The optical measurements were studied at the room temperature by Raman
spectroscopy using JobinYvon HR 800 UV spectrometer. Photoconductivity (UV-sensing)
measurements were performed using a current source 2400 source Meter Keithely .

3.Results and discussions

3.1 Morphological observations

Figure 1 lllustrates FESEM images of the fabricated powder ZnO / (5,15%) PAni composites. It can
be seen obviously the twining hexagonal rod-type ZnO-PAni composite nanostructures. The crystals
in ZnO-15% PAni are shorter than ZnO-5% PAni, while the width is greater at a higher PAni
concentration. It is important to highlight that PAni is preferentially adsorbed onto ZnO (0001) face,
which will retard the crystal growth perpendicular to this face. Hence, it is suggested that twin-like
ZnO has been capped with polymer chain. As it is known that the hexagonal ZnO has the "¢ [0001]
direction by zinc-terminated and the "¢ [00017 also direction by oxygen- terminated, so that the
positive ion Zn(NH,),™ adsorption happen towards “c-axis and the negative ion Zn(OH),? will be
adsorbed toward ‘c-axis. After then, the two rods are formed. The as-obtained results are consistent
with some previous research works using other kinds of the polymers, such as PVP, PEO-b-PMMA
and polyethylenimine (PEI) [18, 19, 22].

The EDX spectrum (Figurel) reveals the existence of O and Zn elements, in addition to C peaks
arising from PAni. It can be seen that the presence of C in ZnO-PAni composite results from an
interaction of PAni with ZnO particles. moreover besides, one can see that the observed percentage
of C increases with increasing the weight ratio PAni/ZnO. Hence, it is evident that the addition of
PAni has a direct influence on the increase of the diameter of crystal rods in the composites.
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Figure 1. FESEM images and EDX data of (ZnO-5%) PAni, and (ZnO-15%) PAni

Figure 2 shows the surface morphology of the films after dissolving the powder composites
in formic acid. It can be noticed that the shape changes from semi-hexagonal large grain distribution
(ZnO-5%PAni) to a layered-shaped nanostructure (ZnO-15%PAni). This result indicates that
increasing the concentration of PAni in the composite improves its solubility in formic acid, given
that the formic acid is a good solvent of polyaniline. Thus, increasing the ratio of PAni to 15 wt%
subsequently increases the number of PAni chains between the spaces of ZnO crystalline structure
[23], resulting in the formation of a thick composite layer meanwhile semi-hexagonal particles of
ZnO-PAni gradually dissipates.



1st International Conference in Physical Science and Advance Materials IOP Publishing
IOP Conf. Series: Materials Science and Engineering 757 (2020) 012074 doi:10.1088/1757-899X/757/1/012074

—

 ZnO-5% PAni ’,grl =

ZnO-5% PAni on Si

Figure 2: FESEM images of microparticle ZnO-PAni composites deposited on different
substrates: glass, PET, and Si.

XRD diffraction patterns of the fabricated ZnO/PAni composites were shown in Figure3. All
that was observed diffraction peaks can be identified within the hexagonal wurtzite-type structure of
ZnO phase, in the agreement with JCPDS card No. 80-0075. The minor remaining peak located at
20 = 24.42° can be assigned to the reflection of PAni. The intense and sharp diffraction peaks indicate
the good crystallinity of the as-prepared ZnO-PAni composites. This confirms that the presence of
PAni did not modify the original hexagonal structure of ZnO phase without deterring its crystalline
quality.
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Figure 3: XRD patterns of ZnO-PAni composites at (5-15wt %) ratio of PAni.

The average size of the crystals (G) of ZnO-PAni composites structure has been estimated by
measure the full width at half maxima (§) of (101) reflection (Table 1) and using the Debye Scherrer’s
formula [24, 25]:

0.9 A4

G —m— ——4M8M—
B cos &

Where the wavelength(}) of the X-ray source is equal =0.15405( nm), and 6 is the angle of the
diffraction peak. The crystallite size of ZnO phase increases significantly from 34 nm of (ZnO-5%)
PAni to 52 nm of (ZnO-15%) PAni. This might be attributed to a higher surface along the prism plan
when compared to the basal plane in the hexagonal close packed crystal structure; thereby more of
PAni chain can be expected to become attached to the prism surface of the unit cell rather than that of
the basal surface. When the compressive strain is in one direction, there will be a tensile strain on the
opposite direction. Thus, the lattice constant is increased along a-axis and caused the unit cell to
expand [26-28].

Table 1: Structural properties of ZnO-PAni composites.

20 20 20 FWHM D (%) | €(%)
Sample (degree) | (degree) | (degree) | (degree) | (nm)

(101) (100) (002) (101)
Zn0-5% 36.216 | 31.733 34.333 0.2458 34.00 | 0.0885 | -0.0034
PANi
Zn0-15% 36.205 | 31.730 34.375 0.1604 52.11 | -0.0298 | 0.0057
PAniI

3.2 Ultraviolet (UV) photodetectors

Figure 4 (a, b and ¢) displays the repeatability performance of ZnO-PAni composites
conducted by applyed a varying voltage (1, 3, and 5 V) by using thick film onto glass, PET, and Si
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substrates. The device has potential to repeat the same behavior although it has been exposed to the
light and dark process over and over. Hence, it could be concluded from that, all the fabricated sensors
possess the stability was good during the measurement for 20 sec under 400 nm with an intensity of
0.958 mW/ cm?, but the sensor based on 15% ZnO-PAni composite onto Si substrate exhibits the best
performance. The mechanism of light sensing of ZnO-PAni composites are discussed as follows. Both
ZnO and PAni can be excited by light to produce photo-generated carriers and excited electrons,
meanwhile the conducting PAni absorbs the light and produces (¢") that transfers to the CB of
ZnO[29]. Simultaneously, the photo-generated holes in VB of ZnO are able to move freely to the
composites surface through HOMO PAni.
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Figure 4: The repeatability characteristic (ON/OFF) of Pt-(ZnO-PAni) composites-Pt on (a) glass
substrate under pulsed UV- light (400 nm) at various bias voltages.
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Figure 4: The repeatability characteristic (ON/OFF) of Pt-(ZnO-PAni) composites-Pt on (b) PET
substrate under pulsed UV- light (400 nm) at various bias voltages.
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Figure 4: The repeatability characteristic (ON/OFF) of Pt-(ZnO-PAni) composites-Pt on (C) Si
substrate under pulsed UV- light (400 nm) at various bias voltages.
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So, the photo-generated electrons and holes will move in opposite directions, reducing the
recombination probability and making the charge separation more efficient leading to a higher
photocurrent [30, 31] as shown in Figure 5. A huge photoconduction sensitivity of the composite
deposited onto Si substrate could be due to the higher photon absorption in ZnO-PAni composite
layer, whereby some of photo-generated electrons may diffuse to ZnO-PAni/Si junction and
subsequently swept into Si side. In general, both layers may contribute to the photocurrent [32],
which led to higher sensitivity of ZnO-PAni/Si photodetector as compared to ZnO-PAni composite
on insulating substrates (glass and PET). Table 2 summarizes the response time, fall time, sensitivity,
and gain measured at various bias voltages for ZnO-PAni composites deposited onto different

substrates.
S
—

PANni Z.nQO

LUMO

e cB

HOMO l

Figure 5: Schematic representation of energy levels and processes involved under UV illumination.
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Table 2: The response time, fall time, sensitivity, and gain of the Pt —((ZnO-15%PAni) composites Pt
at various bias voltages onto different substrates.

Sample Substrate | Voltage (V) | Responsetime| Fall time Sensitivity % Gain
L) JA

1 10.93 17.75 15.30 1.18

glass 1.27

ZnO-5%PAni 3 11.75 15.29 17.39 1.17
5 13.52 15.98 17.22

1 14.64 11.25 43.70 1.45

PET 1.46

3 12.48 14.40 44.30 1.30
5 8.92 10.82 30.90

1 1.052 0.959 2157 25.3

Si 16.9

3 1.067 0.967 1561 12.3
5 1.072 0.967 991.1

Sample Substrate | Voltage (V) | Response time | Fall time Sensitivity % Gain

Lo\ (o)

1 13.77 11.90 35.30 1.30

glass 1.15

7ZNnO-15%PAni 3 15.42 17.40 17.60 1.13
5 12.68 16.55 16.90

1 13.08 13.89 40 1.40

PET 1.31

3 15.69 13.51 28.6 1.45
5 13.82 14.76 47.1

1 0.936 0.852 5925 79.7

Si 71.8

3 1.050 0.956 5450 43
5 0.802 0.885 4962

4.Conclusions

ZnO-PAni nanocomposites with enhanced sensing characteristics have been fabricated
through cost-effective chemical method starting from the mixture of Zn (CH;COO),.6H,0 and PAni.
XRD analysis revealed sharp and defined peaks, implying the high crystallinity of the as-prepared
ZnO-PAni composites. FESEM observations revealed twinned-hexagonal rod nanostructure; the
crystals of Zn0O-15%PAni possess smaller length and larger width compared to ZnO-5% PAni,
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suggesting that ZnO was capped with polymer. The surface morphology of the as-fabricated
composites thick film changed from a nearly hexagonal large grain distribution to a layer shape. The
photoconductive properties of the UV thick film deposited onto glass, PET, and Si slides were
investigated. The photodetector fabricated from 15% PAni composite onto with Si substrate showed a
high gain of 43 and high sensitivity 4962 at voltage of 1 V.
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