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Abstract 
   The electrospinning technique was used to fabricate 1D nanofibers of Zinc Oxide 
(ZnO). Polyvinylpyrrolidone (PVP) ̸ zinc acetate Nano fibers electrospun using 
solution containing PVP dissolved in ethanol and zinc acetate in distilled water were 
mixed, followed by calcination at 500°C for 3hours to remove the polymer. XRD 
pattern show the hexagonal wurtzite structure of ZnO NFs without any impurities. 
FESEM pictures show a network of nanofibers with diameters less than 100 nm and 
several micrometers in length of ZnO, these nanostructures increase the ratio of 
surface area to volume and improve the physical properties of the materials. The 
Photoluminescence (PL) of the films was studied and the energy gap and the optical 
properties were estimated. A photoconductor device was constructed by electroding 
the films with silver conducting electrode (IDE) using screen print method, The result 
shown that the resistance of the nanofiber films decrease dramatically when exposes 
to UV light. In addition, the change of conductivity with the change of wavelengths 
was studied also the photoconductivity was examined under different bias voltage. 
Keywords: ZnO, nanostructures, electrospinning, photoconductivity. 

تكوین الیاف نانویة لأوكسید الزنك الاحادي الاتجاه بأستخدام البرم الكھربائي كموصل 
 ضوئي للأشعة فوق البنفسجیة

 الخلاصة
تم استخدام تقنیة الدوران اللولبي الكھربائي لتحضیر الیاف نانویة من اوكسید الخارصین. تم الحصول 

مذاب في  PVP خ محلول یتكون منو خلات الزنك من خلال ض PVPعلى الالیاف النانویة ل 
الایثانول و خلات الزنك المذاب في الماء المقطر حیث تم مزجھما, یتبعھ حرق للغشاء المتكون بدرجة 

ان اوكسید الخارصین  (XRD)ساعات للتخلص من البولیمر. یبین نمط ال  3لمدة ° م 500حرارة 
شبكة من الالیاف النانویة التي  FESEMیكون ذات تركیب سداسي و بدون شوائب.  أظھرت صور 

نانومتر وطولھا عدة مایكرومترات. ان ھذه التراكیب النانویة تزید من  100تتراوح اقطارھا دون ال 
نسبة المساحة السطحیة الى الحجم مما یؤدي الى تحسین الخصائص الفیزیائیة للمواد. تم دراسة التألقیة 

البصریة للاغشیة المحضرة. تم بناء الموصل  الضیائیة وكذلك حساب فجوة الطاقة والخصائص
باستخدام طریقة الطباغة على الشبكة واظھرت النتائج  (IDE)الضوئي بعد تقطیب الاغشیة ب 

 انخفاضا كبیرا في مقاومة الالیاف النانویة عند تعرضھا للضوء ضمن المنطقة فوق البنفسجیة. 
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غیر الطول الموجي وكذلك التوصیلیة الضوئیة بالاضافة الى ذلك, تم دراسة تغیر التوصیلیة مع ت

 بفولتیات انحیاز مختلفة.
 : اوكسید الخارصین، تراكیب نانویة، الدوران اللولبي الكھربائي، التوصیلیة الضوئیة.الكلمات المرشدة

 
INTRODUCTION 

ne-dimensional (1D) nanostructures have been a subject of intensive research 
due to their unique properties and interesting applications in many areas [1]. 
It provides a good system to investigate the dependence of electrical and 

thermal transport or mechanical properties on dimensionality and size reduction, and 
play an important role for both interconnects and functional units in fabricating 
electronic, optoelectronic, electrochemical, and electromechanical devices with 
nanoscale dimensions [2]. There are many kinds of 1D nanostructure such as 
nanorods [3], nanoneedles [4], nano-belts, nanorings [5], nanotubes [6], nanowires 
[7], and nanofibers [8]. 
    1D Zinc oxide (ZnO) has been widely used in the production of optoelectronic 
devices [9], photocatalysts [10], solar cells [11, 12], gas and chemical sensors [13, 
14], detector [15], etc.. It exhibits high efficiency in the UV Photoconductive detector 
[16] due to its large band gap (~3.37 eV), large exciton binding energy (~60meV), 
good thermal stability, and large specific surface area [17]. There are several methods 
for ZnO production, such as sol-gel process [18], electrospinning [19], precipitation 
in water solution, hydrothermal synthesis, vapor deposition, precipitation from 
micromulsions and mechanochemical processes, makes it possible to obtain products 
with particles differing in shape, size, and spatial structure [20]. 
      Among many techniques, which allow obtaining ZnO, electrospinning is one of 
the most simple, versatile, low-cost, and effective [21].  This method has an attractive 
potential for producing NFs from Polymers, Composites or Ceramics with diameters 
ranging from tens of nanometers to microns [22]. Furtheremore, nanofibers length 
and diameter are controlled by solution and processing parameters [23].   
     The present work reports the synthesis of ZnO nanofibers by electrospinning 
method, which characterized by X-ray diffraction (XRD), field emission scanning 
electron microscopy (FE-SEM), photoluminescence (PL), UV-visible, and Ultraviolet 
photoelectric properties.  
 
Experimental part 
     To produce ZnO Nano fibers, the electrospinning process was adopted. 
Polyvinylpyrrolidone (PVP) with a molecular weight of (~1,300,000) and zinc acetate 
Zn (CH3CO2)2.2H2O were used as the precursor materials. The PVP solution was 
prepared by dissolving 6wt. % of PVP in ethanol, and zinc acetate solution by 
dissolving 40 wt. % in distilled water. Both solutions were stirred for 1hour at room 
temperature separately. Then, 7.5 wt. % of zinc acetate solution was transferred to 
PVP solution with constant stirring for 2hours at room temperature. A viscous mixed 
solution of zinc acetate plus PVP was obtained.  
    The mixed solution was loaded into a plastic syringe (5 ml) connected to 21-gauge 
stainless steel needle. The distance between the tip of syringe needle and Al collector 
was 20 cm and the feeding rate of the solution was adjusted at a constant rate of 
1ml/h. A high voltage of 16 KV was applied to the metal needle tip. The resulting 
electrospun Nano fibers were then calcined at 500°C for 3 h. Then, the 
Photoconductor device was constructed by electroding the films with silver  
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conducting electrode (IDE) using screen print method. The flow diagram of 
fabricating ZnO Nano fibers photoconductor is shown in fig. (1). 
 
 

 
            

Figure (1) Flow diagram of fabricating ZnO NFs photoconductor. 
 
   X-ray diffraction (XRD) of the calcined nanofibers was conducted on a (miniflex II 
Rigaku, Jaban) with Cu kα radiation. Field emission scanning electron microscopy 
(FE-SEM) images were recorded by (Hitachi-S 4160-Japan), while working at (15) 
kV acceleration voltage. UV- visible measurement of the ZnO NFs recorded by using 
Optima Sp-3000 plus UV-Vis-NIR (Split- beam Optics, Dual detectors) 
spectrophotometer. The room temperature Photoluminescence (PL) spectrum was 
performed on Perkin Elmer Spectrophotometer Luminescence LS 55 equipped with 
FL Win lab software with a pulsed Xenon discharge lamp as the exciting source at 
325 nm. For the photocurrent measurements a Xenon lamp with power density 
(6μW/cm2) was used as the light source. For current–voltage measurement, Keithly-
2430 digital electrometer, a dual Farnel LT30/2 -3 to 3V power supply were used. 
 
 
Results and discussions 
 
    The XRD patterns of the ZnO NFs are shown in fig. (2). Several well-defined 
diffraction reflects characteristic of ZnO NFs were observed in the obtained XRD 
pattern. These reflections appeared at 31.36°, 34.02°, 35.86°, 47.14°, 56.16°, 62.46°, 
67.54° and 68.68° correspond to the lattice planes of (100), (002), (101), (102), (110), 
(103), (112) and (201), respectively. This peaks can be indexed to the hexagonal 
wurtzite structure of ZnO (a=3.249 A°, c=5.206 A°, JCPDS 36-1451). No other 
diffraction peaks were detected, which indicates that there were no impurities present 
and the precursors had been completely transformed into ZnO. 
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                               Figure (2) XRD pattern of ZnO NFs  . 
    
     Field emission scanning electron microscope (FE-SEM) images of zinc oxide - 
PVP composite nanofibers and ZnO nanofibers are shown in fig. 3 (a) and (b), 
respectively. As observed, the length of the fibers can even reach the micrometer 
range. In both cases, the distributions of the nanofibers are continuous and fairly 
random. Fig. (3a) showed that the surface of the composite zinc oxide - PVP are 
smooth and have an average diameter (90 - 200) nm.  As shown in fig. (3b), the 
diameter of ZnO nanofibers after calcination process, are decrease to (~40) nm. This 
size reduction of the fibers is due to the removal of the PVP during the calcination 
process and the crystallization of ZnO. 
 
 

 
 (b) 
 

Figure (3) FE-SEM images of: (a) Zinc acetate / PVP composite, and (b) ZnO 
after calcination at 500°C. 

 

(a) 

(b) 
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    The optical properties of the ZnO NFs in the wavelength range of 340 to 900 nm 
were investigated through UV- visible spectroscopy at room temperature and shown 
in fig. (4). The absorption spectra show that the absorption edge of the ZnO NFs is  
 
around 360 nm, indicating that the ZnO NFs have the characteristic of UV light 
preferred absorption as shown in fig. (4a). The typical room temperature 
transmittance spectra for ZnO NFs are shown in fig. (4b). The transmission spectra of 
the ZnO NFs show just opposite trend of the optical absorption spectra. The optical 
band gap (Eg) was determined by tauc relation [24, 25]: 
αhʋ = A (hʋ-Eg)n                                                                             ….. (1) 
Where A is constant, hʋ is the incident photon energy, α is the optical absorption 
coefficient near the fundamental absorption edge, Eg is the energy band gap and 
n=1/2 for direct band gap. The energy band gap of the ZnO NFs can be obtained by 
plotting (αhʋ)2  versus hʋ and extrapolating the linear portion of the absorption edge 
with the energy axis as shown in fig. (4c). the band gap of ZnO NFs is (3.4 eV) and 
this shift tendency related to the confinement of the 1D ZnO nanostructure. 
 
 
 

 
 
 

 
 

 
Figure (4) (a) Absorption spectra, (b) transmittance spectra, and (c) optical band 

gap of ZnO NFs. 
 
      Photoluminescence (PL) spectra of the ZnO NFs were obtained at room 
temperature is shown in fig. (5). The PL spectra demonstrated two dominant peaks, 
which had UV emission at 381 nm and visible emission around 484 nm. The first  

a 

c 

b 
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emission band that was located in the UV range was related to the recombinations of 
free excitons. In addition, the second emission band is a broad green luminescence 
emission peak is generated by various point defects such as oxygen vacancies, zinc 
vacancies, oxygen interstitials and zinc interstitials [26]. 
 
 

 
Figure (5) photoluminescence spectra of ZnO NFs at glass substrate. 

 
 
    Surface area plays a very important role in the UV mechanism, as the sensing 
mechanism involves the surface reactions between the free carriers and Oxygen 
molecules in environment. The nanofiber area possesses a high surface area on the 
film surface that is suitable for UV photoconductive sensor applications. In general, 
the photo-response of a UV photoconductive sensor is influenced by the adsorption 
and desorption of Oxygen on its surface under UV illumination. Oxygen molecules 
were adsorbed onto the nanofiber surface by capturing free electrons from ZnO NFs: 
 
O2 + e-    O2(2) …                                                                                 ־ 
Where O2 is an Oxygen molecule, e- is a free electron, and O2־ is adsorbed Oxygen 
on the nanofiber surface. When ZnO NFs was exposed to (370 nm) UV light, 
electron-hole pairs are photo-generated according to the following equation: 
 
hʋ   h+ + e-                                                                                                               ... (3) 
Where hʋ is the photon energy, h+ is a photogenerated hole, and e- is a 
photogenerated electron. Then, large surface area availability in the nanofiber film as 
clear in FESEM result extend a fast surface reaction between photogenerated holes 
and adsorbed Oxygen: 
 
O2 + h+   O2                                                                                 … (4) 
This process leaves behind the photogenerated electron, which decreases the 
resistance of the ZnO NFs. When the UV light is turned off, the Oxygen molecule 
recombines with the electron, which leads to resistance increases back within 10% of  
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the initial value as shown in fig. (6). The sensor showed relatively fast response and 
recovery for UV detection. 
 

 
 
Figure (6) photo response of ZnO NFs fabricated by electro spinning method. 
 
    The dependence of current on the applied bias in dark and under UV illumination 
is shown in fig. 7 (a) and (b), respectively. The current – voltage curve in dark is 
linear, which indicates Ohmic behavior of the ZnO NFs / Ag contacts. Also, due to 
the Ohmic nature of contacts in the fabricated photoconductor, the current is expected 
to be uniform and linear within the range of applied bias. Therefore, the increase in 
current with applied bias can be attributed to an increase in the consequent reduction 
of the charge passage time, and carrier drift velocity. Fig. 7 (c) shows the current 
response of ZnO NFs photoconductor under different UV illumination and at 
different bias voltages. The device show high spectral selectivity, where the high 
spectral response for the device is at 370 nm. Also the photocurrent of ZnO NFs 
device gets higher with the increasing in bias voltage. 
 
 

 
  

 

(a) 
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Figure (7) (a) Current – Voltage characteristic of the ZnO NFs in the dark 
(without illumination), (b) Current – Voltage characteristic of the ZnO NFs 

under UV illumination (370nm), and (c) photocurrent spectra of ZnO NFs under 
different wavelength and applied voltage. 

 
 
Fig. (8) Shows the spectral response characteristic of fabricated ZnO NFs 
photoconductor with Ag IDE electrodes, were measured at applied bias of 1 Volt. 
Sharp cutoff occurred at 370 nm for ZnO NFs device. The responsivity of the 
fabricated ZnO NFs photoconductor under illumination of 370 nm is 3.29 A/W.  
 
 
 
 
 
 
 
 
 
 

(b) 

(c) 
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Figure (8) Spectral responsivity of ZnO NFs photosensor at 1 Volt applied bias. 

 
 
Conclusion: 
    In summary, fabrication of 1D ZnO nanofibers UV photoconductor by 
electrospinning technique is demonstrated. When using the ZnO NFs as light absorb 
layer, the UV light based on ZnO nanostructure obtains excellent photoconductivity 
and selectivity. The current – voltage characteristic of the photoconductor is very 
sensitive to UV illumination, which indicates ohmic behavior of ZnO NFs. The large 
photoresponse of 3.29 A/W is found under the illumination of 370 nm at 1 Volt bias. 
Also, the photocurrent of ZnO NFs device gets higher with the increasing in bias 
voltage. This result indicates that the process used is very useful in fabricating high-
performance ZnO NFs as UV photoconductor. 
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