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Abstract

In this undertaking, nanofibers anatase stage titanium dioxide (TiO2) was effectively manufactured utilizing the electrospinning 
(ES) technique natively constructed. This investigation intended to manufacture uniform and great anatase TiO2/PVP 
nanofibers (NFs) on glass substrate utilizing a minimal effort method and to decide the ideal conditions for uniform anatase 
TiO2/PVP NFs. Are investigated, X-ray diffraction (XRD) patterns show sharp and well-defined peaks identified as anatase 
phase, once again, the relative intensity of peaks varies with distance difference has been studied. Field Emission Scanning 
Electron Microscope (FESEM) images reveal the formation of nanofibers. A surface topography observation by atom force 
microscopy (AFM) indicates that the roughness is improved by an effect of the parameter selected. Results show that the 
nanofibers, that good for application towards biosensors better than previous studies due to nanostructure. 
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Introduction 

Electrospinning as a technique is reliant on various 
processing standards like solution properties and processing 
parameters. Consequently, altering these parameters could 
exert a considerable degree of influence on the nanofiber 
size, shape and morphology. Thus, by controlling those 
parameters well, specific fibres can be produced to benefit 
various applications. However, in sensing, controlling the 
structural features of the electrospinning fibres such as the 
fibre diameter, the porosity, the volume ratio, the surface 
morphology and the mechanical properties, are essential 
issues [1,2]. In recent times, thin-film metal oxide-based 
gas sensors constitute subjects of intensive study. Low cost 
and small size tend to characterize such semiconductor gas 
sensors. Because of its peculiar features, polyvinylpyrrolidone 
(PVP) was selected as an organic component for the hybrid 
materials. The PVP is very much soluble in polar solvents like 
alcohol; therefore it is favoured to avoid the case of phase 

separation in the reaction. Another plus point of using PVP 
is that it can be cross-linked [3,4] thermally, giving rise to 
excellent thermal stability and high mechanical strength of 
the hybrid material. To add, the amorphous structure of PVP 
also incurs low scattering losses, which render it a very good 
polymer hybrid material for optical applications. Titanium 
dioxide (TiO2) is, one of the many semiconductor oxide 
materials, acknowledged to be a good sensing sensitizer 
[5]. Due to the fact that the cost is low, it has chemical and 
thermal stability, and good mechanical features it is also 
advantageous in practical applications. TiO2 establishes 
three crystalline structures: brookite, anatase, and rutile, 
extensively serving as a gas sensing material following 
its change in the electrical conductivity under analyte gas 
exposure. Known as titania, titanium dioxide (TiO2) has 
emerged as a promising photocatalyst in the current market 
with the following advantages which are relatively easy 
to produce and use, being photocatalytically stable, and 
reasonably inexpensive. It is a human and environmentally-
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friendly photocatalyst used for treating polluted air and 
water, and for splitting water to generate hydrogen [6].

Mohammad Ch and George S [7], They selected 
difference distances (5cm, 8 cm, and 11 cm) with 15 kV, they 
noted tip-collector distance has a direct influence on jet flight 
time and electric field strength. The shortens flight times and 
solvent evaporation time is happened due to decrease in 
this distance and increases the electric field strength, which 
results in increase of bead formation. Their results did show 
a diameter of nanofibers is decrease when the distance is 
increase with improve in morphology of nanofibers.

C. Henriques, et al. [8], utilized the PEO arrangement 
utilized was equivalent to the one for the feed rate study: a 
normal sub-atomic mass of 900 kg/mol and a grouping of 4 
wt%.The feed rate was fixed at 0.1 ml/h and the good ways 
from the tip of the needle to the gatherer was shifted (15 cm, 
20 cm, 25 cm, 30 cm, and 35 cm). The morphology of the 
strands was assessed from the SEM pictures; for the briefest 
separation utilized (15 cm) the filaments converge at their 
crossing points because of the fragmented vanishing of the 
dissolvable before the stream arrives at the authority. For the 
other four separations utilized, the strands look a lot of the 
same and the mean fiber diameter increments just somewhat 
with the separation to the collector.

In this research work, it was the electrospinning setup as 
shown in Figure. 1. Study the effect of using distance on the 
delay in the formation of nanofibers or/and nanoparticles, is 
investigated. Distance is considered as the most influential 
parameter playing a key role in controlling the diameter of 
fibers and their size distribution, initiating drop shape, the 
path of jet, Taylor cone, structure and deposition area [9,10]. 
During shorter of distance, larger drops are formed, which 
leads to the increase the diameter of fibers. The aim of this 
study consists on the preparation of nanostructured TiO2/
PVP composite by electrospinning process, an investigated 
the effect of distance on the change of microstructure 
(morphology and size). To the best knowledge of authors, no 
previous research work investigating the effect of flow rate on 
the change of composite’s microstructure, has been reported 
in the literature. Also our studies proved to that flow rate 
have effect to change of the structure via electrospinning.

Experimental Part 

Preparation of TiO2/PVP Nanocomposites

To study the effect of distance on the fiber morphology 
been chosen distances of 6 cm to 18 cm with the stability 
of all other parameters of the process of spinning, is 
investigated. Field emission scanning electron microscopy 
(FESEM) observations reveal the effect change the distance 

on fiber morphology. In this experiment 6 wt.% solution of 
Polyvinylpyrrolidone (PVP) in Ethanol and 0.4M titanium 
dioxide (TiO2) in Ethanol too , were used mats of fibres were 
electrospun at spinning distance of 6, 9, 12, 15 and 18 cm, 
high voltage 14 KV, needle (20 g), flow rate 1ml/h throughout 
the experiment.

Characterizations Techniques

Morphological surface observations and structural 
investigations were performed by field emission scanning 
electron microscopy (FESEM) model FEI Nova NanoSEM 
450 and high resolution x-ray diffractometer (HR-XRD) using 
Philips X’Pert equipped with Cu-K radiation = 0.15419 nm), 
respectively. Raman spectra were measured at RT using 
JobinYvon HR 800 UV spectrometer system with 514.5 nm 
Ar+ laser as excitation source. Micro-Photoluminescence (m-
PL) measurements were carried out at room temperature 
using HeCd laser with an excitation source of 325 nm. Atomic 
force microscopy (AFM), veeco NanoScope Analysis version 
1.2

Results and Discussion 

Structural and Morphological Characterization

Figure 1 shows the evolution of XRD patterns of TiO2/
PVP thin films recorded for different distances. It can be 
noticed that the crystal structure and orientation of the 
nanocrystalline TiO2/PVP films deposited on the glass 
substrate vary with the variation of solution flow rate. The 
position of diffractions peaks is not affected while the relative 
intensity varies considerably. The peaks were indexed within 
a tetragonal crystal structure of TiO2 anatase phase, in 
conformity with some previously reported results [11-15]. 
It is also important to note that the peaks are sharp and well 
defined. Independently of the distance, six diffraction peaks 
can be observed at 2θ of 25.31º, 37.78º, 48.10º, 53.96º, 55.20º 
and 62.79° which correspond to (101), (004), (200), (105), 
(211), (204) reflections of TiO2 phases [6]; it has a tetragonal 
structure with lattice parameters a= 3.7850 Å, c= 9.5140 Å, 
and β=90°), respectively. At distance of 6 cm (Figure. 1a), the 
emergence of (101) and (200) peaks were observed, while at 
distance of 9 cm (Figure. 1b), the emergence of (101), (200), 
(105) and (211) peaks could be seen. Finally, at 12, 15 and 
18 cm (Figure. 1c, d and e), seven peaks appeared confirming 
the formation of TiO2 anatase phase (101), (004), (200), 
(105), (211) and (204). At 15cm. (Figure. 1d) the peaks 
appeared confirming the formation of TiO2 anatase phase 
with higher intensity than was previously the case. It can be 
concluded that with change in the distance, alteration in the 
structure (phase stability) contributed to the emergence/
disappearance of new peaks, which is an indication also of 
the degree of crystallinity (change of peaks’ intensity) [16].
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Figure 1: XRD pattern for TiO2/PVP at different distance (a) 6 cm, (b) 9 cm, (c) 12 cm, (d) 15 cm, (e) 18 cm.

FESEM images as shown in Figure 5.6 showed that at 
the distance of 6 cm (Figure 2a) fiber structure was regular 
with a few fiber deposit and large diameter average. When 
the distance was increased, the structure is improved with 
decreasing in the diameter; this was due to the fact that 
distance was short and if there was not enough time for 
evaporating the solvent before deposition of the fibers on 
the collector, the fibers may merge. At distances of 9 and 
12 cm Figure 2b and c, showed nanofibers more than in 
previous cases, but not many fibers because the distance was 
not enough; they have average diameter of 157 and 132 nm, 
respectively. The distance of 15 cm (Figure 2d) obtained the 
best results among the selected distances, where the fiber 

was formed on a regular basis with an average diameter 
of 69 nm less than what he got in the other distances. The 
stretching force was increased with decrease of the diameter 
and vice versa. These findings are consistent with R. Jalili 
et al and J. Ayutsede, et al. [17,18]. At the distance of 18 cm 
(Figure 2e), there was a slight change in morphology and an 
increase in average fiber diameter of 84 nm. This was due to 
the decrease in the high voltage resulting in less stretching 
of the fibers before deposition on the collector [1,19]. This 
change proves that the distance associated with the amount 
of high voltage, was not sufficient in this distance, which 
resulted in a decline in results from what it was when the 
distance was 15 cm.

Figure 2: FESEM image for TiO2/PVP at different distance (a) 6 cm, (b) 9 cm, (c) 12 cm, (d) 15 cm, (e) 18 cm.
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The distance and electric field strength has influence 
on the evaporation rate. The higher value of distance and 
electric field strength increase the evaporation rate. The 
distance should be appropriate to give enough time for 
the evaporation of the solvent, as well as to stretch before 
depositing on the collector [20,21]. The distance had 
impact on the morphology and fibers diameter; an increase 
of distance had better results on morphology with lower 
average diameter.

AFM images of a 5 × 5 μm 3D area of each nanostructured 
TiO2/PVP composites are shown in Figure. 5.7 The roughness 
was found to be very sensitive to the variation of distance 
during electrospinning process; the roughness increases 

with longest distance 9, 10, 13, 19 and 14 nm for 6, 9, 12, 
15 and 18 cm, respectively, see Figure 3a, b, c, d and e. This 
indicates that the quality of the TiO2/PVP surface can be 
easily improved by using an optimum distance; resulting 
in good increase of grain size and hence improved (higher) 
roughness of nanostructured TiO2/PVP thin films. The sample 
grown at 15 cm exhibited a higher surface roughness (19 nm) 
compared with the others because of the reason is that the 
distance 15 cm was the optimum with selected parameters 
during electrospinning. Therefore, the parameters of growth 
are suitable for controlling the surface morphology as well 
as for increasing the surface roughness and density of the 
material distribution on the surface.

Figure 3: AFM images 3D for TiO2/PVP at different distance (a) 6 cm, (b) 9 cm, (c) 12 cm, (d) 15 cm, (e) 18 cm.

Conclusion

In this work, the effect of distance on the formation of 
nanostructures by electrospinning method was investigated. 
XRD and Raman characterisations confirm the formation 
of TiO2/PVP nanocomposites. FESEM observations show 
that the evolution of TiO2/PVP composite microstructure 
can be easily controlled by changing the starting distance, 
from nanoparticles into nanofibers. Long distance gives a 
sufficient time to form nanofibers with small diameter and 
regular shape, while short distance favours the formation 
of agglomerated nanoparticles. AFM analysis reveals that 
the surface topography is sensitive to distance, where the 
results of this work showed that it can be used PVP/TiO2 in 
biosensors and dye solar cells
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