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Abstract In this study, nanofiber mats consisting of two
potential metal oxides were produced by electrospinning
technique. An aqueous solution of zinc acetate dihydrate and
germanium isopropoxide was mixed with polyvinyl alcohol
solution to prepare a sol-gel that was electrospun at 20 kV.
The obtained nanofiber mats were dried under a vacuum at
80 °C for 24 h and then calcined in air at different tempera-
tures and soaking times. Physiochemical characterizations
have affirmed that nanofibers composed of zinc oxide-ger-
manium dioxide (ZnO-GeQ,) can be prepared by calcination
at different temperatures. Scanning electron microscopy
(SEM), transmission electron microscopy (TEM), and the
Brunauer—Emmett-Teller (BET) technique were employed to
characterize the as-spun nanofibers and the calcined product.
The specific surface area of the calcined product decreased
with increases in temperature. X-ray powder diffractometery
(XRD) analysis was used to study the chemical composition
and the crystallographic structure. The optical properties of
the as-prepared ZnO-GeO, nanofibers were also studied.
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Introduction

One-dimensional (1D) nanomaterials, including nanotubes,
nanorods, nanowires, nanobelts, and nanofibers, show some
distinctive properties compared with other nanoparticles.
Among these 1D nanostructures, nanobelts and nanofibers
are of especial interest due to their high surface area-
to-volume ratio [1]. Single oxide nanofibers or nanobelts
have been synthesized by many researchers. However,
single oxides have limited electrochemical properties. To
produce 1D nanostructures with novel physical and chem-
ical properties, some researchers have investigated the
synthesis of nanostructures consisting of two oxides [2-9].
In this study, we describe the synthesis of nanofibers
composed of a mixture of two functional oxides (ZnO-
GeO,) and their optical properties. Due to its intrinsic
defects and its superior conducting properties, Zinc oxide
(ZnO) has been investigated as a piezoelectric material and
a transparent conducting material for fabricating solar
cells, sensors, and electrodes [10]. ZnO is a versatile
material with applications in compound semiconductors,
photoelectronics, electronics, and catalysis [11]. It is a
thermally and chemically stable n-type semiconductor
material with a well-known wide band gap of 3.37 eV and
a high-exciton-binding energy of 60 mV at room temper-
ature. ZnO had been frequently doped with group III and
VII elements to enhance the electrical properties [12].
Germanium is a semiconductor transition metal used in
optical devices, radiation detectors, and electronic industry
[13]. Germanium nanostructures have high hole and elec-
tron mobilities. Compared to silicon (4.9 nm), germanium
nanostructures have a larger exciton radius of 24.3 nm and,
therefore, show more quantum effects [14, 15]. It is worth
mentioning that the use of complementary metal oxide
semiconductors (CMOS) has increased interest in this
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material [16]. Ge is an indirect band gap semiconductor
material with a smaller energy difference between the direct
gap and the indirect gap (AE = 0.12 eV). Moreover, the ionic
radius difference between a Zn ion (0.74 A) and a Ge ion
(0.53 A) is small. These properties indicate that it should be
much easier to tune the electronic properties around the band
edge [17]. Yu et al. [18] recently reported the preparation of
ZnO:Ge by the solid state reaction process and examined its
optical properties. They observed that a Zn,GeO, phase was
formed by the doping of Ge atoms and attributed the lumi-
nescence center to the basic effects of ZnO and the contami-
nation effects of GeO,. These materials have excellent
applications as oxide phosphors in optoelectronics [19].
Germanium dioxide (GeO,) is a wide band gap material with
several optical properties of interest in the field of optoelec-
tronics and is known to influence the properties of products
[20]. The emission at room-temperature of the products can be
attributed to the Ge—O vacancies and the singly ionized oxy-
gen vacancies. ZnO/GeO, nanomaterials with excellent
optical properties and in various shapes such as core—shell,
multipods, etc., have been reported by different research
groups [20, 21]. The novel synthesis of ZnO coupled GeO,
nanofibers, and the determination of their optical properties
has not been reported in the literature.

In this study, we describe the synthesis of nanofibers
composed of a mixture of two functional oxides (ZnO-
GeO,). Smooth, continuous ZnO-GeQO, nanofibers have
been prepared by electrospinning. Electrospinning is a
facile technique employed to create high surface area-to-
volume fibers. Electrospun fibers have diameters ranging
from tens of nanometers to several micrometers, orders of
magnitude smaller than those produced by conventional
spinning techniques [22—24], and approximately double the
surface area of continuous thin films [25].

Experimental section
Materials

Zinc acetate dihydrate assay (99.0%) was obtained from
Showa, Co. Japan. Poly vinyl alcohol (PVA) with a
molecular weight (MW) of 65,000 g/mol was obtained
from Dong Yang Chem. Co., South Korea. Germanium
(1 V) isopropoxide (97%) was obtained from Aldrich USA.
These materials were used without any further purification.
Distilled water was used as the solvent.

Characterization
The surface morphology of nanofibers was studied using a

JEOL JSM-5900 scanning electron microscope, JEOL Ltd.,
Japan. The surface area of the nanofibers was measured using
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the Brunauer—-Emmett-Teller (BET) technique (ASAP 2010
micromeritics, USA). The phase and crystallinity were char-
acterized using a Rigaku X-ray diffractometer (Rigaku Co,
Japan) with Cu Ko (1 = 1.54056 A) radiation over a 26 range
from 20 to 90°. Before TEM analysis, the powdered samples
were dispersed in methanol by sonication, placed on a copper
grid covered with holey carbon film, and dried by normal
evaporation. High-resolution images and selected area elec-
tron diffraction patterns were observed using a JEOL JEM
2010 transmission electron microscope (TEM) operating at
200 kV, JEOL Ltd., Japan. Thermal gravimetric analysis was
performed with a Pyris] TGA analyzer, Perkin Elmer Inc,
USA. The surface composition was determined by X-ray
photoelectron spectroscopy analysis (XPS, AXIS-NOVA,
Kratos Analytical Ltd, UK) using the following conditions:
base pressure 6.5 x 1072 Torr, resolution (pass energy)
20 eV, and scan step 0.05 eV/step. The optical properties
were studied using HP 8453 UV Visible Spectroscopy Sys-
tem; spectra obtained were analyzed by HP ChemiStation
software 5890 series. Additionally, the quantum effect of
nanofibers was investigated by photoluminescence (PL)
spectrum of ZnO-GeO, nanofibers measured with a He—Cd
laser at room temperature under 325 nm (3.82 eV) ultraviolet
light excitation and a filter wavelength of 355 nm.

Electrospinning setup

An aqueous metal acetate/isopropoxide solution was prepared
by dissolving zinc acetate (ZnAc) and germanium isoprop-
oxide (Gelsp) in water at a ratio of 1:0.5:4. A sol-gel was
prepared by mixing the obtained solution with a PVA aqueous
solution (10 wt%) at a ratio of 5.5:20. Typically, 1 gof ZnAc
and 0.5 g of Gelsp were dissolved in 4 g of water and then
mixed with 20 g of the PVA solution (10 wt%). The mixture
was vigorously stirred at 50 °C for 5 h. The sol-gel was
supplied through a plastic syringe attached to a capillary tip. A
copper wire originating from the positive electrode (anode)
was inserted into the sol-gel, and a negative electrode (cath-
ode) was attached to a metallic collector covered with a
polyethylene sheet. A voltage of 20 kV was applied to the
solution. The formed nanofiber mats were initially dried for
24 h at 80 °C under a vacuum and then calcined at different
temperatures for 1 h in air with a heating rate of 2 °C/min.
Figure 1 shows a conceptual schematic illustration for the
electrospinning setup used. A high voltage power supply
(CPS-60 K02V1, Chungpa EMT Co., Republic of Korea) was
used as the source of the electric field [26].

Results and discussion

Electrospinning is a fascinating technique that involves the
use of a high voltage to charge the surface of a droplet of
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Fig. 1 Schematic diagram of a simple electrospinning apparatus: (1)
dc power supply (2) Electric motor (3) Rotating collector (4) Syringe
(5) Copper tip

polymer solution, to induce the ejection of a liquid jet
through a spinneret. The jet is consequently stretched many
times to form smooth, continuous, ultrathin fibers [27].
Figure 2 shows the ZnAc/Gels/PVA nanofiber mats after
drying. As shown in the low-magnification image in
Fig. 2a, the obtained mats are bead-free and composed of
separated nanofibers. The mixing of ZnAc and Gelsp does
not affect the efficiency of the electrospinning process. In
other words, the electrospinning of the prepared sol-gel
produced smooth and continuous nanofibers 2B.
Calcination of the vacuum-dried ZnAc/Gels/PVA
nanofiber mats in an oxygen atmosphere affected the
morphology of the nanofibers. Panels a and b of Fig. 3
depict low- and high-magnification SEM images after
calcination of ZnAc/Gels/PVA nanofibers at 600 °C. As
shown in these images, calcination at 600 °C was not
adequate to obtain nanofibers with good morphology. In
other words, a higher temperature is required to enhance
the densification of the nanofibers. Figure 3 shows the low-
and high-magnification SEM images for nanofibers pro-
duced at calcination temperatures of 700 °C (panels c
and d) and 800 °C (panels e and f). These figures indicate
that increasing the calcination temperature improved the

Fig. 2 Scanning electron
microscope (SEM) images for
the dried ZnAc/Gels/PVA
nanofibers in low (a) and high
magnification (b)

nanofiber morphology. These results suggest that the
optimum calcination temperature is 700 °C. As shown in
panels ¢ and d of Fig. 3, the nanofibers calcined at 700 °C
do not have defects. Increasing the calcination temperature
deformed the nanofibers by producing protrusions on the
surface of the nanofibers. At a relatively low calcination
temperature (600 °C), the nanofibers were solid, semi-
smooth, and possessed some defacements (Fig. 3, panels a
and b).

XRD is a reliable technique for investigating the nature
of any crystalline material. Figure 4 shows the XRD pat-
terns of the nanofibers after calcination of ZnAc/Gels/PVA
nanofiber mats at 600-800 °C. Calcination of ZnAc/Gels/
PVA nanofiber mats at high temperatures completely
eliminated the PVA polymer and resulted in the formation
of zinc oxide and germanium dioxide. As shown in the
spectra in Fig. 4a, the existence of strong diffraction peaks
at 20 values of 20.94° and 25.94°, and other peaks at
increasing temperatures of 37.91°, 44.01°, 53.05°, 57.82°,
65.84°, and 67.23° correspond to the crystal planes (100),
(101), (102), (201), (202), (211), (203), and (301),
respectively, and indicate the formation of the germanium
dioxide [JCPDS card no 36-1463]. In addition to these
peaks, the apparent peaks at 26 values of 31.76°, 34.42°,
36.25°, 47.76°, 56.61°, 62.86°, and 67.92° correspond to
the crystal planes of (100), (002), (101), (102), (110),
(103), and (112), confirming the formation of pure zinc
oxide (JCPDS card No 36-1451). The XRD spectra of
Fig. 4b and c calcined at 700 to 800 °C are similar to
Fig. 4a. They exactly match the standard spectrum of zinc
oxide and germanium dioxide, though the intensity of the
peaks increased with increasing temperature. To simplify
Fig. 4 we have marked the peaks corresponding to ger-
manium dioxide and zinc oxide as Ge and Z, respectively.
Overall, the XRD results confirm the formation of ZnO-
GeO, nanofibers.

Thermo-gravimetric analysis (TGA) in air was employed
to explain the mechanism of (ZnO-GeO,) nanofiber for-
mation from ZnAc/Gels/PVA electrospun mats. Figure 5
shows the obtained TGA results, along with the first
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Fig. 3 Low- and high-
magnification SEM images
obtained after calcination of the
ZnAc/Gels/PVA nanofiber mats
at 600 (a and b), 700 (¢ and d),
800 °C (e and f) for 1 h

(Ge) Germanium dioxide
(Z) Zinc oxide

Intensity

2 theta deg

Fig. 4 XRD data for the nanofibers after calcination of the ZnAc/
Gels/PVA nanofiber mats at 600 (a), 700 (b), 800 °C (¢) for 1 h. The
crystal planes corresponding to the observed peaks are identified

@ Springer

derivatives curve. Below 100 °C, anhydrous zinc acetate is
first formed with the crystallization water removed from Zn
(CH5CO0),-2H,0 under a continuous flow of dry air. The
anhydrous zinc acetate begins to decompose into ZnO at
~ 125 °C, and the decomposition process, accompanied by
an exothermic reaction, is nearly complete at ~250 °C
[28]. The total weight loss is about 40%. In this temperature
range, PVA is also eliminated at ~245 °C [29]. Figure 5
also shows significant weight loss between 250 and 570 °C.
In this temperature range, germanium isopropoxide might
be decomposed to germanium dioxide. As there is no major
weight loss above 570 °C [30], indicating the formation of
pure inorganic oxide, the calcination temperature should be
above 570 °C.

The inner structure of the synthesized ZnO-GeO,
nanofibers was studied by transmission electron microscopy
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Fig. 5 Thermo-gravimetric analysis in oxygen atmosphere for the
electrospun ZnAc/Gels/PVA nanofibers, along with the first deriva-
tive of the ZnAc/Gels/PVA data

Fig. 6 TEM image and
HRTEM image at the nanofiber
edge for a ZnO-GeO,
nanofibers along with
corresponding SAED pattern
for the marked area at 600

(a and b), 700 (¢ and d) and
800 °C (e and f) for 1 h

100 nm

(TEM), high-resolution transmission electron microscopy
(HRTEM), and selected area electron diffraction pattern
(SAED) analysis. Figure 6a shows a TEM image of cal-
cined nanofibers at 600 °C that resembles the SEM images
in morphology, dimensions, and density. An HRTEM image
of the edge of a synthesized nanofiber is depicted in Fig. 6b.
As shown, the atomic planes are not uniformly arranged in a
parallel manner, indicating poor crystallinity preventing the
identification of the atomic planes. The SAED pattern in the
inset of Fig. 6b also reveals an unsatisfactory crystalline
structure. Increasing the calcination temperature enhanced
the crystallinity of the ZnO-GeO, nanofibers, as shown in
Fig. 6. The TEM and HRTEM images along with the SAED
patterns of the nanofibers are shown in panels ¢ and d for

S nm
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Table 1 Band gap energies,

. . (ZnO-GeO,) nanofibers E photon (eV) BET surface Grain size
BET surface areas, and grain . B3
. . at different temperatures area (m-/g) (nm)
sizes at different temperatures
of the ZnO-GeO, nanofibers 600 °C (1.59), (2.83), (4.40) 137.8478
700 °C (2.01), (3.25), (4.61) 45.419
800 °C (2.52), (3.65), (4.71) 34.585 17

nanofibers produced at 700 °C and in panels e and f for
nanofibers calcined at 800 °C. Figure 6d shows confirma-
tion that the atomic planes are parallel and are arranged in
an orderly geometry, confirming that the optimum calci-
nation temperature was 700 °C. Moreover, the SAED image
demonstrates excellent crystallinity. It is important to note
that the grain size increases linearly with increase in tem-
peratures, as displayed in Table 1.

To investigate the effect of calcination temperature on
the surface area of the produced nanofibers, the BET
technique (ASAP 2010 micromeritics, USA) was utilized.
The obtained results agreed with the TEM images. The
average surface area of the calcined nanofibers decreases
linearly with increasing temperature, as shown in Table 1.

To investigate the oxidation states and possible changes
of binding energies in the synthesized ZnO-GeO, nanofi-
bers, X-ray photoelectron spectroscopy (XPS) analysis was
performed. The samples used in XPS, were supported on
carbon cloth electrodes, as widely used in electrochemical
experiments. No heat treatment on the samples was needed.
The results are shown in Fig. 7. The peak at 283.82 eV
corresponding to C 1 s is due to the graphite tape used
during the sampling process. The Zn 2p region in ZnO
mostly consists of 2p1/2 and 2p3/2 spin—orbit components
at binding energies of 1042 eV and 1019 eV, respectively.
In addition to 2p, we also observed 3d, 3p and 3 s spin—
orbit components for Zn at the binding energies of 8 eV,
86.48 eV and 138 eV, respectively [31]. Similarly, the Ge
3d region in germanium dioxide shown in the inset consists
of Ge 3d3/2 spin—orbit components at binding energies of

50 Ge 3d 3/2
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Fig. 7 XPS results for the nanofibers after the calcination process.
The inset shows the Ge 3D region with a low scan rate (29 eV)
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29 eV [32]. The O 1 s peak for oxygen is easily identified
at the binding energy of 529 eV.

Photoluminescence study

Figure 8a shows the absorbance spectra for the synthesized
nanofibers at different temperatures. Two sharp peaks can
be observed at 207 and 379 nm that, may be attributed to
two different materials (germanium dioxide and zinc
oxide). Figure 8b shows the room temperature PL spectra
for the ZnO-GeO, nanofibers synthesized at temperatures
of 600, 700, and 800 °C. PL properties are dependent on
the process parameters such as atmosphere, substrate
temperature, reaction time, etc. To improve the PL inten-
sity of the synthesized nanofibers, the samples were cal-
cined in an oxygen atmosphere at different temperatures.
The observed emission behavior is very different from the
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Fig. 8 UV-visible spectra for the ZnO-GeO, nanofibers at different
temperatures (a). Room temperature PL spectra for the nanofibers
after calcination of the ZnAc/Gels/PVA nanofiber mats at different
temperatures for 1 h (b)
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classical band-gap emission of undoped zinc oxide. The
intensity of the luminescence band in the visible spectral
range increases with increased temperature. To our
knowledge, the red shift from 475 to 540 nm with
increased temperature in ZnO-GeO, nanofibers has never
been reported. The UV emission, known as near-band-edge
emission (NBE) originates from the recombination of free-
excitons through an exciton—exciton collision process. The
green emission is due to the recombination of a photo-
generated hole with an electron occupying an oxygen
vacancy. [33, 34]. Both near-band-edge emission and green
emission depend significantly on the preparation methods
and conditions [35]. Therefore, the appearance of sharp,
strong intensity green emissions and no NBE emissions
indicate that ZnO-GeQO, nanofibers have various intrinsic
defects in the ZnO and Ge crystals. Enhancement of the
green emission in ZnO-GeO, nanofibers might be of
interest for typical applications, such as field emissive
display technology, etc.

Optical band gap

For semiconductor materials, the quantum confinement
effect is expected if the semiconductor dimension is
smaller than the Bohr radius of the excited state and the
absorption edge is shifted to a higher energy [36-38]. For a
semiconductor, the absorbance in the vicinity of the onset
due to the electronic transition is given by

K(hv — E,)"
hv

o=

where o is the absorption coefficient, K is a constant, E, is
the band gap, and # is a value that depends on the nature of
the transition (1/2 for a direct allowed transition or 2 for an
indirect allowed transition) [39, 40]. As this case deals with
direct allowed transitions, n is equal to 1/2. The band gap
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Fig. 9 Plot of (ocEph(,mn)2 versus Ephoon for ZnO-GeO, nanofibers
prepared at 600, 700, and 800 °C. Intersections of the dashed lines
with the abscissa represent the band-gap energies

can be estimated from a plot of photon energy versus
(ahv)?. For ZnO-GeO, nanofibers, three band gap energies
can be detected at each temperature, as shown in Fig. 9 and
Table 1. The linear regions in this plot can be used to
estimate the band gap energies by calculating the inter-
section points between these regions and the abscissa (x-
axis). The nanofibrous morphology enhances the optical
properties of the nanostructure [41]. Extrapolation of the
linear regions in the graph gives the E, value for these
formulations.

Conclusion

In summary, we synthesized ZnO-GeO, nanofibers at
temperatures in the range from 600 to 800 °C. Calcination
of the nanofiber mats, produced by electrospinning a sol—gel
consisting of zinc acetate dihydrate, germanium isoprop-
oxide, and PVA in air at different temperatures for 1 h,
completely eliminates the PVA polymer and decomposes
the zinc acetate into ZnO and the germanium isopropoxide
into GeO,. The calcination temperature has a distinct effect
on the nanofiber’s average diameter and crystallinity.
Smooth, compact, thin ZnO-GeO, nanofibers with good
crystallinity are produced at a calcination temperature of
700 °C. The calcination temperature does not have a
noticeable effect on the band gap energy difference of ZnO-
GeO, nanofibers. Additionally, sharp and strong green
emission peaks observed for room temperature PL spectra
indicate that these synthesized nanofibers have good optical
properties and are promising for the fabrication of efficient
nano-optoelectronic devices in the near future.

Acknowledgements This study was supported by a grant from the
Korean Ministry of Education, Science and Technology (The
Regional Core Research Program/Center for Healthcare Technology
& Development, Chonbuk National University, Jeonju 561-756
Republic of Korea). We thank Mr. T. S. Bae and J. C. Lim, KBSI,
Jeonju branch, and Mr. Jong- Gyun Kang, Centre for University
Research Facility, for taking the high-quality FE-SEM and TEM
images, respectively.

References

1. Kanjwal MA, Barakat NAM, Sheikh FA, Khil MS, Kim HY
(2008) J Mater Sci 43:5489. doi:10.1007/s10853-008-2835-3

2. Dai HQ, Gong J, Kim HY, Lee D (2002) Nanotechnology 13:674

3. Dharmaraj N, Kim CK, Prabu P, Ding B, Kim HY, Viswanath-
amurthi P (2007) Int J Electrospun Nanofibers Appl 1:63

4. Yuh JH, Nino JC, Sigmund WM (2005) Mater Lett 59:3645

5. Ju YW, Park JH, Jung HR, Choa SJ, Lee WJ (2008) Mater Sci
Eng B 147:7

6. Peng XS, Meng GW, Wang XF, Wang YW, Zhang J, Liu X
(2002) Chem Mater 14:4490

7. Zhou XF, Zhao Y, Cao X, Xue YF, Xu DP, Jiang L (2008) Mater
Lett 62:470

@ Springer


http://dx.doi.org/10.1007/s10853-008-2835-3

3840

J Mater Sci (2010) 45:3833-3840

10.

11.
12.

14.

15.

16.

17.
18.

19.
20.
21.
22.

23.
24.

. Shaoa CL, Yua N, Liu YC, Mu RX (2006) J Phys Chem Solids

67:1423

. Yu N, Shao CL, Liu YC, Guan HY, Yang XH (2005) J Colloid

Interface Sci 285:163

Liping Z, Jiesheng L, Zhizhen Y, Haiping H, Xiaojun C, Binghui
Z (2008) Opt Mater 31:237

Hiroyuki U (2007) J Phys Chem C 111:9060

Tang HP, Zhu LP, He HP, Ye ZZ, Zhang Y, Zhi MJ, Yang ZX,
Zhao BH, Li TX (2006) J Phys D Appl Phys 39:2696

. Chiu SJ, Lee MY, Chen HW, Chou WG, Lin LY (2002) Chem

Biol Interact 141:211

Grossi V, Parisse P, Passacantando M, Santucci S, Impellizzeri G,
Irrera A, Ottaviano L (2008) Appl Surf Sci 254:8093

Maeda Y, Tsukamoto N, Yazawa Y, Kanemitsu Y, Masumoto Y
(1991) Appl Phys Lett 59:3168

Sadah JA, Tabet N, Salim M (2001) J Electron Spectrosc Relat
Phenom 114:409

Jiang M, Wang Z, Ning Z (2009) Thin Solid Films 517:6717
Yu YS, Kim GY, Min BH, Kim SC (2004) J Eur Ceram Soc
24:1865

Zheng T, Li Z, Chen J, Shen K, Sun K (2006) Appl Surf Sci
252:8482

Zhang X, Chen Y, JiaC, Su Y, Li Q, liu L, Gou T, Wei M (2009)
J Phys Chem C 113:13689

Leung YH, Djuris AB, Choy WCH, Xie MH, Gao J, Cheah KW,
Man KYK, Chan WK (2005) J Cryst Growth 274:430

Li D, Xia YN (2004) Adv Mater 16:1151

Li D, McCann JT, Xia YN (2006) J Am Ceram Soc 89:1861
Greiner A, Wendorff JH (2007) Angew Chem Int Ed 46:5670

@ Springer

25.
26.
217.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.

38.
39.

40.
41.

Viswanathamurthi P, Bhattarai N, Kim CK, Kim HY, Lee DR
(2004) Inorg Chem Commun 7:679

Kanjwal MA, Barakat NAM, Sheikh FA, Khil MS, Kim HY
(2009) Int J Appl Ceram Technol X:1

Formhals A (1934) US Patent 1,975,504

Yang Y, Chen H, Zhao B, Bao X (2004) J Cryst Growth 263:447
Lua L, Sahajwalla V, Kong C, Harris D (2001) Carbon 39:1821
Que W, Wang LL, Chen T, Sun Z, Hu X (2006) J Sol-Gel Sci
Technol 38:147

Ballerini G, Ogle K, Labrousse MGB (2007) Appl Surf Sci
253:6860

Molle A, Bhuiyan MNK, Tallarida G, Fanciulli M (2006) Mater
Sci Semicond Process 9:673

Umar A, Hahn YB (2006) Nanotechnology 17:2174

Djuri AB, Leung YH, Choy WCH, Cheah KW, Chan WK (2004)
Appl Phys Lett 84:2635

Zhao L, Lian JS, Liu YH, Jiang Q (2008) Trans Nonferrous Met
Soc China 18:145

Gu F, Wang SF, Lu MK, Zhou GJ, Xu D, Yuan DR (2004) J Phys
Chem B 108:8119

Gu F, Wang SF, Lu MK, Cheng XF, Liu SW, Zhou GJ, Xu D,
Yuan DR (2004) J Cryst Growth 262:182

Gu F, Li CZ, Hu YJ, Zhang L (2007) J Cryst Growth 304:369
Dare-Edwards MP, Goodenough JB, Hammett A, Trevellick PR
(1983) J Chem Soc Faraday Trans 79:2027

Xu R, Zeng HC (2004) Langmuir 20:9780

Barakat NAM, Woo KD, Kanjwal MA, Kim HY (2008) Lang-
muir 24:11982



	Physiochemical characterizations of electrospun (ZnO--GeO2) nanofibers and their optical properties
	Abstract
	Introduction
	Experimental section
	Materials
	Characterization
	Electrospinning setup

	Results and discussion
	Photoluminescence study
	Optical band gap

	Conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


