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Fibers irregular and seed-like microcrystalline ZnOwere synthesized by using a cost-effective and low temperature aqueous sol-gel
method. Various polymers, namely, polyethylene glycol 6000 (PEG 6000) and polyvinyl pyrrolidone (PVP), were used as structure
directing agents.The samples were characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and
scanning electron microscopy (SEM).The X-ray diffraction pattern revealed the formation of phase-pure ZnOmicropowders. It is
observed that the polymers play an important role in modifying the surface morphology and the size of the crystallites. A compact
granular morphology is observed for the ZnO samples without polymer.The samples exhibit microparticles of size 100 nm for PVP
and for PEG-mediated growth, whereas microporous corrugated morphology is observed for added PEG-mediated micropowder.
FTIR study is used to confirm the structural modifications occurring in the polymers.

1. Introduction

Technology to control crystallization is a crucial requirement
for the synthesis, purification, and application of materials
in various industrial fields. In particular, ZnO (zinc oxide)
is one of the most valuable materials in the study of crystal
control because of its electronic and optical properties which
are strongly influenced by the various morphologies, crystal
sizes, dimensions, and aspect ratios. So far, much effort has
been made in the synthesis of one-dimensional (1D) zinc
oxide with various morphologies. It has been recognized
as one of the materials with wide applicable possibilities
in microelectronics, gas and piezoelectric sensors, emit-
ters, transparent electrodes in solar cells, and in catalysis
microtechnology [1–7].

Recently, extensive progress has been made on the
research front of ZnO-based micromaterials motivated by
both basic sciences and potential advanced technologies
[8–21]. It also has interesting chemical, acoustic, optical,
and electrical properties [22]. Various methods have been
developed for the synthesis of ZnO microparticles, such as
chemical vapor deposition onto Si substrate [23], electrode-
position [24], and vapor-liquid-solid (VLS) process on a

substrate and hydrothermal or solvothermal treatment [25–
27]. A recent work reports on the use of zinc acetate in water;
however, this synthesis comprises a multistep process longer
than a week. It is known that size of the microparticles can be
controlled easily through the use of polymers in the system.
Many polymers are known to have long hydrocarbon chain
structures with hydrophobic ends. It is believed that this
structure are critical in manipulating particle sizes.

The rate of particle aggregation is a major factor that
controls the morphology and crystallinity of the final prod-
uct. By adjusting the amount of PEG and PVP we can
modify the size andmorphology of the product. Reducing the
amount of surfactant results in improving the crystallinity.
It has been reported that PEG and PVP with uniform and
ordered chain structure is easily absorbed at the surface
of metal oxide colloid. When the surface of the colloid
adsorbs PEG and PVP, the colloidal activities will greatly
decrease and the growth rate of the colloids in some certain
facet will be confined. Therefore, the addition of PEG and
PVP in the reaction system will modify the kinetics of the
growing process, which is attributed to the fact that the
addition of PEG and PVP can elevate the crystallinity of
samples and change the product morphology. In this present
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work, the aim is to prepare low-cost advanced materials for
photovoltaic energy production.We report a simple one-step,
solid-state reaction in presence of PEG 6000 and PVP as size
controlling agent for the preparation of ZnO microparticles.
The process is carried out at room temperature. This method
employed in the present study is polymer-assisted technique.
The polymer-assisted method is used for the production of
high surface area microparticles as well as for preventing
microparticle agglomeration.

2. Experimental

2.1. Materials. Polyethylene glycol (PEG 6000), poly-
vinylpyrrolidone (PVP), zinc nitrate hexahydrate
Zn(NO

3
)
2
⋅6H
2
O, and ammonium hydroxide (NH

3
⋅H
2
O)

were purchased from Aldrich. Solvent was spectroscopic
grade and is being used without any further purification.

2.2. Preparation of ZnO with Polymer Additive. The sus-
pension was prepared by sol-gel process with polyethylene
glycol (PEG) and polyvinylpyrrolidone (PVP) as both the
catalyst and the polymer. 1 g zinc nitrate hexa hydrate
Zn(NO

3
)
2
⋅6H
2
O and 0.3 g PEG (6000) and PVP with high

purity were dissolved in 150mL distilled water to form a
transparent solution. With vigorous constant stirring, the
1.25mL ammonium hydroxide NH

3
⋅H
2
O was added drop-

wise to the previous solution at room temperature. The
resulting mixture was refluxed at 100∘C for several hours and
left to cool down naturally. Precipitates were collected and
washed first with deionized water and then ethanol several
times, respectively.

2.3. Materials Characterization. The phase structure of as-
synthesized ZnO was performed using X-ray diffraction
(Philips PW1370) with Cuk𝛼 (𝜆 = 1.54056), operating at
35 kV, and a scanning rate of 0.02%. The chemical structure
of the prepared particles was performed by using a Fourier
transform infrared (FTIR). Raman spectrometer (Nicolet
Avatar impact 330 series) was used for measuring the ultra-
violet absorption spectra in the region of 400–4000 cm−1
frequency range. The samples were characterized with a
scanning electron microscope (SEM, JSM-5610 LV).

3. Result and Discussion

The XRD pattern of the pure ZnO products is shown in
Figure 1(a). All the diffraction peaks are in good agreement
with the JCPDS file for ZnO (JCPDS 36–1451, 𝑎 = 3.249 Å),
which can be indexed to the hexagonal wurtzite structure of
ZnO.The strong and sharp diffraction peaks indicate that the
ZnO microparticles are well crystallized [28–31]. The crystal
size of the ZnO microparticles was calculated from FWHM
(Table 1).

Figure 1(b) shows the X-ray diffraction pattern of the
micro-ZnO with polymer additive. All the samples are
polycrystalline with reflections along (002, 103, 200, 104,
and 203) planes corresponding to hexagonal wurtzite zinc
oxide. The XRD patterns for the products with and without
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Figure 1: Powder X-ray diffraction (XRD) patterns of (a) pure Zno,
(b) ZnO PEG, and (c) ZnO PVP.

polymers showed absolutely no difference. This revealed that
the polymer did not affect the orientation of the samples. But
it shows the high purity of the as-synthesized products. The
XRD patterns indicate that well-crystallized hexagonal ZnO
were obtained under present hydrothermal conditions [32].

The crystallite size of microcrystalline ZnO powders is
calculated using the Scherrer formula 𝐷 = 0.9 𝜆/𝛽 cos 𝜃,
where𝐷 is crystallite size, 𝜆 is the wavelength of the X-rays, 𝛽
is the full width at a half maximum intensity of the peaks, and
𝜃 is the diffraction angle, giving the value ranges for 10.73–
19.75 nm for PEG 6000 in Table 1. The formation of ZnO,
complex ion Zn(NH

3
)
4
, or Zn(OH)

4

2− forms first by mixing
Zn(NO

3
)
2
and ammonia. With the presence of a water-

soluble linear polymer (PEG 6000), zinc oxide crystal forms
heterogeneous nucleus at the interface between substrate and
solution by the dehydration of Zn(OH)

4

2− or Zn(NH
3
)

4

2+.
Finally, after hydrothermal treatment the formation of ZnO
tubes arrays complexes. In this work, the zinc amino complex
(Zn)NH

3
)

4

2+ formed and was controlled by the content
of Zn2+ and NH3+; PEG could promote the formation of
crystalline ZnO nuclei. On the other hand, PEG could also
be considered to influence the growth process of the ZnO.
It was believed that the PEG has a great influence on ZnO
microspheres. PEG is considered to be the adequate material.
The reaction was not solid-state reaction but a liquid-state
reaction, because the Zn(NO

3
)
2
⋅6H
2
O had crystallization

water which can be given off gradually during the reaction
[33, 34].

The role of PVP in controlling the size and shape of
microcrystalline ZnO powders which are calcined at 100∘C
for 3 hours. Figure 1(c) gives the XRD patterns with good
crystallinity with the addition of PVP.The diffraction pattern
and interplane spacing can be well matched to the standard
diffraction pattern of wurtzite ZnO, demonstrating the for-
mation of wurtzite ZnO microcrystals [35]. PVP plays two
important roles in this system. First the PVP could promote
the reaction of Zn2+ ions with NaOH to form Zn(OH)

2
by
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Table 1: Particle size estimated from the diffraction spectrum of
pure ZnO and ZnO + PEG and ZnO + PVP by using FWHM.

Pos. [∘2Th.] FWHM [∘2Th.] 𝑑-spacing [Å] Particle size
ZnO

20.6070 0.1624 4.30666 49.75
21.1017 0.3767 4.20680 21.46
31.7168 0.2223 2.81892 37.17
32.2752 0.2204 2.77141 37.55
36.2111 0.3289 2.47869 25.43
37.8471 0.1952 2.37522 43.05
39.4328 0.2219 2.28328 38.05
40.2274 0.2581 2.23999 30.82
46.2716 0.3002 1.96049 28.79
47.5163 0.3934 1.91199 22.08
51.9470 0.3629 1.75885 24.37
61.5732 0.3442 1.50496 26.88

ZnO + PEG
31.7435 0.4185 2.81660 19.75
34.4296 0.7752 2.60276 10.73
36.2304 0.4763 2.47741 17.56
56.5610 0.6064 1.62583 14.88
62.8281 0.7628 1.47788 12.21
67.9014 0.6068 1.37928 15.79
76.8612 0.8850 1.23929 11.47

ZnO + PVP
31.7805 0.2263 2.81341 36.52
36.2706 0.2261 2.47476 36.99
47.5571 0.2218 1.91045 39.16
56.6020 0.2782 1.62475 32.45
62.8752 0.2457 1.47689 37.92
66.4005 0.3162 1.40677 30.04
67.9614 0.3031 1.37821 31.63
69.0855 0.2729 1.35850 35.36
76.9490 0.2839 1.23809 35.77
31.7805 0.2263 2.81341 36.52

generating theOH− groups in the solution.This phenomenon
promoted reactions and grain growth.The PVP secondly acts
as a stabilizer or capping agent higher than PEG.

Figure 2(a) shows the schematic of a capped ZnO
microparticle; when PEG was added before synthesis, the
increase in total particle size suggested the capping of
microparticle with polymers. However, in the case of PEG
addition after synthesis, the capping of microparticle with
polymers did not happen as shown in Figure 2(b), since no
change in both ZnO and total particle size was observed.
In the case of PEG addition, the reason for the discrepancy
before and after synthesis could be related to the polymer
molecules being adsorbed to the ZnO microparticles. If
the polymer molecules existed in the solution during the
synthesis of ZnO microparticles, the chance of electrostatic
adsorption to ZnO microparticles increased. Therefore, PEG
molecules probably capped ZnO microparticles only when

PEG was added to the solution before the synthesis of ZnO
microparticle.

In the case of PVP addition before synthesis, the total
particle size increased drastically, although ZnO particle size
was almost the same. This change suggested the aggregation
of PVP-capped ZnO microparticles, as shown in Figure 2(c).
In the case of PVP addition after synthesis, particle size
increased normally, although ZnO particle size was almost
the same. This change suggested that ZnO microparticle
was capped with polymers as shown in Figure 2(d). The
discrepancy in the capping behavior between PEG and PVP
could be attributed to the difference in adhesion strength.
Because PVP has been widely known as a capping reagent
for microparticles, adhesion of PVP was stronger than that
of PEG. During the synthesis of ZnOmicroparticle, pH value
of the solution was 6 at the beginning of synthesis and it was
approximately 8 at the end of synthesis because of dropping
sodium hydroxide.

ZnOmicroparticles were positively charged at the begin-
ning of ZnO synthesis because pH value was less than a
point of zero charge of ZnO. In the case of “before synthesis,”
polymer was added to the solution in this condition. On
the other hand, ZnOmicroparticles were almost not charged
at the end of ZnO synthesis because pH value was nearly
equal to a point of zero charge of ZnO. In the case of “after
synthesis,” polymer was added to the solution in this condi-
tion. Although both PEG and PVP are nonionic surfactants,
they would be partially charged. In particular oxygen in PVP
would be chargedmore strongly than oxygen in PEG because
of positively charged nitrogen in PVP. Therefore, PVP would
electrostatically adhere to the surface of ZnO microparticle
more strongly than PEG, especially in the case of “before
synthesis.” In the case of PVP, the result that the total particle
size of the “before synthesis” was larger than “after synthesis”
was obtained, which was the same as PEG.

FTIR spectrum is an effective method to reveal the com-
position of products. Figure 3(a) is a typical FTIR spectrum
of pure ZnO, in which the peaks at 3402 cm−1 are assigned
to the O–H stretching vibration. Symmetric C=O stretching
of zinc acetate dehydrate at 1542 cm−1 and C–H out-of-plane
bending group at 899–866 cm−1 are observed. O–H bending
of the hydroxyl group at 559 cm−1 and stretching of ZnO at
420 cm−1.

The FTIR spectra of the ZnO with PEG (Figure 3(b))
palletized with KBr were recorded over 4000–400 cm−1. The
spectra consist of seven vibrational bands.Thebands at 3400–
3600 cm−1 correspond to the O–Hmode of vibration, that is,
due to the hydroxyl group. The stretching mode of vibration
corresponding toC=C is obtained at 1624 cm−1 and due to the
alkyl group is obtained in the range of 2847–2926 cm−1. The
vibration due to the carboxyl group is obtained in the range
of 1383–1399 cm−1. The band at 464 cm−1 is due to zinc oxide
and assigned to the stretching of ZnO–Zn.

The FTIR spectrum of synthesized ZnO powder
(Figure 3(c)) presented main absorption bands due to O–H
stretching of the hydroxyl group at 3402 cm−1, asymmetric
and symmetric C=C. A peak at 1654 cm−1 is assigned to
the stretching vibration of the C=O in the PVP. The other
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Figure 2: Schematic of ZnO microparticles capped by polymer
molecules: (a) PEG was added to the ZnO solution before synthesis;
(b) PEG was added to the ZnO solution after synthesis; (c) PVP was
added to the ZnO solution before synthesis; (d) PVP was added to
the ZnO solution after synthesis.
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Figure 3: FTIR spectra of (a) pure ZnO (b) ZnO PEG, and (c) ZnO
PVP.

important peaks at 1285 cm−1 and 1438 cm−1 are referring
the C–N is stretching vibration and the attachment of CH

2

groups in the pyrrole ring of PVP. The O–H bending of the
hydroxyl group at 569 cm−1 and Zn–O stretching of ZnO at
431 cm−1. These data are similar to the results observed by
Suwanboon [36].

Low-magnification SEM image (Figure 4) shows the
overall morphology of the ZnO hollow spheres with and

without polymer. ZnO consists of nearly uniform spheres
with diameters ranging from400 to 600 nmand the thickness
of the shell is approximately 80 nm are shown in Figure 4(a).
High-magnification SEM image shows that the outer surface
of the hollow spheres is rough and stacked with small
microparticles standing out of the surface. Furthermore,
irregular sponge like structure could be observed on the
surface of those spheres. Figures 4(b) and 4(c) display the
SEM image of a cracked sphere with apparent cavity, demon-
strating the hollow nature of the as-prepared ZnO spheres. It
can be also found that the inner surface of the hollow sphere
is also coarse and consists of small microparticles with an
average diameter of about 40 nm. It is worth noting that the
hollow sphere is built from a single shell of small micropar-
ticles without any substrate support. Figure 4(d) shows the
uniformly arranged grains like ZnO conglomeration which
is a porous micron sphere.

Figures 4(e) to 4(l) show the SEM image of zinc oxide
with PEG and PVP as a synthetic polymer. It is found that the
product is composed of well-defined crystals with irregular
spherical-like structure on the substrate on a large scale
are shown in Figure 4(e). Moreover, these microparticles are
irregularly shaped on the whole, yet coexisting with minor
amounts of well-defined hexagonal structures. Figures 4(f)
and 4(g) show a large number of irregular particles with the
size of 1𝜇mwhich complies well with that of the precursor in
shape and it consists of major amount of irregular particles
and minor amount of plate-like structures.

Particularly, these plates take on novel porous structures
as highlighted in the inset of Figure 4(h). In the presence
of PEG the morphology is completely different than that
obtained from pure ZnO.

Figures 4(i), 4(j), 4(k), and 4(l) show the SEM image of
zinc oxidewith PVP.ThePVPhas a structure with a polyvinyl
skeleton with polar groups as reported by Inamdar et al. [37].
The lone pair of nitrogen and oxygen in a polar group of one
PVP unit may occupy the orbital of the metal ion. The Zn+2
can coordinate with PVP, which can take part in controlling
the grain size and morphology of ZnO by reducing the
reaction rate. The PVP can adsorb on different faces due to
the formation of beads-like structure. It is supported that, in
the presence of PVP, smaller grains (Figures 4(k) and 4(l)) are
formed due to aggregation rate.

4. Conclusion

Microcrystalline ZnO powders have been synthesized in an
aqueous solution by a simple method using PEG and PVP
as precursors. These powders have been indexed as wurtzite
or hexagonal structure with the smallest average crystallite
size of about 10.73–19.75 nm for PEG and 30.04–39.16 nm for
PVP. The addition of these polymers probably led to capping
ZnO microparticles, which passivate surface defects. This
phenomenon depends on the timing of the addition of the
polymer to the ZnO solution. The experimental results of
the PVP addition before the synthesis of ZnO microparticles
indicated the aggregation of capped microparticles. The
morphology of ZnO has altered from irregular spherical
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Figure 4: SEM images of as-prepared pure ZnO (a, b, c, and d), ZnO PEG (e, f, g, and h), and ZnO PVP (i, j, k, and l) with different
magnification.
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and beads-like structure when adding PEG and PVP into
solution.Thus we conclude that PVP is found to be dominant
in altering the morphologies of ZnO.
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