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a b s t r a c t

The photocatalytic activity of highly c-axis oriented ZnO nanowires’ arrays grown on seeded glass sub-
strates from aqueous solutions was investigated against the degradation of stearic acid under UV-A light
illumination (365 nm). All chemically grown ZnO samples show very good crystallinity and high trans-
mittance in the visible region. The nanowires’ diameter ranges from 35 ± 5 nm to 160 ± 10 nm depending
on the grain size of the seed layer applied, while their length (1–1.2 �m) is mainly affected from growth
eywords:
anowires
hotocatalysis
queous solution growth
eed layer
nO

time. It is demonstrated that ZnO nanowires’ arrays show superior photocatalytic activity compared with
the stand-alone seed layers, probably due to their enhanced crystallinity and larger surface-to-volume
ratio.

© 2010 Elsevier B.V. All rights reserved.
tearic acid

. Introduction

Environmental contamination is a growing problem that can-
ot be neglected as it influences our world and daily life. A solution

or this issue can be found in the field of semiconductor chemistry,
n particular heterogeneous photocatalysis, which implies the use
f an inert catalyst, non-hazardous oxidants and UV and/or visible
ight input. Heterogeneous photocatalysis is attracting extensive
nterest for the degradation of organic pollutants [1–6] and the
roduction of self-cleaning [7,8] or anti-bacterial surfaces [9]. The
bility of semiconductor photocatalysts, in particular TiO2 and ZnO,
o degrade a range of organic pollutants, offers many potential
pplications in areas, such as water and air purification and self-
leaning surfaces [1].

Among the mentioned oxide materials, ZnO is easier to grow

ither in the form of powder [10] or on top of various substrates
11–16] using chemical techniques, which are environmental
riendly and quite easy to handle. Besides, it has been reported
hat ZnO shows better activity than TiO2 in the photodegradation
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of some dyes in aqueous solutions since it can absorb more light
quanta [17].

Up to now, many photocatalytic materials including TiO2 and
ZnO have been prepared as thin films as well as fine powders [18].
Great attention has been given to fine powders since high pho-
tocatalytic efficiency can be achieved by increasing the effective
surface area of the materials. However, these powders have mostly
been used in water suspensions, which limits their practical use due
to difficulties in their separation and recovery. Supporting photo-
catalytic materials on a steady substrate can eliminate this issue.
Many thin film deposition techniques have been widely used for
the immobilization of photocatalytic materials [19,20].

The activity of photocatalytic ZnO films can vary considerably
and is dependent on many factors, such as film thickness, rough-
ness, grain size and deposition temperature, to name but a few.
Meanwhile, since photocatalytic activity increases with effective
surface area, a rough film surface with a high surface-to-volume
ratio is beneficial. On the other hand, one-dimensional nanos-
tructured samples offer enhanced photocatalytic efficiency due to
their extremely high surface-to-volume ratio [21,22]. Thus, the

successful exploitation of nanostructured ZnO thin films for use
in photocatalytic applications requires the development of tech-
niques for controlling their morphology and structural properties.

In this work, we investigate the photocatalytic activity of ZnO
nanowires’ arrays grown on glass substrates from aqueous solu-

http://www.sciencedirect.com/science/journal/0926860X
http://www.elsevier.com/locate/apcata
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ion according to the approach of Andrés Vergés et al. [11] and
ayssieres [12]. It is demonstrated that seeded glass substrates are
ecessary in order to produce highly c-axis oriented ZnO nanowires
23], whose diameter can be accurately tuned by varying the grain
ize of the seed layer. On the other hand, the nanowires’ length is
ainly determined by growth time. The influence of nanowires’

rystallinity, morphology and dimensions on their photocatalytic
ctivity against the degradation of stearic acid is studied. We
rovide evidence that ZnO nanowires’ arrays show enhanced pho-
ocatalytic activity compared to the as-deposited seed layers, which
an be mostly attributed to their good crystallinity and enhanced
urface-to-volume ratio.

. Experimental details

.1. Deposition of ZnO seed layers and nanowires

ZnO thin films with a thickness of 30–210 nm, which were sub-
equently used as seed layers for the aqueous solution growth
f ZnO nanowires’ arrays, were deposited on glass (Corning
nc. 7059) substrates using the sol–gel/spin-coating technique
eported elsewhere [23,24]. In brief, zinc acetate dehydrate
Zn(CH3COO)2·2H2O] was first dissolved in a mixture of 2-methoxy
thanol and monoethanolamine at room temperature (RT). The
oncentration of zinc acetate was 0.75 mol/L and the molar ratio of
onoethanolamine to zinc acetate was kept at 1:1. The resultant

olution was stirred for 1 h at 60 ◦C to yield a homogeneous, clear
nd transparent solution using a magnetic stirrer. The deposition
as usually performed within 24 h after the solution was prepared,

y spin-coating the substrates, which were rotated at 3000 rpm for
0 s. After processing, the substrates were preheated at 350 ◦C for
0 min to evaporate the solvent and remove the organic residuals

n the films. This procedure was repeated up to 10 times. The films
ere then annealed in air at 600 ◦C for 60 min. The thickness of the
lms was measured using a stylus profilometer (alpha-step 100,
encor).

ZnO nanowires’ arrays were subsequently grown on Corn-

ng glass substrates, pre-coated with 1×–10× ZnO seed layers
eposited via the sol–gel technique, using an equimolar (0.01 M)
queous solution of Zn(NO3)2·6H2O and C6H12N4 [11,12,25].
irstly, laboratory Pyrex glass bottles with polypropylene auto-
lavable screw caps were filled with the solution described above.

ig. 1. XRD patterns of (a) ZnO nanowires grown by aqueous solution growth (ASG) for
nO seed layer (red solid curve), (b) ZnO nanowires grown by ASG for 5 h (green dotted
magenta solid curve), and (c) ZnO nanowires grown by ASG for 5 h (blue dotted curve) on
urve). (For interpretation of the references to color in this figure legend, the reader is ref
ysis A: General 378 (2010) 227–233

Subsequently, the substrates pre-coated with the ZnO seed layers
were placed in the bottles facing downwards and heated at a con-
stant temperature of 95 ◦C for 5 h in a regular laboratory oven. The
samples were then thoroughly washed with MilliQ (18.2 M� cm)
water to eliminate residual salts or amino complexes, and dried in
air at the same temperature. Prior to deposition, all substrates used
were cleaned using a Piranha solution (H2SO4/H2O2 = 3/1), rinsed
with MilliQ water and dried under N2 gas flow.

2.2. Characterization techniques

The crystal structure of the ZnO samples was determined by
X-ray diffraction (XRD) using a Rigaku (RINT 2000) diffractometer
with Cu K˛ X-rays, while their surface morphology was studied
by means of a field emission scanning electron microscope (FE-
SEM, JEOL JSM-7000F) and an atomic force microscope (AFM) in
tapping mode (Digital Instruments – Nanoscope IIIa). The surface
roughness (RMS) of the ZnO seed layers was determined using the
scanning probe image processor (SPIP, v. 3.3.5.0) image processing
software for nano- and micro-scale microscopy from Image Metrol-
ogy. Finally, UV–vis transmission spectra were recorded using a
Shimadzu UV-2401 spectrophotometer over the wavelength range
of 190–990 nm.

2.3. Photocatalytic activity study

There are many different methods that can be used to deter-
mine the activity of photocatalytic surfaces. Popular techniques
include those based on the photo-oxidation of organic films such
as stearic acid (SA) [19,26–30] or organic vapours [31] and contact
angle changes [32].

The photocatalytic activity of our ZnO samples was determined
using stearic acid as a model compound, in which a thin layer
of SA is deposited onto the film and its photocatalytic destruc-
tion is monitored as a function of time [26–30]. This method has
gained preference over the years since SA provides a reasonable

model compound for solid films that deposit on exterior and inte-
rior surfaces. Moreover, SA is very stable under UV illumination
in the absence of a photocatalyst film (phenomenon of photoly-
sis). Furthermore, SA can be easily laid down from a methanol or
chloroform solution making the test much easier.

5 h (cyan dotted curve) on Corning glass substrates pre-coated with a 30 nm-thick
curve) on Corning glass substrates pre-coated with a 75 nm-thick ZnO seed layer
Corning glass substrates pre-coated with a 210 nm-thick ZnO seed layer (red solid

erred to the web version of this article.)
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ig. 2. (a) Grain size (black squares) and roughness (blue stars) vs. thickness of the s
scan size 1 �m × 1 �m) of (left to right) 30 nm- (1×), 75 nm- (3×), 140 nm- (6×) a
eferences to color in this figure legend, the reader is referred to the web version of

In order to deposit stearic acid on the ZnO films and nanos-
ructures, a droplet of 30 �L of a 0.1 M stearic acid solution in
hloroform was spin-coated on the sample surface under test at
rotation speed of 500 rpm for 30 s. Samples were then dried at

0◦ C in air for 10 min.
The decomposition of stearic acid can be demonstrated by FT-

R spectroscopy through the monitoring of the asymmetric C–H
tretching mode of the CH3 group at 2958 cm−1 and the asym-
etric and symmetric C–H stretching modes of the CH2 group at

923 cm−1 and 2853 cm−1, respectively. The photocatalytic activ-
ty experiments on all ZnO samples for the decomposition of stearic
cid were performed at ambient temperature. The integrated area
f the stearic acid C–H stretching peaks (2800–3000 cm−1) was
onitored using a Fourier transform infrared spectrometer (FT-IR,

RPrestige-21, Shimadzu) before and after black light illumination
n a box reactor at certain time intervals. The light source used was
n HPK 125 W Philips mercury lamp with main emission wave-
ength at 365 nm and an incident light intensity of 10 mW/cm2.
or ease in comparison of the photocatalytic activity between dif-

erent samples, the integrated area of the C–H stretching peaks
2800–3000 cm−1) measured at each irradiation time interval was
ormalized to the initial integrated area (prior to the irradiation)

n order to calculate the percentage of stearic acid remaining as a
unction of irradiation time.
deposited ZnO seed layers on Corning glass annealed at 600 ◦C and (b) AFM images
0 nm-thick (10×) ZnO seed layers on Corning substrates. (For interpretation of the
rticle.)

3. Results and discussion

Fig. 1 depicts X-ray diffraction patterns of ZnO seed layers
deposited by the sol–gel/spin-coating technique and nanowires’
arrays grown by aqueous solution growth on Corning glass sub-
strates pre-coated with 1, 3 or 10 ZnO seed layers (Fig. 1a–c). The
thickness of the seed layers applied is 30 nm, 75 nm and 210 nm for
the 1×, 3× and 10× ZnO samples, respectively. All the diffraction
peaks observed are in good agreement with the JCPDS card (No. 36-
1451) for a typical hexagonal wurtzite type ZnO crystal. It can be
also seen that no other characteristic peaks corresponding to possi-
ble impurities, such as zinc nitrate or zinc hydroxide, are observed
in the XRD patterns.

Red solid line in Fig. 1a depicts the X-ray diffraction pattern
of a 30 nm-thick ZnO seed layer deposited by sol–gel at 600 ◦C on
Corning glass. There is no evidence of any diffraction peaks, indi-
cating that the film was largely amorphous. On the other hand, ZnO
samples prepared via aqueous solution growth for 5 h on Corning
glass substrates pre-coated with a 30 nm-thick ZnO seed layer show

a clear preferential growth orientation along the (0 0 2) crystallo-
graphic direction, i.e., perpendicular to the Corning glass substrates
(cyan dotted line, Fig. 1a). The reason for superior alignment on ZnO
seeded substrates is due to the polar nature of the ZnO surface and
the matching lattice structure [33].
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ig. 3. SEM images of (a–d) 30 nm-, 75 nm-, 140 nm- and 210 nm-thick ZnO seed
queous solution growth for 5 h on Corning glass substrates pre-coated with 30 nm

Fig. 1b and c displays the X-ray diffraction patterns of 75 nm- and
10 nm-thick ZnO seed layers deposited on Corning glass substrates
y sol–gel at 600 ◦C (magenta and blue solid lines in Fig. 1b and
, respectively), along with those of the ZnO samples grown via
queous solution growth for 5 h on top of Corning glass substrates
re-coated with 75 nm- and 210 nm-thick ZnO seed layers (green
nd grey dotted lines in Fig. 1b and c, respectively). Once more, it
an be readily observed that only the (0 0 2) diffraction peak occurs,
emonstrating that there is a preferred growth orientation along
he c-axis, i.e., perpendicular to the substrate used. This preferential
rowth orientation is directly related to the presence of the ZnO

eed layers [34].

As it can be observed in Fig. 1b and c, both the 3× and 10× seed
ayers exhibit the ZnO wurtzite hexagonal structure and grow pref-
rentially along the (0 0 2) direction. Therefore, they indeed act as
eed layers and assist the preferential growth of the chemically
, respectively, grown by sol–gel technique and (e–h) ZnO nanowires deposited by
m-, 140 nm- and 210 nm-thick seed layers, respectively.

grown ZnO samples along the c-axis, i.e., the (0 0 2) crystallo-
graphic direction. Moreover, it can be observed that the samples
deposited by aqueous solution growth show narrower (0 0 2) reflec-
tions with significantly higher intensity than the corresponding
seed layers (Fig. 1a–c). The Full Width at Half Maximum (FWHM)
value for the (0 0 2) peak varies between 0.203◦ and 0.243◦ for the
75 nm- and 210 nm-thick ZnO seed layers, while it is in the range
of 0.175–0.215◦ for the ZnO samples grown via aqueous solution
growth for 5 h on the glass substrates pre-coated with the 75 nm-
and 210 nm-thick ZnO seed layers, respectively. It is therefore con-
cluded that the occurrence of a thin ZnO seed layer is crucial for

the growth of well-crystalline (0 0 2) oriented ZnO samples onto
Corning glass substrates.

Fig. 2a exhibits the variation of grain size and surface roughness
(RMS) of the as-grown ZnO seed layers as a function of thickness.
The grain size as well as the roughness gradually increases with
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well-oriented ZnO nanowires onto Corning glass substrates via
aqueous solution growth, but its grain size controls accurately the
ZnO nanowires’ diameter.

Fig. 5. Normalized integrated area vs. irradiation time for (top) 30 nm- (1×, green
solid rhombuses), 75 nm- (3×, red stars), 140 nm- (6×, cyan open squares) and
210 nm-thick (10×, magenta open rhombuses) ZnO seed layers, respectively grown
by sol–gel technique and (bottom) ZnO nanowires deposited by aqueous solution
ig. 4. Optical transmittance spectra of (a) 30 nm- (1×), 75 nm- (3×), 140 nm- (6×) a
nO nanowires deposited by aqueous solution growth for 5 h on Corning glass subs
eed layers, respectively.

hickness, i.e., the number of the spin-coated layers (see Fig. 2b).
n particular, the 1× ZnO seed layer with a thickness of around
0 nm has a grain size of ∼35 ± 2 nm and a roughness of ∼2 nm,
hile the 3× ZnO seed layer with a thickness of ∼75 nm, has a

rain size of ∼67 ± 4 nm and a roughness of ∼7 nm. These grain
ize and roughness values become even higher for the cases of the
× ZnO seed layer (thickness ∼140 nm, grain size ∼92 ± 5 nm, and
oughness ∼8 nm) and the 10× ZnO seed layer (thickness ∼210 nm,
rain size ∼140 ± 15 nm, and roughness ∼9 nm).

Fig. 3a–d presents SEM micrographs of the 30 nm-, 75 nm-,
40 nm- and 210 nm-thick ZnO seed layers, i.e., 1×, 3×, 6× and
0× spin-coated layers, respectively, deposited by the sol–gel tech-
ique at 600 ◦C on Corning glass substrates. It can be observed that
he layers are homogeneous, crack-free and densely packed, while
heir grains become more uniform and bigger in size as the thick-
ess increases. As it is shown in Figs. 2 and 3a–d there is a good
greement between the results revealed from AFM and SEM analy-
is regarding the grain size and the surface morphology of the ZnO
eed layers.

Fig. 3e–h illustrates SEM images of the ZnO samples deposited
y aqueous solution growth for 5 h on Corning glass substrates pre-
oated with 30 nm-, 75 nm-, 140 nm- and 210 nm-thick ZnO seed
ayers (Fig. 3a–d), respectively. As it can be observed, in all cases,
he substrates were covered with quite dense and uniform ZnO
anowire arrays. These nanowires emerge perpendicular to the
ubstrate applied, with almost no nanowires tilted from the surface,
hile they all display a hexagonal cross-section. These remarks

re in agreement with the XRD results, which clearly demonstrate
hat the ZnO samples deposited by aqueous solution growth on
eeded Corning glass substrates exhibit the wurtzite hexagonal
rystal structure and show a preferential growth orientation along
he (0 0 2) direction (see Fig. 1). It is furthermore observed that the
anowires’ diameter increases with the seed layer thickness. As the
eed layer thickness increases from 30 nm to 210 nm, the wires’

iameter rises from ∼35 ± 5 nm to ∼160 ± 10 nm. This increase

n the wires’ diameter is directly related to the grain size of the
nO seed layer. The grain size gradually increases with thickness,
.e., the number of the spin-coated layers (see Fig. 2). As it can
e seen from Fig. 3e, the diameter of the ZnO nanowires grown
0 nm-thick (10×) ZnO seed layers, respectively, grown by sol–gel technique and (b)
pre-coated with 30 nm- (1×), 75 nm- (3×), 140 nm- (6×) and 210 nm-thick (10×)

on a 30 nm-thick seed layer (see Fig. 3a) is ∼35 ± 5 nm, almost
equal to the grain size of the 1× ZnO seed layer, i.e., ∼35 ± 2 nm
(see Figs. 2 and 3a). The diameter of the ZnO nanowires grown
on 75 nm-, 140 nm- and 210 nm-thick seed layers is ∼65 ± 5 nm,
∼105 ± 15 nm and ∼160 ± 10 nm, respectively (see Fig. 3f–h), quite
close to the grain size values of the corresponding ZnO seed layers
(see Figs. 2 and 3b–d). It is therefore concluded that the occur-
rence of a ZnO seed layer is not only indispensable for obtaining
growth for 5 h on Corning glass substrates pre-coated with 30 nm- (1×, green solid
rhombuses), 75 nm- (3×, red stars), 140 nm- (6×, cyan open squares) and 210 nm-
thick (10×, magenta open rhombuses) seed layers, respectively. For comparison
reasons, the photolysis curve (black solid squares) is also presented. (For interpre-
tation of the references to color in this figure legend, the reader is referred to the
web version of this article.)
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Table 1
Photocatalytic activity of ZnO seed layers and nanowires regarding the degradation of stearic acid at 30 min.
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Photolysis 1× ASG/1× 3×
˛ (%) at 30 min 7.85 31.11 44.85 85

For every case of Fig. 3f–h, i.e., 5 h aqueous solution growth
n 75 nm-, 140 nm- and 210 nm-thick ZnO seed layers respec-
ively, the length of the as-grown ZnO nanowires is in the range
f 1–1.2 �m, indicating that the only parameter that affects the
anowires’ length is growth time [35]. The length of the ZnO
anowires grown on a 30 nm-thick seed layer is quite smaller,
400–500 nm, probably due to the poor crystallinity of the cor-

esponding 1× ZnO seed layer (see Fig. 1a) and is currently under
urther investigation.

Taking into consideration the nanowires’ dimensions men-
ioned above, i.e., their diameter and length, we can estimate the
spect ratio (length over diameter, L/D) of the ZnO nanowires
rown on Corning glass substrates pre-coated with 30 nm-, 75 nm-
140 nm- and 210 nm-thick seed layers. (L/D) is a commonly used
arameter which indicates the surface-to-volume ratio of nanos-
ructured samples. ZnO nanowires grown on a 30 nm-thick seed
ayer have an aspect ratio (L/D) of ∼12.5, while L/D becomes ∼17.2,
12 and ∼8 for the cases of 5 h aqueous solution growth on 75 nm-,
40 nm- and 210 nm-thick seed layers, respectively. Thus, we could
tate that the aspect ratio becomes higher, i.e., ∼17.2, for the case
f 5 h aqueous solution growth on a 75 nm-thick ZnO seed layer
hich, as already mentioned, is the polycrystalline seed layer with

he smaller grain size, i.e., ∼67 ± 4 nm (see Figs. 1b, 2 and 3b).
The optical transmittance spectra of the ZnO seed layers and

he nanowires’ arrays in the wavelength region 190–990 nm are
resented in Fig. 4. All the samples are highly transparent in the
isible regime and exhibit a sharp absorption band in the UV region.
clear excitonic nature of the transmittance spectra is visible for

oth ZnO seed layers and nanowires. The presence of this exci-
onic peak at ∼350 nm is attributed to a minimum strain and
mproved crystalline quality with increase in thickness [36]. It can
e noted that increasing the ZnO seed layers’ thickness from 30 nm
o 210 nm leads to a decrease in transmittance from 92% to 78% at
00 nm, while the corresponding drop in the transmittance for the
ase of 5 h aqueous solution growth on 30 nm- and 210 nm-thick
eed layers ranges from 88% to 72%, respectively. This reduction
n the transmittance can be attributed to the increase of the sam-
les’ thickness. It is quite interesting that the chemically grown
nO nanowires display similar transmittance values with those
bserved for the ZnO seed layers alone. For example, ZnO nanowires
rown for 5 h on a 75 nm-thick ZnO seed layer exhibit 89% trans-
ittance at 600 nm, while a 75 nm-thick ZnO seed layer shows 79%

ransmittance at the same wavelength (see Fig. 4).
Fig. 5 presents the normalized integrated area vs. irradiation

ime curves for both ZnO seed layers deposited by the sol–gel tech-
ique (see top side of Fig. 5) and nanowires fabricated by aqueous
olution growth (see Fig. 5, bottom). It can be noticed that all ZnO
amples show remarkable photocatalytic activity, degrading stearic
cid by more than 40% at 50 min. This is most probably due to their
ood crystallinity and large effective surface area. In particular, ZnO
anowires grown on seeded Corning glass substrates are more effi-
ient in terms of photocatalysis than the stand-alone seed layers,
robably due to their higher surface-to-volume ratio. For exam-
le, ZnO nanowires synthesized via aqueous solution growth for

h on a 75 nm-thick seed layer show outstanding photocatalytic
ctivity, degrading stearic acid by ∼93.02% at 30 min (see red line
ith solid stars in Fig. 5, bottom), while the corresponding seed

ayer itself shows an activity of ∼85.08% (see red line with solid
tars in Fig. 5, up). For comparison reasons, the photolysis curve
ASG/3× 6× ASG/6× 10× ASG/10×
93.02 66.43 80.59 54.45 58.21

(no catalyst present) is also displayed in Fig. 5 (black solid squares).
It can be seen that the UV light results only in ∼7.85% and ∼12.45%
degradation of stearic acid after 30 min and 50 min of exposure,
respectively.

The photocatalytic activity of the ZnO seed layers and
nanowires’ arrays at 30 min is summarized in Table 1. It can be
observed that among ZnO seed layers, the 75 nm-thick one (3×)
shows better activity (85.08%) since, as already mentioned, this
is the polycrystalline seed layer with the smaller grain size, i.e.,
∼67 ± 4 nm (see Figs. 1b, 2 and 3b) and thus higher surface area.
The 210 nm-thick seed layer is less efficient than the 75 nm-thick
one, showing a photocatalytic activity of ∼66.43% at 30 min, since
its grain size is much bigger, in the range of ∼140 ± 15 nm, giving
a smaller surface area. Finally, as expected, the 30 nm-thick seed
layer exhibits the least photocatalytic activity (31.11%) due to its
poor crystallinity (see Fig. 1a).

As presented in Table 1, ZnO nanowires grown on a 30 nm-thick
seed layer, with an aspect ratio (L/D) of ∼12.5, show a photocatalytic
activity of ∼44.85%, while as (L/D) increases the photocatalytic
activity rises, reaching ∼93.02% for the case of 5 h aqueous solu-
tion growth on a 75 nm-thick seed layer (aspect ratio (L/D) ∼17.2).
As the seed layer’s thickness further increases to 140 nm and
210 nm, the aspect ratio of the as-grown ZnO nanowires decreases
to ∼12 and ∼8, respectively. The decrease of (L/D) results in a
reduction of the ZnO nanowires’ photocatalytic activity at 30 min
to 80.59% and 58.21% for samples grown on Corning glass sub-
strates pre-coated with 140 nm- and 210 nm-thick ZnO seed layers,
respectively. Higher aspect ratio (L/D) values correspond to an
increase of the surface-to-volume ratio, which in advance leads to
an enhancement of the photocatalytic activity [21–22]. Finally, it
can be concluded that high aspect ratios of the nanowires formed,
along with enhanced crystallinity result in significant photocat-
alytic activity.

4. Conclusions

ZnO nanowires, highly oriented along c-axis, were grown from
an aqueous solution on Corning glass substrates pre-coated with
30 nm- up to 210 nm-thick ZnO seed layers deposited via the
sol–gel technique. All chemically grown ZnO samples show very
good crystallinity and high transmittance in the visible region,
while the nanowires’ diameter can be accurately tuned by vary-
ing the grain size of the seed layer used. On the other hand, the
nanowires’ length mainly depends on growth time. All ZnO samples
show remarkable photocatalytic activity regarding the degrada-
tion of stearic acid. Amongst ZnO seed layers, the 75 nm-thick
one (3×) shows better photocatalytic activity, degrading stearic
acid by 85.08% at 30 min, due to its good crystallinity and smaller
grain size. ZnO nanowires’ arrays demonstrate, however, superior
photocatalytic activity compared with the stand-alone seed lay-
ers, probably because of their enhanced crystallinity and larger
surface-to-volume ratio. In particular, ZnO nanowires grown for 5 h
on a 75 nm-thick seed layer exhibit an outstanding photocatalytic
activity, degrading stearic acid by ∼93.02% at 30 min, a behaviour

which is attributed to their higher aspect ratio [(L/D) ∼17.2], i.e.,
larger surface-to-volume ratio. It is concluded that the most crit-
ical parameter affecting photocatalytic activity of the nanowires’
arrays is their surface-to-volume ratio, which can be adjusted by
varying the seed layer’s grain size and the growth time.
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