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Abstract  
   Photocatalyst for the degradation of the organic dye molecules has been investigated for the highly 

uniform vertically aligned ZnO nanorods grown on silicon substrates by radio frequency magnetron 

sputtering. An intense green luminescence located at 2.192 eV is corroborated by the singly charged 

oxygen vacancies and it is responsible for the visible-light-driven photocatalytic response in ZnO 

nanorods. The higher photocatalytic activity of organic dyes under the irradiation of visible light is 

enhanced due to the light absorption and better charge separation (e
-
-h

+
) in vertically aligned ZnO 

nanorods. Further, the dye excitation is also accountable for the degradation mechanism besides surface 

defects under solar irradiation. Moreover, the ZnO nanorods exhibit suppressed photo corrosion and 

high photo-stability as evidenced by the recovery and recycling studies. 

Keywords: ZnO nanorods, Sputtering, Photoluminescence, Dye molecules, Photodegradation. 

 

1. INRODUCTION  

   Materials having photocatalytic behavior 

with non-toxic nature are received 

enormous research interest in the field of 

catalysis in recent times [1-3]. In 

photocatalytic dye degradation, the 

materials have been illuminated by the 

light source (ultraviolet (UV), visible, and 

natural sunlight) with energy greater than 

its bandgap. This will produce the photo-

generated carriers (electrons and holes) 

which induce the photocatalytic reactions 

by producing highly reactive radicals such 

as O2
-

, OH

,
 
and HO2


, as well as directly 

degrade the organic pollutants by the 

process of oxidation [4, 5]. Notably, the 

surface area of the materials plays a 

significant role in the photocatalytic 

reaction since the reaction occurs as the 

result of the interaction of the 

photocatalyst with the pollutants through 

the surface charges. Currently, nano-

materials attain widespread research 

interest as the result of increased surface 

area which considerably enhances the 

degradation rate of the pollutants
 
[6]. 

   Nanostructured metal oxide semi-

conductors such as TiO2, SnO2, BiVO4, 

ZrO2, and ZnO are recognized as suitable 

candidates for photoelectrocatalytic water 

splitting [7] and photocatalytic applications 

[8-13] owing to their unique physical and 

chemical properties. Among the various 

nanostructured metal oxide semi-

conducting materials, ZnO has received 
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considerable interest owing to its non-toxic 

nature, high photosensitivity, easy availab-

ility, and low cost [14-18].
 
Various ZnO 

nanostructures such as nanopowders [19], 

nanotetrapods [20], nanosheets [21], 

nanoflowers [22], nanorods (NRs) [23, 24], 

and nanowires [25] have been utilized as a 

catalyst for the effective degradation of 

organic pollutants by the photocatalytic 

reactions. In general, the nanostructures 

have been suspended in the organic dye 

solution for the photocatalytic investigat-

ion and its powder form will limit their 

practical usage due to its complexity in 

separation and recycling [26]. Also, it is 

observed that the nanostructured powder 

will easily aggregate and subsequently 

reduce its efficiency on the photocatalytic 

behavior [20, 27]. Instead, ZnO nano-

structures synthesized on rigid substrates 

[28] such as glass, silicon, and sapphire are 

emerging as the alternate potential 

approach for the photocatalytic reaction 

due to numerous benefits including large 

surface area and reusability. However, the 

ZnO nanowires fabricated by radio 

frequency (rf) magnetron sputtering 

technique are still not investigated for 

photocatalytic dye degradation analysis. 

Notably, the ZnO grown by sputtering 

approach is known to be the better 

approach to harvesting metal oxide one-

dimensional structure with a high degree of 

uniformity over a large scale without 

compromising the physio-chemical 

properties. The reusability of the catalyst 

for several cycles represents that the ZnO 

NRs is one of the potential candidates for 

practical applications as a photocatalyst. In 

the search for an industrial standard 

photocatalyst, the analysis of defects is 

very essential since it will also influence 

the photocatalytic efficiency by trapping 

charge carriers on a conduction band 

generated via absorbing the illuminated 

light [29]. 

   In the present work, the vertically 

aligned ZnO NRs have been grown on 

silicon (111) substrates by the rf-

magnetron sputtering technique for 

photocatalytic dye degradation analysis. 

This is the maiden report on the 

photocatalytic activity study of vertically 

aligned ZnO NRs grown by rf-magnetron 

sputtering for various organic dye 

molecules under visible light irradiation. 

The dye excitation along with the surface 

defects mediated photo-excitation of 

electrons is accountable for the enhanced 

degradation of methylene blue molecules 

(97%) under solar irradiation. 

 

2. EXPERIMENTAL SECTION 

2.1. Fabrication of Vertically Aligned 

ZnO NRs by rf-Magnetron Sputtering 
   Vertically aligned ZnO NRs were grown 

on silicon (111) substrates by rf-magnetron 

sputtering technique under an argon 

atmosphere as growth conditions described 

in the supplementary information [30, 31]. 

Briefly, the growth was performed under 

argon deposition pressure of 0.01 mbar for 

60 min with the fixed rf power of 60 W. 

The target-substrate distance and substrate 

temperature are kept constant as 50 mm 

and 650° C respectively. 

 

2.2. Characterization of Vertically 

Aligned ZnO NRs 

   Morphological analysis was performed 

using (FESEM, Carl Zeiss-igma) 

equipped with an energy dispersive X-ray 

(EDX) spectrometer (Oxford instruments-

INCAx). The valence state of the ions was 

characterized by X-ray photoelectron 

spectroscopy (XPS, Omicron Nano-

technology Inc, Germany). Temperature-

dependent photoluminescence spectra were 

recorded by using HORIBA JOBIN 

YVON monochromator (0.55 m) over the 

temperature range of 10-300 K with He-Cd 

laser (wavelength-325 nm and power-30 

mW) as the excitation source. The 

dispersed fluorescence signal from the 

specimen was collected by a charge-

coupled device through a proper optical 

arrangement. 
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2.3. Degradation of Various Organic 

Dye Molecules by ZnO NRs as a 

Photocatalyst 

   The photocatalytic activity, efficiency, 

and photostability of the vertically aligned 

ZnO NRs grown on Si (111) substrates 

were investigated from the degradation of 

organic dyes such as methylene blue (MB), 

rhodamine B (RhB), and methyl orange 

(MO) under the irradiation of visible and 

solar light. The photocatalytic dye 

declination experiment was performed 

using ZnO NRs as a catalyst under the 

natural pH of the dye molecules and its 

values are 8, 7, and 6.5 for MB, RhB, and 

MO respectively. Briefly, the volume of 4 

ml of 5 mg/L dye solutions was taken in 

two separate test tubes and 1 x 0.5 cm
2
 size 

of the substrate containing ZnO NRs was 

immersed into the solution separately. The 

test tubes were placed at ~16 cm far away 

from the light source to cancel the heating 

effect. The irradiation of visible and 

sunlight was done with a 300 W tungsten 

halogen lamp (8500 lumens) and natural 

bright sunlight (12.00 NOON to 4.00 PM) 

respectively. To reach a stable 

concentration and adsorption-desorption 

equilibrium, the dye solution with the 

catalyst was kept for 30 mins in the dark 

prior to irradiation. The declination of dye 

molecules was analysed by recording the 

UV-Vis absorption spectrum using 

Shimadzu UV-2450 spectrophotometer at 

the given interval of time. To examine the 

photo corrosion and photostability of the 

vertically aligned ZnO NRs as an efficient 

catalyst, the photocatalytic declination of 

MB was repeated for 10 cycles under the 

illumination of visible light. 

 

3. RESULTS AND DISCUSSION 

3.1. Morphological and Optical Studies 

of ZnO NRs 

   Figure 1 (a) & (b) show the FESEM 

images of the vertically aligned ZnO NRs 

on Si (111) substrates. The average length 

and diameter of the NRs are measured by 

using ImageJ processing software and are 

ascertained to be 0.5 µm and 80 nm 

respectively. In addition to that, the surface 

of ZnO NRs is found to be very smooth 

and densely packed on the substrate with a 

high degree of uniformity all over the 

substrate (~5 x 10
9
 NRs/cm

2
). EDX 

spectrum of the vertically aligned ZnO 

NRs represents the existence of zinc, 

oxygen, and silicon in the sample as shown 

in Figure S1. The structural studies of the 

ZnO NRs were evaluated using the X-ray 

diffraction (XRD) analysis and shown in 

Figure S2. The predominant (002) 

reflection at ~34.41° with narrow full 

width at half maximum (FWHM, 660 

arcsec) reveals the high crystalline nature 

with the hexagonal wurtzite crystal 

structure of the ZnO NRs [32]. The 

characteristic Raman modes (E2
low

 and 

E2
high

) at 99.3 and 437.4 cm
-1

 of ZnO NRs 

(Figure S3) evidence the formation of ZnO 

and are attributed to the lattice vibrations 

of zinc and oxygen atoms, respectively 

[33]. 

 

 
Figure 1. FESEM images of ZnO NRs 

grown by rf-magnetron sputtering under a 

pure argon atmosphere (a) Top view and 

(b) Tiled view. 
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   Figure 2 (a)-(d) show the survey scan, Zn 

2p, O 1s, and C 1s XPS spectra of the 

vertically aligned ZnO NRs respectively. 

XPS survey scan spectrum shown in 

Figure 2(a), element C is mainly ascribed 

to the adventitious hydrocarbon from XPS 

itself as shown in Figure 2(d) [34]. The 

peaks centred at 1022.8 and 1045.9 eV 

correspond to the Zn 2p3/2 and Zn 2p1/2 

chemical states respectively (Figure 2(b)). 

Importantly, the binding energy separation 

of the Zn 2p doublet spectral lines is ~23 

eV. It is in good agreement with the earlier 

report [35, 36] and confirms that the zinc 

ions are in a +2 valence state. The core 

binding energy region of O 1s possesses 

the characteristic peaks at 531.3 and 532.8 

eV and can be assigned to O-Zn [37] and 

O
2-

 ions deficient within the matrix of ZnO 

[38] (Figure 2(c)) respectively. It is clear 

that the growth of ZnO NRs is performed 

under a pure argon atmosphere which 

induces more oxygen vacancies since its 

formation energy is small compared with 

other point defects [39]. Further, the 

relative quantity of oxygen vacancies in 

ZnO NRs is calculated from the ratio of 

oxygen-deficient (OD) peak area 

[OD/OTotal] [40] and its value is 49.8%. 

 

 
Figure 2. XPS spectra of vertically aligned 

ZnO NRs (a) Survey scan spectrum, (b) Zn 

2p spectrum, (c) O 1s spectrum, and (d) C 

1s spectra. 

 

   In addition to that, the temperature-

dependent photoluminescence spectra of 

vertically aligned ZnO NRs are shown in 

Figure 3. We observed the dominant 

emission peak at ~ 3.361 eV and it can be 

attributed to the neutral donor bound 

exciton and denoted as D
0
X [32]. Notably, 

the intensity quenching of D
0
X emission 

corroborated to the results of refreezing of 

phonons with the increase in temperature. 

Further, a minor peak on the higher energy 

side of D
0
X emission at 3.372 eV 

corresponds to the free exciton emission 

and is denoted as FX [32]. It is accounted 

that the longitudinal optical phonon 

replicas of ZnO are separated from one 

another by 71-73 meV [41]. The observed 

emission peaks at 3.309 and 3.229 eV are 

associated with the first and second LO 

phonon replicas of FX emission. 

Moreover, the additional peak at 3.335 eV 

is attributed to the two-electron satellite 

emission as shown in the inset of Figure 3 

[32]. In addition to the above peaks, the 

defect-mediated emissions are observed at 

3.01 and 2.192 eV which are 

corresponding to violet emission (VE) and 

green emission GE) respectively. These 

violet and green emissions evidence the 

existence of zinc and oxygen vacancies in 

the ZnO NRs [42-45]. It is explained in 

detail in our earlier work [32]. 

 

 
Figure 3. Temperature - dependent photo-

luminescence spectra of vertically aligned 

ZnO NRs grown on a silicon substrate and 

the inset of Figure 3 shows the Lorentz 

fitting of PL for 10 K. 

 

   The D
0
X peak energy decreases with 

increasing the ambient temperature 

because of the electron-phonon 

interactions and the lattice dilation. The 
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shift of the D
0
X peak energy is fitted by 

the well-known empirical Varshni formula 

(not shown) [46]. It is used to analyze the 

variation of bandgap energy (Eg) with 

temperature (T). 

 

 

 

where E(T) and E(0) are the bandgaps at 

an absolute temperature of T and 0 K 

respectively. , and  are the Varshni 

thermal coefficients. The above 

coefficients are extracted from the best-

fitted results of D
0
X emission using 

equation (1). The values of E(0), , and   

for the ZnO NRs are 3.3651 eV, 1.43 

meV/K, and 571 K respectively. The 

obtained values are in accordance with the 

reported values [47]. 

 

3.2. Photocatalytic Studies of Vertically 

Aligned ZnO NRs 

   The degradation of the various organic 

dye molecules such as MB, RhB, and MO 

is investigated by the photocatalytic 

behavior of vertically aligned ZnO NRs. 

Time-dependent UV-Vis absorption 

spectra of MB, RhB, and MO under the 

irradiation of visible light have been 

discussed in supporting information in 

detail (Figure S4).  Notably, the 

declination percentage of MB, RhB, and 

MO has been evaluated to be 93.8, 34.1, 

and 12.6 % respectively under visible light 

illumination. In order to establish the 

degradation of the dye molecules induced 

by the photocatalyst, the percentage of 

degradation for various organic pollutants 

under visible light illumination without 

any catalyst is depicted in Figure S5. 

   The observation of significant 

enhancement in the photo-degradation of 

various dye molecules by ZnO NRs under 

the irradiation of visible light can be 

explained with the help of the available 

mechanism. In general, the degradation of 

the organic contaminants takes place due 

to the oxidation and reduction reactions on 

the surfaces of the photocatalyst. These 

reduction and oxidation reactions are 

provoked by the electrons and holes and 

are generated into the conduction and 

valence bands respectively by photo-

excitation. The separation of electrons and 

holes is impossible by the irradiation of 

visible light since the energy is insufficient 

to excite the electrons from the valence 

band to the conduction band. Hence, 

photocatalytic activity is less possible 

when the catalyst has bandgap energy 

greater than the excitation energy. 

However, the defects-induced energy 

levels within the bandgap of the catalyst 

can enhance the charge separation and 

consequently reduce the recombination 

losses which significantly improves the 

photocatalytic dye degradation under the 

illumination of visible light [48]. Further, it 

is recently reported that if the photocatalyst 

could not be excited under the illumination 

of visible light since its bandgap is much 

higher than the excitation energy, then the 

organic dye molecules can be excited 

which induces the photocatalytic reactions 

by transferring the electrons to the 

photocatalyst [49]. The photocatalytic 

declination of organic dye molecules by 

prepared ZnO NRs under visible light can 

be demonstrated by the consequences of 

optical transitions pertaining to the transfer 

of electrons to photocatalysts or dye 

molecules. Further, the absorption occurs 

along the axial direction of the NRs, which 

is quite long enough for complete light 

absorption as it efficiently traps the 

photons by multiple scattering processes 

by the nanowire geometry, while the 

charge separation occurs along the radial 

direction of the NRs. 

   Under the illumination of visible light, 

the possibility of the excitation of electrons 

to the intermediate energy levels induced 

by the intrinsic point defects is possible 

due to its adequate excitation energy. The 

growth conditions play a crucial role in the 

fabrication of defects-free ZnO NRs since 

the growth is performed under a pure 

argon atmosphere. Hence, the formation of 

intrinsic point defects (oxygen vacancies) 

is inevitable as the result of insufficient 

2αT
E(T) = E(0) - (1)

(T +β)
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oxygen free radicals, and further its 

formation energy is minimum as compared 

to other point defects. The formation of 

intrinsic point defects is similar to carrier 

doping and enhances the light absorption 

in the visible region. The presence of 

intrinsic points in the vertically aligned 

ZnO NRs is evidenced by the temperature-

dependent photoluminescence spectra, it is 

observed that the two defect levels induced 

by oxygen and zinc vacancies act as donor 

and acceptor levels within the bandgap of 

the photocatalyst. The observed oxygen 

vacancy-mediated donor level lies below 

the conduction band minimum at ~ 0.5 eV. 

Therefore, irradiating the catalyst by 

visible light, the donor and acceptor levels 

are formed by the oxygen and zinc 

vacancies respectively which subsequently 

trap the photo-generated carriers and they 

easily react with the adsorbed dye 

molecules on the surface of the ZnO NRs 

and lead to the formation of highly reactive 

free radicals. These radicals degrade the 

organic dye molecules by the processes of 

oxidation and reduction until a stable 

neutral species is formed. Consequently, 

the decolorization of dye will occur under 

the illumination of visible as well as 

sunlight. In the above process, the redox 

reaction occurs on the surface of these 

defects and mostly by oxygen vacancies 

since it acts as an active site of the 

photocatalyst [50]. 

   On the other hand, the catalyst could not 

be excited under the irradiation of visible 

light since its bandgap is much higher than 

the excitation energy. Therefore, the 

organic dye molecules are excited, the dye 

acts as a sensitizer of visible light. The 

excited organic dye molecules become 

cationic dye radicals by transferring the 

excited electrons to the electron acceptor 

(catalyst). Subsequently, the degradation of 

dye molecules takes place through a 

reactive oxidation process induced by ZnO 

NRs. 

   MB (93.8%) is observed to be highly 

degraded as compared to RhB (34.1%) and 

MO (12.6 %) under the irradiation of 

visible light for 4 hrs. The reason behind 

the intense variations in performance can 

be explained by UV-Vis absorption spectra 

in which MB covers most of the visible 

region. Hence, a greater number of MB 

molecules can be excited from the ground 

state as that of RhB and MO. The excited 

charge carriers of MB will transfer to the 

conduction band of ZnO NRs and 

subsequently generates oxygen peroxide 

radicals and it directly decomposes the 

organic pollutants by the effective 

photocatalytic reaction.  It is worth noting 

that, the standalone pollutant molecules do 

not degrade when it is illuminated with 

visible/sunlight since it strongly requires 

transferring the excited electrons to ZnO 

NRs which act as a sink for accumulating 

the generated electrons from the pollutant 

molecules to produce free radicals. Hence, 

the degradation of the organic dye 

molecules is expected to be dominated by 

the dye excitation along with the surface 

defects mediated photo-degradation 

mechanism. A similar degradation mech-

anism has been witnessed in RhB and MO 

dye molecules degradation and they are 

relatively small quantities as compared to 

MB, this may be attributed to its narrow 

absorption in the visible region. The photo-

degradation of the dye molecules by the 

ZnO NRs as a catalyst under the 

illumination of visible light is schematical-

ly represented in Scheme 1. 

 

 
Scheme 1. A Schematic representation of 

photocatalytic degradation of dye 

molecules by the ZnO NRs as a catalyst 

under visible light irradiation. 

 

   In order to reach a stable dye 

concentration before irradiation, the 
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various dye solutions with the 

photocatalyst were kept under dark 

conditions for 30 mins. The percentage 

adsorption of the organic dye molecules on 

the surface of the catalyst was observed to 

be 12.7, 7.3, and 2.2 for the MB, RhB, and 

MO dye molecules respectively. The order 

of percentage adsorption is MB>RhB>MO 

which was matched with the percentage 

degradation of the dye molecules. These 

results showed that the higher amount of 

dye molecules on the catalyst surface 

increases the photocatalytic degradation 

efficiency which may be due to the transfer 

of more electrons by the higher amount of 

excited dye molecules present on the 

catalyst surface. 

 

 
Figure 4. Photocatalytic dye degradation 

of ZnO NRs for various organic pollutants 

under visible light irradiation (a-b) Pseudo 

first-order kinetic rate plot with respect to 

irradiation time (c) Reusability test of ZnO 

NRs for the degradation of MB up to 10 

cycles and (d) Historiographic 

representation of dyes degradation 

percentage. 

 

   Figure 4 (a) and (b) show the C/C0 and ln 

(Co/C) vs. time curves of the photo-

degradation by vertically aligned ZnO NRs 

as a catalyst under dark and irradiation of 

visible light. The linear photocatalytic 

degradation of the organic dye molecules 

follows the pseudo-first-order reaction 

kinetics. The equation can be expressed as 

[4, 51]  

where Co is the initial concentration of the 

dye solution (mol L
-1

), C is the 

concentration of the dye solution at time t 

(mol L
-1

) and k is the rate constant of the 

degradation (min
-1

). The apparent rate 

constants of various dye molecules are 

obtained from the best-fitted curves of Eq. 

(2). The rate constant of ZnO NRs was 

found to be 0.012, 0.002 and 0.0006 min
-1

 

for the MB, RhB, and MO respectively 

under the illumination of visible light. 

   Overall, it is suggested that the vertically 

aligned ZnO NRs can be the potential 

candidate for the visible light 

photodegradation of selective organic dye 

molecules. The proper choice of ZnO NRs 

grown with necessary doping and 

appropriate growth condition can be an 

effective photocatalyst for selective dye 

degradation. In addition to that, stability is 

the key to the selection of optimum 

material for photocatalysts. For this, we 

have evaluated the photo-stability of ZnO 

NRs for degradation of the MB dye 

molecules up to 10 cycles under visible 

light. At the end of each cycle, the 

substrate level ZnO NRs were rinsed with 

de-ionized water to completely remove the 

organic molecules from the surface of the 

samples. The stability analysis is depicted 

in Figure 4 (c), and the results illustrate 

only a negligible shift in the performance 

in the 10
th

 cycle as that of the primary 

cycle which confirms the high ZnO NRs as 

the catalyst. For visibility, the 

photostability and non-corrosive nature of 

degradation percentage of MB, RhB, and 

MO under irradiation of visible light for 4 

hrs is 93.8, 34.1, and 12.6 % respectively 

as shown in Figure 4 (d). 

   From the observation, it is noticed that 

ZnO NRs grown by rf-magnetron 

sputtering shows the highest first-order 

kinetics (K=1.2 x 10
-2

 min
-1

) as compared 

with ZnO nanostructures grown by various 

techniques as given in Table 1. This 

strongly recommends ZnO NRs for the 

photocatalytic dye applications of 

methylene blue. 

0C
ln = t (2)

C
k
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   The degradation of MB dye molecules 

was explained in detail. MB is a cationic 

dye and smaller in size which adsorbed 

highly (12.7 % in dark) on the surface of 

the catalyst. The C=N and C=S bonds 

having low dissociation energy present in 

the MB may result in a higher 

photocatalytic degradation percentage [56]. 

The MO is an anionic dye that showed 

lower adsorption (2.2 % in dark) on the 

catalyst surface. Moreover, the azo (-N=N-

) group present in the MO having high 

energy of dissociation lower the 

percentage of photocatalytic degradation 

[57]. The RhB is a zwitterionic dye having 

both positively charged (NEt2) and 

negatively charged (-COOH) groups which 

could relatively lower the adsorption as 

well as the photocatalytic degradation 

efficiencies than that of MB [58, 59].

 

Table 1. Comparison of first-order kinetics of ZnO NRs with other earlier reports of ZnO. 

Photocatalyst Preparation 

Method 

Light Source First Order 

Kinetics, K (min
-1

) 

References 

ZnO 

nanoparticle 

Microwave 

Reactor 

UV Light (365 nm) 0.65 x 10
-2

 [52] 

ZnO 

nanoribbons 

Plasma afterglow 

oxidation process 

Xenon Lamp 6.5 x 10
−3

 [53] 

ZnO nanorods Precipitation 

Technique 

400 W Tungsten 

Lamp 

1.8 x 10
-3

 [54] 

ZnO 

nanomaterials 

Sol-Gel Method 150 W Mercury 

Lamp 

0.71 x 10
-2

 [55] 

ZnO NRs RF Sputtering 300 W Tungsten 

Halogen Lamp 

1.2 x 10
-2

 Present 

Work 

 

   Further, to evaluate the direct 

implementation of our proposed structure 

for dye degradation, we have investigated 

the degradation performance under natural 

solar illumination. The photocatalytic 

degradation of MB, RhB, and MO 

absorption spectra for 0 and 4 hrs of 

irradiation under solar illumination are 

shown in Figure 5. ZnO NRs exhibit 

enhanced photocatalytic decay of 97, 47, 

and 20% for MB, RhB, and MO 

respectively under the bright sunlight 

irradiation for 4 hrs because solar light 

encompasses the visible spectrum along 

with a small UV component (~4%). This 

UV light excites the electrons to the 

conduction band and leaves holes in the 

valence band. Hence, the electrons and 

holes induce photo-degradation through 

the oxidation and reduction reaction, 

resulting in high degradation under solar 

irradiation. The concentration of these 

electrons and holes on the catalyst under 

the irradiation of solar light is too small 

due to the small UV component in the 

solar spectrum. Therefore, the dye 

excitation-mediated degradation 

mechanism and the surface defects play a 

dominant role under solar irradiation. 

 

 
Figure 5. UV-Vis absorption spectra of 

various dye molecules in the presence and 

the absence of vertically aligned ZnO NRs 

grown on silicon substrate under the 

irradiation of natural bright sunlight for 4 

hrs. 
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4. CONCLUSION 

   We have favourably grown the vertically 

aligned ZnO NRs on Si (111) substrates by 

rf-magnetron sputtering. The correlation of 

temperature-dependent photoluminescence 

spectra with the photoelectron spectrum of 

the ZnO NRs confirms the existence of 

point defects induced by oxygen vacancies. 

The photocatalytic activity of the ZnO NRs 

is demonstrated by the degradation of 

organic dyes under visible and sunlight 

irradiations. The combined mechanism of 

dye excitation along with the surface 

defects mediated photo-excitation of 

electrons is expected to be responsible for 

the enhanced decay of MB molecules 

(97%) under solar irradiation. The 

photocatalyst is stable (10 cycles) with an 

almost constant percentage of degradation 

under visible light irradiation evidencing 

the practical reusability of ZnO NRs as a 

standard semiconductor photocatalyst. 
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