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Abstract. Fn() nanorods are successfully Fabneated on the FTO substrate by a simple
anid  low-cos1 hydrothermal method. The structural, morphologecal and  oplical
properties of the ne-prepaned samples are delermaned by X-ray diffraction | XRD), field
emsgin scanning electron microscopy (FESEM) and fuorescence spectnoscopy. The
FESEM imapes show the predominant dependence ol different morphologses on the
ratio ol precursors. The oblained Fnl) nanorods have bexagonal structures wath
diameters of about 230 nm and are relatively uniform. The phowocatalytic activity af®
i) films in the UY A light region s evaluated through the capability o degrade methyl
arange (MOY). The results reveal that the Znl) film with hexagonal rod structure has the
best pholocatalytic performance compared with other geometrees fabricated dn this
wirk.

Keywords: #ol) nanorads, Znd films, methylene blug, hydrotbermal method,
photocatalyise activity

1. Imtroduction

The enormows development of indusiry along with the population outbreak has cavsed severe
consequences for the living environment in the Earth. Among global environment issues, water podlubon
15 the primary concern of countries in the world becanse many water bodies are now senously polluted
due 1 toxie chemicals and dyes from sewage. The leads o vast damage or even rusn aguatic lafe and
human healh. Vanous phyacal and chemical methods have been proposed and siudsed in several
ibecades m order to deal with these soes. Most tvpecally, photocatalvise degradable technology 15 one
of Fully promising approaches m the water reatmenl strategy bevause il % known 23 a bow-cos,
enviroamentally-frsendly and sustanable echnology, which produces none of secandary pollutson [1].
In thas regard, an ideal catalyst should have an excellent efficeency, a large specific surfsoe under the
sunhght, and recwelability [1).

Adong with the challenges in the consecutively developing process of photocatalyise technalogy, a
range of varow phowcatalysts, such as TiO;, By, Fedd, CdS, meal-orgame framework, Cul),
carbon materiaks and their compounds, has been reported [2-6]. Among the excellen photocatalyis,
Fulyhas emerged a5 a preatly polential catalysl, which 13 sirongly active mnibe uliravvolel leht regon,
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tharks Lo is oulstanding properties, lor instances, dmect band gap of 3.2 &V, large binding energy of 60
me, nomtoxicity, high temperature and chemscal stability and low cost [ 7]. Nevenbeless, one of the
major impedsment, which stems from s large band gap, is the decresse of photocatalytic reacton. To
overcome this drawback, different modifications, such as dopang, noble metal decorstion and composite
harve been mvestigated [5,8%). On the other hand, the changes af s1ze and morphology of materials may
midify chemscal and physical charscterstics. Comsequently, photocatalytic properties of matersals can
be impreweed [ 10] without dopmg other materials. As shown in reports, depending on the wed precursons
and thietr concentrations, the solvenis, IhepHuflJm alution, and synihess misthods and therr condinons,
Znld can be synthesteed imo various morphologies with high surface area, sweh as nanorods, nanowires
and Nower-hke shape [11]. Recently, £n0) film fabricating technology has recerved much atlention
because of its practical application. However, the photodegradation time of Zo0) filmes has sill been an
tszue, which needs 1o be solved. A varsety of fabricating techniques has been explored, such as sol-gel
spin coaling [12), spray pyrolysis [13], dep coating [14], radio frequency magnetron sputtering [15] and
hybrothermal methesd [16].

In this work, nanostructured Zn0) films were prepared on the FTO (F:Sn03) wsmg by drothermal
mithod al rezsomable conditions. In addition o discussnon of sirocture and oplical characteristics of £nl)
films, we analyzed the impact of precursor malar concentraton on thesr morphology and photocatalytic
degradstion  process. This study contributes 1o enhance the pracical applicaton capacity of
namistructured Snl) matenals

1. Experimenial
2.1 .‘i_'mdrufs and characlerization

All reagents meluding sine acetste dibydrate (ZoiCHO000: 2HAY), #ine nitrate  hexahydrate
(£n[MNOL).4H:0) and ethanol were commercially purchased from Sigma-Aldrch with high pursty. To
gynthescee £nl) film on FTO (F: 50}, the commercial FTO substrave with the surface area ol 4 cm?
was first pre-treated by distilbed water and ethanol and then droed Subsequently, | g zine nitrate
hexabydrate was dissolved m 50 mi ethanol under stirmng until oblanang a omisgensows solution at
s lemperature. Next, thes solution was uialzed o create one initial layer on the FTO subsirate by
using spin coating and afler that, it was beated at 120 °C for | hour. The oblained film together wath zine
acelate solution of variable molar concentration [Ty = 0U0IM, 0LO0TSM, 00058 and 00020 and
denpted 2 20,01, 000075, A0.005 and 20002, respectively) was introduced mio a Teflon autoclave
and kept 21 90 °C fiar 8 hours. When the experiment ended, the subsirale was taken oul and rnsed with
dhstilbed water srveral mes and then doed in an oven al 70 °C overnight.

The morphology of all samples was obwrved by Hitachi $-4800 field emasion scannmg electron
microscopy (FESEM). The crystal sruclure was oblamed by a Bruker [M advanced X-ray power
diffractometer with Cu-Ki radiation. The photaluminescence (PL) spectrum was messured by tHRS50
high resolution PL spectroscopy. The UV.wns adsomption spectrum was examined by an U -vis
spirctrapholometer Carry SO0,

11 Photocmalytic tes

The phowcataslytse efficiency of £} film was examined through the degradation of methyl orange
(MY concentralion under Xenon lamp (Solar Simuolator: Onel SollA 100mW/em?), which amuolales
thi: sumlight. Typically, the as-prepared Znl) film was saked mto 50 ml of MO solution (Cw = 2 ppm)
ina beaker. The photocatalytic tes) was carried oul al room temperature and pH = 7 afber the MO slubon
andd o) lilm had kept topether in the dark for 60 min at 300 rpm o reach sdsorpbon desorplson
equilbrum. Each 3 ml MO solution was taken out in every 1 hour interval o study the adsorption
spectra. Carry 5000 device was applhied 1o analyee the dye photedegradation by mears of the change of
thi: absorption spectrum mlensay of MO 3 the wavelength of 655 nm.

1. Results wml discossion

The FESEM images of as-prepaned £o0) films are shown in Fig. 1. In particular, a hexagonal column-
like shape 15 observed in the sample with the lowest amount of ine acetste, while it i3 nol introduced in
the: others. The deameters of these hexagonal columns are approximately 120 nm and the length of those
are around several mecrometers. The signilicant change of marpholegy 15 pointed oul when increaang
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the zinc acetate amount from 0.002 10 0.01 M. I can be seen obviously that the wall of rod 15 formed
first and then the core 15 gradually filled via the increase of precursor concentrabion. Therefore, 20.005
sample has hollow rod shape while the remmning two samples show fulfilled rods, nonetheless they
have mterlocking trend, The results clearly unvesl that the znc acetate concentration works as a key
I eter 1n the develop of g 1c structure of Zn()

Figure L. FESEM images of ZnO films synthesszed at the different molar of Zn precursor: (a) Z0.002,
(b) Z0.005, (¢) Z0.X75 and (d) Z0.01

The crystal structure mformation of Z0.002, Z0.005, Z0.0075 and Z0.01 samples 15 determaned by
X-ray diffraction pattern. As shown in Fig, 2, daffraction peaks of the samples appear around 26 = 31.8°,
34.5%,36.34° 47.6°, 56.6° and 62.9" coeresponding to (100), (002), (101), (102), (110) and (103) planes,
respectively. This result 1s 1n good agreement with the 36-1451 JCPDS reference and concurrently
confirms that all synthesized ZnO films have a hexagonal wurtzate crystal structure, Furthermore, from
the XRD pattern, it can be confirmed that the formation of c-axis onented Zn() nanorods grown on the
FTO can be deduced from strong (002) diffraction peak. [17)

Figure 3 plots the room-temperature PL spectra of ZnO films by the exciting source of Laze Team
Phonic 355 nm. The PL spectra of all samples comsst of one band with hagh intensity in the UV region
and one wide band in the visible. The former 15 characteristic for ZnO due to recombination of free
excitoms, bound excitons and tramsston 10 the donor-acceplor pairs [18]. The latter can be due o the
presence of defects in the ZnO films The MO degradable efficzency of ZnO films & calculated by
equation

cewy =55 100,
( L
where € and C, are the concentrations of MO solutsons before and after iradiation at time ¢,
respectively. Simular to the morphology, the MO degeneration rate of ZnO film depends on the precursor
concentration, as shown in Fig 4. Particularly, the one with the zme scetate concentration of 0.00S
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hibats the high hotocatalytic activity. Specafically, about 95%, 85.2%, 65.1% and 35% MO dye
mmn!aﬂndlmnumngmhﬂw light when using Z0.005, Z0.002, Z0.0075 and 2001,

respectively,
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Figure 3. Photoluminescence spectra of the  Figure 4. The dye photodegradable performance of

ZnO) films grown on FTO substrate by  different ZoO films with respect to time.

hydrothermal method

The underlying photocatalytic mechamsm of semiconductors a8 Zn0), was represented in detasled

elsewhere (19, 20]. When bemg irradiated by hight with energy higher or equal to the band gap of Zn0),
electrons 1n the valence band wall be excited 1o the conduction band, giving rse to the generation of
holes n the valence band. Both phologenerated carmers, which are el and hole, emigrate separately
to the photocatalyst's surface and take part in oxidatson and reduction reacts The 1on b
the electron and oxygen on the surface of ZnO will produce superoxade radicals. Whereas, the holes can
react with water to form hydroxyl radscals, Both radicals will mvolve in the MO decomposing process.

4. Conclusion

We fully synth d and stud, ‘lhe fluence of precursor ion ca the morphology

crystal structure, ophaland b I of the ZnO film. Tlnmmmofnncaamc
anumrwlsmdaedungcol‘mpimlcgyoflrﬂhomuneixxagnmlcolm-hkuuhlomﬁmd
rods. The daff i the phology plays an important key in the enhancement of the
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photodegradable rate a5 well 23 the reaction yield. With the hollow rod strocture, 20,005 exhibited better
photocatalytic efficiency, which 18 stiributed to the barger surfice area compared (o the other samples.
More noticeably, the ZnO films can be reused easily without encountering problems when using ZnQ

powder. These fincings pave the way for further practucal applatality of ZnO
nanostructures, typically ZnO film.
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