Chemleeh

International Journal of ChemTech Research
CODEN (USA): IJCRGG ISSN : 0974- 4290
Vol.6, No.3, pp 2229-2232, May-June 2014

www.sphinxsai.com

ICMCT-2014 [10™ — 12™ March 2014]
International Conference on Materials and Character  ization Techniques

UV screening performance of TiO, thin films on agriculturally
beneficial Rhizobium and Azotobacter

P.Malliga '3, I. Rathinamala 2, J. Jeya®, N. Prithivikumaran 2 and K. Neyvasagam >*

12.2.3 Department of Physics, °Department of Microbiology
1210/ v.Vanniaperumal College for Women, ?VHNSN College, *The Madura College
& 10 2 vjirudhunagar , * Madurai, Tamilnadu, India.

*Corres.author: srineyvas@yahoo.co.in

Abstract: Rhizobium and Azotobacter are agriculturally becigfiliving organisms present in biofertilizers
which fix atmospheric nitrogen into Ammonia andregses soil fertility therebypromotes plant growty,
radiations kill or inactivate microorganism thergirgvent the growth and development of the plaFitanium
dioxide (TiQy)is a wide band gap semiconductor, an efficierttligarvester and has strong UV light absorbing
capability. Here, we reported that the UV screengfigct of TiG thin films as a protective layer in the
enhancement of growth of Rhizobium and Azotobadt&D, nanostructure thin films of different thicknesses
were prepared using sol-gel dip coating method laasgsubstrate by different coating cycles and @edeat
350°C for one hour. It is found that the crystallgize and roughness increases with increase imemuof
coating cycles. Energy gap and transmittance dseseaith increase in film thickness. This studyveéd that
TiO, thin films act as protective layer against UV eitin and enhance the survival rate of organisms.
Keywor ds- Beneficial organism; Tigthin film;XRD;AFM,UV Screening effect.

Introduction and Experimental:

In recent years, Titanium dioxide (TjOhas been extensively used in numerous fieldsusecaf its
excellent properties.Tibelongs to the class of semiconductor with relftiveide band gap (3.2 eV for
anatase and 3.0 eV for rutile structures). Wheroseg to the light of energy corresponds to its bgal,
charge carriers such as electrons and holes adeiged and oxidation and reduction reaction occuarshe
TiO, surface.In comparison to the crystallite phasei@k,Tanatase is most photoactive due to the differemce
energy band structure [1] and the rutile protdogsraterials from ultraviolet radiations due to gi@oattering
effect [2].

UV light impairs photosynthesis and reduces sizedpctivity, and quality in many of the crop plant
species. Overexposure to UV radiations kills orciivates the cells of living micro organisms. Ritizon,
Azotabacter, Azospirillum and blue green algae Iatieg micro organisms advantageous in enrichind so
fertility and fulfilling plant nutrient. TiQ thin films have UV resistant properties and eéfitly transform
destructive UV light energy into heat when exposedlV radiations. This advantage enhances itstgkiii
protect the micro organisms from ultraviolet lighlere, we studied the effect of film thickness a®Jon the
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enhancement of survival rate of agriculturally Hem& organisms rhizobium and azotobacter, asequtote
layer against UV radiation.

Materialsand M ethods:

The TiG, sol was prepared by adding 6.3 ml of TTIP-Titanilietra Isopropoxide (Ti (Ofl,)4), to a
mixture of 5 ml acetic acid and 50 ml ethanol atidisg the mixture for 15 minutes using magneticrer.
The film was coated on glass substrates at a aunstee of 25 mm/min using a dip coating machinkee @ip
coated glass substrates were dried by heatingl&Clfér 5 minute and the process was repeated, for&8land
10 times to get four different thin films sampldssarious thicknesses. Finally all the samples vameealed at
350°C for 1 hour in muffle furnace.

Agriculturally beneficial microbes Rhizobium [3] @rmAzotobacter [4] were isolated from soil. UV
screening performance of thin films was experimeriig the following process. A laminar air flow chiaen
was used in this experiment to determine the efdédvV light exposure on organisms. The UV irradit
culture spread uniformly on 5 different nutrienaaglates and one more agar plate with culture posed to
UV light were incubated at 3Z for 24 hours.After the incubation, the numbessoifviving microbes in each
plate was counted by colony counter.

Results and Discussion:

Structural properties
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Figure 1 XRD patterns of Ti@thin films for different number of coatings

Table 1 Parameters of TiQhin film for different coating cycles

Swrvial | Survial rate

No.of | Thickness C Jj‘ji’f(ffhl{’ Band | Tran ,s.mmrm ce ,—.:;m (:;f of
coatings (1) size D gap at 500 nm | Ritizebium | Azotobacter

= (nm) (el) (%) (%) (%)

4 0.5 14.9 4 90 62 66

6 0.85 234 3.8 69 64 76

8 1.55 294 3.7 62 76 82

10 1.82 56.9 3.6 51 82 87

XRD patterns of the films annealed at 350or different number of coatings is displayedigure 1.
The prominent peaks detected at 24.78° and 254d2be attributed to the tetragonal (1 0 1) crystalcture
with anatase phase for 4 and 6 coating films wilgcim agreement with standard JCPDS data (Fil&No.
1272). For 8 and 10 coating Ti@lms the dominant peaks are observed at 26.88°27n22° and these films
have tetragonal (1 1 0) crystal structure andeythase which are in agreement with standard JGRIEES(File
No.21-1276). The phase change from anatase te ratthe TiQ film growth may be due to film thickness and
composition in the film.The crystallite size of tfiems determined using the well-known Debye-Scegsr
formula is shown in Table 1. The value3 of thiclsieSthe film measured using Stylus profilometefoisnd to
increase with number of coatings of the films [Eab).
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Surface mor phology

AFM, SEM and EDAX spectra of 10 times coated Jifin film is shown in figure 2. The AFM image
is covering an area of 3um x 3um of Fiin films and the surface plot reveals that tia fs quite rough with
average roughness{®f 13.4837 nm and Root mean square roughng®{38.0748 nm. SEM micrograph
of the nano crystalline TiQhin film shows loosely agglomerated grains withdmogeneous surface. In the
EDAX spectrum, only characteristic peaks of Ti @ére observed which reveals that the obtainedfithis
are composed of Ti (39 wt %) and O (45%).
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Figure2 AFM, SEM and EDAX spectra of 10 times coatedititn films

Optical properties

Figure 3 shows the UV-Visible transmittance s@eofrTiO; thin films for different number of coating
cycles in the wavelength range 200 — 800 nm. Tleeedse in transmittance of the films (Table 1)dsduse of
enhanced absorption as a result of the increadininthickness and the scattering effect origingtiinom
increased crystallite size.

The direct band gap values calculated using thec'$aplot is found to decrease with increase in
number of coating cycles (Table 1) which might he tesult of the change in film density and inciregs
crystal size and it may be attributed to the quantonfinement limit of nano particles.
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Figure 3 Transmittance spectra of Ti@hin films for different number of coatings

Results of UV screening effect of TiO, thinfilms

After incubation the organisms were counted usiopry counter. The survival rateof microbes
unexposed to UV is 100% whereas completely exptsddV radiation is 29% and 41% for rhizobium and
azotobacter respectively. The percentage of suri@ta increases with increase in number of coatifog both
organisms (Table. 1). The result showed that, ile thin films protect the beneficial living microorgam by
absorbing UV radiation.
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