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ABSTRACT:

Transparent thin films of pure TiO, and 3% Sr-doped TiO; (Tiggr Sroos02) Were prepared by spin
coating technique onto well-cleaned glass substrate. These films were annealed at different temperatures.
The structural analysis by GIXRD and Raman Spectroscopy confirms the anatase phase of TiO,. The
study also shows dependence of structural parameters and crystallinity on the annealing temperature of
films. Surface morphology of the prepared films studied using Atomic Force Microscopy (AFM) exhibits
a homogeneous globular structure. The UV-Visible analysis shows decrease in the optical band gap of the
films annealed at higher temperatures. The UV spectra also show good absor bance of UV radiation in the
wavelength range of 300 nm to 400 nm. Photoluminescence (PL) study shows variation in the emission
peaksfor filmsannealed at different temperature and for those with different concentrations of strontium
(Sr). Thedielectric properties, gas sensitivity, wettability and self-cleaning property of the prepared films
were also studied and theresultsare discussed in details.

Key Words: TiO, Film, GIXDR, RAMAN, AFM, UV, PL, Electrical property, CO, gas sensitivity, Wettability,
Self-cleaning.

1. INTRODUCTION

TiO, possesses three polymorphs: anatase, rutile awkite, with distinct crystalline structures. Thaile is
the most common and well known structure of theahtn rutile, the structure is based on octahedodTiO,,
which share two edges of the octahedron with otleégthedrons and from chains Titanium dioxide G)ias
attracted the attention of many research workeestduits outstanding physical and chemical propsrtlit is
found that TiQ is also antibacterial, self cleaning and superdygiilic. It has large number of applications as a
catalyst support, gas sensor, thermoelectric antbphltaic cells [1-13]TiO, is also a promising material for
next generation of ultra-thin capacitors, due ¢aielectric property [14-15].

In the present work strontium (Sr) has been usedogsnt. Alternating current conductivity (AC)
measurements are used to characterize electriopégies of various materials and in the presenkwio has
been used for understanding the nature of conductiechanism. Report are available for mesoporou® ST
film [16].

With increase in the frequency, the dielectric ¢ans of the film is found to be decrease. This is
because the frequency increases dipoles starny toelaind the field and dielectric properties isngpio decrease
and at higher frequency dipoles are not able ttviothe field for longer. The AC conductivity isnkarly
increase with respect to frequency and Sr-doped, Bfbw the low dielectric property and high AC
conductivity compare with pure Tidilms [17].

Here we report on the structural, optical, eleafriggas sensitivity, wettability and self-cleaning
properties of TiQ and Sr-doped Tigthin films deposited by spin coating techniquegtass substrate and post
annealed at different temperature.
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2. EXPERIMENTAL & CHRACTERIZATION DETAILS

In the present work, six films (three for pure Ji& three for Sr-doped Ti¢) of approximately 70-80 nm
thickness were prepared. Titanium (IV) oxyacetylanate (0.3M) was used for Ti source and Strontium
Chloride (GR) for Sr. Precursor samples were takgyolyethylene glycol (6ml) and water (4 ml). thalution
was stirred for one hour at room temperature t@iold viscous and transparent solution. The rpith@fspin
coater was set at 2000 and during each rotatioee tthrops of solution were made to drop on thesglabstrate.
This process was repeated three times with thes figing annealed at 3@ between each process. One film
each of TiQ and Sr-doped Ti©were then annealed for 30 minutes at’adand 6068C, respectively.

The films structure was studied by Grazing Incideicray Diffraction (GIXRD) using Bruker D8
discover diffractometer, (Cu ,kradiation, A=1.5406 A) complementary information concerningmfil
microstructure was derived from Raman Spectra whvele acquired by means of a Jobin Yvon Horibra
Labram- HR visible spectrometer using the blue (##8 nm) of an Ar laser as excitation source. dtiection
time for each spectrum was 5 minutes iin the rasfge0 to 200 cm.Film surface morphology were evaluated
from AFM measurments. The photoluminescence enmissfmectra was obtained using Hariba Jobin Yvon
Fluoro Ma-4 spectrofluorometer. UV absorption speetas studied using Thermo Scientific evolutio® &0/-
Visible Spectroscopy. The optical band gap for fitras was calculated from “Tauc” equation plot. The
dielectric loss and capacitance was measured asciidn of frequency (100 Hz — 10 kHz) at room tengpure
in an air atmosphere using Hioki LCR meter. The gmssitivity of the films in the presence of £@as has
been measured using two probe method. In additi@nettability and self-cleaning properties hasdleen
investigated.

3. RESULT AND DISCUSSION
3.1 Structural Characterization
3.1.1 GIXRD Analysis

Figure 1(a) and 1(b), shows the GIXRD patternssofleposited and annealed thin films of 7&hd Sr-doped

TiO, film prepared by spin coating method on glass sates It is evident from GIXRD patterns that the

annealed thin films are polycrystalline and shonatase phase with preferential growth along (10dne The

GIXRD pattern indicated the presence of (103), j2&0d (101) planes of TiOmaterial which is in good

agreement with JCPDS card no. 21-1272. The GIXRiepaof as-deposited films low crystallinity. Intgty

of (101) and (200) peaks increases as an effemméaling, which is attributed to increasing aistity.
Separate peaks for Sr-doped T#e not observed due to low dopant concentratias.also difficult

to predict whether the Srion exists as Sr-O orstiréace of TiQ as SrTiQ from the GIXRD pattern due to low

dopant concentration.
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Fig. 1(a), GIXRD data of the Ti@thin films prepared by spin coating.
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Fig. 1(b), GIXRD data of the Sr-doped TiGhin films prepared by spin coating.

From the figure 1(a) and 1(b) it is clear that,heiit annealed film shows the amorphous nature and a
we increase the annealing temperature the crystglbf the film also increase. The anatase ph&3é@, was
found in both samples annealed at high temperafne. crystalline size estimate using the Debye-@che
formula is found to be 32 nm for pure Li@nd 37 nm for Sr-doped T;O

We have used short and long time scan becauseryfoxe thickness of film and we took scan in the
range of 100 to 200 ¢ The main peak of anatase phase of,Tg&bbserved near about 144 triThe Raman
spectroscopy of the samples confirms the anatasseptf TiQ as determined by GIXRD analysis.

3.2 Raman Spectroscopy Analysis
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Fig. 2(a), Raman spectra of Tidhin film prepared by spin coating technique.
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Fig. 2(b), Raman spectra of Sr-doped Fithin film prepared by spin coating technique.

Raman spectra shows broadening of the spectraingtbase in annealing temperature. Post annedhedafso
show the shifting. Same result were observed iddped TiQ films but in whole sample we get peak near
about 149 cil [18-20] and they are also shows the same typditfrgy compare with Ti@ Raman spectra.
This result supports that the structural paramstdependent on the annealing temperature andsanpkese is
more temperature sensitive and Ti€hows the anatase to rutile phase transformatibigh temperature. The
Raman shifting of Sr-doped Ti@pectra also indicates that Sr is properly contiatéached with Ti atom.

3.3 AFM Analysis
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The formation of TiQ and thin films deposited by spin coating is coestdl accumulating like “tiny island”.
Figure 3 shows the surface topography image of Eambptained by AFM. All the as-deposited thin films
indicates surfaces which are not highly rough, @rad the film is homogeneously distributed on thbssrate.
Without post annealed filmghow rough surface compare to annealed films. Thariage of the films show the
spherical shape of the particles and post anndifitesl also show same result but compare to wittamutealed
film the particle size is small and of uniform sphal shape. The particle size calculated fromARM data is
near about ~115 nm in post annealed films in bathmes. From the AFM result, it is believed that thin
film grow process consist of three aspects, thenatadsorption, migration and desorption, which alie
connected with the annealed temperature and vigco$ithe sample solutions. AFM Images obtained on
different regions of the samples showed that tinesfiexhibit a homogeneous globular structure. Titgeefilm
surface is formed by small grains of the depositaderial.
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Fig. 3(a), AFM data of TiQ thin film annealed at 66G
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Fig. 3(b), AFM data of TiQ thin film annealed at 56G
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Fig. 3(c), AFM data of Sr doped Tighin film annealed at 66G
3.4 UV-Visible Spectroscopy Analysis

Figure 4a and 4d shows the UV-Visible spectra a€pliO, and Sr-doped TiQand figure 4b and 4c show the
Tauc plot of pure TiQand Sr-doped Tigxhin films.
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Fig. 4a, UV-spectra of TiQfilms
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Fig. 4c,UV-spectra of Sr-doped Tidilms
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Fig. 4d,Tauc plot of Sr-doped Tidilms

From the figure 5, it is clearly observed that &sorption varies with the annealing temperaturthef
Sr-doped TiQ films. This indicates that the optical propertytbé TiQ thin films depends on the annealing
temperature. When we annealed the film the oxidatitthe film changes the optical property, surfpogperty
and density of the Ti©film. UV-Visible absorption spectral analysis ised to probe the band structure of
materials. The absorbance edges changes with ampdamperature. Some work has been reported on the
optical property of the Tipwith doping of foreign element [21-22].

UV analysis shows that the optical band gap offithes, estimated using the Tauc plot increases from
3.5 to 3.6 eV for pure TiQthin film on increasing the annealing temperatiirés also seen that for 3% Sr-
doped TiQ thin film, the band gap increases from 3.4 to 3¥5 It is found that the films after post anneglin
show good optical transmittance near the UV-Visilelgion. This shows that strontium influences andhtical
behaviour of TiQ and that Sr-doped Tidilm can be used as UV sensor.

3.5 Photoluminescence Analysis

Figure 5, shows the photoluminescence emissiontrspéar the prepared films. The emission spectraewe
measured at different excitation wavelength inrdrege of 280 nm to 550 nm. In this work, the emissipectra
were not observed at the 280 nm and above 500 oitatan wavelength. The emission spectra were rolse
in the range between 300 to 500 nm. The PL behawibine Sr-doped Ti@also shows similar behaviour.
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Fig. 5a, PL emission spectra of Tid@ilms (Ex. Wavelength = 300 nm)

136



E-ISSN: 2321—-9637
Volume 2, Issue 1, January 2014

| nternational Journal of Research in Advent Technology

Available Online at: http://www.ijrat.org

800000

| 439.21 nm
700000
600000
n 1 —— Room Temperature
Q500000+ 0
Q, 400000 500 ~C
é‘ 3000004
2 |
200000
g ]
£ 100000
0+
. Ex. Wavelength 300 nm
-100000 T+ 1 - T 1~ 1T T~ T *~ T * T ~ T 1
300 350 400 450 500 550 600 650 700 750
Wavelength (nm)
Fig. 5b, PL spectra of Sr-doped Ti@lms
5000000 —
4000000 —
) -Room temperature
?)’ 3000000 500 OC
2z A\ |—-6000cC
) 2000000 -
c .
9
c
— 1000000 - -
. Ex. Wavelength 500 nm

T T T T T T T T T T 1
500 520 540 560 580 600 620 640 660 680 700 720

Wavelength (nm)

Fig. 5c, PL spectra of Sr-doped Ti@Im
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Fig. 5e, PL spectra of Sr-doped Ti@lms

Figure 5a and 5b shows the PL emission spectrai©®f @and Sr-doped Ti©for the excitation
wavelength of 300 nm respectively and figure Songhthe emission spectra of Sr-doped J#&Dthe excitation
wavelength of 500 nm. Figure 5d and 5e shows therRission spectra of pure Ti@nd Sr-doped Ti@at the
excitation wavelength of 350 nm. For both theseatation wavelengths the PL emission spectrum ienled
in the visible range. The PL behaviour of the asaféiG is also depending on the grain size [23]. Theblasi
PL emission of the anatase Bil® due to lattice defects of vacancies and chitgestitial.

In present work, all films prepared are highly sparent. At the 300 nm excitation wavelength, sharp
peak were observed for both films, and the anngaémperature is increase with respect to the maxirpeak
value which shows a shift to higher wavelength athbfilms. The shifting difference in without antes and

post-annealed films is 1 to 3 nm. At the excitaticavelength of 350 nm, same behaviour is observedtithis
excitation wavelength 3-4 emission peak is observed
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In both excitation wavelengths, the visible emiss®observed in the range of 380 nm to 550 nm. The
visible emission of anatase Ti@nd actual mechanism behind the visible emissfoanatase Ti@film and
bulk is due to radiative emission of self-trappeditation theory of Toyozawa [24-26]. The presenidy,
shows the annealing temperature greatly influettoe®L behaviour of Tigand doping concentration is highly
effective in adjusting the Fermi energy level ferrsconductor [27].

3.6 CO, Gas Sensitivity

Figure 6, shows the graph of sensitivity versusafiiey temperature for the post annealed films. Jdtep for
measuring the gas sensitivity behaviour of the $asnwas developed in laboratory. In order to understhe
temperature dependence sensitivity of Jtin film specimen C@®gas with concentration of about 100 ppm
was used. An external voltage of 5 volt was usethgumeasurements. In our measurement we obsena¢ds

the temperature of the sample is increased theegyastivity also increases and they reach a maxiveioe for
255°C temperature. At higher temperature it decreabhs. annealing temperature and doping concentration
also affects the gas sensitivity of the i@ Sr-doped TiQ film shows high sensitivity, as compared to pure
TiO,. The sensitivity of the semiconductor gas sersaonadinly determined by the interaction betweertanget

gas and the surface of the sensors. The greatesutfiece area of the materials stronger is therdot®n
between the absorbed gases and sensor surface.
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Fig. 6, sensitivity versus operating temperature of tinesf

Figure 7, shows the sensitivity as a function oérating time for films annealed at a temperature of
2555C. A rapid increase in sensitivity with increasiiige is observed. This is because, greater sudeea
of the materials provides stronger interaction leetwthe adsorbed gases and the sensor surfadegher gas
sensitivity of the film because the surface spearastrapped electron are return to the condudtand causing
an increase in the conductivity of the films. Spdd TiQ shows the high gas sensitivity compare with pure
TiO,.

In general, the high temperature operation of #resgr makes the life time of the sensor shorter and
increases resistance thus consuming more powempfenation. It is believed that the oxygen coulddmoved
or is lost from the materials/film surface at higimperature. This suggests that the response aftiigor may
decrease at high temperature. Since there will bee raxygen vacancies which led to less occurrefice(
oxygen reaction. Also the sensing process depemdiseosurface roughness of the Tilms.
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Figure 8, shows the graph of resistance as a imfi time of operation at 285 temperature for the
films. Pure TiQ film shows the high resistance compare with SredbiO, films. Resistance gradually
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Figure 9, shows the graph of current as a funatiotime. Without doping and without annealed film

shows low current as com
high current at about 8 nA.

pare to doped and postatethélm. At 606C annealed Sr-doped TiGilm shows
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The current value of pure Ti@ilm is very less compare with Sr-doped Fifdm, is due to the surface
species and trapped electrons are returned tootiduction band causing an increase in the condtyct¥ the
TiO, film doping with strontium and respectively the@nt value of sensor increase.

3.7 Self-Cleaning Properties

Figure 10a & 10b shows the self-cleaning activitythe films. Figure 10a, (A, B, C) shows the sd#daming
activity at the Room temperature of the Tim annealed at 508C and annealed at 68 and D, E, F for Sr-
doped TiQ film. Figure 10b, all same but after two days @sgd in sun light. Ti©@shows the photo catalytic
activity and because of that it has ability to dapose the organic dirt molecules in the presendd\bfight or
sun light. In present study, it is observed thaemthe droplets of red ink (fountain pen ink, Caprelduction)
dye was put on the both coated and uncoated gldssirate. It is observed that, the post annealedshows
high self-cleaning activity as compare to that withannealed. The Sr-doped %pifims shows more cleaning
activity after two days as compared with pure J@ated films.

Post-annealed film shows high self-cleaning agtigitthe films. This result also suggests thatdek-
cleaning activity depends on surface morphology @gdtallinity of the film. In both case Sr-dopetD§ films
shows more self-cleaning activity as compared witte TiG, films.

Fig. 10a, Self-cleaning activity of the pure Ti@nd Sr-doped Tigfilms
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Fig. 10b, The self-cleaning activity of the pure Gi@nd Sr-doped Tig¥ilms (After exposure to in sun light for two days

TiO, shows photo-catalytic property and because of ithaas ability to decompose the organic dirt
molecules in presence of UV light or sun light.dresent work, it is observed that when the dropfeted
(fountain pen red ink, camel) dye was put on bathted and uncoated glass, the coated glass wasrsgen
clean as compared with uncoated glass substrate.

3.8 Wettability Analysis

In the present work, we studied the surface hydtigjil of the TiO, and Sr-doped Tigfilms. It was
quantified from measurements of the water contagteaon the without coated and with coated glabstsate.
The measurement was first performed on normal argliglass and there after for Ti@nd Sr-doped Ti©
coated glass substrate for the same time durdtiésobserved that the contact angle of water ldtog very
less compare with dopant TiOSr-doped Ti@ shows the higher contact angle in without annealed post
annealed film compare with pure TiCQPost annealed film shows the large contact anghéch indicates that
the crystallinity of the sample is also importaot the hydrophobic and hydrophilic behaviour of T#&hd Sr-
doped TiQ films. Figure 11 shows the wettability behaviotitlee pure TiQ and Sr-doped Tigfilms prepared
by spin coating method [28-29].

Fig. 11a, Pure TiQ coated film (without annealed) Fig. 11b, Pure TiQ coated film (annealed at 6%)
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ity

Fig. 11c, Sr-doped Ti@coated film (without annealed) Fig. 11d, Sr-doped Ti@coated film (annealed at 61)

4. CONCLUSION

Thin films shows the amorphous nature at room teatpee (without annealed film) and post annealéd fi
shows that the crystallinity of the films increadesthe anatase phase of FiGRaman data suggests that the
anatase phase is present in the prepared fili@ The Raman spectrum shows shifting with irms® in doping
concentration. Raman data strongly supports theRBIXdata. The strontium doped Ti@ilm also shows
changes in band gap with doping concentration aidimation of film. Without annealed films showssse
intense PL emission spectra with sharp peak anthtbasity of the peaks are found to increase waithealing
temperature. Doping does not seem to influencentiemsity of the peak but peak positions are fotmdhift.
Films shows C@gas sensitivity of 0.8. The sensitivity of the bfitms is found to increase with the function of
time and resistance decreases with function of.t®teontium doped Ti@films shows increment in the GO
gas sensitivity of the films and also shows incesam sensitivity with operation function of timehereas
resistance decreases with function of time. Spiating shows high self-cleaning activity observedpst
annealed film and low self-cleaning activity obsmhin without annealed film. Post-annealed strontdoped
TiO;, films shows the very high self-cleaning activisy@mpared with without annealed film. Strontiunpéeld
TiO, films also shows high contact angle with water.
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