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Abstract: A combination of one dimensional nanostructure amdimized anatase/rutile mixed phase
nanofibers were synthesized by an efficient rodtelectrospinning method to enhance the performanice
photocatalytic activity. The structural propertieé the mixed-phase TiOnanofibers (MPTNF) were
characterized by XRD and Raman spectroscopy. Thephmotogical studies were investigated by scanning
electron microscopy and transmission electron msmopy. The photocatalytic activity was evaluated by
degradation of methyl orange (MO), a significartr@ase in the reaction rate was observed with MRTNF
under UV light irradiation. The results suggestt thynergistic effect of anatase/rutile mixed phagth one
dimensional nanostructure and the band alignmetvides the two phases of Ti@rovided the subsequent
improvement of adsorption capacity and the enharoéwf catalytic efficiency.
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Introduction and Experimental

Considering the global scenario, environmentalytiolh and energy crisis have become serious idsussek
innovative solution to confront in human societyntiUnow, Titanium dioxide (Ti@ has been considered one
of the most promising photocatalysist semiconduct@terials because of its nontoxicity, low cost and
excellent oxidizing ability. In particular, 1D Tihanofibers have been extensively explored for stver
technological applications such as catalysis, gasisg, lithium ion batteries and photovoltaic £¢ll, 2]. The
electrospinning technique is an excellent inexpensnethod for producing nanofibers. FiGccurs as two
important polymorphs, the stable rutile and metdetanatase. Anatase titania is usually considieréd more
photoactive than rutile [3]. Even so, rutile Ti® thermodynamically stable phase and exhibitsekxat
physical and chemical properties which are bettentthose of anatase [4]. Despite its merits, the
photocatalytic efficiency of the pure Ti@ quite limited, mainly due to rapid recombinatiof photogenerated
electron—hole pairs within TigJ5]. In this paper, we report mixed phase (andtaske) TiO, nanofibers
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(MPTNFs) prepared by an electrospinning technidueés well demonstrated that the obtained nanofiber
showed enhanced photocatalytic activity compatbégure phase Tihanofibers.

Initially, 0.5 g of titanium tetraisopropoxide weissolved in a mixture of 2 ml of ethanol and 2ahl
acetic acid to obtain a transparent yellow solutione gram of polyvinylpyrolidone (PVP) was dissavin a
mixture of 10 ml of ethanol and 2 ml of N-N dimelflilymamide (DMF) to control the viscosity. Theseotw
solutions was stirred for 10 min and loaded in@ral syringe. The distance of 15 cm and a DC veltafj20
kV were maintained between the tip of the needtk the collector. After electrospinning, the obtairiers
were calcined in air at 600 °C for 1 hr to form ixedl phase.

Results and Discussion

The phase and structure of the samples were deiednly XRD as shown in Fig. 1(A). The diffraction
pattern of MPTNFs can be assigned to the (101%)(QQ00) and (204) crystal plane of pure anatdmsese of
TiO2 (JCPDS 21-1272), (110), (101), (111), (21@11), (220), (002) and (310) planes of the rutitege
(JCPDS 21-1276) respectively indicating the mixddhge of TiQ nanofibers. To investigate further the
crystalline quality of MPTNFs, Raman spectroscomswecorded in the range of 100 to 1000'cas shown
in Figure 1 (B). The spectra shows four bands 4t #25, 510 and 614 c¢hcorresponding to the Elg
(anatase), Eg (rutile), Alg (anatase) and Algl@utodes respectively and additionally, a broaadbat 248
cnit due to second-order scattering feature [6]. FigurgC) and (D) shows the morphology as-spun
nanofibers and calcined nanofibers investigate&B$EM. It can be seen that the surface of as spun
nanofibers are very smooth with the average diant#t@50 nm and non-porous (Figure 1C). After
sintering at 600°C, (Figure 1D) the nanofibers aeefbecame much rougher than the as-spun fibers
and the average diameter of these MPTNFs shrahRGam.
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Fig. 1 (A) XRD pattern of anatase , rutile and MPTNMB). Raman spectra of anatase, rutile and
MPTNFs. (C) and (D) SEM images of the as-spun ribacf and MPTNFs respectively.
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Fig. 2. (A) TEM and (B) HRTEM images of MPTNFs. (C) Phd¢gradation of MO,
(C/IGy) as a function of irradiation time

To get more detailed information about the crystallstructure of MPTNFs, TEM and HRTEM
observations were carried out and as shown in EigufA and B). Presence of lattice interplanar sppof
0.35 nm corresponding to the (101) plane of angthsese together with the interplanar spacing o2 Gud
corresponding to rutile (110) plane of Li@vealed the mixed phase nature of the nanofilbégsire 2 B). The
enhanced Photocatalytic performance of the samydesdeduced from the degradation of methyl oramgieu
irradiation of UV light as shown in the Figure 2)(0he MO solution was found to be quite stablgha
absence of a catalyst. The concentration of MO ming after irradiation was 81 % in the presence of
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MPTNFs. Energetically, the morphology and natur¢éhefinterface could promote electron transfer frotile
to lower energy anatase trapping sites. The trgpgie of anatase has been shown to be 0.8 eV lovesrergy
than the anatase conduction band, which is belevedinduction band of rutile [7]. In these casepndgination
rate of photogenerated electron and hole pairsdetsyed. As a result, more electrons are availahl¢he
surface to take part in the reaction process wieshlts in the significantly higher photocatalytepability of
MPTNFs over anatase or rutile TNFs alone.

Conclusion

MPTNFs were synthesized by using simple electragpi method. The mixed phase formation was

confirmed by XRD and Raman investigation. Fibroumrphology and mixed phase was clearly evident from
SEM and TEM analysis with HRTEM respectively. Wéiaged 81% photocatalytic degradation of MO by the
MPTNF due to electron transfer in the rutile/anatplsase junction that migrated photoexcited chargeseen
the two phases which lead to the efficient chagpagation and as a result increase the photoddigradate

for potential use.

References

1.

2.

Quan X., Yang S., Ruan X., Zhao H., Preparationtizinia nanotubes and their environmental
applications as electrode, Environ Sci Technol052@9, 3770-3775.

Konstantinau I.K. and Albanis T.A., Photocatalytiansformation of pesticides in aqueous titanium
dioxide suspensions using artificial and solartligitermediates and degradation pathways, ApgialCa
B, 2003, 42, 319.

Hanaor D.A.H., Sorrell C.CReview of the anatase to rutile phase transformatloMater. Sci., 2011,
46, 855-874.

Grzmil B., Glen M., Kic B. and Lubkowski K., Prepdion and Characterization of Single-Modified
TiO2 for Pigmentary Applications, Ind. Eng. ChenesRk 2011, 50, 6535-6542.

Anandan, S., Rao T.N., Sathish M., Rangappa D.ntdoh & Miyauchi M., Superhydrophilic Graphene
-Loaded TiO2 Thin Film for Self-Cleaning Applicatis, ACS Appl. Mater. Interfaces, 2013, 5,
207-212.

Nuansing W., Ninmuang S., Jarernboon W., Maensian® Seraphin SStructural characterization and
morphology of electrospun TiO2 nanofibers , Magai. and Eng. B, 2006,131, 147-155.

S. Leytner. and Hupp J.T., Evaluation of the engrgeof electron trap states at the nanocrystalline
titanium dioxide/aqueous solution interface viadinesolved photoacoustic spectroscopy, Chem. Phys.
Lett., 2000, 330, 231.

%k %k %k k% %k



