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OPTICAL AND STRUCTURAL PROPERTIES OF TiO, NANOFIBERS
PREPARED BY THE ELECTROSPINNING METHOD

The presented paper is devoted to investigation of structural and optical properties of
titania nanofibers. The investigated samples were prepared by the electrospinning method
from polymeric solutions, containing TiO, precursor, followed by a calcination procedure to
obtain highly crystalline, pure inorganic nanofiber materials. The structural properties have
been investigated by Scanning electron microscopy (SEM, FEI Nova) and X-ray diffracto-
metry (XRD, Rigaku Ultima). The phase identification of the samples showed the anatase
phase of TiO,. Linear dimensions of nanofibers were calculated. Optical properties were
studied with use of UV—VIS spectrophotometer Shimadzu UV-1700 and photoluminescence
(PL) setup (excitation with A =355 nm) in the range 350—1100 nm and 370—900 nm,
correspondingly. The absorption edge of the samples was in the range of 395—410 nm.
The PL maximums appeared at the range of 420—510 nm and 550—710 nm. The mech-

anisms of luminescence were discussed.

INTRODUCTION

TiO, is well known material for optical, cat-
alytic and sensing applications. It has polymor-
phic nature and three different phases: rutile,
anatase and brukite. The development of var-
ious deposition techniques allows synthesis of
novel titanium dioxide structures with dimen-
sions on the nanometer scale. The decrease of
the dimensions below certain levels may lead to
the formation of quantum-size effects such as
the absorbance edge shift and the room temper-
ature photoluminescence peaks appearance [1].

In the recent decades the attention of sci-
entists was attracted to fabricate metal oxide
nanofibers with 2—300 nm cross-section and
0,00l—1 mm in length. In these nanostruc-
tures the depletion layer width is bigger or in
the same range as nanofiber diameter. It re-
sults in the relevant influence of surface state
on optical and electrical properties of such nano-
structures [1]. There have been developed a
great number of technological routs to fabri-
cate TiO, nanostructures: hydrothermal method
[2], magnetron sputtering [3], thermal evapora-
tion method and so on. The mentioned tech-
nological routs allow to obtaining TiO, nano-
structures with different shapes: nanoparticles,
nanorods and nanotubes.

In the last decade, electrospinning deposi-
tion is to be prospective for nanofibers fabrica-
tion. It is based on interaction between charged
jet of polymeric solution with electrostatic field.
The jet is narrowed by electrostatic effects to
the cylindrical shape and hardened because of
solvent evaporation. The precipitated nanofibers
are 20—200 mkm in length and with diameter
of 50—500 nm [5—8].
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In the presented paper the structural and
optical properties of titania nanofibers, fabricat-
ed by electrospinning method, are reported. The
influence of Li doping on these properties was
investigated. The peculiarities of optical prop-
erties have been discussed.

EXPERIMENTAL

Electrospinning deposition setup is shown
in fig. 1. Ethanol solution of Titanium (IV)
isopropoxide (TTIP) with initial concentration
1 mol/l was mixed with polyvinyl alcohol in ra-
tio 1:20. Lithium doping was provided by addi-
tion of the corresponding alkaline dopant (Li-
NO,) in ethanol. The solutions were supplied
by capillary to the rotating template, preheated
to 150 °C. High voltage was applied between
capillary and template. The voltage value and
distance between capillary and template were
kept constant for all depositions 5 kV and 1 cm,
correspondently. After fabrication, as-deposited
nanofibers were collected and calcinated in air
atmosphere at 600 °C for 2 hours.

Structural properties of annealed samples
have been investigated by Scanning electron mi-
croscopy (SEM) and X-ray diffractometry (XRD).

XRD tests were measured by Rigaku Ulti-
ma XRD-setup (CuK,, A =0,154 nm) in the
range of 20 angle 20—80°. Scanning electron
microscopy FEI Nova has been used to obtain
surface images of the investigated nanofibers.

Optical properties were studied with use of
UV—VIS spectrophotometer Shimadzu UV-1700
in the range 350—1100 nm. Photoluminescence
(PL) spectra were measured by setup, present-
ed in lig. 2. The luminescence was stimulated
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Fig. 2. Photoluminescence setup

by UV laser LCS-DTL-374QT with excitation
wavelength A = 355 nm. The emission spectra
were amplified and recorded in the wavelength
range 370—900 nm.

RESULTS AND DISCUSSION

XRD spectrum of the obtained powder is
plotted in fig. 3. The one can see XRD peaks
at following 20 values: 25,96°; 38,56°; 55,06°;
62,12°; 70,28° u 76,02°. The obtained peaks cor-
respond to TiO, anatase phase with (hkl) indi-
ces (101), (004), (211), (204), (220) and (215)
[9—11].

Surface morphology of TiO, nanopowder, ob-
tained by SEM is shown in fig. 4. The SEM
image reveals a geometry of the obtained nano-
structures. The one can claim that the fabricated
TiO, nanopowder was formed by nanofibers with
29570 nm in diameter and 20 mkm in length.

Absorbance spectrum of TiO, nanopowder
a(hv) is presented in fig. 5. The absorption edge
lies in the region of photon energies 3,1—3,3 eV.
It is known that titanium dioxide is semicon-
ductor with indirect band gap. So, absorbance
spectrum of TiO, nanofibers was plotted in spe-
cific scale (ahv)”?vs ho (fig. 6). Band gap was
estimated irom the linear plot at the absorp-

tion edge region as intersection with (Av) axis.
As one can see, the E, value is about 2,5 eV.
This value is much lower than for anatase sin-
gle crystal bad gap value (E,=228 eV) [I1].
The effect of decreasing of particles size to
nano dimensions is expected to bring to blue
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Fig. 3. XRD spectrum of TiO, nanopowder

Fig. 4. SEM image of TiO, nanopowder
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Fig. 5. Absorption spectrum of TiO, nanopowder
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Fig. 6. Graphical evaluation of band gap value

shift of band gap [11]. The physical properties
of the nanopowder drastically depend on the its
density, which is characterized by a parameter
called compaction [12]. It may happen that, be-
cause of the shapes of nanofibers the compac-
tion of nanopowder is low and it includes the
material and intergranular gaps, filled in with
air. In this case Eg value will differ from the
real number and represent only average value
of material 4+ void system [12].

The phenomenon can be explained by anoth-
er mechanism. The random compaction of nano-
fibers on the plane can cause the high scatter-
ing coefficient, what can support red shift of
band gap value [11].

PL spectrum of TiO, nanofibers is plotted in
fig. 7. It can be seen that PL curve had a kind
of complexity. By means of Origin Pro 7.0 soft-
ware, the PL spectrum was split onto separate
peaks. The PL peaks, located at 423, 481, 508,
555, 601, 632 and 702 nm have been found. The
full explanation of photoluminescence in TiO,
has not been done yet. The peaks at 423 and
481 nm are connected with excitons, located in
TiOg octahedron. It is supposed that peaks at
508 and 555 nm are formed by oxygen vacancies
and peaks, appeared at 601, 632 and 702 nm
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Fig. 7. PL spectrum of TiO, nanofibers, measured at room

temperatures
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relate to structural defects on the surface of
nanofibers. In [11, 13, 14] it was discussed that
Ti** surface states are responsible for emis-
sion peaks at 600—632 nm and peaks at high-
er wavelengths correspond to structural defects.
The PL peaks at room temperature at UV
region verify quantum-size effects appeared in
the studied titania nanofibers. However, red shift
of the peaks in comparison with lower dimen-
sional TiO, nanostructures suggests to tailor
the diameter of the nanotubes to lower values
[13,14]. The PL peaks at 500—700 demonstrates
the defect presence at the surface of nanofibers.
At this stage it is quite difficult to explain the
nature of these defects and additional measure-
ments will be performed in future works.

CONCLUSION

TiO, nanofibers were successfully fabricated
by electrospinning rout. The obtained samples
had pure anatase edge phase of titania and lin-
ear dimensions 295-+70 nm in diameter and 20
mkm in length. Absorption of the samples lies
in the region of photon energies 3,1—3,3 eV.
Scattering and compaction effects in nanofibers
make it difficult to estimate band gap value with
standard calculations. Room temperature photo-
luminescence of the samples was measured. PL
peaks at UV region correspond to excitons in
TiO, lattice and Vis-IR peaks are related with
structural defects.
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Abstract

The presented paper is devoted to investigation of structural and optical properties of titania nanofibers and the in-
fluence of Li doping on these properties. The investigated samples were prepared by the electrospinning method from
polymeric solutions, containing TiO, precursor, followed by a calcination procedure to obtain highly crystalline, pure inor-
ganic nanofiber materials. The structural properties have been investigated by Scanning electron microscopy (SEM, FEI
Nova) and X-ray diffractometry (XRD, Rigaku Ultima). The phase identification of the samples showed the anatase phase
of TiO,. Linear dimensions ol nanofibers were calculated. Optical properties were studied with use of UV—VIS spec-
trophotometer Shimadzu UV-1700 and photoluminescence (PL) setup (excitation with A =355 nm) in the range 350—
1100 nm and 370—900 nm, correspondingly. The absorption edge of the samples was in the range of 395—410 nm.
The PL maximums appeared at the range of 420—510 nm and 550—710 nm for both samples. The mechanisms of lu-
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ONTUYECKUE U CTPYKTYPHBIE CBOMCTBA HAHOBOJIOKOH TiO, MOJIYYEHHBIX METOJOM
JIEKTPOCITUHUHTA

Pesiome

[IpencraBnenHass padoTa MOCBSLIEHA HUCCAENOBAHUIO CTPYKTYPHBIX M ONTHYECKUX CBOHUCTB HaHOBOJOKOH TiO, u Bius-
Huto JerupoBanusi Li Ha aTu cBoiicTBa. MccienoBanHble 06pasibl OBLIH NPUTOTOBJIEHBl METOLOM 3JEKTPOCITHHHMTA H3 TI0JH-
MepHBIX pacTBOPOB, copep:Kaiux npekypcop TiO2, u nanee oTxuraiuch Adst GOPMUPOBAHHS KPUCTANIHUECKOH CTPYKTYPBIL.
CTpyKTypHBIe CBOHCTBA ObLIM HCCJIENOBAHBI C MOMOIIBI0 CKaHMPYIOIIEH 3/€KTPOHHOH MHKDPOCKOIIHHM M DEHTTeHOBCKOH Iud-
pakuuH. PeHTreHOCTPYKTYpPHBIH aHA/lH3 MoKasaj, YTO JaHHble HAHOBOJOKHA NMpHHaisnexaT (pase aHatasa. JInHeiiHble pasme-
Pbl HAaHOBOJIOKOH ObLIH paccunTanbl. OnTHUecKHe CBOHCTBA ObLIM H3YYeHBl C HCIIOJb30BaHHEM crekTpodoroMerpa Shimadzu
UV-1700 u ycTaHOBKH AJs1 UCCAEN0BaHUS (POTOMIOMUHECLIEHIMH ([JMHA BOMHBI BO30YXKIeHuHst A = 355 HM) B nuanazoxe 350—
1100 um u 370—900 HM cooTBeTcTBeHHO. Kpa# mornomeHns o6pasuoB npuxogutcs Ha nuanazoH 395—410 vM. [Tuku ¢o-
TOJIIOMHHECLIEHIIMH Bo3HHKaloT B auanasoHe 420—510 um u 550—710 HM mas o6oux o6pasuoB. MexaHH3M JIIOMHHECLIEH-
uuu obcyxKiaeTcsl B JaHHOM CTaTbe.

KJaoueBble cjloBa: onTHYECKHe CBOHCTBA, HAHOBOJIOKHA, 3JEKTPOCIHHMHT.
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ONTHYHI TA CTPYKTYPHi BJIACTUBOCTi HAHOBOJIOKOH T102, OTPUMAHUX METOJIOM
EJIEKTPOCHIHIHTY

Pesiome

[TpencraBnena po6oTa MpHUCBSYEHA JOCHIPKEHHIO CTPYKTYPHHX Ta ONTHYHHX BJIAaCTHBOCTeH HaHOBOJOKOH TiO, Ta BmaH-
By JieryBanHsa Li Ha wi BnactuBocTi. JocaimkeHi 3pazku OyJd MPUrOTOBJEH] METOLOM €JeKTPOCHIiHIHIY 3 MOJiMEPHUX PO3YH-
HiB, o MmicTaTb nmpekypcop TiO,, Ta BimnmameHux aas GopMyBaHHS KpHCTaMiyHOI CTPYKTypH. CTPYKTYpHI BJIaCTHUBOCTI Oy/n
JOCJIKEH] 32 TOTTOMOrOI0 CKaHYIOUOi eJEeKTPOHHOI MiKpocKomii Ta peHTreHiBcbkol nudpaxuii. PeHTreHOCTpyKTypHUH aHaJi3
MOKa3aB, 110 JaHi HAHOBOJIOKHA HajexaTb (asi aHartasa. JIiHiliHi posmipu HaHOBOJOKOH Oy.u pospaxoBaHi. Onrtuuni Bjac-
THBOCTI OysM JAOC/iMKeHi 3 BHKOpUCTaHHSAM crekTpodoroMerpa Shimadzu UV-1700 Ta npuiany ais pocifKeHHs: (oTo-
JrominecteHuil (10BXHHA XBuJi 30ymKeHHss A = 355 uwm) y nmianazoni 350—1100 M i 370—900 um Bimmosizxo. Kpai mo-
IJIMHAHHSl 3pa3kiB npunagae Ha pianazon 395—410 um. Iliku doTosmominecuenuii BuHHKaOTh y nianasoni 420—510 Hm i
550—710 uM s o6ox 3paskiB. MexaHiaM JoMiHecLeHLii 06roBoprOeTbCs y AaHill cTaTTi.

KuatouoBi cJjoBa: onTHYHI BJIACTHBOCTI, HAHOBOJIOKHA, 3JEKTPOCIHIHIHT.



