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Abstract of the Thesis
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By
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Stony Brook University
2010

In this work we try to synthesize MoO3; and WO; nanoceramics by understanding the
effects of precursor parameters on the electrospinning process. We synthesized polymer based
composites with molybdenum oxide and Tungsten oxide under straight polarity i.e. keeping
needle charged and collector grounded; as well as reverse polarity i.e. keeping the needle
grounded and collector charged. We observed MoOj; nanotubes after heat treatment of the
composite mats spun in reverse polarity. The reason for formation of nanotubes is the presensce
of molybdenum oxide particles as an outer shell surrounding the polymer fiber core in the spun
mats, this core shell configuration can be correlated with the zeta potential of the sol gel that is
electronegative; and thus the sol forms a shell around the polymer when the collector is
positively charged. For WO3, we obtained a nanogrid structure after thermal treatment under
both conditions (straight and reverse polarity). The reason for the formation of the grids is due to
the immiscibility of the metal oxide particles in colloid solution. The nanostructures obtained for
MoO3; and WOs; are very promising candidates to be used as solar cells, photocatalysts or as

negative electrodes in Li-ion batteries.
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Chapter1

Introduction

Energy is an important factor in our day to day life. Most of our energy needs are
dependent on fossil fuels. Since there is a limited amount of fossils available and increasing
demands for it, scientists worldwide have been working on renewable sources of energy. Solar
Energy has been a first choice as it is free and readily available. Solar cookers for food
preparation, solar water heater etc are being used since a quite a long time now. Solar Cells have
also been developed and are applied for production of electricity for small needs. Solar cells
utilizes Also Lithium ion batteries, are being used for powering electronic devices such as cell
phones, laptops etc. Scientists have also been researching on fuel cells that can be used to for
automobiles, generation of electricity etc.

Metal oxides play an important role in the manufacturing of these devices as apart for
their potential to be used in batteries, solar cells and fuels cells, metal oxides are much cheaper
than the materials that were initially used for these purposes. However, in some cases it has been
noticed that with the replacement of conventional materials with metal oxides the overall
efficiency decreases. Still metal oxides are considered for such applications due to their low cost:
performance ratio.

Another advantage of metal oxide lies in the fact that they can be made in the form of
nanowires, nanospheres, nanorods, nanotubes etc. The application of nanotechnology has
revolutionized the field, as nanostructured materials offer greater surface area and hence are

more efficient.

1.1 Methods of Fabrication
1.1.1 Sol Gel Synthesis:

A sol gel is a colloidal suspension of solid particles in liquid. Sol gel processing is a
technique to prepare a sol, its gelation, and removal of solvent [1]. The gel obtained consists ofa
continuous solid phase in a continuous liquid phase. The sol can be produced from either an
organic or inorganic precursor. A precursor is an initial compound required to process the sol

gel. The precursors readily react with water to give metal based sol gels. Metal alkoxides are



used as a precursor for metal based sol gels. Alkoxides have a organic ligand attached to the
metal atom. The organic ligand reacts with water and giver metal hydroxide and alcohol. The
equation for this is given by:
M-(O-R)x + xH,0 — M-(O-H)s + xR-O-H
Where R is the alkyl group attached to the precursor.
After the formation of sol gel, there are number of ways in which metal oxides can be
derived from them in the desired form. Thin films can be obtained by spin coating and then

thermally treating the material in order to achieve phase change.

1.1.2 Electrospinning: Principles and Operation

Electrospinning was first patented by Formhals in 1934 for textile weaving[2]. A typical
electrospinning setup consists ofa syringe pump, a syringe with needle, a grounded collector and
a high voltage power supply. The solution that is to be spun is filled in the syringe; the syringe is
then loaded on the syringe pump which pumps the solution at a very low rate. The needle of the
syringe is connected to the high voltage power supply, either a positive or a negative potential
can be used. The collector is grounded, due to high potential difference developed in between
the needle and the collector the fibers get deposited on the collector.

The setup for electrospinning is very easy, but the science involved in making of the
nanofibers is relatively very complex. There are too many parameters that affect the morphology
of the spun nanofibers. The various parameters that affect electrospun nanofibers are potential
applied across the needle, viscosity of the solution, concentration of the solution, distance
between the needle and the collector, conductivity of the solution, feed rate, internal diameter of
the needle etc.

For electrospinnig surface tension plays an important role. The charge on the solution
should be high enough to overcome the surface tension. A high surface tension may lead to
breakup of solution into droplets. For a pure liquid a droplet will acquire a shape that has lowest
surface area to volume ratio. In case of solvent mixtures it is more complex; as the composition
at surface is often different than bulk [3]. A high surface tension could also lead to formation of
beads in the fiber, as the high surface tension tends to stabilize the drops by forming a spherical
structure [4]. When the electrostatic force is large enough to counteract the surface tension, the

solution is extended. At a significant point a stream of liquid erupts from the surface. The
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extended solution is in the form of a cone, which is known as taylor cone. The formation of
taylor cone corresponds to a specific self similar solution, this formation is dependent on a
certain critical level of electric field [5].

Viscosity of a solution also has a deep effect on electrospinning and resultant fiber
morphology. For electrospinning to occur, jet stabilization is required. To achieve this; a
sufficiently high extensional viscosity is required [6].

Electrospinning could be applied to obtain core-shell fibers. Bazilevsky et al.
demonstrated a co-electrospinning technique to obtain core-shell nanofibers for poly(methyl
methacrylate)(PMMA)/polyacrylonitrile (PAN)solutions in dimethylformamide [7]. The process
relied on precipitation of PMMA solution droplets which, became trapped at the base of taylor
cone; stretching of which resulted in core shell fibers. Kameoka J. et al. developed a scanning tip
electrospinning source for deposition of oriented fibers, the process yielded fibers of uniform
diameter [8]. However, the disadvantage of this process is that it is not continuous.

Apart from non woven mat it is also possible to obtain uniformly aligned fibers through
electrospinning. The technique used for the process is that a rotating cylindrical collector is used
to collect the fibers. The rotation of collector leads to the stretching of fibers and get aligned in a
uniform way. Jalili R et al. designed a process to obtain uniformly aligned nanofibers by using
two electrically conducting plates as collector separated by an insulating gap. The fiber was
deposited on the conducting plates and was stretched in the non conducting region giving rise to
uniformly aligned fibers [9].

Thus it can be said that by controlling the parameters of the electrospinning process it is

possible to obtain desired morphology for the nanofibers.

12 MATERIALS FOR ENERGY

Metal oxide ceramics have been used for various energy applications. It is not possible to
discuss all of them together under a same title as different devices require different
characteristics of these ceramics; hence they have been discussed individually below.

1.2.1 Li-ion Batteries

Rechargeable batteries have always been a good power source for a wide variety of

applications due to the face that they are light weight, rechargeable and cost effective. Currently

almost all electronic portable devices are running on Li-ion batteries.
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A typical Li-ion battery consists of a cathode, an anode and an electrolyte for charge
transport. A lot of research is being carried on to increase the capacity and recharging rates of
these batteries. This is where metal oxides come in handy. It has been shown that transition metal
oxides as negative electrodes are better than the conventional graphite electrodes used in Li-ion
batteries as they demonstrate higher electrochemical capacity [10]. Oxides of transition metals
such as Fe, Ni, Co, Mn, Sh, Snetc. Nanostructured metal oxides are good choice for the anodes
as they provide large surface area, also their porous nature enhances the diffusion of Li* ions
which in turn yields in higher charge capacity. However, there exists some problems with metal
oxides; they have low charge retention i.e. the charge capacity tends to decrease with more
number of cycles and chances of structural transition. These drawbacks in some materials can be
avoided by carbon coatings the nanomaterial[11] or doping[12] with another metal. Table 1.1
shows the charge capacity of different metal oxide nanomaterials and lists their advantages over
conventional graphite electrodes. Though these materials have a high capacity and charge
retention also there exists a certain drawback with them. The major drawback of most of these
materials is they require a lengthy procedure for the preparation of anodes and the process is not
feasible for industrial applications. V,0s has also been tested as a potential material for
rechargeable batteries [13], but they yielded poor cycling performance and low cycling capacity.
These drawbacks of V,05 can be avoided by using FeVV0O4.0.92H,0 or SnpVO4.0.78H,0 as they
have high initial capacities (>1650 mAh g*) and better cycling performances.

The conventional electrodes used the principle of intercalation of lithium ions. Both anodes
and cathodes can transport lithium ions. During the discharging of battery, the current flow is
regulated by flow of Li* ions from anode to cathode through the electrolyte[17]. During the
availability of external power source the Li" ions travel in reverse direction. Metal oxides when
used as electrodes use different mechanism. For Li-ion batteries with metal oxides as cathodes,
during the discharging process oxidation Li ions travel from anode to cathode through the
electrolyte and Li,O is formed[18]. When external power is applied, LiO decomposes and Li
jlons move in reverse direction. Since in both cases the reactions takes place at the electrodes,
morphology of the material that offers more surface area for reaction can yield better current

density.



Table 1.1: Metal oxides for application as anode in Li-ion batteries

Material | Dopant | Morphology Charge Advantages Ref.
Capacity(m
Ahg™)

Fe;04-C - Nanospindles 530 1. Stabilized SEI films 11

2. High specific capacity
3. High electronic conductivity

a-MnO; Se Nanowires - 1. Doping increases electrode 12
performance.

2. Structural transition is avoided
due to doping.

Sn0,-C - Nanowires 460 1. Good charge retention 22
2. Cyclic retention achieved
v-MnO, - Carambola like 500 1. Exhibits high potential plateau. | 23
thin films 2.Can be applied in capacitors
Sh,03 - Nanostructured 794 1. High charge capacity 24
thin film 2. Reduces the resistance of
active material
Co304 - nanowires 700 1. High capacity and rate 25
capability
CuO - nanofibers 560 1. High rate capability and good | 26
cyclability
2. Doesn’t require a poly mer
binder
Cu,0 - Thin film 219 1. Good cyclability 27

*carbon coated, SEI: Solid electrolyte interphase, **carbon encapsulated

Transition metals have also been used as a dopant on the cathode in Li-ion batteries. These
electrodes are made as nanostructured Lithium Transition metal oxides and are low in cost, have
high energy density and excellent cycle life than Lithium electrodes. Some of the examples of
such materials are LiCoO;[14], LixXNiO»[15], LiMn,O4[16] etc. Sometimes the oxides have also
been doped with metals to improve their behavior. LiAlyCo;.yO2[17] is such an example where
doping with Al increased the equilibrium voltage relative to LiCoO,. Many of the transition
metal oxides are also used as coatings on cathodes to obtain better stability[18]. TiO, has been a

prime choice for this purpose as they show good Lithium storage properties[19-21].

1.2.2 Solar Cells

Solar cells are efficient devices that convert sunlight into electricity. The generation of
electricity from sunlight is due to photovoltaic effect i.e. the material generates a voltage on
exposure to electro- magnetic radiation. Many of the solar cells use silicon wafers for conversion

of light into electricity. However, these cells are very expensive which led to the search for new



materials for solar cells. Gratzel[28] in 1991 introduced the concept of dye sensitized solar
cells(DSSC). These cells used thin film TiO, as anode and a charge-transfer dye to sensitize the
film for light harvesting. The mechanism of these DSSC is that when a photon is absorbed by the
dye molecule, it leads to an electron injection in the conduction band of semiconductor. To
complete the circuit the electron transfer from semiconductor material to a carbon counter
electrode, the dye is regenerated by electron transfer through an electrolyte (redox species).
Although it has a lower conversion efficiency compared to conventional thin film silicon solar
cells, its low cost made it feasible for practical applications.
Table 1.2 Metal oxides for DSSC

Material morphology | Substrate Voc(mV) Jsc(mA/cm’) | FF Ref.
ZnO/poly Nanofibers | Glass/SnO, 600 3.58 0.62 |29
(vinyl acetate)
ZnO/poly-3- nanorods | Glass/ - 2.0 - 30
hexy Ithiophene indiumtin
oxide
ZnO Tetrapods | Glass/tin - - - 33
oxide
ZnO/poly-3- nanorods - 438 1.24 047 |31
hexy lthiophene
heated at
150°C
TiO,/F8T2 - Glass/indiu 800 0.3 0.25 |35
m tin oxide
Phosphorous Mesoporous | F-doped - - - 36
stabilized TiO, film SnO, glass

*F8T2:poly(9,9°- dioctyIfluorene-co-bithiophene)

Since the introduction of the concept of DSSC researchers have been working on new
materials and dyes to improve its overall quality. Apart from TiO,, ZnO[29-33] is the material
that has attracted many scientists as a material for DSSC. ZnO although it has shown lower
efficiencies compared to TiO, still can be used for practical applications with appropriate dye.
Ruthenium based complexes[33-34] are mostly used as charge-transfer dyes as it has been shown
that they offer good stability to DSSCs.

The processing parameters also affect the overall performance of the films. It has been shown
for ZnO[31] that nanorods treated at 150°C have better open circuit voltage(Voc), short circuit
current density(Jsc) and fill factor(FF) than those treated by UV/Ozone.



1.2.3 Fuel Cells

A fuel cell is an electrochemical device that generates electricity through reaction between a
fuel and an oxidant, which is triggered by an electrolyte. The first application of fuel cells is
reported in space technologies [37]. It was a device which can provide electricity, heat and
potable water, which was more convenient than other power sources. Since then it has been
considered as an efficient replacement for fossil fuels for generation of energy. Researchers are
working on to further develop materials and design [38-40] that enhances the performance of
fuel cells.

The basic design of a fuel cell contains an anode and a cathode separated by an electrolyte.
The function of the anode, cathode and the electrolyte varies with the type of fuel cell they are
used in.

Solid oxide fuel cells (SOFC) use metal oxides as electrolyte. The operation temperature of
SOFC is usually high (>500°C). The function of electrolyte is to transport the oxygen and act as
a barrier to electrons. The mechanism of SOFC is that the cathode converts oxygen from
preheated air into ions which are then transported to the anode via migration through the ceramic
electrolyte. At the anode the oxygen ions react with hydrogen fuel and oxygen ions to give
electrons which leads to production of electricity, water and since reaction is exothermic heat is
generated. Unlike batteries and solar cells, fuel cells have to be provided with fuel which gets
consumed in the generation of energy. It is still a better choice than fossils as the fuel does not
give any harmful byproducts and requires less chemical processing.

The traditional SOFC was made with yttria based zirconia(YSZ) as electrolyte, nickel-YSZ
cermets as anode and Lanthanum strontium magnetite as a cathode[41]. The operating
temperature for this fuel cell was 1000°C. Materials have been studied by varying the dopant in
these conventional electrodes and electrolyte. Anbin yu et al[42] studied Mg doped LaCoO3; as a
potential material for cathode in fuel cells. The results yielded that doping led to a drop in
activation energy and oxidation/reduction energy. Metal oxides also find a wide application as
fuel cell catalyst support material. Table 1.3 lists the various materials and their applications in
SOFC. Apart from SOFC, metal oxides have also been used in other fuel cell types, suchas TiO»
has potential to be used as a catalyst in polymer electrolyte fuel cells[43] (PEFC), SnO, when

doped with Sb[44] can be used as a catalyst for methanol fuel cells, etc.



Table 1.3: Fuel cell materials for SOFC

Material Dopant Application Ref.
LaCoO3 Mg Fuel cell cathode 42
SFC1 and SFC2(Sr-Fe | - Fuel cell cathode 45
-Co system)
Gd,Zr, 0y - Fuel cell electrolyte 46
LaGaO3 Co Fuel cell electrolyte 47
SITiO; Nb Fuel cell anode 48

1.3 Role of nanostructures

Nanomaterials are materials with either one of their dimension less than 100nm.
Nanomaterials can be made in the form of rods, spheres, tubes, wires etc. Applications of
nanosized materials have a lot of advantages over its micro counterparts in the field of energy.
First, they offer a high surface area that increases electronic conductivity. Second, they optimize
the rate of transport of electron, proton and reactants in fuel cells[49]. Third, they coordinate
mass transport and charge transport in batteries, which is necessary for storage and release of
energy. Also, nanomaterials can be tailored to suit the need thus compensating the limitations of
the material. Nanostructured SnO,-TiO2[50] have shown lower irreversibility compared to macro
crystalline SnO,. Agglomeration of nanosized materials[51] yielded in homogeneous porosity
and a narrow pore size distribution which offer a potential for boosting the performance of
batteries. Perovskite phases when made in the form of nanotube[52] for use as catalyst prevented
high surface area material from corrosion.

Thus it can be said that nanostructure plays an important role in improving surface and
electronic properties of metal oxides. High performance devices with greater efficiency can be

manufactured with the application of nanostructured materials.



Chapter 2

Experimental Methods

2.1 Sol Gel Synthesis

Molybdenum isopropoxide and tungsten isopropoxide were obtained through Alfa

Aesar; they are the precursors for obtaining MoO3; and WOj3 respectively. The precursors were

obtained in 5% wt/volume in isopropanol. The sol gels for the solutions were made by adding

water to them. The hydrolysis was done in a glove box in a controlled atmosphere and the

resulting solution was mechanically agitated inside the glove box for 5 minutes. The solution

was then ultrasonicated for 2 hours and the aged for 24 hours; to ensure complete hydrolysis of
the solution.

The hydrolysis of the solution resulted in metal hydroxide dissolved in isopropanol. The

metal hydroxide sols were then mixed with PVP solution indifferent ratios to obtain a solution

for electrospinning nanocomposites.

2.2 Electrospinning Setup

The electrospinning setup consists of a syringe pump, a needle, a grounded collector and
a high voltage power supply. The syringe pump used was from KdScientific, It was a horizontal
electrospinning setup. The flow rate for the pump could be calibrated from 0.1plV/min to
153.1uVmin. The High Voltage Power Supply used was from Gamma High Voltage Research
and was capable of generating potential from 0-+30KV. A metallic plate covered with aluminum
foil was used as a collector. The aluminum foil was used to ensure conductivity and in order to
obtain all the nanofibers from the collector. Figure 2.1 shows an electrospinning setup.

For Straight Polarity Electrospinning, The needle was connected to the High Voltage
Power Supply and the Collector was grounded, For the Reverse Polarity Electrospinning the
needle was grounded and the collector was connected to the Power supply. The flow rate,
Potential and the distance between the needle and the collector were kept constant for all the

experiments. Figure 2.1 shows the setup for electrospinning.



Syringe pump

¥ "N
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Figure 2.1 Electrospinning Setup

For Electrospinning nanocomposites, sol gel and polymer solution were used. The sol gel
synthesis is explained in section 2.1. The precursor polymer used was PVP
(Polyvinylpyrrolidone- MW 1,300,000 obtained from Sigma Aldrich). The polymer was
dissolved in ethanol to obtain a .1mM solution. .1 mM was chosen because it was observed that
below this concentration the polymer wasn’t viscous enough to form fibers for the parameters
being used. The polymer solution was then mixed with the molybdenum and tungsten sol gels in

the ratios of 4:1, 3:1 and 3:2. The final solutions were then fed into a syringe and the nanofibers

were obtained under both straight and reverse polarity.
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2.3 Characterization

2.3.1 Scanning Electron Microscopy

In order to obtain the morphology of the Polymer + Metal Sol gel nanocomposites,
Scanning Electron Microscopy (SEM) was carried out ona LEO-1550 Field Emission Gun SEM.
Gold Particles were deposited on the as spun nanofibers via sputtering to ensure conductivity.
The images obtained for the as spun fibers and the thermally treated nanoceramics were used to

analyze the behavior of the sol gel + polymer solution when subjected to different polarity.

2.3.2 Zeta Potential

Zeta potential can be defined as measure of electrokinetic potential in colloidal system.
The particles present in a solution carry a charge at their surface. The sign of zeta potential
describes the charge they carry. Aqueous solutions for all colloids are electronegative; i.e. the
aqueous suspensions of low ionic concentration in the 5-10 pH range. A low value of zeta
potential (-5 - +5 mV) represents agglomeration, higher zeta potential shows stability in the
solution [53].

Brookhaven Instruments’ ZetaPlus Zeta Potential Analyzer was used to measure Zeta
Potential. The technique applied in the instrument is electrophoretic light scattering; which is
based on reference beam optics and a dip-in electrode system [54]. The concept used in
calculating Zeta potential is that an electric field is applied in the liquid; the charged particles
dispersed in a liquid will move towards either the positive or negative pole of the applied field.
The direction a particle selects indicates the charge it carries. The velocity which they translate is
equivalent to the magnitude of the charge they carry.

Knowing the zeta potential of a solution or a mixture can help in understanding the
behavior of the solution in electrospinning jet. The charge the particles carry will allow us to

understand how they will behave when a high potential is applied.
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2.3.3 FTIR Spectroscopy

A Nicolet Model Magna 760 FTIR spectrometer with a Thermo Spectra-Tech Infinity
Reflachromat 32X lens was used for analysis. Readings were taken by placing the nanofibers on
a gold plated slide and background readings were subtracted from it. A 4cm™ resolution was
used and 512 scans were averaged to improve the signal-to-noise ratio. The range selected for

data acquisition was 4000-650 cmi. Liquid nitrogen was used to keep the detector cool.
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Chapter 3

Results

3.1 Zeta Potential

The zeta potential for sol gel and polymer mixture are discussed below. Though
the ZetaP lus equipment showed a zero zeta potential for PVP solution, the trend in the solution
mixture with decreasing PVVP concentration suggests it to have a positive zeta potential. The zero
zeta potential shown by the equipment could be accounted for by the high viscosity of the PVP

solution.

3.1.1 Molybdenum sol and Molybde num based Solutions
Zeta Potential calculations were obtained for Molybdenum sol gel and for solutions
of molybdenum sol and PVP in the ratio of 1:4, 1:3 and 2:3. The values of zeta potential

obtained are shown in table 3.1.

Table 3.1 Zeta Potential of Molybdenum soland Molybdenum based Solutions

S. No. | Solution Composition Ratio Zeta Potential (mV)
1 Molybdenum sol - -6.54
2 Molybdenumsol + PVP 14 -2.18
3 Molybdenumsol + PVP 1:3 -3.42
4 Molybdenumsol + PVP 2:3 -4.83

3.1.2 Tungsten based Solutions
Table 3.2 Zeta Potential of Tungsten based Solutions

S. No. | Solution Composition Ratio Zeta Potential (mV)
1 Tungsten sol + PVP 14 7.77

2 Tungsten sol + PVP 13 3.4

3 Tungsten sol + PVP 2:3 0.26

13



Zeta Potential calculations were obtained for solutions of Tungsten sol and PVP in
the ratio of 1:4, 1:3 and 2:3. The zeta potential for Tungsten sol gel could not be calculated
through the ZetaPlus equipment as the sol gel showed low conductivity. The values of zeta

potential obtained are shown in table 3.2

3.2 Morphology of the Ceramics

The obtained nanofibers were thermally treated at 500°C for 8 hrs to ensure complete
decomposition of the polymer and transformation of sol gel into metal oxide. The temperature
was chosen because at this temperature MoO3 exists in a stable polymorph at 480°C[55]. The
ceramics obtained from thermal treatment of molybdenum sol gel and PVP mixture under
reverse polarity showed a nanotube structure. The diameter of tube increased with increasing
concentration of the sol gel in the solution, which was also the case for as spun nanowires. The
as spun nanowires for the 2:3 concentration of the mixture, the fibers contained beads. Figure 3.1
shows MoO3 nanotubes heat treatment of the fibers spun under reverse polarity in the ratio of a)
14b)23.

For the as spun tungsten sol gel PVVP nanowires, agglomerates of the sol could be seenon
the fibers. The reason for this could be accounted for by the sol was not miscible in the solution
and the particles just formed a suspension. Nanogrids were obtained after thermal treatment for
both the fibers spun under straight and reverse polarity for the mixture of sol gel and PVP in the
ratio of 1:4. No fibers were formed for the sol and PVP solution in the ratio of 2:3 due to low
viscosity of the solution. Figure 2.3 and 2.4 shows the nanogrids of WO3 obtained from fibers

spun under straight and reverse polarity respectively.
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Figure 3.1 MoO3 Tubes after heat treatment of the fibers spun under reverse polarity in the ratio
ofa)1:4b)2:3
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Figure 3.2 WO3 nanogrids after heat treatment of fibers spun under straight polarity in the ratio
of1:4 a) 100 KX b) 30 KX
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Figure 3.3 WO3 nanogrids after heat treatment of fibers spun under reverse polarity in the ratio
of 1:4 a) 100 KX b) 30 KX
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3.3 FTIR Spectrum
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Figure 3.4 FTIR Spectra for a) Molybdenum sol gel b) Tungsten sol gel
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The FTIR spectra obtained for Molybdenum shows a peak for Mo-O vibrations at 870
cm* [56]. There were no other peaks found corresponding to Mo in the spectra.

The FTIR spectra obtained for Tungsten sol gel showed W=0 [57] vibrations at 961 cm*
which can be due to formation of amorphous WQO3. The spectra also shows vibrations at 1096
cm* which are the vibrations for W-O-C bonds and could be due to incomplete hydrolysis of the

precursor. Figure 3.4 shows the spectra for the Tungsten sol gel.
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Chapter4

Discussion

This work is based on the synthesis of ceramic nanostructures for energy applications by
the novel electrospinning process. The nanofibers were successfully spun under straight and
reverse polarity. For the same concentration the fiber obtained under reverse polarity had greater
diameter than the fibers spun under straight polarity, which is due to lack of coulombic force
acting on the sol gel polymer mixture jet [58]. Under reverse polarity of molybdenum sol gel
PVP mixture, tubes of MoO3; were formed after thermal treatment. This can be said to be due to
formation of sol on the surface on the as spun fibers. Since the sol gel showed negative zeta
potential, the sol gel particles would have been attracted to the surface of the jet while being spun
due to a high potential positively charged collector. Nanowires of MoO3 have been reported
earlier when the mixture is spun under straight polarity [59]. Figure 4.1 shows the schematics of
MoOj3 nanowires spun under straight and reverse polarity. The formation of nanowires could be
the result of embedding of the sol gel particles inside the polymer due to high electrostatic
negative charge at the collector. For higher concentration of sol gel in the solution the as spun

nanofibers contained beads, the formation of beads resulted from low viscosity of the mixture

[4].

—

Mo SoI gel PVP

) ———

Figure 4.1 schematics showing a) Sol gel Particles embedded inside polymer when spun under

straight polarity. b) sol gel particles on surface of polymer when spun under reverse polarity.
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For nanofibers spun with tungsten sol gel, the sol particles were agglomerated on the
surface of nanofibers, this could be due to immiscibility of the particles in the mixture. The
immiscibilility could be said due to formation of amorphous WO3 in the sol gel. The formation of
WOj3 could be accounted for by the vibration peak of W=0; bond in the FTIR spectra for the
Tungsten sol gel. The immiscibility of the particles in the sol lead to the formation of
agglomerates on the electrospun fiber. Due to the non conducting nature of amorphous WO3 a
zeta potential for the sol gel couldn’t be obtained.

MoO3 and WO3 have band gap of 2.82eV [60] and 2.76eV [61]. Due to a low band gap
these materials are good candidates to be used in photocatalysis and dye sensitized solar cells, as
lower energy will be required for the electrons to get excited from the valence band into
condution band. TiO, which is currently being used in dye sensitized solar cells and
photocatalyst has a much higher band gap of 3.18 eV [61] compared to these materials.

The structures obtained for MoO3; and WOs3 in this work are very useful in energy

applications. For instance nanotubes have high surface-to-volume ration, which is an important

factor in increasing photo-energy conversion efficiency [62].
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Chapter5

Conclusion

By employing the electrospinning technique and manipulating its polarity; tailored
nanostructures were obtained. The different nanostructured ceramics obtained after thermal
treatment could be related to the zeta potential obtained for their solution. Thus by knowing the
Zeta potential of the sol gel & polymer mixture to be electrospun, the structure of the

nanostructures to be obtained after thermal treatment could be pre known.
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Chapter6

Future work

The behavior could be studied for various other sol gel and polymer solutions and their
morphology could be studied. Applying a negative potential could lead to the formation of
nanorods and nanotubes for solutions having positive zeta potential and lead to formation of

nanogrids for solutions having negative zeta potential.
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