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Abstract

TiO, is a good alternative anode material for lithiuon-battery application because of its
incomparable high structural stability and safetyrimy the charge/discharge cycles.
However, the low intrinsic conductivity of TiOhas been a limiting factor affecting its
cycling and rate capability performance. Here irs thvork, we present Co-doped TiO
nanoparticles based anode with good reversibilitycling stability and rate capability
performance for its envisaged application in lithiion battery. The Co-doped TiO
nanoparticles with different Co concentrations (3%, and 7%) are synthesized using
simple and economic biomediated green approachyewhd&iCl, and Co precursors are
allowed to react in Bengal gram bean extract cairtgi biomolecules which act as natural
capping agents to control the size of nanopartidd@song the pure Ti@and different Co-
doped TiQ samples, the 7% Co-doped Ti@node show the highest capacity of 167 mAh g
(88.3%) after 100 cycles at the 0.5C current dgn3ihe Co-doped Ti@shows higher and
stable coulombic efficiency up to 100 GCD cycledigating good reversibility. Based on the
results, it is expected that the Co-doped ;Ti@noparticles might be contributing to the

enhanced electronic conductivity providing an edint pathway for fast electron transfer.

Keywords. Biomediated; Green; Co-doped Li@omposite; Anode; Co doping effect;

Lithium lon Batteries



Introduction

Titanium dioxide (TiQ) is considered as the workhorse of technologieletbpment
because of its unique physicochemical propertiaditeg to versatile applications in energy-
related devices, energy harvesting systems, wptitirsy devices, dye-sensitized solar cells,
energy storage, photocatalysts etc [1-8]. Aparnhftbese applications, researchers have used
TiO, as an anode material in lithium ion batteries ttués low cost, easy availability, non-
toxicity, high abundance, excellent structural sgitgbwith lithium, long cycle life, high
capacity and very low volume change during lithiiom intercalation/deintercalation (~4%)
[9-13]. Besides this Ti@exhibits high operating voltage (>1.5Ws Li) during lithium ion
intercalation/deintercalation process, which isiobsly higher than the operating voltage of
graphite anodes, thereby avoiding the formatiorSBt (Solid Electrolyte Interphase) and
dendrite of lithium [14]. These characteristics matka promising anode material for heavy-
duty, long-life and large-scale energy storageeias [15-17]. However, poor reversible
capacity, the poor cycling performance, poor rapability, relatively less electron (due to
wide band gap) and ionic conductivity has hampetedise as electrode material in LIBs
[18-20].

Extensive work and several attempts have beadenby the researchers by developing
different strategies to overcome the above drawhafickKiO, by designing Ti@-based
composites with carbon conducting materials (GrapheCNTs etc.) [21-24]. However,
introducing the large quantity of carbon (condugtegents) in the composite reduces the
capacity of electrode material owing to the formatiof the dead layer with increasing
concentration of carbon (conducting agents). Thinste is need to find other alternative
approaches to improve the electron mobility ané Epability of TiQ materials. Recent
literature reports have revealed that metal dopiigbits considerable advantage to alter the

intrinsic conductivity and rate capability of TiOconsequently due to the generation of



oxygen vacancies and decrease in the band gapQfthereby improving Li-ion storage
properties [25-30]. It is reported that the dopwifgcobalt ion can improve the electronic
conductivity of metal oxides. H. Kong et al. [3ljnshesized the Co-doped J& which
exhibited significantly enhanced electrochemicafgrenance with excellent rate capability
and high reversible capacity when compared to pes©;. C. Zhang et al. [32] synthesized
the Co-doped LiTisO;2, showing better electrochemical performance contpdoe pure
Li4TisO12. The results indicate that the Co-doping leadth&éogeneration of "O" vacancies
which enhances Li intercalation in 4Lis0;, materials. Interestingly, Thi T. et al. [33]
reported the synthesis of Co-doped NiO nanopastickhich resulted in increased
concentration of hole contributing to the improwahductivity of NiO. W. Zhang et al.[34]
synthesized the Mn-doped Ti@anosheets demonstrating superior reversible tgpeate
capability, and improved cycling stability. The ebged results were ascribed to the roles of
Mn ions in inhibiting crystal structure conversiamder calcination and improving the
electrode-electrolyte interface stability. Qun Liad [35] synthesized Cu doped manganese
oxide nanoparticles showing significant improvemienelectronic conductivity and lithium
diffusivity in the electrode. Based on the literatsurvey, it is observed that the metal doping
plays an important role and can improve the relsbapacity, cycle performance, and rate
capability of transition metal oxides (TMOSs) by anking electronic conductivity. However,
to the best of our knowledge, only one report ordOped TiQ [36] materials for sodium
ion battery application exist, which clearly shathe improved electrochemical performance
of Co-doped TiQ electrode when compared to pure Fidhe observed enhancement in
electronic conductivity of Co-doped Tiln respect to pure TiQs attributed to Co doping.
With this motivation, in the present work, we hasgnthesized the Co-doped TLiO

nanoparticles by using simple biomediated greemagmh, wherein Ti and Co precursors are



allowed to react in Bengal gram bean extract cairtgi biomolecules which act as natural
capping agents to control the size of nanopatrticles

In the typical process in this work, Co-dope@.Inanoparticles have been synthesized by
a facile, cost-effective, scalable and eco-friendpproach using remnant water (ideally
kitchen waste) collected from soaked Bengal gramnbeCicer arietinum L.). The gram
bean extract containing pectin biomolecules arpamesible for the synthesis of Co-doped
TiO, nanopatrticles. Pectin is a complex polysacchatlth, is present in most primary cell
walls and it acts as a capping agent and hinderadlgregation [13]. Interesting, when Co-
doped TiQ nanoparticles based thin film is used as an anodgerial for LIBs, it
demonstrates the high capacity and excellent i@palglity compared to pure Ti@nd this
improvement can be due to the decrease in the lgapd which helps to enhance the
electronic conductivity of TiQ The results indicate that Co-doped Ti®a promising anode
material for high-performance LIBs.
2 Experimental
2.1 Chemicals

Titanium chloride (TiC)), cobalt (Il) chloride dihydrate (Co&£2H,0O) and ammonia (AR
grade 28 %) purchased from Merck were used as witblout further purification for the
synthesis of Co-doped T¥nanoparticles. Bengal gram beai@cér arietinum L.) were
obtained from a local market in Aurangabad, India.
2.2 Synthesis of Gram Bean Extract

20 g of dry Bengal gram bearGicer arietinum L.) were soaked in 100 mL of DI water
for 6 h at room temperature (25°C). Thereafter, shaked seeds were removed and the
extract was filtrated using a glass-fiber filterH/E) to be free from particulate matter. The
filtered solution i.e. the gram bean extract (remna&ater) is used for the synthesis of Co-

doped TiQ nanopatrticles.



2.3 Synthesis of Cobalt Doped TiO, Nanoparticles

For the typical synthesis of 3 wt %, 5 wt %dahwt % Co-doped Ti©@nanoparticles
using biosynthesis method, 10 mL of gram bean eiinas taken in three beakers which
were first diluted to 50 mL. Further, 6.9 mL of Ti&Golution was dropped wise added in
each beaker containing 50 mL diluted gram beanaektiCobalt chloride was used as a
source of cobalt and an appropriate amount of €2B8JO was added to this solution for
having 3 wt%, 5 wt %, and 7 wt % Co doping, respetf. Subsequently, the pH of the
solution was adjusted to 7 using ammonia solutiod #ormation of titanium-hydroxide
pectin gel, which shrinks and inhibits the furtigeowth of the nanoparticles. The shrunk gel
was washed with deionized water. The powder wasddn an electric oven at 100 °C and
subsequently calcined at 400 °C for 3 h to rembeeorganic the contaminants. Pristine FiO
was also prepared in the same way without dopitglcdon for better comparison. All Co-
doped TiQ and pure TiQ nanoparticles so produced were characterizedhér preliminary
structural and morphological properties.
2.4 Material Characterization

Powder X-ray diffraction measurement was cdrdat using Bruker AXS D8 Advance X-
ray diffractometer equipped with CwiKradiation between 10° and 80°. Raman spectra were
carried out using a UniG2D Raman Spectroscope (BimiNTech) with a 532 nm CW laser
as the light source. UV-visible Diffuse Reflectarsggectra (UV-Vis DRS) of the samples
were recorded using UV-Vis spectrophotometer (Ldi@nUV 3092). Morphology of the as-
synthesized cobalt-doped TiOnaterials and calcined pure TiQvere investigated using
scanning electron microscopy (SEM) measurement @M 6500F microscope (JEOL)
operating at 15 kV. Particle size and morphologyp afit % Co-doped Ti@and pure TiQ
were recorded using transmission electron micros¢(bgM) measurement on an FEI Tecnai

G2 F20 microscope (Philips) with a field-emissiaimgoperating at a 200 kV. Specimens



were prepared by ultrasonication of pi@anoparticles in ethanol followed by dropping the
suspension on a carbon-coated copper grid.
2.5 Electrode and Coin Cell Preparation for Electrochemical

The electrodes for the electrochemical analysse prepared by coating a composite
slurry of 80 wt % of active materials (Co-doped 7)iA5 wt % of conducting carbon (super-
P, timcal) and 5 wt % of poly(vinylidene difluorid)VDF) binder prepared in N-methyl-2-
pyrrolidone (NMP) on a carbon-coated copper foilusyng doctor blade method, wherein,
the copper foil act as a current collector. Thimposite coated foil was then subsequently
dried at 60 °C for 24 h and then cut into a circdgk with the help of a punching machine
fitted with cutters suitable for coin cells of CR203 he material loadings in the range of 2.0-
4.0 mg were achieved. The CR2032 cells for elebenucal testing were assembled inside
an argon-filled glove box at an extremely low oxytmrel of less than 0.1 ppm. The metallic
lithium (Li) disc was used as both counter andreziee electrode on the other side. The two
electrodes were separated by a Whatman Glass rberdilter separator soaked in the
electrolyte solution. 1 M Lithium Hexafluorophospda(LiPF) in 1:1 volume ratio of
ethylene carbonate (EC) and dimethyl carbonate (DMRture was used as the electrolyte.
Cyclic voltammetry (at scan rate 0.2 m¥)snd galvanostatic cycling profile (at a constant
current density of 0.1 C) measurements were caaugdising Biologic-108 battery cycler in
the potential window 0.01 to 3 V for half-cell capnfrations at ambient temperature
conditions.
3. Result and Discussion
3.1. X-ray diffraction (XRD) pattern

The crystal phase composition of synthesizeid @nd Co-doped TiOnanoparticles is
investigated by using XRD pattern as showirigure 1. The XRD pattern of pure and Co-

doped TiQ is composed of anatase (JCPDS, No. 02-0387) rdlizer rutile or brookite



phases. IrFigure 1, pure TiQ reveals high crystallinity showing intense peak&B@values
of 25.09°, 37.65°, 47.86°, 53.81°, 54.88°, 62.468.53°, 70.00°, and 74.93°, which could be
indexed to (101), (004), (200), (105), (211), (204)16), (220) and (215) planes of anatase
titania, respectively. The same peak pattern is alserved in the 3% Co, 5% Co and 7%
Co-doped TiQ nanoparticles. No extra peaks are observed inddspeples (3% Co and 5%
Co-doped TiQ) except for the sample of 7% Co-doped Ji@anoparticles. In this case,
additional diffraction peaks observed 8t=231°, 65°, and 72° are attributed toOpand are in
good agreement with JCPDS Card No. 80-1536 [37, 38 CaO, peaks are marked as "Co"
in the spectra for clarity of presentation. It meamat at low concentration (3% Co and 5%
Co), the cobalt ions are uniformly dispersed on tlest TiQ and in case of high
concentration (7% Co) a small amount of cobalt egigharticles may be formed on the
surface or within the matrix of Tgwhich is commonly observed at high concentratibn o
metal doping. Furthermore, it is clearly obseruedrigure 1 that the intensity of peaks of
cobalt doped Ti@ samples decreases compared to pure @@l the intensity is found to
decrease with increasing cobalt dopant concentrafibis is might be due to the formation
of oxygen vacancies and decreasing the crystalite of cobalt doped TiOnanoparticles.
The crystallite size of all the samples were catad with reference to (110) intense peak at
20 = 25.09 by using the Debye Scherrer's formula, .B<BCoPD, where D is the crystallite
size,\ is the wavelength of X-ray used, afids the Bragg angle of diffraction peaks. The
crystallite size for pure Ti©was found to be 10.8 nm and for 3% Co-7,i6% Co-TiQ and
7% Co-TiQ samples it was found to be 9.2, 8.9 and 8.7 nepeively.
3.2. Raman Spectra

Raman spectroscopy is one of the importantedfidient analysis techniques to confirm
the phase and structural changes in,Tdgure 2 shows the Raman spectra of pure JIiO

and Co-doped Ti@nanoparticles. All samples reflect the six Ramativa modes (4, +



2B1g + 3¢, which denotes that the anatase phase ob ©8predominant [39]. No extra
modes are observed except for the sample with 79ddped TiQ nanoparticles. The 7%
Co-doped TiQ nanoparticles show two extra peaks af) @0 cn and (Ag 687 cnt,
which is attributed to G®,[40]. From these results, it is observed that at ¢doncentration
(3% Co-doped Ti@and 5% Co-doped TKD the cobalt ions are incorporated in the FJiO
crystalline lattices, but at high concentration (@6-doped TiQ) some cobalt oxides
nanoparticles are grown outside the TFifttices. Furthermore, the intensity of modes
decreases with increasing Co-dopant concentratimh édso shows Raman shifts slightly
towards the higher wavenumbeanget Figure 2). The observed shift is attributed to the
formation of oxygen vacancies and the decreaséhénsize of TiQ nanoparticles with
increasing dopants concentration. These results@@od agreement with the XRD results.
3.3. UV-Visdiffusereflectance spectra (UV-vis DRS) analysis

UV-Vis DRS analysis technique is usually useddetermination of energy band gap of
powdered or opaque samples. Here we have studieeffibict of doping on the band gap of
TiO, nanoparticlesFigure 3 shows the UV-vis absorption spectra and energyd bgap
(inset in Figure 3) spectra of pure and Co-doped Ti@anoparticles. The UV-Vis DRS
spectrum of pure Tipshowed strong absorption edge approximately ainB®&s commonly
observed in anatase TiOwhile absorption edge of Co-doped 7i(3%, 5% and 7% Co-
doped TiQ) greatly shift into the visible region. Further selovation shows that the
absorbance in the visible light region (redshifijreases with increasing doping percentage
of cobalt. This might be due to intercalation of @t the lattice of Ti@ thereby narrowing
the band gap [41].

The band gap of all these samples was calculayeusing the modified Kubeka Munk

equation (1).[42]

a(hv) = C1(hv — Eg)2 (1)
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Where,a is the optical absorption coefficienty s the photon energy,:Gs the adsorption
constant of the indirect transitioh,is the wavelength. The energy band gap value§%or
(pure TiQ), 3%, 5% and 7% Co-doped Ti@orresponding to 3.1, 2.1, 2.05, and 1.7 eV,
respectively, were obtained and the results arevsho the inset ofigure 3. These results
indicate that cobalt doping help to reduce theatlis¢ between the conduction band and
valence band of Tig) which enhances the electronic conductivity of 1O

3.4. Scanning Electron Microscopy (SEM)

The structure and morphology of the biosynttexipure and Co-doped Ti@anoparticles
are also examined by SEMigure 4 shows the micrograph of pure (a) Bi@b) 3%Co-
doped TiQ, (c) 5%Co-doped TiQand (d) 7%Co-doped Tihanoparticles calcined at 400
°C, which demonstrates the uniform spherical shapadoparticles with narrow size
distribution. These spherical shaped nanopartgésagglomerated to form larger particles.
No major change in morphology of the Co-doped ;Ti@anoparticles is observed when
compared with pure Ti© Furthermore, representative EDX patterns of pu@, and 5%
Co-doped TiQ nanoparticles were recorded to investigate theeteal compositiorkigure
5 shows the EDX patterns of pure and 5% Co-doped manoparticles. The EDX pattern of
pure TiQ (Figure 5a) clearly shows the exclusive presence of Ti anelénent confirming
the absence of any other impurities in the sanfilailarly, the 5% Co-doped Ti¥JFigure
5b) shows the presence of Co, Ti and O element, wtactiirms that cobalt is successfully
doped in the Ti@ In Co-doped Ti@nanoparticles "Ti" percentage is found to decreask
"O" percentage found to increase as a result ofl@wong. This result is in good agreement
with the literature report confirming the succetsfiormation of Co-doped Ti®
nanoparticles.

3.5. Transmission Electron Microscopy (TEM)



TEM is an advanced analysis method to detertiieanorphology and crystallite size of
nanoparticles. With this motivation, we have stddiee TEM analysis of pure and 5% Co-
doped TiQ nanopatrticles and the results are showligure 6. TEM images of pure and 5%
Co-doped TiQ nanopatrticles clearly show spherically shapediglast with a homogeneous
distribution of particle size as shown kingure 6a and 6c. High-resolution TEM images of
pure and 5% Co-doped TihanoparticlesHigure 6b and 6d) show the well-developed
fringes, which indicate both nanoparticles are we}ktallized. In additionFigure 6e and 6f
show the particle size distribution histogram ofgpand 5% doped TKO As can be seen
from the histogram, the average crystallite siz€ofdoped TiQ (~9.1 nm) is less than the
pure TiQ (~11 nm), which is in good agreement with the @&iite size obtained from XRD
results.

3.6. Electrochemical Properties

Further, we have studied the effect of cobaltidg concentration on the electrochemical
performance of Co-doped TiO(3%, 5% and 7% Co-doped TiO nanoparticles in
comparison with pure TiOnanoparticles by making half cell of pure Fi@nd Co-doped
TiO, (3%, 5% and 7% Co-doped Ti0O nanoparticles.Figure 7a shows the cyclic
voltammetry (CV) analysis of pure TiGand Co-doped Ti©(3%, 5% and 7% Co-doped
TiO,) nanoparticles in the potential range of 0.01 ¥ @s Li/Li* at scan rate of 0.2 mV's
From Figure 7a it is clearly observed that the nature of CV csred¢ pure and Co-doped
TiO, are similar showing redox couple peaks at ~1.68 a@.17 V Vs Li/Li’, which
correspond to the lithium ion intercalation intadagteintercalation from the interstitial sites
of TiO,. The CV curve reveals that the intensity of oxmlatpeak decrease and a peak shift
to a lower voltage with an increase in Co dopingaemtration. This observation indicates
improved wetting and enhanced Li-ion insertion kigge with an increase in doping

concentration of cobalt [43-45]. The maximum lowhift is observed in 7% Co-doped TGO



which means that the Li-ion insertion kinetics igher in 7% Co-doped Tif£as compared to
the pure, 3% Co-doped TiOand 5% Co-doped TiO The increase of Li-ion insertion
kinetics and wettability of cobalt doped Ti@lectrode material is due to the decrease in band
gap with an increase in Co doping concentratiorother words, the electronic conductivity
of TiO, increases with Co doping which is also very weidlacted in UV-Vis DRS study.
Figure 7b shows the comparative first galvanostatic chargelidrge profile of pure and Co-
doped TiQ at a constant current density of 0.1C (1C=335 rgAtior 1 mol of Lithium) in
the voltage range of 0.01 to 3 V vs Li/Lin theFigure 7b, it is clearly observed that the
pure TiQ shows large irreversible capacity 27 mAh @lischarge capacity = 183 mAR'g
charge capacity 156 mAhYy But cobalt-doped Ti@shows very low irreversible capacity
compared to pure TD The 3% Co-doped TiL)5% Co-doped Tipand 7% Co-doped TiO
shows the 3 mAh Y (discharge capacity = 160 mAH gcharge capacity 157 mAh'p 1
mAh g* (discharge capacity = 188 mAR' gcharge capacity 187 mAh'gand 14 mAh g
(discharge capacity = 221 mAh*gcharge capacity 205 mAhpirreversible capacity,
respectively. The reduction in irreversible capacdaf Co-doped TiQ@ indicates an
enhancement in the electrode and electrolyte ictiera decrease in SEI (Solid electrolyte
interface) formation and enhanced the electroch@mi@versible reaction of TiO
nanoparticles. This is attributed to Co-doping Wmhenhances structural stability and also
contribute to enhancing the electronic conductivitiie doping of Co introduces the lattice
distortion and oxygen vacancies in the Ti@ttices due to the difference in the oxidation
state of cobalt (C8) and titanium (Ti*) or charge compensation effect, which helps to
reduce the bandgap and increase the rate of eletansport [46, 47]. The 7% Co-doped
TiO, shows the highest discharge capacity (dischargeocity = 221 mAh g) when

compared to 3% Co-doped Ti05% Co-doped Ti@ and pure TiQ@ nanoparticles. This



enhancement might be due to the formation ok@Q(clearly observed in the XRD and
Raman spectra) and Ti@omposite or synergetic effect of £n and TiQ [48].

The stability of synthesized pure ti@nd Co-doped Ti@are investigated up to the 100
cycles in the potential window range of 0.01 - 3&/Li/Li* at a constant current density of
0.5 C and the results are shownFigure 7c. Although, the cycling stability, as well as the
specific capacity of 7% Co-doped Ti@anoparticles, is high as compared to other thieg
nanoparticles (pure Ti) 3% Co-doped Ti@and 5% Co-doped TiKp The initial specific
capacity values for pure T§3% Co-doped TiQ 5% Co-doped Ti@and 7% Co-doped
TiO, correspond to the 151 mAh'g123 mAh ¢, 114 mAh ¢ and 189 mAh {
respectively. IfFigure 7c it is clearly observed that the pure Fi@radually shows a decrease
in capacity with an increase in cycle number, butcase of Co-doped Tidthe specific
capacity shows relatively less decrease comparegute TiQ. The retention of specific
capacity after 100 cycles are 57.6 % (87.6 mA}) §1.5 % (93 mAh @), 87.8 % (108 mAh
g') and 88.3 % (167 mAh™ for pure TiQ, 3% Co-doped TiQ 5% Co-doped TiQand 7%
Co-doped TiQ, respectively. Furthermore, the coulombic efficiggraph is shown in Figure
7c, in which it is clearly observed that the idittaw cycles in pure Ti@ show lower
coulombic efficiency. However, in the case of cololped TiQ it shows comparatively
high coulombic efficiency and it is stable up ta018CD cycles. In general, the Co-doped
TiO, samples show the high retention capacity and odbilo efficiency compared to the
pure TiQ even after 100 cycles.

Figure 7d shows the results of the investigation of the pegormance of pure and Co-
doped TiQ nanopatrticles at different C-rates (from 0.1 t€)% From the rate performance
study, it is clearly observed that there is a gahdiecrease in specific capacity during first
five initial cycles of all electrodes of Tiat 0.1 C, this may be due to the loss of symmetry

during phase transition accompanied by a decreastha unit cell along the c-axis.



Furthermore, the subsequent increase of unit odlinve (~4%) along the b direction results
in capacity fading [13, 49-51]. For the further &eas (0.2 - 5C), the specific capacitance of
all electrode of TiQis stable. Among the all the Ti@nd Co-doped Ti©@nanoparticles, the
7 % Co-doped Ti@ nanoparticles show better rate performance as agelhigh specific
capacitance compared with the pure Ji@% Co-doped Ti@ and 5% Co-doped TiO
electrode materials. The initial specific capasiti¢ pure-TiQ, 3% Co-doped Tig) 5% Co-
doped TiQ and 7% Co-doped Tiare about 183, 170, 193, and 221 mAtagscan rate 0.1
C, respectively. For further C-rates (0.2 to 5Qe tspecific capacitance decreases with
increase in current density (C-ratepdults are shown in Table 1) and when the current
density returns back after 5C to the initial cutreensity (C-rate) of 0.1 C, the specific
capacity switches to 131 (71.8%), 148 (87.0%), (9I77%) and 203 (91.8%) mAh'dor
the pure TiQ, 3% Co-doped Tig) 5% Co-doped Ti@and 7% Co-doped Tirespectively.
From the above results and Table 1, it is revediatl the Co-doped Tidshows good rate
performance compared with pure ti@anoparticles. Remarkably, among the pure and Co-
doped TiQ nanopatrticles, the 7% Co-doped FTi€hows the better rate performance and
specific capacitance, this may be due to the 7%altamping enhance the active surface,
increases wettability and electronic conductivityTdO, as compared to pure Ti03% Co-
doped TiQ and 5% Co-doped TiO
4. Conclusion

In summary, we have successfully synthesizedctibalt doped Ti®@nanoparticles by a
biomediated green approach using the Bengal graan bgtract. The synthesized electrode
materials are explored as an anode for lithiumbattery application. The Co-doped TiO
anodes show better charging and discharging cyecgrgrsibility than the pure Tilanode,
as cobalt doping helps to enhance the wettabilith wlectrolyte, the formation of oxygen

vacancies and the active surface on Co-doped &i@des. Among them, the 7% Co-doped



TiO, anode shows highest retention capacity of 167 @iA{B88.3%) after 100 cycles at 0.5C
current density. It also shows better cycling aag Icapability performance when compared
to pure, 3% and 5% Co-doped Ti@nodes and is attributed to doping induced lovgeah
the band gap. Furthermore, the Co-doped, Blibws higher and stable coulombic efficiency
up to 100 GCD cycles indicating good reversibililly. other words, cobalt help enhancing
electron transfer ability of Ti©nanopatrticles. It is expected that this work wopddve new
avenues for the scientific community to developiemmentally benign metal-doped TiO
nanoparticles using the Bengal gram bean extragremner and economic approach.
Furthermore, metal doping is one of the best waysnihance the electronic conductivity of
TiO, nanoparticles and thus study is underway to utatedsthe influence of other dopant
metals and their concentration on the electrochanperformance for its application in a
lithium-ion battery.
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Tableand Table caption
Table 1. Specific capacity values at a different rate olgdifor pure TiQ and Co-doped

TiO, nanopatrticles based anode.

Current Specific Capacitance of Electrodes (mAh g*)

Density PureTiO; 3% Co-doped 5% Co-doped 7% Co-doped

(mAh gh TiO, (mAh g TiO,(mAh g TiO,(mAh g

01C 183 170 192 221

02C 125 146 152 188

05C 85 105 119 157
1C 71 91 84 122
2C 55 70 61 93
5C 38 32 39 70

01C 127 148 176 202




Figureand Figure Captions:

Figure 1 Representative X-ray diffraction patterns of bidksized (a) pure TiKXb) 3% Co
-TiO; (c) 5% Co -TiQ and (d) 7% Co -Ti@

Figure 2 Representative Raman Spectra of biosynthesizegu(a) TiQ (b) 3% Co-TiQ (c)
5% Co-TiG and (d) 7% Co-Ti@

Figure 3 Representative UV-Vis diffuse reflectance specfraiosynthesized (a) pure T3O
(b) 3% Co -TiQ (c) 5% Co -TiQ and (d) 7% Co -Ti@

Figure 4 Representative SEM images of biosynthesized (& pu®, (b) 3% Co -TiQ (c)
5% Co -TiQ and (d) 7% Co -Ti@

Figure 5 Representative EDAX spectra of biosynthesized (&g g0, and (b) 5% Co -Ti®

Figure 6 Representative TEM images of biosynthesized (adig @i0, (c-d) 5% Co -TiQ
and represent histograms of (e) pure 2ladd (f) 5% Co -TiQ

Figure7 (a) Cyclic voltammetry curves at scan rate of 0.¢ 8" (b) Charge-discharge
profiles cycled at a current density of 0.1 C;dggle performance up to 100 cycled
at a current density of 0.5 C and (d) rate perforceaat various C-rate of Pure O

3% Co-doped TiQ 5% Co-doped Tipand 7% Co-doped TiO
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(a) Pure TiO2

(b) 5% Co-TiO,

Element | Weight% |Atomic%
OK 54.22 78.00
TiK 4578 22.00

Totals 100.00

Element |Weight%o [Atomic%o
O K 49.14 74.64
Ti K 46.24 23.46
CoK 4.62 1.90
Totals 100.00
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Highlights

Simple biomediated approach used for synthesis of pure TiO, and Co-doped TiO, NPs.

Pure TiO, and Co-doped TiO, NPs are explored as anode material in lithium ion battery.

Co doping enhances the electronic/ionic conductivity of TiO,.

Co doping reduces the charge-discharge irreversible capacity when compared to pure TiOs.
7% Co-doped TiO, NPs show better specific capacitance (189 mAh g*), rate capability and
stability with 88.3 % retention even after 100 GCD cycles.

Coulombic efficiency study of Co-doped TiO, shows good reversibility upto 100 GCD

cycles.



