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Abstract 

This paper presents an experimental 

investigation of the enhanced capacitive 

characteristics of newly fabricated TiO2 based 

electrode material for supercapacitor. TiO2 particles 

have been synthesized by means of sol-gel method. The 

size, morphology and structural properties of TiO2 

particles have been studied with the help of high 

resolution transmission electron microscope, field 

emission scanning electron microscopy and X-ray 

diffraction, respectively. The electrochemical 

properties of the TiO2 based electrode were 

determined by using cyclic voltammetry and 

galvanostatic charge-discharge tests. The results 

obtained from cyclic voltammetry test show that 

maximum specific capacitance for TiO2 based 

electrodes has been evaluated as 164 F g
-1

 at the scan 

rate of 5 mV s
-1

 in 1M Na2SO4 electrolyte. The cycle 

stability of the TiO2 based electrodes has been probed 

with the help of the cyclic voltammetry and 

galvanostatic charge-discharge measurements.  

 

Keywords: nanoflakes, electrode material, Specific 

capacitance, charge-discharge, cycle stability.  

 

1. Introduction 

In last two decades, Supercapacitors (also 

called as electric double layer capacitor or 

ultracapacitor) have been drawing more attention 

from the researchers and engineers as they have 

some significant features such as higher power 

density, longer life cycle, short response time and 

high durability [1]. Due to these salient features, 

a new concept of the hybrid charge storage 

devices where in, supercapacitor integrated with a 

fuel cell or a battery has been developed [2, 3]. 

Some of their applications can be found in 

portable electronic devices, backup power supply, 

low-emission hybrid cars, instant switches, 

regenerative braking system, motor starter, 

industrial power and renewable energy systems 

[4-9]. An immense potential of the supercapacitor 

can be explored further in many power source 

sectors provided the energy density is increased 

to a desired level [10, 11]. Therefore, more 

research works are currently carried out to 

address this low energy density issue through by 

enhancing the specific capacitance values to a 

greater extent.   

Based on the past literatures, they are 

reported that if the transition metal oxides are 

used as active materials for the electrodes, the 

electro sorption or redox processes would 

increase the specific capacitance values [12-15]. 

Metal oxides including ruthenium oxide (RuO2), 

manganese oxides (MnO2), nickel oxide (NiO), 

tin oxide (SnO2), vanadium oxide (V2O5), iron 

oxide (Fe3O4), etc., were investigated in the past 

for supercapacitor applications. Amongst 

transition metal oxides, RuO2 is reckoned to be a 

most attractive electrode material due to 

significant features like, greatly reversible redox 

reactions, broad potential window, good thermal 

stability, proton-electron mixed conductive 

behavior, high rate capability and high theoretical 

specific capacitance (up to 2200 F g
-1

) [16]. In 

spite of these significant features, applications of 

RuO2 are limited due to toxicity and high cost.  

Manganese oxides (MnO2) are 

environmentally friendly feature, abundance, 

non-toxicity, low cost and have high theoretical 

specific capacitance. From the past literatures, it 

is observed that MnO2 based electrodes have 

moderate cycle stability up to 1000 charge-

discharge cyclic operations and if number of 

charge-discharge cycles are increased more than 

1000 then, specific capacitance values of MnO2 

based electrodes would be expected to be retain 

less than 80% while comparing to that of initial 

value [7]. To improve the cycle stability and 

mailto:anandhi_electro@yahoo.com


 

 

conductivity, metals, metal oxides or carbon 

based nanomaterials like graphene oxide (GO), 

single wall carbon nanotube (SWCNT) and 

multiwall nanotube (MWCNT) are doped with 

MnO2. NiO can be preferred for pseudocapacitor 

electrode applications due to low cost, and high 

chemical and thermal stability and the capacitive 

behavior of NiO nanomaterials relies on their 

morphology solely. Wu and Wang (2010) 

reported that nanoflakes structure could be 

preferred as they can enhance the diffusion of 

electrolyte and offer more paths for diffusion of 

ions and as a result, performance of the electrode 

material could be improved for supercapacitor 

applications [17]. 

Tin oxide (SnO2) synthesized via sol-gel 

method was investigated as active material for 

electrode of the supercapacitor [18]. The test 

results divulge that at a high scan rate of 200 mV 

s
-1

, specific capacitance of the electrode using 

SnO2 was able to attain the value of 101 F g
-1

 

exhibiting the high power characteristics of the 

material. Furthermore, SnO2 based electrode 

could retain the specific capacitance value of 

about 97% after 1000 charge-discharge cyclic 

operations and while increasing the mass of the 

SnO2, the capacitive characteristics of the 

electrode could be expected to be better owing to 

high conductivity, formation of nanostructured 

and microporous material [19, 20]. Efforts were 

made on vanadium oxides (V2O5) for studying 

the electrochemical characteristics for electrode 

material. Owing to the layered structure of V2O5, 

it would help to intercalate the electrolyte ions 

into electrode [21]. Due to poor electrical 

conductivity and cyclic stability, applications of 

V2O5 for supercapacitor are restricted [22]. Of 

late, carbon based nanomaterials are embedded 

with V2O5 so as to improve the electrode 

performance in terms of electrical conductivity 

and cycle stability. Thangappan et al (2014) 

accomplished a research work on the graphene 

oxide/vanadium pentoxide nanofibers for 

supercapacitor applications [23] and from the test 

results, authors inferred that nanofibers prepared 

by electrospinning technique exhibited the better 

electrochemical characteristics for supercapacitor.  

 Studies on the electrochemical 

performance of iron oxide for electrode materials 

were carried out [24-26]. Depending on the 

crystalline structures, it can be recognized as 

Fe2O3 and Fe3O4 and also, these two iron oxides 

could be expected to fetch the different 

electrochemical performance. Between these iron 

oxides, the specific capacitance of Fe3O4 can 

achieve a higher value than Fe2O3 due to the 

dynamic faradic redox reaction occurred on the 

surface [24]. Albeit there are many research 

works accomplished on the various transition 

metal oxides for investigating the electrochemical 

performances for supercapacitor applications in 

the past, it is yet to be studied as active material 

for electrode extensively but, several literatures 

reported on the composite materials containing 

TiO2 as electrode materials. TiO2 has significant 

advantages such as chemically stable, low cost, 

low toxicity, natural abundance, environmentally 

friendly nature [27, 28] and with these features it 

can be investigated to assess its potential 

applications for supercapacitor. The aim of this 

work is to prepare TiO2 via sol-gel method and 

their sizes, morphology and structural properties 

were studied. In addition to this, electrochemical 

performances of TiO2 based electrode were 

ascertained. The CV and galvanostatic charge-

discharge tests were conducted to determine the 

enhanced specific capacitance value and 

improved cycle stability.   

 

2. Materials and Method    

2.1 Materials  

 

Ethanol and titanium butoxide were 

procured from SRL, India. Sodium hydroxide 

(NaOH) pellets were obtained from Lobha 

Chemie Private Limited, India. 2D water (two 

times deionised water) was used throughout the 

experiment. Chemicals utilized for the synthesis 

of TiO2 particles were analytical reagent grade 

and they were not purified further.       

2.2 Synthesis of TiO2 nanoflakes 

For preparing TiO2 particles, titanium 

butoxide and NaOH were taken as precursor and 

reducing agent, respectively. Titanium butoxide 

and ethanol were considered as 1:4 volume ratio 

and they were blended together for synthesis of 

TiO2 nanoparticles by using sol-gel method [29]. 

The mixed solution was placed on the magnetic 



 

 

stirring for 15 min at a speed of 750 rpm. During 

stirring action, NaOH pellets were added drop by 

drop into the above solution until the pH value of 

the solution reached at 7. Besides, the addition of 

NaOH during the reaction would make an 

important effect on size and shape of the 

particles. Afterwards, the large amount of TiO2 

white precipitation was found. Then, it was 

centrifuged and washed with 2D water for 3 

times to derive the purified nanoparticles. It was 

dried in hot air oven at 100°C for 24 h and then, 

grinded by agate mortar, to obtain powder.  

2.3 Electrode preparation 

The as synthesized flake-like TiO2 

nanoparticles was used as electrode material for 

supercapacitors. The working electrode was 

prepared by adding the active material (TiO2), 

acetylene black and polyvinylidene fluoride 

(PVDF) in a weight ratio of 80:10:10. The mass 

of the active materials in the prepared electrodes 

was estimated to be 3 mg. Electrochemical 

measurements were performed in an 

electrochemical work station (Biologic 

Instruments, India) with a three electrode 

arrangement in 1 M Na2SO4 aqueous solution 

saturated with N2 gas. In the measurements, Pt 

electrode was used as counter electrode and the 

saturated calomel electrode as reference 

electrode. Cyclic voltammetry (CV) and 

galvanostatic charge - discharge analyses were 

conducted with respect to the scan rate and 

current density. 

2.4 Analysis methods    

High resolution transmission electron 

microscope (HRTEM) (model - Philips) was 

recommended for determining the size of the 

TiO2 particles. Samples were obtained by 

spreading drops of colloid on the copper grid, 

surrounded with the carbon film and the solvent 

was dried. The morphology of the TiO2 

nanoflakes was studied by field emission 

scanning electron microscope (FESEM, LEO 

1530, Zeiss, Germany). For determining the 

crystal sizes of TiO2 particles, X-ray diffraction 

analysis (XRD) was performed on a Shimatzu 

diffractometer X-ray 6000 model using CuKα 

radiation. The scattering angle (2θ) covered was 

from 20 to 80°. The average crystallite size (D) 

has been calculated from the line broadening 

using Debye-Scherrer’s relation of D = 0.9λ / 

Wcosθ, where λ is the wavelength of X-ray and 

W is full width of half maximum (FWHM).    

3. Results and Discussion  

3.1 Characterization of TiO2 nanoflakes  
 

The HRTEM images as seen in Fig. 1 

ascertain the size of the as synthesized TiO2 

particles and the sizes of the particles are varied 

in the range between 13 nm and 76 nm. The 

FESEM images shown in Fig. 2 are appeared to 

be flake-like structure. The flake-like structure of 

the particles could offer larger surface area for 

ions transfer process and it would be beneficial 

for achieving the higher values of the specific 

capacitance. The XRD pattern of TiO2 particles 

as synthesized is shown in Fig. 3.  

 

 

Fig. 1. HRTEM images of TiO2 nanoflakes (a) the size 

of the individual nanoflakes, (b) the sizes of the 

agglomerated nanoflakes. 

(b) 

(a) 



 

 

 

 

Fig. 2. FESEM images of TiO2 nanoflakes (a) the 

morphology of the nanoflakes at 30 nm magnification, 

(b) the morphology of the nanoflakes at 200 nm 

magnification. 

 

Fig. 3. XRD Pattern of TiO2 nanoflakes 

The XRD result divulges the three phases 

of TiO2 particles namely, brookite, anatase and 

rutile. The presence of these three phases is 

attributed to the annealing temperature of 600°C 

[27]. Using Debye-Scherrer’s formula, the 

average crystallite sizes were determined as 29 

nm. Also, it was understood that no impurity 

peaks were present in the XRD pattern. The 

Brookite, Anatase and Rutile of TiO2 

nanoparticles were in good agreement with 

JCPDS files Nos. of 29-1360, 21-1276 and 21-

1272, respectively.  

3.2 Cyclic voltammetry (CV) tests of TiO2 

nanoflakes 

The cyclic voltammetric (CV) curves for 

TiO2 electrode at different scan rates (5 mV s
-1

, 

10 mV s
-1

, 20 mV s
-1

, 50 mV s
-1

 and 100 mV s
-1

) 

within the voltage range of 0 to 0.8 V are seen in 

Fig. 4. From Fig. 4, it is observed that as scan rate 

increases the area of the potential window also 

increases. Also, the current density is directly 

proportional to the scan rate, which exhibits a 

capacitive behavior. The specific capacitance of 

TiO2 nanoflakes can be determined by using the 

following equation [30].  
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    (1)                 

where, Cs is the specific capacitance, S is the area 

of CV curve, V is the CV scan rate, M is the 

loading mass of active material and ΔV is the 

potential window.  

 

Fig. 4. Cyclic voltammetry curves of TiO2 nanoflakes 

The relationship between specific capacitance 

and scan rate are represented in Fig. 5. The 

specific capacitance values obtained for 5 mV s
-1

 

and 100 mV s
-1

 were evaluated as 165 F g
-1 

and 

53 F g
-1

, respectively. At lower scan rates, the 

(a) 

(b) 



 

 

value of specific capacitance was found to be 

higher than that of the value at higher scan rates. 

This is mainly attributed to the intercalation of 

ions into the interior of the electrode. Also, the 

specific capacitance achieved at lower scan rate is 

the maximum utilization of the electrode material 

surface [27]. 

 

Fig. 5. Variation of specific capacitance with scan rate 

At higher scan rate, electron transfer 

process is hindered because of depletion or 

saturation of the electrons in the electrolyte inside 

the electrode. This slow process of electron 

transfer inherently causes increase in resistivity 

and results in drop in the specific capacitance of 

the electrode. Furthermore, this fall in specific 

capacitance implies that surface of the electrode 

material is not completely utilized for electron 

transfer at higher scan rates. 

3.3 Galvanostatic charge-discharge tests of 

TiO2 nanoflakes 

Galvanostatic charge-discharge is indeed 

reliable and acceptable method to determine the 

specific capacitance of electrodes as it achieves 

almost exact value of the practical application of 

a supercapacitor. The charge - discharge tests 

were performed at current densities of 1 mA g
-1

 

with potential window of 0 to 0.8 V in 1 M 

Na2SO4 electrolyte. The relationship between the 

charge - discharge time and potential is shown in 

Fig. 6. The charge/discharge results are clear 

evident for reversible characteristics without 

noticeable deviation in each cycle.  

 

Fig. 6. Charge-discharge characteristics of TiO2 

nanoflakes 

It is found that all the charge and 

discharge curves are similar and the IR drop is 

less. It implies that the charge-discharge 

characteristics of TiO2 electrode would be 

expected to be better at high charge–discharge 

rate. The specific capacitance (Cs) of TiO2 based 

supercapacitor can be determined based on the 

following equation [31]: 

   
 

    
 

    

    
  (2)  

where, Cs is the specific capacitance, I is the 

current during discharge process, Δt is the 

discharge time, ΔV is the potential window and 

M is the mass of the active material. The specific 

capacitance values were found to be 173 Fg
-1

. 

The specific capacitance of TiO2 based 

supercapacitor relies on certain parameters, such 

as the mass of the active material, the 

morphology of the active material and the 

conductivity of the active electrode.  

3.4 Cycle stability of TiO2 nanoflakes 

 In order to ascertain the reliability of the 

supercapacitor for long run utility, cycle stability 

of the TiO2 nanoflakes was investigated. The CV 

test for TiO2 samples were carried out at the scan 

rate of 5 mV/s in 0.1 M Na2SO4 aqueous solution 

with a voltage window of 0 to 0.80 V. The values 

of specific capacitance for several cycles obtained 

from the CV test are furnished in Fig. 7. From 

Fig.7, it is found that the specific capacitance for 



 

 

first cycle was observed as 164 F g
-1

. The specific 

capacitance of TiO2 nanoflakes was reduced 

considerably in the 200 cycles and it was 

determined to be 158 F g
-1

. 

  

 
Fig. 7. Variation of specific capacitance with cycle 

number 

 

In the 1000 cycles, the specific 

capacitance reached about 145 F g
-1

. After 1000 

cycles, the decrease in specific capacitance was 

delayed and in the 2000 cycles, the specific 

capacitance was found to be 141 F g
-1

. Then, the 

retention of specific capacitance value was 

estimated to be 86% of that of the initial value. It 

might be due to the fact that dispersed TiO2 

nanoflakes on the electrode of the supercapacitor 

could act as thermal retardant for increase in 

temperature due to more number of cyclic 

operations. By considering the fact, the 

nanoflake-like structure of TiO2 could be 

considered to be a stable and efficient electrode 

material for supercapacitor.  

 

4. Conclusions 

 

 In this research work, TiO2 based 

electrode material was fabricated and its 

capacitive characteristics were investigated for 

supercapacitor application. TiO2 nanoflakes were 

synthesized successfully by using sol-gel method. 

Based on the test results, following conclusions 

are made.  

1. The average size and morphology of 

TiO2 nanoflakes were found to be 27 nm 

and flake-like structure by using HRTEM 

and FESEM, respectively.  

2. The XRD analysis divulges that the TiO2 

nanoflakes synthesized through sol-gel 

method are cubic phase.  

3. The CV test results show that the specific 

capacitance for supercapacitor using TiO 

2 based electrode was able to achieve the 

values of 165 F g
−1

 and 53 F g
−1 

at the 

scan rates of 5 mV s
−1

 and 100 mV s
−1

, 

respectively.  

4. The galvanostatic charge-discharge tests 

prove that newly fabricated electrode 

materials achieved the symmetric charge-

discharge profile and good cycle stability.  

5. The cycle stability test reveals that after 

2000 charge-discharge cycles, TiO2 

based electrode has lost only 14% 

capacitance value of that of the initial 

value.  

6. Thus, the as synthesized TiO2 nanoflakes 

could be suggested to be the potential 

candidate as the electrode material for 

supercapacitor.  

 

Acknowledgements 

 The authors would like to express their 

gratitude to Dr. R. Jayavel, Director, Centre for 

Nanoscience and Technology (CNST), Anna 

University, Chennai, India, for providing facility 

to accomplish the synthesis of nanomaterials.     

References  

[1] Huang Y, Liang J, Chen Y, An overview of the 

applications of graphene-based materials in 

supercapacitors, Small, 8, pp. 1805–1834, 2012. 

[2] Thounthong P, Chunkag V, Sethakul P, Sikkabut S, 

Pierfederici S, Davat B, Energy management of fuel 

cell/solar cell/supercapacitor hybrid power source, 

Journal of Power Sources, 196, pp. 313–324, 2011. 

[3] Srinivasa Rao G, Keseva Rao G, Siva Naga Raju S, 

An automated integrated solar/wind based battery 

charging system for supercapacitor stack used in 

hybrid electric vehicle, Journal of Electrical 

Engineering, 14, pp. 261-267, 2014. 

[4] Jiang H, Lee P.S, Li C, 3D carbon based 

nanostructures for advanced supercapacitors, Energy 

& Environmental Science, 7, pp. 41-53,2013. 

[5] Di Noto V, Lavina S, Giffin G.A, Negro E, Scrosati B, 

Polymer electrolytes: present, past and future, 

Electrochimica Acta, 57, pp. 4–13, 2011. 



 

 

[6] Liu J, Zhou M, Fan L.Z, Li P, Qu X, Porous 

polyaniline exhibits highly enhanced electrochemical 

capacitance performance, Electrochimica Acta, 55, 

pp. 5819- 5822, 2010. 

[7] Lokhande C.D, Dubal D.P, Joo O-S, Metal oxide thin 

film based supercapacitors, Current Applied Physics, 

11, pp. 255–270, 2011.  

[8] Deswal S.S, Ratna Dahiya, Jain D.K, Supercapacitor 

a Ride-Through Alternative for an Adjustable Speed 

Drives During Voltage Sag, Journal of Electrical 

Engineering, pp. 1-7, 2011, ISSN: 1582-4594. 

[9] Shukla A.K, Banerjee A, Ravikumar M.K, Jalajakshi 

A, Electrochemical capacitors: technical challenges 

and prognosis for future markets, Electrochimica 

Acta, 84, pp. 165–173, 2012. 

[10] Burke A, R&D considerations for the performance 

and application of electrochemical capacitors, 

Electrochimica Acta, 53, pp. 1083-1091, 2007.  

[11] Zhang Y, Feng H, Wu X, Wang L, Zhang A, Xia T, 

Dong H, Li X, Zhang L, Progress of electrochemical 

capacitor electrode materials: a review, International 

Journal of Hydrogen Energy, 34 (11), pp. 4889-99, 

2009.  

[12] Wang C.C, and Hu C.C, Electrochemical and textural 

characterization of binary Ru–Sn oxides synthesized 

under mild hydrothermal conditions for 

supercapacitors, Electrochimica Acta, 50, pp. 2573-

2581, 2005. 

[13] Lang J.W, Kong L.B, Wu W.J, Luo Y.C, Kang L, 

Facile approach to prepare loose-packed NiO nano-

flakes materials for supercapacitors, Chemical 

Communications, 35, pp. 4213-4215, 2008. 

[14] Lin C, Ritter J.A, Popov B.N, Characterization of Sol-

Gel-Derived Cobalt Oxide Xerogels as 

Electrochemical Capacitors, Journal of the 

Electrochemical Society, 145 (12), pp. 4097-4103, 

1998. 

[15] Reddy R.N, Reddy R.G, Porous structured vanadium 

oxide electrode material for electrochemical 

capacitors, Journal of Power Sources, 156, pp. 700-

704, 2006.  

[16] Pengfei Wang, Hui Liu, Yuxing Xu, Yunfa Chena, Jun 

Yang, Qiangqiang Tan, Supported ultrafine ruthenium 

oxides with specific capacitance up to 1099 F g-1 for a 

supercapacitor, Electrochimica Acta, 194, pp. 211–

218, 2016. 

[17] Wu M.S, Wang M.J, Nickel oxide film with open 

macropores fabricated by surfactant-assisted anodic 

deposition for high capacitance 

supercapacitors, Chemical Communications, 46 (37), 

pp. 6968–6970, 2010. 

[18] Kuo S-L, Wu N-L, Composite Supercapacitor 

Containing Tin Oxide and Electroplated Ruthenium 

Oxide, Electrochemical and Solid-State Letters, 6 (5) 

pp. A85-A87, 2003.  

 

 

 

[19] Prasad K.R, Miura N, Electrochemical synthesis and 

characterization of nanostructured tin oxide for 

electrochemical redox supercapacitors, 

Electrochemistry communications, 6 (8), pp. 849-852, 

2004. 

[20] Wu M, Zhang L, Wang D, Xiao C, Zhang S, Cathodic 

deposition and characterization of tin oxide coatings 

on graphite for electrochemical supercapacitors, 

Journal of Power Sources, 175 (1), pp. 669-674, 2008.  

[21] Whittingham M.S, The role of ternary phases in 

cathode reactions, Journal of the Electrochemical 

Society, 123, pp. 315–320, 1976. 

[22] Wee G, Soh H.Z, Cheah Y.L, Mhaisalkar S.G, 

Srinivasan M, Synthesis and electrochemical 

properties of electrospun V2O5 nanofibers as 

supercapacitor electrodes, Journal of 

Materials Chemistry, 20, pp. 6720–6725, 2010. 

[23] Thangappan R, Kalaiselvam S, Elayaperumal A, 

Jayavel R, Synthesis of graphene oxide/vanadium 

pentoxide composite nanofibers by electrospinning for 

supercapacitor applications, Solid State Ionics, 268, 

pp. 321–325, 2014. 

[24] Wang L, Ji H, Wang S, Kong L, Jiang X, Yang G, 

Preparation of Fe3O4 with high specific surface area 

and improved capacitace as a supercapacitor, 

Nanoscale, 5, pp. 3793-3799, 2013.  

[25] Wang D, Li Y, Wang Q, Wang T, Nanostructured 

Fe2O3egraphene composite as a novel electrode 

material for supercapacitors, Journal of Solid 

State Electrochemistry, 16, pp. 2095-2102, 2012.  

[26] Liu D, Wang X, Wang X, Tian W, Liu J, Zhi C, He 

D, Bando Y, Golberg D, Ultrathin nanoporous Fe3O4 

carbon nanosheets with enhanced supercapacitor 

performance, Journal of Materials Chemistry A, 1, pp. 

1952-1955, 2013.  

[27] Mishra A.K, Ramaprabhu S, Functionalized graphene-

based nanocomposites for supercapacitor application, 

The Journal of Physical Chemistry C, 115 (29), 

14006-14013, 2011.    

[28] Ramadoss A, Kim S.J, Hierarchically structured 

TiO2@ MnO2 nanowall arrays as potential electrode 

material for high-performance supercapacitors, 

International Journal of Hydrogen Energy, 39 (23), pp. 

12201-12212, 2014. 

[29] Harikrishnan S, Magesh S, Kalaiselvam S, Preparation 

and thermal energy storage behaviour of stearic acid-

TiO2 nanofluids as a phase change material for solar 

heating systems, Thermochimica Acta, 565, pp. 137-

145, 2013.  

[30] Fan Z, Chen J, Zhang B, Liu B, Zhong X, Kuang Y, 

High dispersion of c-MnO2 on well-aligned carbon 

nanotube arrays and its application in supercapacitors, 

Diamond and Related Materials, 17, pp. 1943–1948, 

2008.  

[31] Chen W, Rakhi R.B, Hu L, Xie X, Cui Y, Alshareef 

H.N, High-performance nanostructured 

supercapacitors on a sponge, Nano Letters, 11, pp. 

5165–5172,2011.  

http://www.sciencedirect.com/science/article/pii/S0013468610007097
http://www.sciencedirect.com/science/article/pii/S0013468610007097
http://www.sciencedirect.com/science/article/pii/S0013468610007097
http://www.sciencedirect.com/science/article/pii/S0360319909004984
http://www.sciencedirect.com/science/article/pii/S0013468604011168
http://www.sciencedirect.com/science/article/pii/S0013468604011168
http://www.sciencedirect.com/science/article/pii/S0013468604011168
http://www.sciencedirect.com/science/article/pii/S0013468604011168
http://www.sciencedirect.com/science/article/pii/S0378775305007822
http://www.sciencedirect.com/science/article/pii/S0378775305007822
http://www.sciencedirect.com/science/article/pii/S0378775305007822
https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=TI1aQkgAAAAJ&citation_for_view=TI1aQkgAAAAJ:LkGwnXOMwfcC
https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=TI1aQkgAAAAJ&citation_for_view=TI1aQkgAAAAJ:LkGwnXOMwfcC
https://scholar.google.ca/citations?view_op=view_citation&hl=en&user=TI1aQkgAAAAJ&citation_for_view=TI1aQkgAAAAJ:LkGwnXOMwfcC
http://www.sciencedirect.com/science/article/pii/S0378775307020198
http://www.sciencedirect.com/science/article/pii/S0378775307020198
http://www.sciencedirect.com/science/article/pii/S0378775307020198
http://pubs.rsc.org/en/results?searchtext=Author%3AYoshio%20Bando
http://pubs.rsc.org/en/results?searchtext=Author%3ADmitri%20Golberg
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qJOlB1wAAAAJ&citation_for_view=qJOlB1wAAAAJ:u5HHmVD_uO8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=qJOlB1wAAAAJ&citation_for_view=qJOlB1wAAAAJ:u5HHmVD_uO8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cLpH3EoAAAAJ&citation_for_view=cLpH3EoAAAAJ:M3ejUd6NZC8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cLpH3EoAAAAJ&citation_for_view=cLpH3EoAAAAJ:M3ejUd6NZC8C
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=cLpH3EoAAAAJ&citation_for_view=cLpH3EoAAAAJ:M3ejUd6NZC8C

