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Abstract Synthesis of anatase TiO2 nanoparticle with

diameter about 25 nm is carried out by using chemical

method and powder of TiO2 nanoparticle is pasted on

fluorine doped tin oxide (FTO) coated glass by doctor

blade. New organic SPADNS dye (C16H9N2Na3O11S3) is

used first time to make the dye-sensitized solar cells

(DSSC). Cell were constructed by using SPADNS dye

loaded wide band gap anatase TiO2 nanoparticle on FTO

coated glass as photo-anode, polyiodide as electrolyte, and

platinum coated FTO as counter electrode. SPADNS dye

was made from organic reagent which is low cost and easy

available in market. Better adsorption of SPADNS dye on

anatase TiO2 film is due to porous nature of TiO2. This

better adsorption gives more transportation of electron

from dye to TiO2 which increase the efficiency of solar

cell. Although SPADNS dye is the first experiment with

TiO2 nanoparticle for DSSC, it gives photocurrent (short-

circuit current density) 1.04 mA/cm2, open-circuit voltage

0.59 V, with 0.9 % efficiency under 10 mW/m2 LED.

1 Introduction

Dye sensitized solar cells (DSSC) are found to provide

relatively high efficiency and have low fabrication cost;

could be an important alternative for conventional silicon

solar cells [1]. The DSSC is invented by O’Regan and

Grätzel in 1991, consists of four important components,

such as electrolyte, a photo-anode, counter electrode and

dye. In spite of their excellent performance, several

limitations such as (1) installation area, (2) location as

well as availability of sun radiation, (3) initial cost, (4)

pollution, (5) less efficiency, and (6) reliability are

holding their commercialization and large scale applica-

tions in technological scenario. Utilization of various

dimensional nanomaterial such as nanoplates, nanoparti-

cles [2–4], nanowires [5, 6], nanorods [5, 7], and nan-

otubes [5–11], etc. for the fabrication of DSSC can help

partially to solve the limitations afford by DSSC so far

Semiconductor has vital role in the absorption of the

sunlight, transportation of charge and antireflection

coating for solar cell [12]. Wide band gap semiconductor

nanomaterial used as photo electrode in DSSC [13, 14].

Main role of the absorption of the sunlight in visible

region and injection of charge into the semiconducting

material plays by sensitizer. Various type of sensitizer is

used to increase the efficiency of the cell such as organic

[15–17], hybrid compound [18] and natural [19, 20] etc.

Ruthenium inorganic dyes are mostly used as molecular

sensitizer in DSSC which having high efficiency up to

11 % [21, 22] but is very costly and thus cost of the solar

cell becomes high with ruthenium dye. Natural dye is not

so pricey and easy extraction but it gives very low effi-

ciency than other sensitizer. Thus there is significant

interest in that sensitizer which is not so expensive with

good efficiency.
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In this work, anatase phase of TiO2 metal oxide is used

as photo-electrode and organic dye as absorber material.

SPADNS dye is made from the spadns inorganic reagent

which is cheaper, easy available everywhere, gives good

amount of yield and not degrade at low intensity. The

performance of more organic dyes with titania are studied

mostly for solar cell application [23] but this SPADNS

organic dye is use first time in DSSC. Among all transition

metal oxides, TiO2 is the most studied material as it

exhibits a broad range of functional properties. TiO2 is a

white solid and inorganic substance which is non-flam-

mable, thermally stable, nonhazardous, and poorly soluble

in organic as well as inorganic solvent [24, 25]. These

variety of TiO2 nanostructures have received plenty of

attention for their wide spread applications in cosmetics,

pigmentation [24], batteries [26, 27], supercapacitor

[28, 29], solar cells [13, 14], hydrogen evolution [30, 31],

self cleaning, antireflecting coating [32] and field emitters

[33, 34]. Due to wide band gap range, high refractive

index, good chemical as well as thermal stability, various

dimensional nanostructure of TiO2 have been widely use in

energy saving application and convenient visual environ-

ment. The transparent nature of TiO2 nanomaterials (ul-

trafine) guided for their more effective use as

photocatalysts or ultraviolet absorbers. Since then, huge

efforts have been made to the research on TiO2 nanoma-

terial, which has accompany to many applications in areas

ranging from photocatalysis and photovoltaics to sensors

and photo-electrochromics [35]. These huge applications

can be divided into environmental and energy categories.

The many applications depend not only on the interactions

of TiO2 materials with the environment, but also on the

morphological features of the TiO2 material itself. UV–Vis

spectroscopy is used to observe the absorption of SPADNS

dye alone and titania sensitized with SPADNS dye in

visible region. Photo-anode is made with TiO2 nanoparticle

pasted on FTO coated glass bye method of doctor blading

and then sensitized with SPADNS dye. Solar cell is fab-

ricated by sandwich of dye loaded TiO2 photo-anode and

platinum coated FTO glass substrate and photo electro-

chemical properties are calculated under the influence of

solar radiation.

2 Experimental

TiO2 nanoparticles were synthesized with titanium

trichloride (TiCl3) as a precursor and sodium hydroxide

(NaOH) as reducing agent using chemical method at room

temperature [36]. After reaction of TiCl3 and NaOH, white

precipitation was formed. The precipitate solution was

stirrer further for few hours and filtered. After heating the

filtrate at temperature of 60 �C, white powder of TiO2

formed. Formation of dens Anatase TiO2 porous nano-

particle film on transparent conducting oxide FTO sub-

strate is carried out by doctor blade explained elsewhere

[37]. SPADNS (C16H9N2Na3O11S3, 3, 6-disulphonic acid,

1, 8-dihydroxy naphthalene, tri-sodium salt) reagent was

purchased from sigma Aldrich (99.9 %). A 0.5 mM dye

solution was prepared in ethyl alcohol by using red color

spadns reagent. TiO2 films after preparing at room tem-

perature were coated with sensitizing SPADNS dye over-

night. Highly conducting platinized counter electrode was

prepared by sputtering technique on transparent conducting

oxide FTO- coated glass. Structural and optical properties

of dye loaded TiO2 porous nanoparticle thin film were

characterize using XRD (Bruker AXS D8, Cu Ka

k = 1.54 Å) and UV–Vis spectroscopy (Jasco V-670),

respectively. Size and porosity of the TiO2 nano-particle

were obtained from Field Emission Scanning Electron

Microscopy (FESEM). Chemical compositional analysis

was carried out by Fourier Transform Infra Red spec-

troscopy (FT-IR). The active area of the cell is about

0.25 cm2. To find the efficiency and fill factor of dye

loaded TiO2 porous nano-particle film, J–V characteristic

were carried out.

3 Results and discussion

X-ray diffraction pattern of TiO2 nano-particle deposited

on fluorine doped tin oxide (FTO) substrate by using doctor

blade is shown in Fig. 1. The synthesized TiO2 nanopar-

ticles are of tetragonal crystals (JCPDS card no. 04-0477),

assigned to the space group 141/amd with lattice contacts

a = 3.783 Å, b = 3.783 Å, c = 9.51 Å and a = 90,

b = 90�, c = 90� This diffraction peaks at 2h angle

25.29�, 37.79�, 48.01�, 53.91�, 55.06� and 62.57� corre-

sponding to (101), (004), (200), (105), (211) and (204)

plans confirms anatase phase and the crystalline nature of

TiO2. This confirms that there is not formation of another

phase like rutile or brookite. Low intense peaks indicating

by asterisk are assigned to the conducting FTO of mono-

clinic crystal in the space group of C2/m with lattice

constant a = 9.296 Å, b = 8.076 Å, c = 5.074 Å and

a = 90�, b = 97.9�, c = 90� (JCPDS card no. 25-0875).

The crystalline size of the prepared anatase TiO2 was

calculated from Debye Scherer equation [38]. The average

crystallite size of TiO2 nano-particle was around 20 nm.

Figure 2 shows the FESEM image of TiO2 nano-parti-

cles pasted on the FTO substrate. Close inspection of the

FESEM images shows that the pure TiO2 nano-particles

have irregular shape. The particles of anatase TiO2 are

uniformly distributed over the FTO substrate. Size of the

particle varies from 11 to 38 nm, with average particle size

around 25 nm. The arrangement of TiO2 nano-particle on
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FTO shows the porous nature of film, which provides the

larger adsorption surface for dye molecule and enhance the

performance of solar cell [39–41].

Fourier transformed infrared spectroscopy is a favorable

method to observe the molecular vibration of composite.

The FTIR spectrum shown in the Fig. 3 reveal most of the

characteristic peaks of the SPADNS dye loaded on the

TiO2 particle film. The C–H symmetric stretching modes

attributes by two peaks observed at 2962 and 2860 cm-1.

Absorption peak having broad range between 3200 and

3550 cm-1 indicates O–H stretching vibration. The broad

absorption in this spectrum observed due to presence of

alcoholic group and phenolic group in the SPADNS dye.

The ultra sharp peak at wave number 1728 cm-1 is in

conformity with C=O bonding of the dihydroxy naphtha-

lene. Peak at 1449 and 1160 cm-1 are arise mainly due to

C–C and C–N bond vibration mode of the sulphonic acid

and benzene ring of azo benzene respectively [42]. Peak at

1640 cm-1 shows C=C stretching vibration. Overall, the

sharp peaks observed of C–N and C=O bonds are indica-

tive of the good adsorption of SPADNS dye on porous

TiO2 film. This indicates that, interacting surface area of

the TiO2 nanoparticle has large with molecules of

SPADNS dye.

 

Fig. 1 XRD spectrum of TiO2

nanoparticles on FTO coated

glass substrate

Fig. 2 FESEM image showing top view of TiO2 nanoparticle coated

on FTO coated glass substrate Fig. 3 FTIR spectrum of SPADNS dye loaded TiO2 nanopaticle
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The optical absorption spectrum of SPADNS dye, pure

TiO2 and SPADNS dye loaded on TiO2 as shown in the

Fig. 4. Figure shows the significant difference between the

absorption of the SPADNS dye and dye loaded on TiO2 in

visible region. Figure 4a shows Absorption spectra of the

dye with two broad absorption peaks in the visible region,

first absorption peak at maximum 527 nm and second at

387 nm and this maximum responsible for attractive red

color of the SPADNS dye. Figure 4b shows absorption

spectra of pure TiO2. Absorption edge occur around

349 nm which indicates that TiO2 absorbed radiations in

ultra-violet region. Figure 4c shows the interaction of the

SPADNS dye with TiO2 nanoparticles and combines effect

obtained from the absorption spectra. The broad absorption

spectra form 432 to 635 nm in the dye loaded TiO2 film

confirmed that anchoring of the dye with the surface of

TiO2. Absorption of SPADNS dye loaded TiO2 nanopar-

ticles is better in visible region. The transformation of the

electron from dye molecules to semiconductor depends on

the surface interaction of dye with semiconductor material

[43–45]. The surface interaction of SPADNS dye with

TiO2 nanoparticles is very important to increase the per-

formance of the efficient solar cells. Optical absorption in

TiO2 naoparticles and the SPADNS dye is more due to

organic element present in the dye [46]. This will help to

produce better electron injection. The broadness of the

absorption level of dye sensitize TiO2 are influence by

MLCT transition in visible region [47].

Performance of the solar cell is calculated by using

graph of current density and voltage under visible light.

SPADNS dye sensitized TiO2 solar cells were tested for the

purpose to calculate the light to power conversion effi-

ciency and to make the energy saving application.

Although dye effect on the charge transportation, elec-

trolyte always play the main role in the performance of the

DSSC [48, 49]. Photovoltaic performance of various TiO2

morphologies in well known organic dye is provided in the

Table 1. Moreover, Jayaweera et al. [50] have introduced

photovoltaic properties of ion-associated complexes

between SPADNS and rhodamine B (RhB) absorbed on

TiO2 surface. Efforts were added on the optimization RhB

content to gain the higher photo conversion efficiency and

not on SPADNS. Therefore in present study, the SPADNS

organic dyes and polyiodide were used as sensitizer and

electrolyte to construct the solar cell respectively. Solar

cell was characterized under 10 mW/m2 LED light with

expose area 0.25 cm2. Figure 5 shows the current density

versus voltage plot of SPADNS dye loaded TiO2 film.

‘SPADNS’ dye adsorbed on TiO2 film gives power con-

version efficiency of 0.9 % at short circuit current

Fig. 4 UV–Vis absorption spectra of a SPADNS dye (red in color),

b pure TiO2 (black in color), and c SPADNS dye loaded on TiO2

nanoparticle (orange in color) (Color figure online)

Table 1 Photovoltaic

performance of various well

known organic dye and TiO2

based dye sensitized solar cell

Dye code Jsc (mA/cm2) Voc (V) FF g (%) References

TA-st-CA 18.1 0.74 0.67 9.1 [15]

MK-2 14.00 0.74 0.74 7.7 [16]

JK-45 16.13 0.64 0.71 7.42 [17]

JK-46 17.45 0.66 0.74 8.6 [17]

SCZ-1 19.85 0.76 0.68 10.4 [21]

SCZ-2 19.88 0.76 0.67 10.2 [21]

N719 18.77 0.76 0.69 9.9 [21]

Indoline (D102) 07.50 0.85 0.60 4.1 [46]

N719 10.31 0.70 0.43 3.16 [45]

Indoline 1 18.75 0.64 0.53 6.51 [53]

Indoline 2 17.50 0.58 0.53 5.50 [53]

Indoline 3 17.38 0.62 0.51 5.60 [53]

Indoline 4 19.56 0.50 0.53 5.93 [53]

N3 18.06 0.69 0.62 7.89 [53]

N719 16.68 0.75 0.65 8.26 [53]
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1.04 mA/cm2, open circuit voltage 0.59 V, and fill factor of

0.21. The electrical as well as electrochemical losses of dye

sensitized solar cell are defined by Fill factor (FF). Effi-

ciency of the dye sensitized solar cell can conclude by

specific functional group present in the dye [51, 52].

Alcoholic (–OH) groups present in the SPADNS dye help

to enhance the efficiency of solar cell. This alcoholic group

form bond with the surface of the semiconductor material

and thus help to transfer electron from dye molecule to the

semiconductor and give better effect in the power con-

version efficiency of dye sensitized solar cell [53, 54].

4 Conclusion

In this work, solution of SPADNS dye is made from

organic SPADNS reagent. To utilize the solar cell, TiO2

nanoparticles are sensitized with SPADNS dye overnight

and cells were tested under 10 mW/m2 LED. Crystalline

nature of the TiO2 nanoparticles was confirmed from the

XRD pattern. TiO2 nanoparticles show the poly-crystalline

nature and anatase phase at room temperature. Zero

dimensional morphology and particle size about 25 nm

confirms from the field emission scanning electron micro-

scopy. Irregular shape of the TiO2 nanoparticle has uni-

formly distributed over the fluorine doped tin oxide coated

glass substrate. The surface interaction of TiO2 nanoparti-

cles with SPADNS dye observed by Fourier transforms

infra-red spectroscopy which concludes the transformation

of the electrons to the semiconductor material from dye

molecules. The change in optical absorption of pure

SPADNS dye and after SPADNS dye loaded on TiO2

nanoparticle observed from ultraviolet–visible spec-

troscopy. Absorption of SPADNS dye become broad in

visible region after loaded on TiO2 film. This will help to

increase quality of solar cell as well as power conversion

efficiency. SPADNS dye gives fill factor (ff) of 0.21 and

efficiency (g) of 0.90 % with short circuit current (Isc)

1.04 mA/cm2 and open circuit voltage (Voc) 0.59 V.
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