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Abstract. The synthesis of new porphyrin complexes that can absorb light in a broad range of the spectrum

is very important for getting a high efficiency in dye-sensitized solar cells. The primary reason for using these

complexes is good photophysical characteristic like good absorption and high quantum efficiency. Most of the

metal porphyrin shows good photophysical characteristics with changing their ligands. In this work, the

synthesis of a new Zn-porphyrin complex, that has a good spectral and electrochemical characteristic, is

reported. Then, this complex is used as a dye in dye-sensitized solar cells, using titanium dioxide as a

semiconductor. The application of this complex in a dye-sensitized nanocrystalline TiO2 solar cell has

indicated a short circuit density of 11.60 mA, an open circuit potential of 0.65 V with an overall efficiency of

5.33%. The overall conversion efficiency of this system is due to the efficient electron injection into the

conduction band during light absorption.

Keywords. Dye-sensitizedtized solar cell; sensitizing dye; titanium dioxide; electron transfer; Zn-porphyrin

complex.

1. Introduction

Dye-sensitized solar cells (DSSCs) are cheap and they are

a good option instead of p-n junction cells.1 These days

the manufacturing of DSSCs has picked up interest

because of the low cost and simple fabrication of them

comparing to silicon solar cells.2 DSSCs are manufac-

tured by the sandwich arrangement of two electrodes;

anode electrode that consists of TiO2 or SnO2 thin layer

coated with dye, and platinum (Pt) that used as a coated

counter electrode. The space between two electrodes is

filled with a redox pair electrolyte, such as I-/I3
-.3–6

Various factors influence the photovoltaic efficiency of

DSSCs. For improving the efficiency of the DSSCs, their

fragments such as semiconductor, dye, and electrolyte

are used to improve the results in different works. The

mesoporous TiO2 thin film and sensitizers have an

important role in improving solar cell efficiency. DSSCs

is a photoelectrochemical solar cell that consists of

complex photoexcited reactions, electro-chemical

reactions, electron transports at different interfaces in the

cell, photocatalytic reaction. The interfacial energetics

and kinetics are important in DSSCs because this infor-

mation allows us to know how to reduce energy loss and

achieve high efficiency, both of which are strongly

dependent on the precise determination of energy levels

and the complete realization of reaction kinetics at cell

interfaces.3 Themost important characteristic ofDSSC is

using different sensitizers, such as transition metal

complexes, phthalocyanines, organic dyes, and metallo-

porphyrins. For having high efficiency in DSSCs, the

sensitizer should be panchromatic. It can be justifiedwith

the high absorption of photons in the broad region of the

spectrum. Also, it maintains a thermodynamic driving

force for the regeneration of dye and the injection of the

electron.7, 8 Porphyrin has two absorption bands in the

UV-vis spectrum: Soret and Q-bands. These bands

appear in blue and red regions, respectively. With

changing the ligand of these complexes, these bands can

be shifted and thus increase the amount of photon
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absorption and an increased amount of efficiency in

DSSCs. The design of new porphyrins while changing

the substituents, can help us modify photophysical and

photochemical characteristics of these compoundswhich

imitate photosynthetic solar energy transfer via changing
photon energy to chemical potential.9–13 Thus, por-

phyrins have attracted attention because of some advan-

tages such as high molar extinction coefficient, especial

structure, simple synthesis method, low toxicity and low

cost.14–19 Recently, Yella and co-workers18 used a cobalt

electrolytewith a porphyrin dye as a photosensitizer. The

efficiency of this solar cell was 12.3%. Also, porphyrin

photosensitizers in DSCs were made by Yeh and Ima-

hori’s groups.20–22 Under the optimized condition, the

efficiency of 4.1%was obtained.Based on previouswork

on different functionalized porphyrins for DSSCs by

Grätzel and co-workers,18 recently, Insuasty and co-

workers synthesized new systems containing a dipheny-

lamine-Zn (II)-porphyrin with a vinylfluorene as the p-
bridge, andcyanoacrylic acid, or dicyanorhodanine as the

anchoring acceptors groups with a conversion efficiency

of 5.56 and 4.13%.23 So, based on these works, we have

designed and synthesized a new system containing a Zn

(II)-porphyrin complexwith aminophenyl electrondonor

groups as a dye for DSSC. So in this work, we report the

synthesis, characterization as well as optical, electronic

andphotovoltaic properties of thenovel Zn (II) porphyrin
sensitizer and its application as a potential sensitizer for

the fabrication of photovoltaic solar cell with I-/I3
-

electrolyte and with the efficiency of 5.33%.

2. Experimental

2.1 Materials

All solvents were dried and distilled before use. Most

commercial reagents were used without further purification.

All reagents for the chemical synthesis were purchased

from Sigma-Aldrich chemical company. 1H and 13C NMR

spectra were recorded in CDCl3 or DMSO solvents by a

Bruker– Avance 400 NMR Spectrometer. UV–Vis spectra

were obtained by a JASCO V–670 UV–Vis Spectropho-

tometer (190–2700 nm). FT–IR spectra were obtained by a

JASCO, FT/IR–6300 instrument (400–4000 cm-1).

2.2 Synthesis of 1, 3-dioctyloxybenzene

Compound 1, 3-dioctoxybenzene was synthesized accord-

ing to the reported procedure.18, 24 First, resorcinol (11 g,

0.1 mol) was added to a flask and then 1-bromooctane (69.6

mL, 0.4 mol) and K2CO3 (69 g, 0.5 mol) were added

respectively. Then the reaction mixture was refluxed in 500

mL dry acetone for 4 days. Then, the solvent was removed

under reduced pressure. Finally, the compound was

extracted with EtOAc. The organic layer was washed with

water and dried over anhydrous MgSO4. Then, the solvent

was removed under reduced pressure and the product was

purified by column chromatography with hexane as eluent

to give 1,3-di(octyloxy)benzene. The sample was charac-

terized by FT–IR and 1H NMR spectroscopy. 1H NMR

(CDCl3, 400 MHz) d (ppm) = 7.09 (t, J=8.4 Hz, 1H), 6.29 (m,

3H), 3.87 (t, J=6.4 Hz, 4H), 1.76 (m, 4H), 1.58 (m, 4H),

1.32-1.28 (m, 16H), 0.88 (t, J=7.6 Hz, 6H).

2.3 Synthesis of 2-(bromomethyl)-1, 3-bis
(octyloxy) benzene (compound 1)

Concentrated HBr was added to 1, 3-dioctyloxybenzene

(9.15 g) and paraformaldehyde (5 g) and the mixture was

stirred at room temperature for 48 h. Then, the reaction

mixture was filtered and the precipitate was washed with

NaHCO3 and water, respectively, and then, the dried under

vacuum. The sample was purified by column chromatog-

raphy using a 1:1 mixture of hexane and dichloromethane as

eluent. The product was characterized by FT–IR and NMR

spectroscopy.

2.4 Synthesis of 5, 10, 15, 20-tetrakis (4-
aminophenyl) porphyrinato zinc (II), [Zn
(TNH2PP)] (compound 2)

Compound H2TNH2PP was synthesized according to the

procedure reported in the literature.25 First, a solution of

H2TNH2PP (0.5 g) and (Zn (OAc)2. 2H2O) (1.4 g)

dimethylformamide (100 mL) was refluxed for 3 h. Then,

the reaction mixture was filtered after 3 h at room temper-

ature. The product was washed with distilled water and

acetone respectively and then dried. After recrystallization

of the product a mixture of dichloromethane-methanol, the

collected product was purified in the silica-gel column

chromatography with dichloromethane as eluent. The first

band was collected and finally, the solvent was removed

under reduced pressure.26 The complex was characterized

by FT–IR, UV–vis, and NMR spectroscopic techniques.

2.5 Synthesis of compound 4

Zn-porphyrin complex [Zn(TNH2PP)] (compound 2)

(0.16 g), and 2-(bromomethyl)-1,3-bis(octyloxy)benzene (com-

pound 1) (0.279 g) was poured in a 100 mL single-aperture

flask, and triethylamine (3 mL) and toluene (50 mL) were

then added to it, and the mixture was heated at 80 �C and

refluxed in darkness for 72 h. The mixture was cooled to

room temperature and it was filtered after cooling. The filter

product was washed several times with Acetonitrile and

then dried under vacuum at room temperature. The complex
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was characterized by FT–IR, UV–Vis, and NMR spectro-

scopic techniques.

2.6 Synthesis of copper (I) iodide

Cu(NO3)2. 2H2O (0.101 g), and H2O (4 mL) were poured in

a 25 mL single-aperture flask, and the mixture was stirred.

Then Ascorbic acid (0.072 g) was added to the solution and

finally, NaI (0.063 g) dissolved in 2 mL H2O was added to

the previous solution while stirring. Then, the white pre-

cipitate of CuI was filtered. The filter product was washed

several times with Ethanol and Ether, respectively and dried

at room temperature. Then it was used for synthesis in the

next step.

2.7 Synthesis of 3-[4-benzoic acid]pentane-2,4-
dione (compound 3)

The 3-[4-benzoic acid]pentane-2,4-dione was synthesized

according to the procedure reported in the literature.27, 28

First, a mixture of 2,4-pentanedione (4.5 mmol),

4-iodobenzoic acid (1.5 mmol), K2CO3 (7.5 mmol),

CuI (0.15 mmol) and L-proline (0.3 mmol) and dry DMSO

solvent (15 mL) were added to the three-necked flask under

stirring and reaction mixture was heated at 90 �C under

nitrogen atmosphere for 24 h. The reaction solution was

allowed to cool and the cooled solution was poured into 1 M

HCl and extracted with ethyl acetate (39100 mL). The

organic layer was dried over Na2SO4 and the solvent was

removed by reduced pressure. The crude was dried under

vacuum for 24 h. The crude oil was purified by silica gel

column chromatography, using a mixture of hexane/ethyl

acetate (1:1) as eluent.

2.8 Synthesis of dye (compound 5)

3-[4-benzoic acid]pentane-2,4-dione (compound 3) (0.056

g) and Dichloromethane (CH2Cl2) (5 mL) were added to a

50 mL, one-necked flask under stirring. Thionyl chloride (4

mL) was added dropwise to the solution. The solution was

refluxed for 3 h by stirring. After cooling the solution to

room temperature, nitrogen gas is passed through the

solution until volatiles removed from the solution. Then

Dichloromethane (CH2Cl2) (5 mL) and N, N’-Diisopropy-
lethylamine (0.040 g) were added to the reaction solution

and was stirred for 10 min at room temperature. After

removing volatiles and white vapors from the reaction flask,

compound 4 (0.453 g) was added to CH2Cl2 (10 mL), under

stirring was added to the mixture. The mixture was refluxed

for 24 h by stirring. The cooled solution was poured into an

equal amount of water and extracted with ethyl acetate three

times. The organic layer was washed with an aqueous sat-

urated solution of NaHCO3 and then dried over Na2SO4.

After removal of the volatile materials, the collected oil

crude was purified by column chromatography on silica gel

with Ethyl acetate and Methanol (1%) as eluent and the first

band was collected as product. Finally, the solvent was

evaporated and the complex was separated. The zinc por-

phyrin complex dye (compound 5) was characterized by

ESI-MS, CHN analysis, FT–IR, and NMR spectroscopic

techniques. ESI-MS: m/z /2, (ZnC125H156N8O9)/2, Found:

990.125, Calculate: 990.0075.

This complex was used as a dye for the fabrication of

dye-sensitized solar cell, and the current-voltage curve and

efficiency of this cell was measured.

2.9 TiO2 thin film preparation

TiO2 paste (average particle size about 13 nm) was pur-

chased from Solaronix Company. TiO2 thin film was pre-

pared by a doctor blade method. To obtain a mesoporous

film of uniform thickness, we used Scotch tape and a glass

rod to spread a drop of viscous TiO2 suspension onto a

microscope glass slip. After removal of the tape and drying

in air at room temperature for about 1 h, it was sintered at

550 �C for 35 min to form a transparent TiO2 thin film. Dye

sensitization of the TiO2 film was carried out by soaking the

still hot (80 �C) film in the synthesized Zn porphyrin

complex (0.5 mM in CH2Cl2 solvent) and incubated at room

temperature for two days. After finishing the sensitization

procedure, the film was rinsed with ethanol three times to

remove the non-attached dye and finally sealed. Dye-sen-

sitized films were prepared and kept in dark place before

measurement.

2.10 Cell assemble

A solar cell was manufactured using the dye attached TiO2

film as a working electrode and a second conducting glass

coated with chemically deposited platinum from 0.05M

hexachloroplatinic acid as a counter electrode. The two

electrodes were covered with the transparent film of Surlyn

polymer and were tightly held and heated (100 �C) around
the Surlyn to seal and attach two electrodes. A thin layer of

electrolyte solution containing I-/I3- couple was pervaded

into the electrode between spaces from the counter elec-

trode side through a very tiny hole. Then, the drilled hole

was covered with a microscope cover slide and Surlyn to

avoid leakage of the electrolyte solution. The current-volt-

age (I–V) curves of the dye-sensitizedzed solar cells were

measured with l–Autolab type III (Ecovchemie, Utrecht,

the Netherlands) controlled by a microcomputer with Nova

1.7 software, under the illumination of 100 mW cm-2 using

the solar simulator (Luzchem, V 1.2) equipped with a

water-based IR filter.
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3. Results and Discussion

The preparation route for dye is shown in Figure 1.

Compound 1,3-dioctyloxybenzene was character-

ized by FT–IR and NMR methods. The C-O-C groups

appear in the region of 1153 and 1181 cm-1. The C=C

bands and aromatic rings appear in 1457 cm-1 and

1591 cm-1. The aliphatic and aromatic C-H stretching

bands appear in 2860 and 2955 cm-1, respectively.

1H NMR (CDCl3, 400 MHz) d (ppm) = 7.09 (t, J= 8.4

Hz, 1H), 6.29 (m, 3H), 3.87 (t, J=6.4 Hz, 4H), 1.76 (m,

4H), 1.58 (m, 4H), 1.32–1.28 (m, 16H), 0.88 (t, J=7.6
Hz, 6H).

Compound 1 was characterized by FT-IR and NMR

methods. The C-Br bands appear in the region

700–900 cm-1. The intense absorption bands at 1153

and 1181 cm-1 correspond to C-O-C groups. The C=C

bands and aromatic rings appear in 1457 cm-1 and

Figure 1. The preparation route for dye synthesis.
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1591 cm-1. The absorption bands at 2860 cm-1 and

2955 cm21 are assigned to the aliphatic and aromatic

C–H stretching bonds, respectively.
1H NMR: (CDCl3, 400 MHz) d (ppm)= 0.93 (t, J=6.4

Hz, 6H), 1.32-1.37 (m, 16H), 1.50-1.53 (m, 4H), 1.84-

1.87 (m, 4H), 3.77 (t, J=6.4 Hz, 4H), 4.55 (s, 2H), 6.17
(d, J=8.4 Hz, 2H), 7.07 (t, J=8 Hz, 1H).

13C NMR: (CDCl3, 100 MHz) 155.71 (Ca), 130.89

(Cb), 121.44 (Cd), 106.60 (Cc), 68.76 (Cf), 31.92 (Ck),

29.64 (Cg), 29.64 (Ci), 29.36 (Cj), 26.14 (Ch), 22.72

(Cl), 14.15 (Ce), 14.1 (Cm).

In the FT–IR spectrum of compound 2, the

absorption bands at 797 and 1516 cm-1 are due to the

N–H Out-of-plane bending vibrations and scissor-like

bending vibrations, respectively. The C=N and C=C

stretching bands of metalloporphyrin appear at

1663 cm-1. The absorption bands at 2850 and

2918 cm21 are due to the C–H stretching bonds. The

appeared band at 3368 cm-1 is assigned to NH of the

NH2 group in the porphyrin ring.
1H NMR: (CDCl3, 400 MHz) d (ppm)= 3.73 (s, 8H,

Ha), 6.78 (d, J=8 Hz, 8H, Hb), 6.98 (d, J=8 Hz, 8H,

Hd), 7.58 (d, J=8 Hz, 8H, Hc).
13C NMR: (CDCl3, 100 MHz) 148.51 (Ca), 139.50

(Cf), 130.50 (Cd), 129.33 (Cc), 123.43 (Ce), 121.41

(Cg), 115.70 (Cb).

The UV–vis spectrum of compound 2 in DMF

exhibits the typical metal to ligand charge transfer

(MLCT) transition of the Zn porphyrin complex at

kmax = 436 nm, 568 nm and 614 nm (Figure 2).

In the FT–IR spectrum of compound 4, the

absorption bands at 796 and 1506 cm-1 are due to the

N–H Out-of-plane bending vibrations and scissor-like

bending vibrations, respectively. The C=N and C=C

stretchingbands ofmetalloporphyrin appear at 1610 cm-1.

The absorption bands at 2864 and 2924 cm21 are due

to the C–H stretching bonds. The appeared bands at

3390 and 3438 cm-1 are assigned to NH of NH2

groups in the porphyrin ring.
1H NMR (CDCl3, 400 MHz): d (ppm)= 0.88 (t, J= 6.8

Hz, 18H, Hh), 1.35 (m, 48H, Hc, Hd, He, Hf), 1.45 (m,

12H, Hg), 1.68 (m, 12H, Hb), 3.69 (d, J= 8 Hz, 6H, Hl),

3.84 (t, J= 4 Hz, 12H, Ha), 4.29 (t, J= 4 Hz, 3H, Hm),

4.32 (s, 2H, Hz), 5.29 (d, J= 0.8 Hz, 2H, Hp, Hu), 5.82

(d, J= 1.2 Hz, 2H, Hs, Hq), 6.36 (d, J= 7.6 Hz, 6H, Hi,

Hk), 6.44 (d, J= 6 Hz, 7H, Hn, Hr), 6.47 (d, J= 6.4 Hz,

1H, Ht), 6.65 (d, J= 4 Hz, 2H, Hv, Hw), 6.78 (dd, J= 6,

14 Hz, 3H, Hj), 7.15 (d, J= 2 Hz, 6H, Ho), 7.71 (d, J=
5.2 Hz, 2H, Hy)), 8.02 (d, J= 1.6 Hz, 2H, Hx).

13C NMR: (CDCl3, 100 MHz) 154.76 (Ci), 150.36

(Ct), 145.73 (Cz’, Cn), 135.92 (Cs), 130.91 (Cu), 127.77

(Cy, Cp, Ck, Cq), 121.46 (Cv, Cx), 116.14 (Cr, Cz),

113.16 (Cl, Co), 105.91 (Cj), 97.68 (Cw), 68.77 (Ca),

31.93 (Cf), 29.5 (Cb, Cd, Ce), 26.16 (Cc, Cm), 22.14

(Cg), 14.16 (Ch).

Also, CHN analysis was carried out to determine the

presence of ligand and metal in the porphyrin complex

(compound 4). CHN analysis of compound obtained:

Anal. Calc. For ZnC113H146N8O6: C, 76.38; H, 8.22;

N, 6.31. Found: C, 76.28; H, 8.26; N, 6.27%.

The FT–IR spectrum of compound 3 showed an

intense absorption band at 1686 cm21 due to the

presence of the C=O functional group, while the band

observed at 1606 cm21 corresponds to the C=C bond.

The stretching vibration of carboxylic acid O–H and

the other OH groups appear as a very broad band in the

region 2800–3400 cm21, centered at about 3000 cm-1.

The absorption bands at 2999 cm-1 and 3070 cm21 is

assigned to the C–H bonds. These observations proved

the structure of compound 3.
1H NMR (CDCl3, 400 MHz) (100% enol form)

d (ppm) = 16.74 (s, 1H, OH), 8.15 (d, 3JH–H = 8 Hz,

2H, CHAr), 7.33 (d, 3JH–H = 8 Hz, 2H, CHAr), 1.91 (s,

6H, CH3).
13C NMR (CDCl3, 100 MHz): 190.7 (C–OH), 171.1

(COOH), 142.8 (CAr), 131.4 (CHAr), 130.7 (CHAr),

128.6 (CAr), 114.5 (CEnol), 24.2 (CH3).

In the FT–IR spectrum of compound 5 (dye), the
absorption bands at 800 and 1514 cm-1 are due to the

N–H Out-of-plane bending vibrations and scissor-like

bending vibrations, respectively. The C=N and C=C

stretching bands of metalloporphyrin appear at 1594

and 1674 cm-1. The stretching bands of the C–H

appear in 2853 and 2923 cm21. The appeared band at

3314 cm-1 is assigned to NH of NH2 groups in the

porphyrin ring. The stretching vibration of OH group

appears as a very broadband and strong in the region

3000–3700 cm21.
Figure 2. UV–Vis spectrum of Zn porphyrin complex
(compound 2) in DMF.
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1H NMR (CDCl3, 400 MHz) d (ppm)= 0.82 (t, J= 6.8

Hz, 18H, Hh), 1.21 (m, 48H, Hc, Hd, He, Hf), 1.40 (m,

12H, Hg), 1.70 (m, 12H, Hb, Hc’), 2.26 (s, 3H, Hd’),

3.685 (d, J= 7.6 Hz, 6H, Hl), 4.00 (t, J= 4.4 Hz, 12H,

Ha), 4.31 (t, J= 4 Hz, 3H, Hm), 5.29 (d, J= 0.8 Hz, 2H,

Hp, Hu), 5.82 (d, J= 1.2 Hz, 2H, Hs, Hq), 6.23 (d, J=
7.6 Hz, 6H, Hi, Hk), 6.37 (d, J= 12 Hz, 7H, Hn, Hr),

6.48 (d, J= 6.4 Hz, 1H, Ht), 6.65 (d, J= 4 Hz, 2H, Hv,

Hw), 6.78 (dd, J= 6, 14 Hz, 3H, Hj), 7.11 (d, J= 2.4 Hz,

6H, Ho), 7.71 (d, J= 5.2 Hz, 2H, Hy)), 8.02 (d, J= 1.6

Hz, 2H, Hx), 8.28 (d, J= 8 Hz, 2H, Hb’), 8.45 (d, J= 7.2

Hz, 2H, Ha’), 8.73 (s, 1H, Hz).
13C NMR: (CDCl3, 100 MHz) 192.72 (Ch’), 165.77

(Cb’), 157.74 (Ci), 151.39 (Ct), 146.73 (Cn), 137.92

(Cs, Ca’, Cc’, Cf’), 130.91 (Cu), 127.76 (Cy, Cp, Ck, Cq,

Cd’, Ce’), 121.46 (Cv, Cx), 116.14 (Cr, Cz), 113.16 (Cl,

Co), 105.91 (Cj, Cg’), 97.70 (Cw), 68.77 (Ca), 31.93

(Cf), 29.5 (Cb, Cd, Ce), 26.16 (Cc, Cm, Ci’), 22.14 (Cg),

14.16 (Ch).

The UV–vis spectrum of compound 5 (dye) in DMF

exhibits the typical metal to ligand charge transfer

(MLCT) transition of the Zn porphyrin complex at

kmax = 429 nm (Soret band), 562 nm and 604 nm (Q

bands) (Figure 3). These bands show significant dis-

placement to the longer wavelengths because of ligand

binding. This is due to the instability of p electrons

because of the binding to the conjugated p system of

the attached ligand to the complex. The variations of

substituents on the porphyrin ring in metal porphyrin

complexes cause little changes to the intensity and

wavelength of the absorption, the insertion or change

of metal atoms into the macrocycle or protonation of

two of the inner nitrogen atoms strongly change the

visible absorption spectrum for these complexes.

Also, CHN analysis was carried out to determine the

presence of ligand and metal in the porphyrin complex

(compound 5 (dye)). CHN analysis of compound

obtained: Anal. Calc. For ZnC125H156N8O9: C, 75.86;

H, 7.89; N, 5.66. Found: C, 75.79; H, 7.96; N, 5.60%.

The Zn porphyrin complex (dye) was anchored to

nanocrystalline TiO2 film and fabricated cell exhibits a

short circuit density (Jsc) of 11.60 and an open circuit

potential (Voc) of 0.65 with an efficiency of 5.33% in a

DSSC. Table 1 shows the parameters of DSSC made

with this Zn porphyrin complex as a sensitizer. Also,

the current-voltage characteristic of this complex in

DSSC was shown in Figure 4.

The high efficiency of the Zn porphyrin complex

sensitized cell can be attributed to high electron

injection yield and slow charge recombination rate due

to bulky attachment groups that these groups avoid the

aggregation of dye on TiO2 surface. The aggregation

of dye on the TiO2 electrode surface can increase the

intermolecular charge transfer between dye molecules

and cause to decrease of charge transfer from dye

molecules to the TiO2 electrode surface. So it is better

that we used the more p-conjugated extended com-

pounds, with high p-delocalized substituents for

enhancing the light-harvesting properties and photo-

voltaic performances. Also, the molar extinction

Wavelength [nm]

300 400 500 600 700
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A

0.0

0.2

0.4

0.6
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1.4

1.6

1.8

2.0

429 nm

264 nm

520 nm 562 nm 604 nm

Figure 3. UV–Vis spectrum of Zn porphyrin complex
(compound 5) in DMF (6 9 10-5 M) with e = 2.9 (104 M-1

cm-1) at 429 nm.

Table 1. The operation parameters of DSSCs made with a
new Zn porphyrin complex as a sensitizer.

Jsc (mA/cm2) Voc g (%) FF

11.60 0.65 5.33 0.70

V (v)

0.0 0.2 0.4 0.6

J cs
mc/

A
m(

2 )

0

2

4

6

8

10

12

Porphyrin complex

Figure 4. Photocurrent density–voltage (I–V) character-
istic curves of the DSSC with this new Zn porphyrin
complex as a sensitizer.
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coefficient of the dye molecule can affect the value of

Jsc. Generally, a high molar extinction coefficient has a

strong light-harvesting ability and gives a high Jsc.
29

The incident photon-to-current conversion effi-

ciency (IPCE) of porphyrin dye is shown in Figure 5.

The IPCE curve of the cell sensitized with porphyrin

dye showed the highest plateau from 550 to 700 nm,

with a maximum at 700 nm. The IPCE value of the

DSSC based on dye is due to p-conjugation elongation

and the value of electron injection yield. So the high

IPCE value of DSSC could be attributed to the

increased electron injection yield on TiO2 film.

4. Conclusions

In summary, a new Zn porphyrin complex was syn-

thesized by a multistep procedure for dye-sensitized

solar cell applications. The Zn porphyrin complex

anchored to the TiO2 surface acts as a photosensitizer

in a nanocrystalline dye-sensitized solar cell. Fur-

thermore, the photoelectrochemical properties of

complex were investigated. A solar-to-electric con-

version efficiency of 5.33% is achieved with this Zn

porphyrin dye under the standard AM 1.5 conditions.

Supplementary Information (SI)

1HNMR and 13CNMR spectra data is available at

www.ias.ac.in/chemsci.
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