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Abstract
Amornpitoksuk, P. and Leesakul, N.
Dye Sensitized Solar Cell, DSSC
Songklanakarin J. Sci. Technol., 2003, 25(4) : 535-551

A dye sensitized solar cell is a new type of solar cell. The operating system of this solar cell type is
similar to plant’s photosynthesis process. The sensitizer is available for absorption light and transfer elec-
trons to nanocrystalline metal oxide semiconductor. The ruthenium(II) complexes with polypyridyl ligands
are usually used as the sensitizers in solar cell. At the present time, the complex of [Ru(2,2',2”-(COOH),-
terpy)(NCS),] is the most efficient sensitizer. The total photon to current conversion efficiency was approxi-
mately 10% at AM = 1.5.
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Figure 1 Geometric relationship defining pathlength of a light beam through the atmosphere.
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Figure 2 Spectral irradiance as a function of air mass (AM).
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Figure 3 Schematic representation of a semiconductor/liquid junction photovoltaic cell.
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the dye surface-bound.
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Figure 5 Schematic of a Dye Sensitized Solar Cell (DSSC).
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Figure 7 Electronic absorption spectrum of colloidal TiO, sensitized with a RuL, dye.
Broken line shows absorbance spectrum without dye.
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Figure 8 Principle processes of dye sensitized solar cell.
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Figure 9 The possible experimental setup for measuring the current-voltage characteristics

of the finished device.
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Figure 11 1-V characteristic of an illuminated solar cell. The maximum power rectangle is

shaded.
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Figure 12 A schematic representation of t, and ©t* tuning of polypyridine complexes. (A)
Replacement of an acceptor group by a donor group (4,4-dimethylamino) in one
of the bipyridine ligand in [Ru(dcbpy),]. (B) Replacement of a carboxy-bipyridine
ligand by dicarboxy-biquinoline in [Ru(dcbpy),].
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Table 1. Examples of Ru-polypyridine complexes
that have been studied as photosensiti-
zers in nanocrystalline TiO,-based solar
cells. (Gratzel and Kalyanasundaram,

1998)
Ru-complex A,.. (e mM) in EtOH
[M(LL),(NN)] type
[Ru(dmbpy),(dcpby)] 462(11.7)
[Ru(dmbpy),(CH,),-cbpy)] 462(10.4)
[Ru(dmbpy),(acac-bpy)] 462(12.2)
[M(LL-A), (X),] type
Ru(dcbpy),Cl, 534(9.6)
Ru(dcbpy),Br, 530(8.4)
Ru(dcbpy), I, 536(6.8)
Ru(dcbpy),(NCS), 534(14.2)
Ru(dcbpy),(H,0), 500(11.9)
Ru(dcbpy),(CN), 493(14.5)
[M(LLL)(LL-A)(X)] type
Ru(bmipy)(dcbpy)(N(CN),) 492(13.8)
Ru(bmipy)(dcbpy)(Cl,-pcyd) 502(13.0)
Ru(bmipy)(dcbpy)(H-pcyd) 506(12.6)
Ru(bmipy)(dcbpy)(4Cl-pcyd) 506(12.7)
Ru(bmipy)(dcbpy)(2Cl-pcyd) 506(12.7)
Ru(bmipy)(4PO,H-bpy)(NCS) 496(11.3)
Ru(bmipy)(Hdcbpy)(OH) 528(10.5)
Ru(bmipy)(Hdcbpy)(NCS) 502(14.0)
Ru(bmipy)(Hdcbpy)(CN) 486(13.5)
Ru(bhipy)(Hdcbpy)(NCS) 500(1.3)
Ru(bmipy)(Hdcbiq)(NCS) 580(9.7)
[M(LLL-A)(X),]
Ru(tc-terpy)(NCS),] 620(6.5)

[M(LLL-A)LL)(X)]

Ru(Hphos-terpy)(Me,-bpy)(NCS) 506(9.0)
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Table 2. Performance characteristics of nanocrystalline of TiO, solar cells sensitized by Ru-
polypyridine complexes

Complex I Voo ¥id IPCE Myober Reference
(mA/em?) (V) (%) (%)

Ru(LL),(X),
Ru(dcphen) (NCS), 9.5 0.55 0.57 3.0 Arakawa, 2001
Ru(mcphen),(NCS), 6.1 0.56 0.71 2.4 Arakawa, 2001
Ru(dtphen) (NCS), 12.2 0.70 0.68 5.8 Durr, 2000
Ru(dcbpy),Cl, 2.6 0.57 0.38 2.1 Durr, 2000
Ru(dsbpy),Cl, 1.3 0.51 0.42 1.1 Durr, 2000
Ru(dcphen),Cl, 2.0 0.55 0.42 1.7 Durr, 2000
Ru(dcbpy),(NCS), 6.4 0.61 0.42 6.1 Durr, 2000
Ru(dsbpy),(NCS), 0.5 0.52 0.36 04 Durr, 2000
Ru(dcphen) (NCS), 3.9 0.60 0.43 3.8 Durr, 2000
Ru(dcbpy),(NCS), 15.0 0.70 0.74 7.8 Sugihara, 2001
[Ru(LL)(INNN)(X)I*
[Ru(dcbpy)(terpy)CI]* 11.8 0.56 0.75 28 5 Maruthamuthu, 1999
[Ru(dcbpy)(terpy)SCN]* 4.7 0.65 0.73 11 2 Maruthamuthu, 1999
[Ru(dcbpy)(terpy)CN]* 43 0.42 0.73 11 1 Maruthamuthu, 1999
[Ru(LL),(NN)*]
Ru(dcbpy),(qdt) 11.1 0.595 0.70 3.7 Sugihara, 2001
Ru(dcphen), (qdt) 10.0 0.595 0.67 3.2 Sugihara, 2001
Ru(dcbpy),(ecda) 54 0.580 0.65 2.0 Sugihara, 2001
Ru(dcphen), (ecda) 5.0 0.490 0.69 1.6 Sugihara, 2001
Ru(dcbpy),(bdt) 2.1 0.540 0.66 0.7 Sugihara, 2001
Ru(dcbpy),(tdt) 1.1 0.504 0.70 04 Sugihara, 2001
Ru(dcphen) (tdt) 04 0.470 0.60 0.2 Sugihara, 2001
[Ru(NN),(LL)J*
[Ru(bpy)z(mlmcbpy)]2+ 0.83 0.245 34 Grennberg, 2000
[Ru(bpy)z(mdlmcbpy)]2+ 2.55 0.400 45 Grennberg, 2000
[Ru(bpy)z(dlmcbpy)]2+ 3.00 0.380 48 Grennberg, 2000
[Ru(dmbpy),(dcbpy)]** 1.2 0.540 0.39 1.0 Durr, 2000
[Ru(dmbpy)z(dsbpy)]2+ 1.3 0.530 0.37 09 Durr, 2000
[Ru(dmbpy),(dcphen)] = 1.3 0.550 0.45 1.2 Durr, 2000
[Ru(dmbpy),(dcbpdz)]** 04 0.460 0.30 0.2 Durr, 2000
Ru(LL)(NN)(X),
Ru(dcphen)(phen)(NCS), 8.8 0.61 0.68 3.7 Arakawa, 2001
Ru(mcphen)(phen)(NCS), 4.5 0.55 0.65 1.6 Arakawa, 2001
[Ru(LL),J>
[Ru(dcbpy),]* 1.0 0.52 0.37 0.7 Durr, 2000
[Ru(dsbpy),]** 1.4 0.52 0.34 0.9 Durr, 2000
[Ru(dcphen)3]2+ 1.1 0.51 0.37 0.8 Durr, 2000

[Ru(dcbpdz), ]+ 0.2 0.12 0.30 0.03 Durr, 2000
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Table 2. (Continued)
Complex iy Voe ff IPCE Mytobel Reference
(mA/em?) (V) (%) (%)
Suparmolecule
Ru(dcbpy),[U-(CN)Ru 84 Falaras, 1998
(CN)(bpy),],

bpy = 2,2-bipyridine; dcbpy = 4,4-(COOH),-bpy; phen = 1,10-phenanthroline; dcphen = 4,7-(COOH),-phen;
mcphen = 4-(COOH)-phen; dlmcbpy = 4,4-(1,1-dilithium carboxymethyl)-2,2"-bipyridine; mdlmcbpy = 4-
(1,1-dilithium carboxymethyl)-4'-methyl-2,2"-bipyridine; mlmcbpy = 4,-(lithium carboxymethyl)-4-methyl-
2,2"-bipyridine; dtbpy = 4,4-(COOTBA),-bpy; dsbpy = 2,2"-bipyridine-4,4-disulphonic acid; dcbpdz = 3,3-
bipyridazine-5,5-dicarboxylic acid; qdt = quinoxaline-2,3-dithiol; ecda = ethyl-2-cyano-3,3-dimercapto-
acrylate; bdt = 1,2-benzenedithiol and tdt = 3,4-toluenedithiol.
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Figure 13 Transient absorbance signal for TiO, colloid sensitized with Ru(II)L (5-Cl-phen)
without added I (curve a) and with added I (curve b). The short half-life observed
in curve b is due to the rapid reduction of Ru(III)L,(5-Cl-phen) by I'.
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