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Introduction
World demand for energy is projected to nearly double by 2050 and to triple by the end of the century.1 Fossil fuels cannot be a long-term solution as they come from a limited stock and their use has resulted in numerous environmental problems.2 Solar energy is considered the most promising renewable resource, since the amount of enengy the Sun shines on the Earth every day exceeds by a factor of 104 the present global population consumption. Consequently, covering only around 0.1% of the Earth’s surface by means of energy conversion devices having an efficiency of about 10% would satisfy the present global energy needs.3 Therefore,  technologies that collect solar energy and convert it into usable forms of energy, such as electrical energy (photovoltaics) or chemical energy (‘‘solar fuels’’) attract intensive research interest.4,5
The dye sensitized solar cell (DSSC), firstly assembled and demonstrated by O’Regan and Grätzel in 1991,6 is a low cost and high efficiency solar energy-to-electricity converter and is based on immobilizing a dye (or sensitizer) on a semiconductor surface.7 Upon light absorption, the sensitizer excited-state (S*) promotes electron injection into the conduction band (CB) of the semiconductor.8 To regenerate the ground state of the dye, an electron is transferred from the electrolyte, which comprises a redox couple, to the dye. The electrical circuit is completed by reduction of the electrolyte at a platinized counter-electrode.9 Immobilization of the dye to a semiconductor is usually achieved by addition of an ‘anchoring group’, i.e. a chemical substituent able to adsorb the dye molecule onto the surface of the metal oxide and creates an interfacial path by which electrons can be transferred from the dye to the semiconductor.10
In conventional  Grätzel n-type DSSCs, the sensitizers are ruthenium(II) complexes.11 The high cost and low abundance of ruthenium, however, inhibit applications of ruthenium dye-based DSSCs on a large scale. Complexes of copper(I) are considered to be viable, low-cost, earth abundant alternative photosensitizers in solar energy conversion technologies.12,13 Here, we report the synthesis and characterization of a homoleptic [(Cu(NN-(SO3Na)2)2]+ and an heteroleptic [(Cu(PP)(NN-(SO3Na)2)]+ photosensitizer bearing sulfonate anchor groups and their adsorption in the surface of titania. 
Experimental Part
Syntheses. [Cu(bathocuproinedisulfonic acid disodium salt)2](BF4) (1). [Cu(MeCN)4]BF4 and BCDS 2.0 equivalents were stirred in dried and thoroughly degassed dimethylformamide at room temperature for 24 h under an Ar atmosphere. The solvent was then removed under reduced pressure and the resulting dark red solid was washed with acetonitrile.
[Cu(bathocuproinedisulfonic acid disodium salt)(1,2 Bis(diphenylphosphino)ethane)] (BF4) (2). [Cu(MeCN)4]BF4, dppe and  1.0 equivalent of BCDS were stirred in dried and thoroughly degassed dimethylformamide at room temperature for 24 under an Ar atmosphere at room temperature. The solvent was then removed under reduced pressure and the deep red resulting solid was washed with water and acetonitrile.
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Figure 1. Structures of complexes 1 and 2
Results and Discussion
Photophysical Properties
The absorption spectrum of complexes 1 and 2 are presented in Fig. 2 and 3 respectively. The intense absorption feature around 290 nm is assigned to the π−π* transitions of the phenanthroline ligand. The metal-to-ligand charge transfer (MLCT) absorption dominates the visible region of the spectrum, with a maximum of 481 nm for 1 and 415 nm for 2. 
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Figure 2. Absorption spectrum of [Cu(BCDS)2](BF4) in H2O solution
The shape of the MLCT absorption band is a good indicator of the ground state geometry of copper(I) bis-phenanthroline complexes.14 This transition corresponds to the promotion of an electron from a 3d copper orbital to a low lying π* orbital on the phenanthroline ligand. As seen in Fig. 3, this band is an envelope of four distinct MLCT transitions of distinct relative probability. Band I at 553 nm with oscillator strength f=0.0052 can be assigned to a S0→S1 transition. This transition propability can function as a measure of the degree of flattening of the copper complex. For a D2d (pseudo-tetrahedral)  complex, this excitation has a transition dipole of nearly zero and hence very little oscillator strength, but  the oscillator strength increases as the coordination symmetry changes from D2d  to D2 (flattened tetrahedral). Band II consists of two distinct  peaks at 490 nm with f=0.020 and at 470 nm f=0.10 and corresponds to a S0→S2 transition. This peak separation is attributed to vibronic effects of the C-N bond. Band III at 410 nm is attributed to vibronic effects and is significantly hidden by ligand peaks.
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Figure 3. Absorption spectrum of [Cu(BCDS)(dppe)](BF4) in DMF solution
The MLCT band of complex 2 consists of two peaks at 426 nm with oscillator strength f=0.033 and 384 nm with f=0.065. The absorption transitions of copper(I) diphosphine-diimine complexes are best described in terms of multiconfigurations, using linear combinations of occupied and virtual orbitals.15
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Figure 4. Excitation spectra (red) and emission spectra (black) of complex 1 in DMF solution at room temperature
Complex 1 shows very weak emission in solution at room temperature. Although, it is evidenced that polar solvents usually quench copper (I) complexes by exciplex formation, 1 and 2 are not soluble in any non coordinating solvent.  Complex 2 does not show detectable phosphorescence at room temperature in organic solvents, either in the presence of oxygen or in degassed solutions. In a dilute solution, the flexible P(CH2)2P chains undergo dynamic intramolecular vibrations, which non-radiatively annihilates the excited state and renders the complex non-luminescent. 
Electrochemistry
The electrochemical properties of complexes 1 and 2 were assessed in dry dimethylformamide. Redox potentials of the ground and excited states are gathered in Table 1.
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Figure 5. Cyclic voltammetry curves of complexes 1 and 2 in DMF solution, measured using a standard three-electrode arrangement with a glassy carbon working electrode, a platinum wire counter electrode, and an Ag/AgNO3 reference electrode.

Table 1. Photo- and electrochemical data of  PSs in DMF. Potentials are given versus Fc/Fc+.
	Complex
	λabs (nm)
	ε
(M-1 cm-1)
	λem (nm)
	Eox (V)
	Ered (V)
	Eox* (V)
	Ered* (V)

	1
	481
	12000
	515
	0.14
	-2.01
	-2.32
	0.45

	2
	415
	4500
	595
	0.41
	-1.96
	-2.05
	0.50


*Minimal excited state potentials were estimated as Eox/red * = Eox/red ± E00,min (E00,min is the emission energy at the intersection of the absorption and emission spectra) 
An aspect that has great influence on the performance of a DSSC is the position of molecular orbitals with their energy levels. Figure 6 shows the HOMO and LUMO energy levels for the analyzed complexes and they are compared to the benchmark N719 Ru(II) dye. It is possible to view that the LUMO energy level is above the TiO2 conduction band and HOMO level is located below the redox of the electrolyte for all complexes.
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Figure 6. Molecular orbitals energy levels diagram

[bookmark: _GoBack]DSSC Performances
The photovoltaic performance of the complex 1 DSSC are given in Table 2 in comparison to the N719 dye. 
Table 2. Photovoltaic data extracted from J vs. applied V measurements under simulated solar light
	Complex
	Voc (V)
	Isc 
(mA)
	FF
	η%
	Pmax (mW)

	1
	0,487
	0,167
	0,587
	0,15
	0,0478

	N719
	0,739
	6,18
	0,582
	7,22
	2,6577
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Figure 8. J vs. V curves for compex 1
In conclusion, we have presented the synthesis of a homoleptic [Cu(NN)2]+ (1) and a  heteroleptic [Cu(NN)(PP)]+ (2) copper complex containing sulfonate linkers as anchor groups. Subsequently, these substances were immobilized on TiO2 semiconductor in order to achieve light-triggered electron injection from the copper sensitizer into the conduction band of TiO2. The results of the DSSC performances reinforce the belief that Cu(I)-based complexes with iterative chemical optimization would be competent to provide promising sensitizers for next-generation DSSCs.
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