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Computational approaches for Anatase Bulk and Surface TiO,

The bulk anatase TiO, calculations have been performed with a Monkhorst-Pack k-point mesh of
(10x10x4).1-2 The lattice parameters have been calculated by letting the ion position, cell shape,
and volume to vary during minimization. For the bulk anatase TiO,, benchmark calculations have
been carried out for testing the convergence of the cutoff energy values. The lattice parameters are
calculated to be a = b=3.8005 A, ¢ = 9.4887 A, which agree well with the experimental results (a
=b =3.7848 A, ¢ = 9.5124 A).? The calculated and experimental lattice constants are given in
Figure S1. Therefore, a plane-wave cutoff energy of 400 eV has been decided by comparing the
total energy and lattice constants from experiments. Concerning the vacuum space of the super
cell, each slab is separated from its periodic images by a vacuum gap of 40 A, which introduced
in the Z-direction to avoid the adjacent interaction. The optimized structure is given in Figure S7.
Besides, a vacuum layer of ~15 A thickness is added to avoid interactions between the top of the
dye and periodic image of the slab in the vertical direction. In the present study, we have performed

using the same setup, i.e., supercell, k-points, potential, and cutoff energy for entire calculations.

S2



46 10.4

—W¥— Computational Lattice Constant a

4.4 4 —A— Computational Lattice Constant ¢ 4 100

424 / - 9.6

Lattice Constant a (A)
() 0 ueIsuo) dMe]

3.6

T T T 84

I I I
500 600 700
Energy Cutoff (e¢V)
Figure S1. Calculated and experimental a) lattice constant a, and b) lattice constant ¢ as a function

of the energy cutoff (eV) for bulk TiO, anatase.
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Figure S2. The optimized structure of D-n-A Organic dyes a) dimethylamino (—N(CHj3),) b)

methoxy (—-OCHj3;) c¢) donor-free (H-) based dyes.
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Figure S3. The Schematic illustration for the correlation between the calculated Ipy and Exonmo.

Three different donor unit are considered including dye-N(CHj3),,dye-OCHj;, dye-H based D—-n—A

dyes.
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Figure S4. A) Possible adsorption configurations of the D-n-A organic dyes via carboxylate
adsorption modes; bidentate chelating (BC), bidentate bridge (BB). monodentate (M1)! B) The
side view of pristine TiO, anatase (101) surface and the corresponding to the bidentate bridge

configuration, The red and grey atoms represent oxygen and titanium).* 3
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Table S1. Calculated Energy Levels (in eV) containing Conduction Band (CB), Fermi Level (Ef)

and Valence Band (VB) of the studied sensitizers the [dyel]” and [dyel,]"~ complexes on the TiO,

Dyes H-based O-based N-based
Bands CB EF VB CB EF VB CB EF VB
Complexes
Al -2.68 -3.02 -343 -258 292 327 242 275 313
Al* =275 -3.07 342
A2 -2.68 -3.02 -342 -251 285 318 -234 267 -3.09
Cl 248 -3.03 -349 248 281 342 239 274 -3.09
C1* -2.71 -3.06 -3.83
C2 248 -293 -338 247 281 313 227 263 342
dye -3.01 -335 421 -286 321 401 -263 -299 375

Pristine TiO, -3.83 -5.93 -6.45

surface.

*Al & C1-The energy levels of D;Y dye adsorbed onto TiO, anatase (4 X 4) slab.
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Table S2. Calculated Bader charge analysis of the iodide ions with and without the [dyel]

and [dyel,]"” complexes on the TiO, surface.

Dyesa D]Y DzY D3Y D]Y DzY D3Y

Sites® | Al A2 Al A2 | Al | A2 Cl1 C2 Cl1 C2 Cl1 C2
#Atoms®

Iy | 7.38 | 7.39 | 7.18 | 7.37 | 7.15 723 | 7.02 | 7.01 | 7.05| 7.01 | 6.98 | 7.15

Lo 6.95 | 7.06 | 6.87 | 6.95 | 6.96 | 6.84
I 8.00
lo)le) (7.64)-(7.36)

aD,Y, D,Yand D;Y denote the different donor unit of the dyes. ° Sites A1, A2, C1 & C2 designate
the different iodide interaction sites. ¢ Atoms signify the Iodide atoms (I(; for first and I, for the
second iodide ion).
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Figure S5. Optimized geometries of (a) A1 and (b) C1 for the dye/iodide complexes of D;Y dye molecules

adsorbed onto TiO, anatase (4 x 4) surface.
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Figure S6. Calculated overlap integral between anchoring group (COOH) and two surface Ti
atoms in the range of -3 to 0 eV in DOS for different donor groups (DY, D,Y & D;Y), a) before

iodide redox electrolyte interaction b) after interaction with electrolyte for [dyel,] configuration.
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Figure S7. Optimized structure of D-n-A organic dye along the different donor groups a)

dimethylamino- b) methoxy- ¢) donor-free-based onto the TiO, surface.
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