Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013

Role of the main adsorption modes in the interaction of a dye-
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Surface Model: Rutile TiO,(110)

Our model consists of the molecule absorbed on a two layers periodically repeated TiO,
slab. The slabs have been constructed using the lattice parameter optimized for the bulk
and reported in a previous work®. The goal was to calculate geometric bulk parameters,
bulk moduli, energy gaps and relative stabilities of the TiO, rutile determined from
periodic DFT calculations to validate the methodology used and then to propose a
realistic surface model, which was chosen as a compromise between the computational
cost, the number of layers to describe the system and the idea of minimizing the
interaction between repeated dye images along directions parallel to the surface. This
surface model had to be adapted to the size of the molecules to investigate, which were
of a large size. In Figure S1 shows that for the two-layer model of the surface there is

not significant surface energy change respect to the models of 4, 6, 8, 10 and 12 layers.
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Figure S1. Surface energy versus the number of layers in the slab calculated for fully
relaxed slabs.

We have reported® the calculated band gap for the surface model of TiO»(110) as 1.35
eV, which is in agreement with other theoretical studies®® but far from the experimental
data (3.05 eV). It is known that GGA doesn't do a good job in describing the electronic
properties of defective TiO, surfaces’. Therefore we have calculated the relaxed cell
parameters for the bulk TiO,(110) again using different approaches (Tabla S1). All the

functionals employed in this work provide results which are in agreement with what has

been reported for rutile.
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The band gap value using GGA-type functionals lead to a underestimation which has
been well documented in the literature, while hybrid functionals with exception of
AMO5 and PBEDO, overestimate the band gap, in particular for the functional HSEOQ6, is
generally more accurate than GGA, while PBEsol+U performs slightly best than the
other DFT schemes. In the present work, it appears that the PBE+U method and HSE06

provides a good compromise between accuracy and computational effort.
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The U value has been chosen by comparing to experiment but constraining U(3d) and
U(2p) to be the same, to avoid an excessive parametrization. In the case of rutile we
varied U between 2 and 7 eV, and the band gap predicted varies between 1.34 and 2.09
eVv.

Table S1. Relaxed cell parameters of rutile: Cell volume (Vol in A3), optimized lattice
parameters (a and c) (in A), bulk moduli By (in GPa) and energy gaps (Gap in eV).

Vol (A7) a(A) c(A) Bo(GPa) B}, Gap (eV)
AMO05 62.9021 4.6053 2.9427 2555592  4.4822 1.66
B3LYP 59.6675 4.5250 29340  341.1308 3.9750 2.88
HSE06 62.4149 4.5934 29523  276.9766  4.3034 3.13
PBE 59.6639 4.5249 29850  332.3897  4.0411 1.74
PBEO 59.6620 4.5248 2.9458  334.1002  4.0299 1.98
PBEsol 62.7564 4.6018 29552  250.1475  4.4671 1.66
PBEsol+U  63.1322 4.6109 29598  256.6894  4.5037 1.82
Exp 4.6020 29560  210-260 3.05

. . 0.1655980411252453 0.1703959343750626 0.1369502032250873 T T T
Optlmlzed coordinates for TPP-ZI’](”) 0.1655908238876071 0.5039719214133895 0.1369550717035618 T T T
on TIOz(llO) model (Figure 3 a, b and 0.1657680677781216 0.8371771774134981 0.1369315941366531 T T T
0.6657754877419420 0.1707850417782924 0.1369817661576877 T T T
(;) 0.6650602808100772 0.5035800976772118 0.1367673722139454 T T T
0.6657054084325459 0.8369107578260534 0.1369550120569168 T T T
0.2656042691331113 0.1705440537720365 0.1369504198567820 T T T
; 0.2654778045448916 0.5037989457488585 0.1360414841149717 T T T
Figure 3 (a and b) 0.2657768734334684 0.8371288771868507 0.1369345081510210 T T T
0.7657407353560328 0.1705049409374041 0.1369582786594181 T T T
0.0659195372423085 0.0038313802480161 0.0503054217992016 F F F 0.7654983157276082 0.5040858492731274 0.1360471106435007 T T T
0.0659195372423085 0.3371613786575125 0.0503054217992016 F F F 0.7656578318548767 0.8370360089514273 0.1360301710700453 T T T
0.0659195372423085 0.6705013818385197 0.0503054217992016 F F F 0.3656757402537062 0.1702954390689096 0.1369934114605070 T T T
0.5659195372423085 0.0038313802480161 0.0503054217992016 F F F 0.3652596237138178 0.5041737801308145 0.1366093479774060 T T T
0.5659195372423085 0.3371613786575125 0.0503054217992016 F F F 0.3658157484676416 0.8370660283512266 0.1360462700880521 T T T
0.5659195372423085 0.6705013818385197 0.0503054217992016 F F F 0.8657028226116177 0.1704593485055521 0.1369510739809762 T T T
0.1659195372423099 0.0038313802480161 0.0503054217992016 F F F 0.8656605612603122 0.5038936472605232 0.1369520157451184 T T T
0.1659195372423099 0.3371613786575125 0.0503054217992016 F F F 0.8656896936622870 0.8371339806147470 0.1360356536914820 T T T
0.1659195372423099 0.6705013818385197 0.0503054217992016 F F F 0.4650028096450907 0.1712763168278478 0.1368786876243843 T T T
0.6659195372423099 0.0038313802480161 0.0503054217992016 F F F 0.4646450770585574 0.5036828063368444 0.1390221630485008 T T T
0.6659195372423009 0.3371613786575125 0.0503054217992016 F F F 0.4657866872967441 0.8373224631266166 0.1369280612864996 T T T
0.6659195372423099 0.6705013818385197 0.0503054217992016 F F F 0.9656725168525664 0.1704292958418448 0.1369476674178866 T T T
0.2659195372423113 0.0038313802480161 0.0503054217992016 F F F 0.9656061417606061 0.5039683166285144 0.1360508217655060 T T T
0.2659195372423113 0.3371613786575125 0.0503054217992016 F F F 09657 155315305862 0.6371604300892679 0.1360937173234560 T T T
0.2659195372423113 0.6705013818385197 0.0503054217992016 F F F 0.0159195372423113 01705013618385197 0.0803054217092016 F F F
0.7659195372423113 0.0038313802480161 0.0503054217992016 F F F 0.015919537242311 0 5039313802480161 0.0803054217992016 F F F
0.7659195372423113 0.3371613786575125 0.0503054217992016 F F F 0.015919537242311 08371613786575125 0.0803054217992016 F F F
0.7659195372423113 0.6705013818385197 0.0503054217992016 F F F 0515919537242311 01705013818565107 0.0803054217992016 F F F
0.3659195372423127 0.0038313802480161 0.0503054217992016 F F F 0515019537242311 05038313802480161 0.0803054217992016 F F F
0.3659195372423127 0.3371613786575125 0.0503054217992016 F F F 0515019537242311 08371613786575125 0.0803054217992016 F F F
0.3659195372423127 0.6705013818385197 0.0503054217992016 F F F 0.1150195372423127 01705013818565107 0.0803054217992016 F F F
0.8659195372423127 0.0038313802480161 0.0503054217992016 F F F 0.1150105372473197 0.5036313802480161 0.0503054217902016 F F F
0.8659195372423127 0.3371613786575125 0.0503054217992016 F F F 0.1159195372423127 0.8371613786575125 0.0503054217992016 F F F
0.8659195372423127 0.6705013818385197 0.0503054217992016 F F F 0.6150195372423127 0.1705013818385197 0.0503054217992016 F F F
0.4659195372423142 0.0038313802480161 0.0503054217992016 F F F 0.6150195372423127 0 5033313802480161 0.0803054217992016 F F F
0.4659195372423142 0.3371613786575125 0.0503054217992016 F F F 06150195372423127 08371613786575125 0.0803054217992016 F F F
0.4659195372423142 0.6705013818385197 0.0503054217992016 F F F 0.2150195372423142 0 1705013818585197 0.0803054217992016 F F F
0.9659195372423142 0.0038313802480161 0.0503054217992016 F F F 0.2150105372423142 0.5038313802480161 0.0503054217992016 F F F
0.9659195372423142 0.3371613786575125 0.0503054217992016 F F F 0.2150195372423142 0 8371613786575125 0.0803054217992016 F F F
0.9650195372423142 0.6705013818385197 0.0503054217992016 F F F 0.7150105372473142 0.1705013819385197 0.0503054217992016 F F F
0.0656300157121972 0.1704333882547845 0.1360475613977580 T T T 0.715010537247314 0.5038313802480161 0.0503054217962016 F F F
0.0656651680346546 0.5039137580783045 0.1360488040193897 T T T 0.715010537247314 0.8371613786575125 0.0503054217902016 F F F
0.0657395060835032 0.8371680524565585 0.1360327400842575 T T T 0.3150105372473085 0.1705013816385197 0.0503054217902016 F F F
0.5658731515221435 0.1709901165367582 0.1360966676788157 T T T 0.3150105372473085 0.5036313802480161 0.0503054217902016 F F F
0.5641100640292009 0.5054665788468327 0.1402106600791148 T T T 0.3150105372473085 0.8371613786575125 0.0503054217902016 F F F
0.5657246258142479 0.8371285971380358 0.1360387690036815 T T T
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