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Computational Details

We use the CRYSTALQ9 [1,2] that employs periodic boundary conditions in
calculations to relax the geometries, including supercell lattice constant. We apply
B3LYP [3,4] hybrid functional and 86411/6411/41 and 8411/411 [5] for surface Ni
and O, respectively, and a 6-31G(d,p) [6] for TRIA-ANCHOR basis sets. We use a
shrinking factor (SHRINK) of 1 to generate a Monkhorts—Pack type set of a grid of
k-points in reciprocal space. We apply tightened tolerance factors of 7, 7, 7, 7, and
14 for Coulomb and exchange integrals (TOLINTEG). We define the atomic spins
for Ni according to the AF2 order, which is described below (ATOMSPIN) and lock
the spin states for 20 cycles (SPINLOCK) and add EIGSHIFT to lower the preferred
Ni a or B d-orbitals to make the antiferromagnetic AF2 initial guess occupation for
the first SCF cycle. In the beginning of the calculations, we allow the SCF change
only little (FMIXING 95) during the cycles. However, we decrease the mixing on 25—
35 cycles (BROYDEN) from 95 to 70. In addition, SMEAR (0.010) was used to affect
the occupation of the orbitals in Fermi level by adjusting the finite temperature.

Calculations of the NiO(100) Surface Slab

In order to model a NiO(100) surface that is a) light enough to calculate, but b)
properly describes the surface properties, we performed calculations with various
surfaces and keywords. The results are presented in Table S1.

Table S1 Dependence of the calculated electronic properties of NiO(100)
(band gap, Es valence band maximum (VBM), and conduction band
minimum (CBM)) on the size of the slab model in this work.

Thickness | Super- Eqy VBM CBM
(layers) cell (eV) @ (eV) (eV)
4 2x2 3.96 -4.90 -0.94

8 “ 4.43 -5.38 -0.96

2 ‘ 4.50 -5.37 -0.87

2 4x4 3.88 -4.82 -0.95

4 ¢ 3.96 -4.96 -1.00

6° “ 3.92 -4.74 -0.82

a Experimental optical band gap of a NiO film: 3.68 eV. [7]
® Not fully relaxed.



Our calculations demonstrate that for the 4x4 surface the energy levels are
converged for the chosen thicknesses of the model. Thus, it is justified to use a
computationally less demanding two layers thick (4x4) slab model to predict the
relative tendencies in energies. A large enough area, i.e., 4x4, is important to
properly fit the TRIA—anchor molecules onto the model surface. This model also
predicts the experimental band gap to a close agreement.

Antiferromagnetic AF2 Phase of NiO

Our model for the NiO(100) surface is antiferromagnetic, i.e., spin states are along
the (111) planes, which is demonstrated in Figure S1 with a smaller, four (4) layers
thick (2 x 2) supercell model.

Fig. S1 Antiferromagnetic phases of NiO. Red presents oxygens atoms (O),
yellow nickel (Ni) atoms with spin up, and blue Ni atoms with spins down.



Binding Energies in Literature

In order to compare the energies of our calculations, we collected adsorption
energies (Evinging) Of various anchoring groups presented in literature and grafted
onto both the NiO(100) (Table S2) and TiO: surfaces (Table S3, respectively). Of
these surfaces, TiO: is more widely studied.

Table S2 Various anchoring groups (Anchor) on the NiO(100) surface with
the dye basis of the anchor (Dye), grafting type, adsorption energy (Ebind, in
eV), computational method used (Comp. Meth.), and the reference (Ref.).

Anchor Dye | Grating type | Epindg Comp. Ref.
(eV) Meth.
CARB H- bidentate 2.68 CRYSTAL [8]
PSEUDO,
PBEO
Ph- “ 3.84 “ “
C343 | monodentate | 0.59 VASP, [9]
PBE+U
(Uzgni = 3.8)

. “ bidentate 0.71 “ “

P(OH), CH3 | monodentate | 0.77 Espresso, [10]
(phosphonic) PBE+U+d2

““ 113

bidentate 1.36 “ “

tridentate 0.90

¢ C343 bidentate 1.30 ‘ “

tridentate 0.69 “ “

Si(OH)s Ph bidentate 8.69 | CRYSTAL 8]
PSEUDO,
PBEO

Si((OH),),-O | C343 | monodentate 0.84 VASP, [9]
PBE+U
(Usgni = 3.8)

bidentate 1.00 “ “

tridentate 0.89




Table S3 Various anchoring groups (Anchor) on the TiO: surface with the dye
basis of the anchor (Dye), adsorption energy (Ening), computational method
(Comp. Meth.) used, and the reference (Ref.).

Anchor Dye Epind Comp. Ref.
(eV) Meth.
CN(C)COOH | Arylamine | 0.87-1.39 Siesta, [11]
PSEUDO, GGA
CsHsCOOH - -1.1-(-0.8) CRYSTALO6 [12]
/Siesta/QE, GGA
CARB Perylene 1.26 CRYSTAL98/03, [13]
B3LYP
P(OH), ¢ 2.21 “ “
(phosphonic)
CARB Formic 0.20-1.73 | Car-Parrinello, GGA [14]
Acid
CARB - 2.30-3.62 DFT, HSEO06 [15]

The literature review (Table S3 and S4) demonstrates that the fluctuations in
adsorption energies (0.59-8.69) eV for NiO and (0.20-3.62) eV for TiO2 depend on
the anchoring group, the dye, grafting and the computational method used in
calculations. Concluding from the literature results above, one can assume that if
the computational energies fit within the fluctuation range, adsorption is possible on
the NiO(100) surface. In addition, the bidentate mode is 0.15-0.65 eV more stable
than the monodentate mode, which is to be kept in mind when choosing the accurate
theoretical methodology (the B3LYP and PBE functionals with sizable basis set
quality). [10] This is also invariant whether the solvent effects are considered with
PCM or not.



Energy Levels of the Computed Models

The energy levels calculated in this work'® are presented in Table S4 and Figures
S2-S4 for the separate NiO(100) surface, relaxed, hydrogen free (H-free), and
twisted TRIA-anchor dye models, together with their combined, interacting
structures, where the H-free anchor models have been used.

Table S4 Energy levels (in eV) of the separated 2 layers thick 8 x 8
NiO(100) surface, relaxed dyes, dyes with H-free anchors (PYR, CARB,
DIOL), twisted dyes, and the interacting models, where H-free anchors
were used. CBM and VBM refer to the states of the NiO(100) surface,
whereas HOMO and LUMO refer to the energy states of the TRIA-anchor

models.

Separated CBM VBM Relaxed | H-free | Twisted
Models (eV) (eV) Dye Anchor Dye
LUMO/ | LUMO/ | LUMO/
HOMO | HOMO | HOMO
(eV) (eV) (eV)
NiO(100) -0.96 -4.81 - - -
TRIA-PYR - - -1.51/ - -1.57/
-5.33 -5.44
TRIA-CARB - - -1.65/ | 261/ | -2.99/
-5.62 -6.64 -7.33
TRIA-DIOL - - -0.52/ | 259/ | -2.32/
-4.50 -6.83 -6.57
Interacting | NiO(100) | NiO(100) Dye Dye -
Models CBM VBM LUMO | HOMO
(eV) (eV) (eV) (eV)
TRIA-PYR -0.97 -4.83 -1.91 -5.69 -
TRIA-CARB -0.86 -4.76 -0.74 -4.49 -
TRIA-DIOL -0.96 -4.81 -2.32 -6.53 -
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Fig. S2 Energy levels of the separated NiO(100) surface and the TRIA-PYR-
anchors (on the left), and of the interacting TRIA-PYR-anchors and NiO (on
the right).
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Fig. S3 Energy levels of the separated NiO(100) surface and the TRIA-
CARB-anchors (on the left) and of the interacting TRIA-CARB-anchors and
NiO (on the right).
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Fig. S4 Energy levels of the separated NiO(100) surface and the TRIA-
DIOL-anchors (on the left) and of the interacting TRIA-DIOL-anchors and
NiO (on the right).



Mulliken Population Analysis

Charges calculated by Mulliken population analysis for the NiO(100), PYR, CARB,
and DIOL anchors, and TRIA models are presented in Table S5.

Table S5 Charges (electrons, el.) from Mulliken population analysis.
Negative values refer to given and positive numbers to received electrons by

the moiety.

Anchor on NiO(100) Anchor Triphenylamine

surface (el.) (el.) Dye
(el.)

PYR -0.14 0.18 -0.04

CARB -1.35 0.52 0.83

DIOL -0.20 0.96 -0.75

Anchor not

on surface

PYR - 0.07 -0.07

CARB - 0.28 -0.28

DIOL - 0.01 -0.01




Molecular Orbitals of the Three Dye—Anchor Models
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Fig. S5 Molecular orbitals of the separated TRIA-PYR-anchor models.
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Fig. S6 Molecular orbitals of the separated TRIA-CARB-anchor models.
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Fig. S7 Molecular orbitals of the separated TRIA-DIOL-anchor models.
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