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1 Supporting Information1

1.1 EPR spectroscopy: g-Tensor identification2

The resonances at g = 9.678, 6, 4.286 and the broad background signal are indicative of3

high spin Fe(III), 6S5/2 ground term (5 unpaired electrons), described by the total spin4

Hamiltonian in Equation 1, sum of electron Zeeman and zero field interactions.5

Ĥ(Fe(III)) = ĤEZI + ĤZF I = µBBT gS +D
[
Ŝ2

z −
1
3S(S + 1)

]
+ E(Ŝ2

x − Ŝ2
y) (1)

In Equation 1, µB is the Bohr magneton, B the applied magnetic field, g the g-matrix of6

the unpaired electrons, S the total spin vector (Sx, Sy, Sz are components of spin along three7
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mutually perpendicular crystalline axes x, y, and z) and D and E are the zero field splitting8

parameters, which are induced by distortions of the crystal field in the compound. At least9

three different ferric crystallographic environments are responsible for the Fe(III) resonances10

in Fig. 3. The almost isotropic resonance at g = 4.286 is often found in strong (D > hν)11

low symmetry (E/D ≈ 1/3) crystal field.1,2 This resonance arises from the transition within12

the middle Kramers doublet of the six energy levels (2S + 1 = 6 where S = 5/2) that at13

zero field are grouped in three states doubly degenerate (i.e. ms = ±5/2; ±3/2; ±1/2).114

The upper and lower pairs have strongly anisotropic g values. The three principal values15

of the diagonalized g matrix are 9.678, 0.857, 0.607.1 Only the first value is visible in the16

spectrum as the other two are above the upper limit of the magnetic field scanned in the17

present experiment. The resonance at g = 6 corresponds to another ferric crystallographic18

environment with low symmetry (E/D = 0).1,2 Solution of the spin Hamiltonian for this19

crystallographic environment provide a g equal to 6 when the magnetic field is perpendicular20

to Sz and a g equal to 2 when the magnetic field is parallel to Sz.1 This resonance at21

g = 2 is not readily visible as it is covered by the other signals present at free spin region.22

However, in a powder one gets all the orientations in the external magnetic field, hence23

resonances extending from the lowest field, g = 6, to the highest field, g = 2, with the24

perpendicular component being statistically more probable than the parallel one. Finally,25

the broad background signal is produced by crystallographic environments where D and26

E are both significant and the ratio E/D is in between the limit cases of E/D = 0 and27

E/D ≈ 1/3. There is no evidence in the spectrum of signals associated with low spin28

Fe(III), 2S1/2 ground term (1 unpaired electron). This species would exhibit an axial g29

tensor with principal values around 2.23 and 1.93, that are not found in the spectrum in30

Fig. 3.231
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1.2 Kinetic analysis of the NOx oxidation performance32

The data were either analyzed using Langmuir-Hinshelwood kinetics or, when the reaction33

rate was found to be linear with the inlet concentration, with first-order kinetics. In both34

cases, the reaction rates were calculated from the kinetic expressions using the conversion35

equations for a plug flow type reactor.36

k1 = − ln(c/c0)
τ

(2)

This yields eqn. 2 for the case of first-order kinetics which was fit to the measured data37

points using linear regression. For Langmuir-Hinshelwood kinetics, no explicit equation could38

be obtained. Therefore, the rate law, eqn. 3, was numerically integrated over the reactor39

volume using Euler-Cauchy algorithm with a step-width of 0.001V . The resulting value was40

then fit to the measured data points using non-linear optimization (Levenberg-Marquardt41

algorithm). Subsequently, first-order rate constants were calculated from eqn. 4.42

dc

dt
= − k ·K · c

K · c+ 1 (3)

k1 = k ·K (4)
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Figure S1: The conversion of NO over illuminated P25 as a function of inlet concentration
analyzed using Langmuir-Hinshelwood kinetics.
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Figure S2: The conversion of NO2 over illuminated P25 as a function of inlet concentration
analyzed using first-order kinetics.
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Figure S3: The conversion of NO over illuminated washed P25 as a function of inlet
concentration analyzed using first-order kinetics.
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Figure S4: The conversion of NO2 over illuminated washed P25 as a function of inlet
concentration analyzed using first-order kinetics.
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Figure S5: The conversion of NO over illuminated iron-grafted P25 (0.05 at.% Fe) as a
function of inlet concentration analyzed using first-order kinetics.
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1.3 XPS analysis43

A sample grafted with 0.01at.% Fe was subjected to XPS analysis. As seen in Fig. S6, traces44

of iron might be present (0.1 at.%) but the signals are very low and near the detection limit45

so any kind of quantitative interpretation is extremely difficult.46

Figure S6: XPS analysis of a sample grafted with 0.01at.% Fe, shown is the binding energy
region specific for Fe2p.
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1.4 NOx oxidation performance of Mn- oder Cu-grafted P2547

0 . 0 0
0 1

0 . 0 0
0 2

0 . 0 0
0 4 0 . 0 0

1
0 . 0 0

6
0 . 0 2

7 0 . 1 9 P 2 5
w a s h

e d
0 . 0 0

0 0 1 0 . 0 0
0 4 0 . 0 2 0 . 0 7

5
0
5

1 0
1 5
2 0
2 5
3 0
3 5
4 0

0
5
1 0
1 5
2 0
2 5
3 0
3 5
4 0

 

 

NO
xac

tivi
ty 

[%
]

M n x + - l o a d i n gC u 2 + - l o a d i n g
se

lec
tivi

ty 
[%

]

m e t a l  l o a d i n g  [ a t . % ]

A e r o x i d e  
   P 2 5

Figure S7: The DeNOx-performance of P25 samples grafted with different amounts of
Cu(II) and Mn(II) ions. Displayed are the nitrate selectivity (blue) as well as the NOx
removal rates (red).
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1.5 NOx oxidation performance of other commercially available48

TiO2 materials grafted with Fe(II) ions49
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Figure S8: The DeNOx-performance of other TiO2 materials grafted with different amounts
of iron. Displayed are the initial nitrate selectivity (black) as well as the selectivity (red)
and NOx removal rates (blue) after 2 h on stream. The KRONOClean K7050 material is
shown before and after calcination at 400 ◦C for 4 h in air prior to the grafting procedure.
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