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Figure S1 N 1s XPS spectrum of NO gas molecules during exposure to 1 mbar NO gas with the

substrate was retracted from the analysis region. The two peaks arise from triplet/singlet splitting

due to the paramagnetic electronic structure of NO.



Sample s-TiO: r-TiO; Mn-doped  Mn-doped
S-TiOz r-TiOz
NOs 0.03+0.01 0.08+0.02 0.06+0.02 0.16+0.02
During  NO» N.D.* N.D. N.D. 0.25+0.05
Total N 0.03+0.01 0.08+0.02 0.06+0.02 0.41+0.05
NOs 0.04+0.01 0.06+0.01 0.06+0.01 0.23+0.05
After 1
NO2” N.D. N.D. N.D. 0.12+0.02
hour
Total N 0.04+0.01 0.06+0.01 0.06+0.01 0.35+0.05
NOs3 0.04+0.01 0.06+0.01 0.06+0.01 0.26+0.05
After 2
NO2 N.D. N.D. N.D. 0.07+0.01
hours
Total N 0.04+0.01 0.06+0.01 0.06+0.01 0.33+0.05

Table S1: N-components at the single crystal surface for the various surface
treatments following exposure to NO gas and after 1 and 2 hours. *N.D. = not

detected.
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Figure S2 a) N 1s NAP-XPS spectra of the Mn-doped defective rutile (110)

single crystal during and 1 hour and 2 hours after exposure to 1 mbar to show
the evolution of the NO-conversion by-products. b) NOs3™ concentration for the
stoichiometric (s-TiO2), reduced (r-TiO2) and Mn-doped stoichiometric single
crystals over time showing little change over time and c¢) NOs and NO2"
concentrations on the Mn-doped reduced TiO2 (Mn-r-TiO2) with time. It appears
NOz is converted to NO3™ over time, although there is also a slight decrease in

the overall N-concentration at the surface over time.




Sample r-TiO; Mn-doped  Mn-doped
S-TiOz l‘-TiOz*
Before  Ti** 31.345 5.5+1 66.745
exposure
t0S0, Ti* 68.745 94.5+1 33.345
Ti** 36.215 2.8+1 55.3%5
During
Ti** 63.8+5 97.2+1 44.745
Ti** 35.3£5 2.9+1 52.2+5
After
Ti** 64.7+5 97.1£1 47.845

Table S2. Ti**:Ti*" ratios for the various surface treatments during and after exposure
to a SO2/Ar gas mixture. *Note that the Mn-doped r-TiO2 sample was heavily reduced
and that the Ti*" component is likely also to contain some other low oxidation states

of Ti (i.e. TiZ)
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Figure S3. Ti 2p spectra recorded from a). stochiometric TiO2(110) with and without Mn
doping before during and after exposure to SO2 in Ar gas, and b) reduced TiO2(110) with and
without Mn doping before during and after exposure to SOz in Ar gas. c¢). shows the variation
in Ti*" and Ti*" peak areas for the two reduced surfaces from b) indicating that there is only
minimal change in Ti*" removal in the reduced surface but that the Mn-doped surface leads to
reoxidation of the TiOz surface by the SO2/Ar gas mixture.
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Figure S4. The top panel shows the amount of SO3* and SO4> species found on
stoichiometric (s-TiO2) and reduced (r-TiO2) single crystal TiO2(110) surfaces,
along with the Mn-doped stoichiometric TiO2 surface (Mn s-Ti10z) relative to the
Ti 2p32 peak area. The lower panel shows the sulphur species for the Mn-doped
reduced surface, where an additional feature for sulphide species is observed. The
sulphide content remains constant and is accompanied by a decrease in Ti’" as
shown in Figure S3.



Sample s-TiO: r-TiO; Mn-doped  Mn-doped
S-TiOz r-Ti02
SO4* 0.04+0.01 N.D. 0.03+0.01 0.06+0.02
SO;3* 0.04+0.01 0.08+0.02  0.06+0.01 0.25+0.05
During
S? N.D.* N.D. N.D. 0.09+0.01
Total S 0.08+0.02  0.08+0.02  0.09+0.02 0.40+0.05
SO4* 0.03+0.01 N.D. 0.03+£0.01 0.02+0.05
2-
Afier 1 SO; 0.02+0.01 0.06+0.01 0.05+0.01 0.21+0.02
hour S N.D. N.D. N.D. 0.07+0.01
Total S 0.05+0.02  0.06:0.01  0.08+0.02 0.30+0.05
SO4* 0.03+0.01 N.D. 0.07+0.01 0.04+0.01
2-
After 2 SO; 0.02+0.01 0.05+0.01 0.02+0.01 0.24+0.05
hours . N.D. N.D. N.D. 0.08+0.01
Total S 0.05+0.02  0.05+0.01 0.09+0.01 0.36+0.05

Table S3: S-components at the single crystal surface for the various surface
treatments following exposure to SOz in Ar gas and after 1 and 2 hours. *N.D. = not

detected.
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Figure S5. Mn 2p spectra following deposition of Mn on stoichiometric TiO2(110)
(top) and reduced TiO2(110) (bottom panel). Spectra are shown fitted with
multiplet fitting for MnO (Mn?*)[1], before during and after exposure to SO2 gas.
No significant changes are observed in the Mn 2p spectra. The spectra recorded
from the r-TiO2 sample have a better signal to noise ratio, associated with the
higher uptake of Mn on this surface (see main manuscript).



O-species | s- r- s- r- Crodal | Croda2
and TiO2(110) | TiO2(110) | TiO(110) | TiO2(110) | (Mn)

binding + Mn + Mn

energy(eV)

Oxide 86.4 80.3 87.2 72.5 72.5 84.6
(530.6)

Ti-OH 8.9 14.2 10.0 18.8 16.7 6.3
(531.7)

H.0 4.8 5.6 2.8 8.7 10.8 9.1
(532.7)

Table S4. Contributions of different O-species to the O 1s spectra for the different

sample treatments and samples. Peak assignments are taken from Jackman et al. [2]

Binding energies for the different O-contributions are given in parentheses.
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Figure S6. O 1s spectra recorded from a) single crystal samples s-TiOz, r-TiO2, s-

TiO2+Mn and r-TiO2+Mn and b) Croda 1 and Croda 2. Peak binding energies and

assignments are in good agreement with those seen for water adsorption on anatase

TiO: [2].




Sample Total N NOs NOads Total S SO4* SO2 ads

Croda 1 0.47+0.07 0.27+0.05 0.2+0.05 | 0.07+0.02 0.05+0.01 0.07+0.01
Croda 1 + H20 | 0.65+0.08 0.35+0.07 0.30+0.04 - - -
Croda 2 0.28+0.07 0.17+0.05 0.11+0.05 | 0.07£0.01  0.07=0.01 N.D.

Croda 2 + H20 | 0.21+0.04 N.D. 0.21+0.04 - - -

Table S5: N and S concentrations on the two TiO2 nanopowders two hours after
exposure to NO or SO2/Ar gas. Note that the effect of water on SOz adsorption was

not measured.
Calculation of Mn overlayer thickness.

Without STM measurements the nature of the Mn growth is not easy to determine. An
estimate of the overlayer thickness can, however, be made assuming a continuous,
uniform film of Mn on top of the TiO2 substrate, using a two-layer model using the

equation below[3];

—expf—— dMn____
IMnzp _ Npn 1-exp{ AMn(EMn)COSG}
= ] ,
ITi Nri - “Mn
Tizp Ti  exp{ AMn(ETi)COSH}

where dun is the thickness of the Mn overlayer, Avn(Eumn) is the inelastic mean-free
path (IMFP) of Mn 2p electrons through the Mn overlayer at the kinetic energy of the
Mn 2p photoelectrons = 1.5 nm. Aun(ET:) is the IMFP of Ti 2p electrons through the
Mn overlayer at the energy of the Ti 2p photoelectrons = 1.7 nm, Ny» = 47/nm?, and
Nri = 32/nm?® are the number densities of Mn and Ti atoms in the overlayer and TiO:
substrate, and Imn2p and I7i2p are the intensities of the Mn 2p and Ti 2p photoemission
peaks, corrected for the photoionisation cross-sections, analyser transmission function
and sampling depth at the relevant kinetic energies. Since all of the measurements
were performed in a normal emission geometry 6=0, so cos@ =1. This gives Mn

overlayer thicknesses of 0.2 nm for the s-T102 and 0.4 nm for the r-TiO2 single crystal.
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