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Ox. State. 10Dq Ds Dt β

Mn 2+ 0.65 0 0 0.2

Fe 2+ 1.0 0 0 0.5

Fe 3+ 1.5 0 0 0.7

Co 2+ 1.8 -0.03 0.03 0.67

Ni 2+ 1.55 0 0 0.5

TABLE S1. Shown are the crystal field parameters for the calculated XAS and RIXS spectra in

Figures 2 and 3 of main manuscript. The units for 10Dq, Ds, and Dt are eV, while β is unitless

and corresponds to the scaling of the interatomic Slater integrals.

FIG. S1. XRD pattern of SnO2 undoped films (before implantation) deposited by spray pyrolysis.

Tdeposition = 450◦C. Film thickness ≈ 100 nm.



3

0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 00

5

1 0

1 5

2 0 D o p a n t  I m p l a n t a t i o n  P r o f i l e

Do
pan

t C
onc

ent
rat

ion
 [at

om
ic %

]

D e p t h  [ n m ]

 M n
 F e
 C o
 N i

FIG. S2. Calculated dopant profile due to ion implantation. The absolute concentration was

estimated using the XPS survey spectra which is sensitive to the first ≈ 5 nm. While the shape

profile was estimated using SRIM software. As expected, there is no significant difference between

dopants.


