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Fig. S1 Catalytic stability tests on undoped and Cu-doped glasses (loose contact). 

 

 

Table S1 Position of the bands visible in FTIR spectra and their assignments. 

Wavenumber /cm-1 Band assignment Literature 

445-455 δ(O–Si–O) 1 

627 δ(Si–O rings) 2 

664-667 δ(O1CO2) in HCO3
- 3 

702-706 
δ(C=O) + ν(O···H) in HCO3

- 
δ(O–C–O) in CO3

2- 

3 
4 

756-770 νs(Si–O–Si) 1 

833 π(CO3) in HCO3
- 3 

870 π(O–C–O) in CO3
2- 4,5 

965 ν(Si–O-/Si–OH) 1 

1006 ν(C–O) + ν(C···O) in HCO3
- 3 

1070-1100 νas(Si–O–Si) 1 

1380 ν(C–O) + ν(C···O) + δ(OHO) in HCO3
- 3 

1400 δ(OHO) in HCO3
- 3 

1430 νas(CO3
2-) 4,5 

1461 νas(CO3
2-) 4,5 

1503 νas(CO3
2-) 4,5 

1630-1680 ν(C=O) 3 

ν – stretching (s – symmetric, as – asymmetric); δ - in-plane bending; π - out-of-plane 

bending 



Table S2 Positions of the Raman bands and their assignments. 

Raman shift /cm-1 Band assignment Literature 

297-379 δ(Si–O–Si) in SiO2 (Q4) 6,7 

466-551 δ(Si–O–Si) in SiO2 (Q4) 6,7 

463 F2g in CeO2  8 

551-621 δ(Si–O–Si) in Si2O5
2- (Q3) 6 

595-700 δ(Si–O–Si) in Si2O6
4- (Q2) 6,7 

847-906 ν(Si–O) in Si2O6
4- (Q2) 6,7,9 

888-971 ν(Si–O) in Si2O6
4- (Q2) 6,7,9 

991-1052 ν(Si–O) in Si2O6
4- (Q2) 6,7,9 

1057-1085 ν(Si–O) in Si2O5
2- (Q3) 6,7,9 

1120 νs(CO3
2-) 10 

1170 2LO in CeO2 8 

ν – stretching (s – symmetric, as – asymmetric); δ - in-plane bending 

 

 

Fig. S2 The photograph of the synthesized glassy materials. 



 

Fig. S3 XPS survey spectrum of the undoped glass. 

 

 

Fig. S4 XPS survey spectrum of the Mn-doped glass. 

 



 

Fig. S5 XPS survey spectrum of the Fe-doped glass. 

 

 

Fig. S6 XPS survey spectrum of the Co-doped glass. 

 



 

Fig. S7 XPS survey spectrum of the Ni-doped glass. 

 

 

Fig. S8 XPS survey spectrum of the Cu-doped glass. 

 



 

Fig. S9 XPS survey spectrum of the Ce-doped glass. 

 



 

Fig. S10 HR XPS scans of C 1s and K 2p region for the investigated samples. 
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Fig. S11 HR XPS scans of Ca 2p region for the investigated samples. 
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Fig. S12 HR XPS scans of Si 2p region for the investigated samples. 
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Fig. S13 HR XPS scans of O 1s region for the investigated samples. 
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Fig. S14 HR XPS scans of Na 1s region for the investigated samples. 
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Fig. S15 HR XPS scans of Cl 2p region for the investigated samples. 

 

Unfortunately, the determined surface concentration of dopants (Mn, Fe, Co, Ni, Cu, Ce) in the 

investigated samples seemed to be on the detection limit of the XPS method (Fig. S16), hence 

the estimation of the chemical states of the additives was rather difficult and may be burdened 

with an error. Anyway, the spectra collected at Mn 2p3/2 region were fitted with five 

components with the first line centered at 640.8 eV, which suggested the coexistence of either 

Mn2+ or Mn3+. The three lines positioned within the energy range of 640 – 645 eV were due to 

the multiplet splitting and the position of the last shake-up line was found at ~645 eV. This line 

can be used as an additional parameter that confirms the Mn2/3+ oxidation state of manganese 

in the samples.11,12 Taking into account the results by UV/Vis-DR it can be stated that 

manganese shows a variety of oxidation states from +2 to +4 with 3+ as the predominant forms 

stabilized in the investigated Mn-doped glass. Fe 2p3/2 region of the XPS spectrum was fitted 

with four components. The first line was centered at 709.3 eV which suggested the existence 

of Fe3+ oxidation state. The three lines within the energy range of 711 – 716 eV were observed 

due to the multiplet splitting.11,12 The predominant form of iron 3+ was consistent with other 

results reported above. The spectrum collected in the characteristic Co 2p3/2 region was fitted 

with four components. The first line was centered at 781.5 eV. That may indicate divalent 

cobalt, similar to that in CoO and/or Co(OH)2.11 The three additional lines within the energy 
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range of 784-790 eV were also due to the corresponding multiplet splitting. The Ni 2p3/2 

spectrum was fitted with three lines. The first line was positioned at 855.9 eV, indicating the 

Ni2+ oxidation state, like in the case of nickel oxide NiO and/or hydroxide.11,13,14 The Cu 2p3/2 

spectrum was fitted with a single line centered at 933.2 eV which indicated, together with a 

lack of satellite features in the range of 940 – 945 eV, the presence of Cu in either metallic or 

+1 oxidation state, like in Cu2O.15–17 UV/Vis-DR results confirmed that Cu2+ was also present in 

the synthesized sample, which might be slightly inconsistent with XPS. However, the 

population of Cu2+ centers exposed to the surface might be very small. The Ce 3d spectrum 

was fitted with four doublet structures (d5/2 – d3/2 doublet separation equals 18.6 eV) that can 

arise from two chemical states of Ce but due to the multiplet splitting phenomena, each 

chemical state was further split. Eight lines were applied to accurately fit the spectra (four 

doublets – two from Ce(III) and two from Ce(IV)). Those four doublets applied for fitting 

suggested the coexistence of both Ce(III) and Ce(IV) states.18,19 These results are consistent 

with other data reported for the studied samples. 

 

 

Fig. S16 XPS regions characteristic of the dopants introduced into the investigated glasses. 

 



 

Fig. S17 H2-TPR profiles of the investigated potassium glasses together with profiles of 

corresponding doping oxides (dotted lines). 

 



 

Fig. S18 SEM images of the investigated glasses: magnification 1000 (a) and 2500 (b) times. 

Areas analyzed by EDX were marked by squares and numbered. 



Table S3 The composition of the undoped glass determined by EDX – regions indicated in Fig. 

S17. 

 Region 1 Region 2 Region 3 

Si /at. % 26.14 20.65 23.26 

K /at. % 23.31 34.71 33.68 

Ca /at. % 8.54 11.28 10.98 

O /at. % 40.73 31.85 30.39 

 

 

Table S4 The composition of the Mn-doped glass determined by EDX – regions indicated in Fig. 

S17. 

 Region 4 Region 5 Region 6 Region 7 Region 8 Region 9 Region 
10 

Si /at. % 24.77 25.04 29.32 24.18 23.45 10.49 27.30 

K /at. % 19.80 21.13 32.38 44.67 43.19 53.89 19.65 

Ca /at. % 6.61 7.68 10.91 15.10 6.95 11.01 8.36 

O /at. % 45.16 42.66 22.61 8.21 20.84 13.41 40.22 

Mn /at. % 2.05 2.26 3.73 7.85 4.57 11.20 2.66 

 

 

Table S5 The composition of Fe-doped glass determined by EDX – regions indicated in Fig. S17. 

 Region 
11 

Region 
12 

Region 
13 

Region 
14 

Region 
15 

Region 
16 

Region 
17 

Si /at. % 25.07 25.22 25.63 28.51 24.77 27.41 23.49 

K /at. % 21.40 21.01 20.91 22.51 15.18 23.38 16.84 

Ca /at. % 7.89 7.79 7.85 6.90 7.16 9.18 6.79 

O /at. % 39.90 40.15 39.49 35.03 47.62 32.99 47.41 

Fe /at. % 4.71 4.66 4.90 6.45 4.40 6.11 4.42 

 

 

Table S6 The composition of Co-doped glass determined by EDX – regions indicated in Fig. S17. 

 Region 18 Region 19 

Si /at. % 23.50 25.97 

K /at. % 13.09 19.43 

Ca /at. % 4.97 7.92 

O /at. % 55.21 42.14 

Co /at. % 1.78 2.47 

 

 



Table S7 The composition of Ni-doped glass determined by EDX – regions indicated in Fig. S17. 

 Region 20 Region 21 Region 22 Region 23 Region 24 Region 25 

Si /at. % 29.98 25.70 24.32 19.75 23.95 27.40 

K /at. % 26.98 29.65 11.86 18.95 20.69 26.17 

Ca /at. % 10.15 8.84 6.01 7.35 7.53 7.55 

O /at. % 26.06 30.61 53.27 50.31 43.37 33.02 

Ni /at. % 6.10 4.37 3.26 2.74 3.35 5.23 

 

Table S8 The composition of Cu-doped glass determined by EDX – regions indicated in Fig. S17. 

 Region 26 Region 27 Region 28 Region 29 Region 30 

Si /at. % 18.75 26.03 25.98 23.32 20.37 

K /at. % 21.07 18.05 28.83 20.35 15.12 

Ca /at. % 9.14 7.06 10.41 7.80 5.81 

O /at. % 47.86 45.97 30.45 44.64 55.65 

Cu /at. % 1.71 1.93 3.34 2.35 1.47 

 

Table S9 The composition of Ce-doped glass determined by EDX – regions indicated in Fig. S17. 

 Region 31 Region 32 Region 33 Region 34 Region 35 

Si /at. % 22.70 25.34 20.62 26.21 23.35 

K /at. % 17.95 21.87 23.09 21.22 13.64 

Ca /at. % 6.02 7.10 5.80 7.62 5.61 

O /at. % 51.33 43.62 48.17 42.74 55.07 

Ce /at. % 1.06 1.19 1.17 1.18 1.11 

 

 

 

Fig. S19 SEM image of Ce-doped glass with visible CeO2 domains. 



 

Fig. S20 SEM image of Ni-doped glass with visible NiO domains. 
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