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Table SI. A comparison of structural properties, energetics, and electronic behavior for the
Ce0ZnO fullerene of Fig. 1a obtained by fully relaxing the structure within both PBE/6-31g**
(second column) and PBE0/6-311g**+GD?3 (third column) methodologies. In the fourth column

we present additional data by following the two step procedure discussed in Sec. II (see text).

PBE/6-31g* PBE0/6-311g**+GD3  PBE0/6-311G**+GD3 (pre-opt)

Zn—O 1.85 A 1.89 A
Zn—C 2.014 2.05 A
0—C 1.44 A 14 A
C—C 1.614 16 A
Zn0O—Cq 0.21 0.29 0.34
charge transfer
Eads 2.4 eV 3.2eV 3.35eV
HOMO-LUMO 1.12 eV 2.39eV 2.46 eV
Ce0ZnO
HOM%—LUMO 1.66 eV 3eV 2.93 eV
60




Table SII. Calculated HOMO—LUMO energy gaps obtained within the PBE0/6-311g**+GD3

methodology for the model Cgy(Zn0O), structures shown in Fig. 1 (see text).

Atomic HOMO—LUMO energy

configuration gap
eV

Fig. 1a 2.46

Fig. 1b 2.15

Fig. 1c 1.31

Fig. 1d 0.7

Fig. 1e 0.7

Fig. 1f 1.18




Table SIII. Calculated HOMO—LUMO energy gaps obtained within the PBE0/6-311g**+GD3
methodology for the model Cgy(Zn0O), structures shown in Fig. 2 (see text).

Atomic HOMO—LUMO energy
configuration

Fig. 2a 0.97

Fig. 2b 1.1

Fig. 2c 0.63

Fig. 2d 0.75

Fig. 2e 1.38

Fig. 2f 1.45

Fig. 29 1.33

Fig. 2h 1.14




Table SIV. A comparison of calculated and measured Raman-active vibrations for the Cg

molecule (see text).

No. of Raman Frequency (cm-) Frequency (cm-1) Exp. (cm)
frequency PBE/6-31g** PBE0/6-311g**+GD3
1 257 268 273
2 420 439 433
3 488 509 498
4 688 724 711
) 772 805 775
6 1103 1147 1101
7 1257 1306 1251
8 1436 1488 1427
9 1487 1542 1470
10 1571 1646 1578




Table SV. Calculated CO adsorption energies E,q4s obtained within the PBE0/6-311g**+GD3
methodology for the model Cg((Zn0),CO structures shown in Fig. 6 (see text).

Atomic E.4s(CO)
configuration (eV)
Fig. 6a 221
Fig. 6b 0.73
Fig. 6¢ 0.33
Fig. 6d 0.64
Fig. 6e 0.71
Fig. 6f 0.38




Figure S1. Optimized atomic configurations for the following fullerene compounds: a) Cgo(Zn)s,

b) Cso(Zn),2, ¢) Ceo(Zn);s, and d) Cgo(Zn), g (see text).



Figure S2. Interaction of a single oxygen molecule with Cgo(Zn), fullerenes. In a) and ¢) we show
the initial atomic configurations for Cgo(Zn)st+O, and Ceo(Zn),5+0; systems, respectively. In b)

and d) we present the corresponding optimized atomic configurations.
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Figure S3. Calculated Raman spectra (assuming a 2000 nm laser wavelength) for the optimized
fullerene compounds a) Ceo(ZnO)s, b) Ceo(Zn0O);,, and ¢) Cgo(Zn0O);5 as presented in Figs. lc, le,
and 1f, respectively. For clarity, simulated spectra in the 800—1800 cm-!' frequency range are

plotted as insets.
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Figure S4. Calculated Raman spectra (assuming a 2000 nm laser wavelength) for the optimized
fullerene compounds a) C4o(Zn0O)g, b) Cgo(Zn0O);,, and c) Ceo(Zn0O);5 as presented in Figs. 2a, 2c,

and 2d, respectively. For clarity, simulated spectra in the 800—1800 cm-! frequency range are

plotted as insets.
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Figure S5. Calculated Raman spectra (assuming a 2000 nm laser wavelength) for the optimized
fullerene compounds a) Cgo(ZnO)sg, b) Ceo(Zn0O);,, and c) Cgo(Zn0O);5 as presented in Figs. 2e, 2g,
and 2h, respectively. For clarity, simulated spectra in the 800—1800 cm! frequency range are

plotted as insets.
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Figure S6. A comparison of the calculated Raman spectra (assuming a 2000 nm laser wavelength)
for the optimized a) Cgy(Zn0O)g, b) Cgo(Zn0O);, and ¢) Cyy(Zn0O);5 fullerene compounds presented
in Figs. Ic, le, and 1f, respectively with the spectrum obtained for the Cg molecule (dashed line).

For clarity, insets show the simulated spectra in the 800—1800 cm! frequency range.
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Figure S7. A comparison of the calculated Raman spectra (assuming a 2000 nm laser wavelength)
for the optimized a) Cgo(ZnO)s, b) Co(Zn0O);,, and c) Cgo(Zn0O);5 fullerene compounds presented
in Figs. 2a, 2c¢, and 2d, respectively with the spectrum obtained for the Cg, molecule (dashed line).

For clarity, insets show the simulated spectra in the 800—1800 cm! frequency range.
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Figure S8. A comparison of the calculated Raman spectra (assuming a 2000 nm laser wavelength)
for the optimized a) Cgo(ZnO)s, b) Cgo(Zn0O);;, and c) Cgo(Zn0O);5 fullerene compounds presented
in Figs. 2e, 2g, and 2h, respectively with the spectrum obtained for the C¢p molecule (dashed line).

For clarity, insets show the simulated spectra in the 800—1800 cm! frequency range.



Figure S9. Optimized atomic configurations of a single CO molecule chemisorbed at five

different Zn sites in the Cgo(Zn0O),( fullerene compound shown in Fig 1d.



Figure S10. Optimized atomic configurations for a single CO molecule chemisorbed at five

different Zn sites in the C¢o(ZnO),7 fullerene compound.
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Figure S11. The behavior of the EF value for the C—O stretching mode in the (ZnO)zCO,
(Zn0),(CO, and (Zn0O),5CO clusters shown a insets in the figure (see text).
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Figure S12. The behavior of the EF value for the C—O stretching mode in the (ZnO)zCO,
(Zn0O);(CO, and (Zn0O),5CO clusters shown a insets in the figure (see text).



Figure S13. Optimized atomic configurations for the a) Cgo(Zn0O);5(CO)14, b) Cgo(Zn0O);5(CO);12,
¢) Co0(Zn0);5(CO) 19, d) Ceo(Zn0O)15(CO)7, €) Ceo(Zn0)15(CO);3, and f) Cy0(Zn0);5(CO); fullerene

compounds. The selected CO probe molecule is specified in all the figures (see text).



Optimized Cartesian atomic coordinates (A) of the optimized structures at the PBE/6-31g** level
of theory.

Figure la
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Figure 6f
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Figure 10c
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