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Fig. S1. a) PXRD pattern and b) IR spectrum of CoCO3(OH)s.
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Fig. S2. PXRD pattern of the grey solid obtained in the synthesis of Co304-P-NS after combustion.
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Fig. S3. Raman spectra recorded using a wavelength excitation laser source of 532 nm for a) Co3O4-NPs and

b) C0304-P-NS.

As the Raman scattering spectroscopy is a powerful technique in structural materials characterization, it was
used as a complement for phase identification of Co304 samples. Fig. S3a shows the Raman scattering
spectrum of the Co304-NPs. The characteristic signals of this material are present in the spectrum profile as
the unique detectable phase; that is in accordance with XRD results. The most intense signal appears at 680
cm’!, it has been assigned to the Az mode [1,2]. For the Co304 spinel, this mode is attributed to the vibration
of Co®" in octahedral sites coordinated with oxygen atoms. The other four peaks at 191 cm™ (Fag), 472 cm’!
(Aig), 513 cm™' (F2g) and 611 cm™! (Fag) are likely related to the combined vibrations of Co?* in tetrahedral
sites and octahedral oxygen motions [3]. In Fig. S3b, the Raman spectrum of Co3O4-P-NS is displayed. The

same characteristic bands corresponding to this material are also present in that spectrum.
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Fig. S4. IR spectra of a) Co304-NPs and b) Co3Os-P-NS.



Additionally, the IR spectra in Fig. S4a and Fig. S4b show two characteristic signals of this oxide,
corresponding to the stretching vibration M-O: the band appearing at 656.46 cm™ and 563.65 cm! attributed

to the stretching of Co?" in a tetrahedral hole and Co** in an octahedral hole, respectively [4,5].

Fig. S5. Pictures of a) Co304-NPs and b) Co304-P-NS powders.
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Fig. S6. EDS spectra of a) Co304-NPs and b) Co304-P-NS.
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The EDS spectrum of Co304-NPs (Fig. S6a) displays the material composition. The very small chlorine
quantity probably comes from the chlorinated precursor salt. Meanwhile the presence of the small remaining
of Si can be due to some glass eroded, with the magnetic stirrer, of the reaction vessel, or as impurity in the
NayCO; used in the synthesis reaction to form the CoCO3(OH).. The EDS spectrum of Co3;04-P-NS (Fig.
S6b) shows that this material does not present impurities by means of this technique. The presence of the

small quantity of carbon in the two spectra can be due to COz adsorbed on the surface of the materials; we
5



cannot discard the presence of a small amount of hydroxycarbonate for Co304-NPs and organic matter not

removed for Co304-P-NS.
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Fig S7. SEM images of Co304-NPs.
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Fig S8. SEM images of Co304-P-NPs.



Fig S9. HRTEM image of Co304-P-NPs.



Fig S10. TEM images of Co304-NPs.
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Fig S11. a) HR-TEM, b) FFT of the framed region and c) reciprocal lattice of 2 different zones of C030as-

NPs.

Fig. S12. a) SAED pattern and b) unit cell representation of Co3O4s-NPs.

With the HR-TEM micrograph (Fig. S10a) the planes of the nanoparticles are observed and the calculated
FFT, displayed in Fig. S7b for the green framed zone, gave different planes of Co3O4. The reciprocal lattice
of this material, along the zone axis [0,1,-1], was also calculated (Fig. S10c). This could be corroborated in
the SAED pattern in Fig. S8a. In Fig. S8b a representation of the unit cell is shown with the Co?" in

tetrahedral coordination (purple) and the Co** in octahedral coordination (green).
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Fig. S13. Size distribution of C0o304-NPs.

5 0
H / kOe

5

Fig. S14. Magnetization curves of a) Co304-NPs and b) Co3;04-P-NS.

As can be observed, the nanoparticles show an antiferromagnetic behavior at room temperature. It is well
known that bulk Co30s and nanoparticles larger than 20 nm have this behavior too [6-10]. As an
antiferromagnetic material, the Co304-NPs show a certain degree of ferromagnetism under the external
magnetic field. One possible explanation for this is the unpaired atom spins orientation near the surface of

the nanocrystals and a second may be the interaction between atoms [11].
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Fig. S15. XPS of Co304-NPs: a) wide range spectrum and high resolution spectra of b) Co2p, ¢) Cls and d)

Ols.

It can be observed in the wide range spectrum (Fig. S14a) the peaks of Co2s, Co2p, Co3s, Co3p, Ols, and
Cls as reported in literature [12-14]. The signals of Co2pi2 and Co2ps» showed in the high resolution
spectrum (Fig. S14b) are at 781.6 and 796.8 eV, respectively. The separation between these two signals is
15.2 eV [12,13, 15-17]. Two characteristic satellites (marked with *) of Co3O4 can be observed too [18-20].
In the high resolution spectrum of Cls (Fig. S14c) the experimental signal was deconvoluted into three
different signals: 284.6 eV can be attributed to the adventitious hydrocarbons [21], 286.02 eV may be
assigned to CO [14], and the signal at 288.4 eV can be attributed to the presence of CO3>" derived of the
absorption of atmospheric CO; [19]. Finally, the signal of Ols (Fig. S14d) can be deconvoluted into four
signals: 530.12 eV attributed to the lattice oxygen [17-19,22,23], 531.52 eV can be attributed to low
coordinated oxygen species, OH- or COs> on the surface of the material [17-19,21,23], 532.8 can be

12



assigned to Oz, HO, CO3? or OH™ [19,21], and 533.92 eV may be attributed to the oxygen of water
adsorbed on the surface [21]. Finally, a very weak peak at 535.5 eV is attributed to the lower binding energy
shoulder of the Co Auger (L2M23V) transition [18]. It is difficult to assign the signals to one species since
there can be inaccuracies in the peak fitting to report the true form of the peak or may be due to secondary
electron background. Another problem that can appear in the assignment of the peaks is that the full width at

half maximum of the deconvoluted peaks is around 2 eV, while for signals of single elements it is around

1.2 eV [18].
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Fig. S16. Isotherm plot for adsorption-desorption of a) Co304-NPs and c¢) Co304-P-NS; BET surface area

plot of b) C0304-NPs and d) Co30s-P-NS.

In the pore size analysis (BET) for Co304-NPs, the isotherm for adsorption-desorption of N> gives a type
IV plot (Fig. S15a), according to the Brunauer Deming Deming Teller classi cation; these results
signi cantly indicate that the agglomerated nanoparticle structures are mesoporous. In addition, the Co3O4-

NPs had well-de ned H3 sorption hysteresis loops. These results indicate that the shapes of mesopores are
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slit-like [24]. The surface area of this material calculated from the nitrogen adsorption isotherm (Fig. S15b)
is 48.0 m?/g. In the BET experiment for Co304-P-NS, the isotherm for adsorption-desorption of N» gives a
plot (Fig. S15¢) with a type III shape, characterized by heats of adsorption lower than the adsorbate heat of
liquefaction; adsorption proceeds as the adsorbate interaction with an adsorbed layer larger than the
interaction with the adsorbent surface. The surface area for this material is 2.1 m?/g, calculated from the
nitrogen absorption isotherm (Fig. S15d). In this case, the size of the pores are in the order of microns (see
Fig. 3c¢), though the existence of smaller pores is not excluded. The pores of the agglomerates of Co304-NPs
have nanometric sizes (see Fig. 3a and Fig. 4 in the manuscript). Since the pores of Co304-NPs are smaller
than the pores observed for Co304-P-NS, this could explain the great difference on the specific surface area

of the two materials.
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Fig. S17. XRD patterns and Raman spectra recorded after photocatalytic reaction of a), ¢) C0304-NPs and

b), d) C0304-P-NS.

Appendix A. Calculation of the different concentration ratios of species in solution [25].

K _ [HpCO5]

= ~ CO,] = 500+[H,CO
CO,(aq) +H,0  H,CO, K [COyGa)] 0.002 ——p [CO,] [HyCO3] Eq. (A.1)
pH = -log [H]=4.5-5 = [H1]=3.16x10- 1x10™ Eq. (A.2)
K, HCO3 [ [H'
03 IXM T 1077 e [H,CO,] ~ 71 -23 [HCO;]  Eq.(A.3)

H,CO,  HCO,+H* Ka1 = [H,C03]
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