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Figure S1. FESEM images of TNAs (a) and CoOx-TNAs (b).



Figure S2. XRD patterns of TNAs and CoOx-TNAs.

The XRD pattern of pure TNAs can be indexed to the anatase phase of TiO2 (JCPDS NO. 21-1272) and the 

substrate Ti (JCPDS No. 44-1294).1 In contrast, the CoOx-TNAs samples exhibit the diffraction peaks of Co3O4 

(JCPDS NO. 80-1545).2
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Figure S3. CoOx-TNAs XPS spectra survey, Ti 2p spectra and O 1s spectra.



Figure S4. UV-Vis absorption spectra of CoOx powder.

Eg1=1240/599=2.07 eV
Eg2=1240/880=1.40 eV



Figure S5. SPV phase spectra of TNAs and CoOx-TNAs samples.

Butler-Ginley calculation of flat-band potentials
1st Ionization Energy:
Oxygen 13.61806 eV, Cobalt 7.8810 eV, Ti 6.82812 eV

David R. Lide (ed), CRC Handbook of Chemistry and Physics, 90th Edition. CRC Press. Boca 
Raton,Florida, 2010; Section 10, Ionization energies of atoms and atomic ions



Electron Affinity:
Oxygen 1.461 eV，Cobalt 0.662 eV，Titanium 0.079 eV
David R. Lide (ed), CRC Handbook of Chemistry and Physics, 90th Edition. CRC Press. Boca 
Raton,Florida, 2010; Section 10, Electron affinities

Mulliken Electronegativity for TiO2 and Co3O4

O = (1.461+13.618)/2=7.5395
Co = (0.662+7.881)/2=4.2715
Ti = (0.085+6.828)/2=3.4535

Mulliken Electronegativity for

Co3O4 = (7.5395^4*4.2715^3)^(1/7) = 5.9099
TiO2 = (3.4535*7.5395^2)^(1/3) = 5.8118

EVB=X-4.44+Eg/2

Co3O4: O2- to Co2+ 2.07eV; O2- to Co3+ 1.4 eV
Co3O4=5.91 -4.44+1.6/2=2.27 V for EG 1.4 eV
Co3O4=5.91-4.44+2.07/2 = 2.5 V for EG 2.07eV
CB=0.43 eV, VB=2.5 eV, at PZC

TiO2: 3.2eV 
TiO2 = 5.82-4.44+3.2/2= 3.0 eV
CB=-0.2 eV, VB=3 eV, at PZC

Pzc of Co3O4 = 7.3, Elecrrochimica Acta, Vol. 40. No. 16, Pp. 2683 -2686, 1995
Pzc of TiO2 = 6.2, Thin Solid Films Volume 476, Issue 1, 1 April 2005, Pages 157–161

At pH 7,
TiO2: (7-6.2)*0.059 = 0.05 V CB = -0.23+0.05=-0.18 V, VB = 3+0.05=3.05 V;
Co3O4: (7-7.3)*0.059 = -0.02 V CB = 0.41 V, VB = 2.5 V


