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1. SEAD pattern of different CeO, sample

Fig. S1 SEAD pattern of (a) CeO,_r, (b) CeO,_c.

2. Comparison with CeQ; nanorods prepared by different methods

Fig. S2 TEM images of CeO, nanorods prepared under different reaction time using traditional
hydrothermal methods: (a) 15 min, (b) 30 min, (c) 1 h, and (d) 2 h [reaction temperature: 150 °C,

Ce(NO:s); initial concentration: 0.05 mol/L, NaOH initial concentration: 2 mol/L].



Fig. S3 TEM images of CeO, nanorods prepared under different reaction time using our
microfluidic system: (a) 1 min, (b) 2 min, (c) 3.5 min, and (d) 8 min [reaction temperature: 150 °C,
continuous phase: Ce(NOs);, concentration: 0.05 mol/L; dispersed phase: NaOH, concentration: 2
mol/L, fixed phase ratio 1:1, flow rate changing from 5 mL/min to 20 mL/min to obtain different

residence time].

3. TEM image of the CeO,_np sample
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Fig. S4 TEM image of the CeO,_np sample.

4. Determination of surficial Ce(I1I) concentration of CeO; based on XPS
It is generally considered that the deconvolution of the Ce 3d fine XPS spectrum could be
labeled as two pairs of doublets (vo/uy and v'/u’) and three pairs of doublets (v/u, v’/u” and

rrr

v”’/a’”), in which V" and u" refer to the 3ds; and 3d;,, spin-orbit component of cerium ions,



respectively 4 Accordingly, the peaks at vy, v, uy and u” (880.4, 885.5, 898.8, 903.7+0.7 eV)
represent the presence of Ce*", while the characteristic peaks of Ce*" are located at v, v'°, v\’ u,
u” and u” (882.7, 888.96, 898.2, 901.3, 907, 916.7+0.7 eV) >

Thus, the relative Ce’” concentration in the catalysts can be determined by calculating the

relative integrated area ratios based on Equation (S1):

[Ce3+] = Ay + Ay, T Aw + Ay,
Av, + AVO + Aur + Auo + Avll =+ AVH! + AuN + Au’”

(SD
where A, is the integration area of peak “i”.

5. O1s XPS spectra of CeO;_np, CeO,_nr and CeO,_nc samples
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Fig. S5 Ol1s XPS spectra of (a) CeO,_np, (b) CeO,_nr and (c) CeO,_nc, respectively.

6. Computational details



All calculations presented in this work were carried out at the DFT+U level using the
Materials Studio program. Projector-augmented wave (PAW) method was employed to describe
the interactions between the atomic core and valence electrons (i.e., 5s, 5p, 5d, 4f and 6s electrons
for Ce atoms, and 2s and 2p for O atoms) with a kinetic energy cutoff of 500 eV 9 The exchange
correlation functional is the generalized gradient approximation, GGA, of Perdew and Wang,
PW91'. A U value of 5.0 eV was selected based on previous theoretical studies'" .

The (111), (110), and (100) surfaces were modeled as (2X2) periodically repeated slabs
consisting of 12, 7, and 9 atomic layers, respectively, separated by 15 A of vacuum space to
prevent unphysical interactions between the slab and its periodic images perpendicular to the
surface"”. Fig. S4 shows the models used for bulk CeO,, (111), (110) and (100) surface systems,

respectively. Oxygen vacancies were generated on both sides of the slab to ensure that the slab

has no net dipole. The total oxygen vacancy formation energy (E,..) was defined as:

Epac = slab/vac — Esiap + % EOZ
Where Egqp is the total energy of the slab, Egqp/pqc is the total energy of the slab with oxygen
atoms partially removed, Eo, is the total energy of a gas phase O, molecule and n is the mumber

of oxygen atoms removed.

Fig. S6 models used for (a) bulk CeO,, (b) (100), (c¢) (110) and (d) (111) surface systems,

respectively.
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