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Figure S1. The optimized molecular configurations of O, adsorption on the Ni atom embedded on the (a) surface of
h-BN, (b) interior walls of BNNT(S, 5), (c) BNNT(6, 6), and (d) BNNT (7, 7) with N vacancy.

(a)

Figure S2. Similar to Figure S1 but for the CO adsorption on the catalyst sites.
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Figure S3. Spin-polarized density of states (DOS) of the most energetically favorable configurations of CO and O,
adsorbed on the Ni-BNNT(6, 6)x_vacancy-in» Ni-BNNT(6, 6)n_vacancy-outs and Ni-h-BNy_yacancy- Red and blue curves
denote the d-projected DOS of the metal and the p-projected local DOS of CO/O,, respectively.
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Figure S4. Geometries (side view) of initial state (IS), transition state (TS), and finial state (FS) along the minimum
energy path (MEP) for the CO oxidation on Ni embedded on the exterior surface of BNNT (6, 6) with N-Vacancy via
the ER mechanism. The energy changes between neighboring states are displayed.
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Figure S5. Geometries (side view) of initial state (IS), transition state (TS), and finial state (FS) along the MEP for the
CO oxidation on Ni embedded h-BN with N-Vacancy via the ER mechanism. The energy changes between
neighboring states are displayed.
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Figure S6. Geometries (side view) of initial state (IS), transition state (TS), and finial state (FS) along the MEP for the
CO oxidation on Ni embedded in the interior wall of BNNT (5, 5) with N-Vacancy via the ER mechanism. The energy
changes between neighboring states are displayed.
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Figure S7. Geometries (side view) of initial state (IS), transition state (TS), and finial state (FS) along the MEP for the
CO oxidation on Ni embedded on the exterior surface of BNNT (5, 5) with N-Vacancy via the ER mechanism. The
energy changes between neighboring states are displayed.
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Figure S8. Geometries (side view) of initial state (IS), transition state (TS), and finial state (FS) along the MEP for the
CO oxidation on Ni embedded in the interior wall of BNNT (7, 7) with N-Vacancy via the ER mechanism. The energy
changes between neighboring states are displayed.
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Figure S9. Geometries (side view) of initial state (IS), transition state (TS), and finial state (FS) along the MEP for the
CO oxidation on Ni embedded on the exterior surface of BNNT (7, 7) with N-Vacancy via the ER mechanism. The
energy changes between neighboring states are displayed.
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Table S1 The binding energy (in eV) for O, and CO adsorbed on Ni-BNNT(5,5)5.vacancy-injout and Ni-BNNT(7,7)5.

Vacancy-in/out

substrates E, (CO) E, (0y)
BNNT(S, 5)B—Vawancv—in -1.05 -1.21
BNNT(S, 5)B-Vacancv-out -1.16 -0.81
BNNT(79 7)B—Vacancv—in -0.88 -1.17
BNNT(7, 7)B-Vacancv-0ut -1.14 -1.16

(a) —
[S5ege:
5220 3334
ﬂ / 031ev

Tal

0.00 eV
1S1

-1.71eV
FS2

Figure S10 Geometries (side view) and energy profiles of initial state (IS), transition state (TS), and finial state (FS)
along the minimum energy path for the CO oxidation on Ni embedded in the interior wall of BNNT (10, 0) with N-
Vacancy via the ER mechanisms. The energy changes between neighboring states are displayed.
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Figure S11 (a) Geometries (side view) and energy profiles of initial state (IS), transition state (TS), and finial state
(FS) along the minimum energy path of the rate determining step for the CO oxidation on Ni embedded in the interior
wall of BNNT (6, 6) with B-Vacancy via the ER mechanisms. (b) Geometries (side and top view) and energy profiles
of initial state (IS), transition state (TS), and finial state (FS) along the minimum energy path of the rate determining
step for the CO oxidation on Ni embedded in the exterior wall of BNNT (6, 6) with B-Vacancy via the ER mechanisms.
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Figure S12 (a) Temperature and (b) total energy fluctuations vs. time in molecular dynamics simulations at 300 K for
Ni embedded in the interior wall of BNNT (6, 6) with N-Vacancy. The inset refers to one of the typical structures of Ni-
BNNT (6, 6)N-vacancy-in during dynamics simulations.
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