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Fig. S1. N, absorption isotherms of a-MnO> nanorods (a) and B-MnO: nanorods (b). Insets are
their corresponding pore size distributions derived from absorption hysteresis of Brunauer-

Emmett-Teller (BET) surface area measurement.
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Fig. S2. Low magnification (a and b) and high magnification (c) FESEM images of a-MnO»

nanorods.
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Fig. S3. Low magnification (a), medial magnification (b), and high magnification (¢ and d)

FESEM images of B-MnO, nanorods.
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ZA[021]

Fig. S4. Low (a) and medial (b) magnification TEM images of a-MnQO> nanorods. c. A single

a-MnQO; nanorod with the [021] projected direction, in which the (111) and 110) crystal planes
are marked. And d is its corresponding SAED patterns which can be indexed along the

[021] zone axis of tetragonal a-MnO,.
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ZA[010]

Fig. S5. Low (a) and medial (b) magnification TEM images of f-MnO- nanorods. c. A single

B-MnO: nanorod with the [010] projected direction in which the (110) and %10) crystal
planes are marked. And d is its corresponding SAED patterns which can be indexed along the

[010] zone axis of tetragonal B-MnOs.
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Fig. S6. The CV curves of the a-MnO» nanorods and 3-MnQO; nanorods as cathodes in

sodium ion cells.
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Fig. S7. Discharge capacity vs. cycle number of a-MnO: nanorods at different current

densities of 50, 100, and 200 mA g'l.
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Fig. S8 The Nyquist plots of a-MnO; nanorods (a) and B-MnO; nanorods (b) in freshly

assembled test cell and after 5 cycles in the frequency range between 100 kHz and 10 mHz at

room temperature.
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Density Function Theory (DFT) Calculation Method

DFT calculations were performed using the Vienna Ab initio Simulation Package!!-* based on
the Generalized Gradient Approximation (GGA)P! with Hubbard U (U=5.2 eV for the
transition metal Mn)[®"] corrections (GGA+U).I8! The projector augmented wave potentials!®]
with the cutoff energy of 450 eV applied. Relaxation simulations were performed for ionic
positions, unit cell shape, and unit cell size. For Mn, the 3p, 3d, and 4s states were treated as
valence states. For O, the 2s and 2p states were treated as valence states. The conjugate gradient

scheme is used to optimize the atom coordinates until the force is less than 0.01 eV A~

For the bulk P4,/mnm B-MnO; crystal and [4/m a-MnO,, 1 x 1 x 1 unit cells were used for the
crystal structure relaxation. The I'-centered Monkhorst-Pack!!% K-points 6 x 6 x 10 and 3
x 3 x 5 were used for B-MnO, and a-MnO, crystals, respectively. After getting the relaxed bulk
B-MnO, and a-MnO, crystal structures, the {001} and {110} crystal planes of f-MnO, and
{001} and {100} crystal planes of a-MnO, were cleaved correspondingly. At least five layers
of atoms were obtained for each of the facets. A vacuum level of 15 A for the layer structures
was built. The D3 correction was applied for all the layer structure calculations to consider the
Van der Walls effect. The K-points of 6 x 6 x 1, 8 x4 x 1,2 x2 x 1, and 2 x 8 X 1were used
for {001} and {110} crystal planes of B-MnO, and {001} and {100} crystal planes of a-MnO,,
respectively. The relaxed structures of the facets absorbed with the Na* ions can be found after

the References session below.

To calculate the Na* ions binding energy, the energy of 1 x 1 x 1 unit cell of body-centered
cubic Sodium crystal was calculated. Then the single Na atom energy (Ey,) was obtained by
dividing the sodium number of the unit cell. The binding energies (£;) were calculated by:

Eb = (Efacets absorbed NaJr ions — Efacem - nENa)/ n
Where, Ejycers absorbed Na ionss Efacers» and n are the energy of facets absorbed with Na™ ions, the

energy of the facets and the absorbed Na* ions number, respectively.

DFT Results and Discussion

10
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Here, we further applied the DFT calculations to analyse the sodium ions’ interaction with
different facets of the f-MnO, ({001} and {110}) and a-MnO, ({001} and {100}). The detailed
calculation method and relaxed crystal structures were supplied in the last session of this

response letter.

As shown in Figs. S9 a and b, after the lattice and atoms relaxation calculations on {001}
facets of B-MnQO,, all the Na* ions stabilize on the 8h Wyckoff position (P4,/mum-mnm space
group), that are above the bottleneck (window) of the [1 % 1] tunnel of f-MnQO,. Na* ions are
two-fold coordinated with the oxygen ligands of the MnOg octahedron with the 2.262 A bond
length as marked in the side view of the relaxed {001} facets of B-MnQO, (Fig. S9b). While for
the [4/m space group a-MnQO,, after the lattice and atoms relaxation calculations (Figs. S9 ¢
and d), in each unit cell, two Na* ions stabilize on the 8g Wyckoff position, that is above the
bottleneck (window) of the [1 X 1] tunnel of a-MnQO,, that are two-fold coordinated with the
oxygen ligands of the MnOg octahedron with the 2.245 A bond length. One Na* ion localizes
on the 2a Wyckoff position (the cavity centre of the [2 x 2] tunnel), eight-fold coordinated with
the oxygen ligands of the MnOg octahedron with an average ~2.61 A bond length (form the
cube shortened along c axis geometry) as marked in the side view of the relaxed {001} facets
of a-MnO, (Fig. S9c¢). There is one more Na* ion occupying the 2b Wyckoff position, forming

a four-fold coordination geometry with an average ~2.61 A bond length.

Figs. S10 a and b show the lattice and atoms relaxed oxygen termination {110} facets of 3-
MnO, (oxygen termination {110} facets of -MnO; have 131 meV lower free energy compared
with the manganese terminated facets). All the Na*™ ions two-fold coordinate with the 4f
Wyckoff position oxygen, forming the 2.192 A bond length as shown in Fig. S10b. While for
the oxygen terminated {100} facets of a-MnO, (Figs. S10 ¢ and d, oxygen termination {100}
facets of a-MnO, have 954 meV lower free energy compared with the manganese terminated
facets), in each unit cell, one Na* ion four-fold coordinates with 8h Wyckoff position oxygens
(with two 2.168 A bond lengths and two 2.587 A bond lengths), that is inserted within the half
[1 % 1] tunnel. Another Na* ion inserts the half [2 x 2] tunnels, forming the V coordination
geometry with 8h Wyckoff position oxygens (with four ~2.32 A bond lengths and one 2.665 A
bond length) as shown in Figs. S10 ¢ and d.

11
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Fig. S9. a and b. Top (a) and side (b) views of the relaxed {001} facets of f-MnQO, absorbed
with the Na* ions. ¢ and d. Top (c) and side (d) views of the relaxed {001} a -MnO, absorbed
with the Na* ions. Yellow, purple, and red spheres are Na, Mn, and O atoms, respectively. Red,

green, and blue coloured arrows represent the a, b, and ¢ axes, respectively. Plotted by the

VESTA.[1]

The Na* ion binding energy on the relaxed {001} and {110} facets of f-MnQO, are -0.709 and
-0.976 eV, respectively, as shown in Table S1. They are smaller than the values of relaxed
{001} and {100} facets of a-MnO, (-2.575 and -1.875 eV, respectively), which could be
ascribed to the lower coordination number (two-fold) of Na® ions absorbed above the
bottleneck of B-MnQO, {001} facets [1 % 1] tunnel and coordinated with the 4f Wyckoff position
oxygen of B-MnO, {110} facets. With the large cavity [2 x 2] tunnel, a-MnO, could
accommodate the Na* ions to form eight-fold coordination NaOg geometry (2a site) and spare
planer NaO4 geometry (2b site) through the {001} facets, resulting in the much higher binding

energy with Na* ions.

12
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Fig. S10. a and b. Top (a) and side (b) views of the relaxed {110} facets of B-MnO, absorbed
with the Na* ions. ¢ and d. Top (c) and side (d) views of the relaxed {100} a-MnO, absorbed
with the Na* ions. Yellow, purple, and red spheres are Na, Mn, and O atoms, respectively. Red,
green, and blue coloured arrows represent the a, b, and ¢ axes, respectively. Plotted by the

VESTA.[1]

Table S1. Binding energy (eV) of the Na* ions on the relaxed facets of a-MnO; and B-MnO..

Facets Binding energy per Na* ion (eV)
{001} -0.709
B-MIIOZ
{110} -0.976
{001} -2.575
(l-MllOz
{100} -1.875

The corresponding charge density difference plots between the absorbed Na* ions and facets
(Fig. S11) show that the larger charge transfer occurred between the absorbed Na* ions and the
oxygen ligands of B-MnQO, {001} and {110} facets (Figs. S11 a and b) by compared with the
Na* ions absorbed on the surfaces of a-MnQO, {001} and {100} facets (Figs. S11 ¢ - e). The as-
prepared -MnO, nanorods mainly exposed {001} and {110} facets, which could be beneficial

for Na* ions absorption. Furthermore, together with the moderate binding energy between Na*
13
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ions and B-MnO, {001} and {110} facets, these could result in the better electrochemical

performance of the as-prepared B-MnO, nanorods compared with a-MnO, nanorods.

Fig. S11. Charge density difference plots of a. Na* ions absorbed {001} facets of f-MnQO,, b.
Na* ions absorbed {110} facets of f-MnO,, c. Na* ions absorbed {100} facets of a-MnO,, d
and e. side (d) and (top) views of Na* ions absorbed {001} facets of a-MnQO,. Electron density
isosurface = 0.005 |e|/Bohr3. The coloured regions from turquoise to yellow represent the loss
and gain of electrons, respectively. Yellow, purple, and red spheres are Na, Mn, and O atoms,

respectively. Plotted by the VESTA.!!]
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0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.0000000000000000
0.0000000000000000
0.0000000000000000
0.0000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000

0.2992699999999999
0.4170728829934147
0.5063429718816655
0.2235399999999998
0.5146875865780155
0.2108029999999985
0.2865340000000032
0.4286174977528033
0.2176890000000000
0.5000646554339538
0.4864828694106659
0.2335500000000010
0.4305169696143555
0.2923839999999984
0.2765240000000020
0.4516596801362748
0.3752083999025818
0.3411557266344719
0.5142230516133863
0.2191710000000029
0.5838850390988773
0.5579387942720772
0.2909030000000001
0.4225289590781568
0.6056457828557686
0.5342204387148427
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