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1. Structural characterizations for the template and intermediate
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Scheme S1. Schematic of the preparation processes of the designed coaxial a-MnSe@N-C

DNTs
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Figure S1. (a) TEM and (b) HRTEM images of a-MnO, NTs template.

Figure S1 shows that we successfully prepared the hollow a-MnO, NTs template. The hollow a-
MnO, NTs is a typical nanotube with the dimeter of ~55 nm (55425 nm) (Figure Sla). Figure
S1b shows a HRTEM image of hollow a-MnO, NTs. The (110) crystal plane with lattice spacing
of 0.69 nm can be observed from the a-MnO,, which are in well agreement with XRD (Figure

S4).
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Figure S2. (a) TEM and (b) HRTEM images of a-MnO,@PDA NTs.

Figure S2 shows that the hollow o-MnO, NTs template is PDA-coated successfully. The
HRTEM image of coaxial a-MnO,@PDA NTs shows that the lattice spacing of 0.69 nm

corresponds to the (110) crystal plane of a-MnO, (Figure S2b).
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Figure S3. (a) TEM and (b) HRTEM images of MnO@N-C NTs intermediate.

Figure S3 indicates that the hollow a-MnO;, NTs in a-MnO,@PDA NTs precursor are reduced to
MnO after carbonization, the PDA coating layer converted into amorphous N-doped carbon
nanotubes (N-C NTs). The high resolution TEM image shows that the marked lattice spacing of

0.26 nm corresponds to the (111) crystal plane of MnO (Figure S3b), which agree with XRD
(Figure S4).
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Figure S4. XRD patterns of hollow a-MnO, NTs template and the intermediate MnO@N-C NTs.
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Figure S5. The line-scan TEM-EDS analysis of coaxial a-MnSe@N-C DNTs.
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Figure S6. TGA curve of the a-MnSe@N-C DNTs tested in air. Combined with the inductively
coupled plasma atomic emission spectroscopy (ICP-AES) analysis, the contents of MnSe and N-

C NTs are 64.6 % and 35.4 %, respectively, in the a-MnSe@N-C DNTs.
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Figure S7. (a) N, adsorption-desorption isotherm and (b) the corresponding pore size

distribution fitted from the BJH method of the prepared a-MnSe@N-C DNTs.
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Figure S8. XPS spectra for the as-prepared a-MnSe@N-C DNTs: (a) the survey spectrum and

high-resolution (b) Mn 2p, (c) Se 3d, (d) N 1s, (e) C 1s and (f) O 1s spectra.
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As shown in Figure S8, the surface composition of a-MnSe@N-C DNTs and chemical states of
Mn and Se were analyzed by using X-ray photoelectron spectroscopy (XPS). The overall
spectrum shows the existence of Mn, Se, N, C and O (Figure S8a). While Mn 2p spectrum is
composed of Mn(II') and satellite peaks, the binding energies of Mn 2ps, and Mn 2p,, peaks
were located at 642.2 and 652.2 eV, respectively (Figure S8b).'® Figure S7c¢ shows the high
resolution XPS spectrum of Se 3d. The two peaks at 53.6 eV and 55.7 eV correspond to the
binding energies of Se 3ds, and Se 3dsp, respectively.!6 23 2533 The peaks at 56.5 eV and the
broad peak at 58.8 eV were assigned to selenium-oxygen bonding structures at the surface.> 2!
Three peaks centered at 398.3, 400.9 and 403.1 eV can be assigned as pyridinic-N, pyrrolic-N
and oxidized-N, respectively.3? The doped-carbon incorporated nanocomposites of such N atoms
in the carbonaceous lattice will provide more electronic sites to accelerate the kinetics during the
Li*/Na*-diffusion.!”- 2% 27- 29 The asymmetrical patterns of high-resolution Cls and Ols spectra
disclose that the existence of different oxygen containing groups covalently bonded with carbon

atoms.
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2. Li-storage properties of the a-MnSe@N-C DNTs electrode
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Figure S9. The dQ/dV curve of the 39 GDC cycle of the a-MnSe@N-C DNTs electrode in Li-

ion half cells.
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Figure S10. (a) CV curves at different scan rates from 0.2 mV s! to 2.0 mV s! and (b)

corresponding In(i,) versus In(v) plots at each redox peak (i,: peak current; v: scan rate) of the o-

MnSe@N-C DNTs electrode.

Figure S10b exhibits the In(i,) versus In(v) curves at the two pairs of reduction and

oxidation peaks according to i and v have a linear relationship as the subsequent equations 1 and

2:1
i=a? (1)
In(i) = bln(v) + In(a) )

Where i is the peak current, v is potential sweep rate, a and b are adjustable parameters. When
the value of b is close to 1, the electrochemical reaction is dominated by pseudocapacitance.
Here, the h-values of peak 1, 2, 3 and 4 are 0.82, 0.86, 0.76 and 0.91, respectively, indicating the
redox processes of o-MnS@N,S-NTC include partial pseudocapacitive behaviors. It is
responsible for the fast Li* intercalation/extraction and long cyclic stability at a high current
density. According to the typical classification of faradaic mechanisms (including underpotential

deposition, redox pseudocapacitance and intercalation pseudocapacitance),!> 3 the present
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pseudocapacitive contribution should be redox pseudocapacitance, which is concomitantly
occurred with the conversion reaction between MnSe and Li (a faradaic charge-transfer process),

because of the nonoccurrence of the obvious intercalation reaction and underpotential deposition.
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Figure S11. The comparisons of rate capability for Li-storage performance between a-

MnSe@N-C DNTs and the other MnSe-based composite reported previously!®.
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Table S1. Cycling performance of a-MnSe@N-C DNTs and other various chalcogenides based
electrodes in LIBs. 4 811 14, 15, 18, 19,26, 28, 30, 31, 34-36

Voltage Range Cycles Current density C;(mA h
Morphology of materials Reference
(V vs. Lit/Li) (times) Agh g

Cog g5Se nanosheets 0.01-3 50 0.5 300 34
MoSe, /RGO 0.01-3 1000 1 600 19
In;Se4 nano/microstructures 0.01-3 38 0.05 600 8
CNTs@C@Bi,Ses 0.01-3 300 1 260 11
CuySe@C@MoSe, 0.01-3 300 1 180 10
NiS nanoplates 0.005-3 100 1 500 4
NiSe, nanoplates 0.005-3 100 1 280
Sb,Se; nanowire 0.01-3 50 0.1 490 18
Hierarchical MoS, microboxes 0.05-3 50 0.1 860 30
SnS; nanoparticles/N-doped

0.01-3 100 0.1 1380 9
graphene sheets
Single-layered MoS, assembled

0.01-3 50 0.1 900 35
nanotubes
MoS; nanosheets on N-doped

0.005-3 200 0.4 952 26
carbon nanoboxes
CuS/Graphene Composite 1.0-3 1000 2 360 28
NiS,@CoS; hetero-nanocrystals

0.01-3 100 1 670 15
composite
FeS nanodots 1.0-3 50 0.3 400 36
Co-Zn-S@N-S-C-CNT 0.005-3 100 0.1 900 14
MnS microboxes 0.01-3 100 0.2 495 31
Coaxial o-MnSe@N-C DNTs 0.005-2.5 9000 2 492 this work
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Figure S12. TEM image of a-MnSe@N-C DNTs in LIBs after 1000 cycles.

17



200 T

160

—O— o-MnSe@N-C DNTs ]

I ! 1 " I ! 1 4 I !
0 40 80 120 160 200
Z(Q)

Figure S13. The Nyquist EIS plots of the a-MnSe@N-C DNTs electrode in LIBs.
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Figure S14. Ex situ XRD pattern of the a-MnSe@N-C DNTs electrode at the 1%t discharge to

0.005 V in LIBs.
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Figure S15. Ex situ HRTEM image of a-MnSe@N-C DNTs electrode at the 1%t discharge to

0.005 V in LIBs.

Figure S16. Ex situ HRTEM image of a-MnSe@N-C DNTs electrode after 200 cycles in LIBs.
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Table S2. The values of electrical resistivity (p) and conductivity (c) of a-MnSe@N-C DNTs,
and the three contrasts of N-C NTs (a-MnSe removed), pure a-MnSe and PDA NTs.

Materials PDA bulk a-MnSe o-MnSe@N-C DNTs  N-C NTs
p (- m) 53.30 2.75 2.6x10°! 2.49x10!
o (S -m') 1.88x102 3.64x10°! 3.85 4.02

It is shown from Table S2 that, the electrical conductivities of PDA NTs and N-C NTs are
1.88x102 and 4.02 S m"!, respectively. Obviously, the electrical conductivity of carbonaceous
material increase over two orders of magnitude after carbonization, demonstrating that the high
conductivity can be achieved by carbonizing the polydopamine at 450 °C although the formed
carbonaceous material is not graphitized well. In addition, the N-C NTs significantly increase the
conductivity of a-MnSe from 3.64x10"! S m™! to 3.85 S m'! of the prepared a-MnSe@N-C DNTs

anode composite by self-template constructing coaxial 1D nanotube.
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Figure S17. The Ragone plot of MSN//LFP full cell.
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3. Energy-storage performance of the MSN//NCM Li-ion full cells
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Figure S18. Energy-storage performance of the fabricated MSN//NCM full cells cycled at 1.0-
4.3 V: (a) the GDC profile, (b) rate performance at various rates from 0.C to 10C, and (c) cycling

performance at 0.6C.
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4. Na-storage properties of the a-MnSe@N-C DNTs electrode
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Figure S20. (a) The initial CV curves and (b) dQ/dV curve of the 3™ GDC cycle of the o-

MnSe@N-C DNTs electrode in Na-ion half cells.
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Figure S21. (a) Ex situ XRD pattern and (b) HRTEM image of a-MnSe@N-C DNTs electrodes

at the delithiation after 1% cycle in NIBs, both of which show the presence of a-MnSe material

rather than B-MnSe in the electrodes.
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Figure S22. (a) CV curves at different scan rates and (b) corresponding In(i,) versus In(v) plots
at each redox peak (i,: peak current; v: scan rate) of the a-MnSe@N-C DNTs electrode in Na-ion

half cells.
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5. Energy-storage performance of the MSN//NVPOF Na-ion full cells
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Figure S23. The Ragone plot of MSN//NVPOF full cell.

Table S3. The comparison of Na-storage performance of Na-ion full cells between the fabricated

MSN//NVPOF and previously reported ones.? 6 7- 12, 13, 20,24

C; after
Voltage Range Cycles Capacity
Full cell (anode//cathode) Rate cycles Reference
(%) (times) Retention
(mAhg')
Na,Ti;0,//VOPO, 1.8-3.8 100 1C 90 92% 13
Wood carbon//Na;V,(PO4);  2.0-4.3 350 0.5C 76 92% 24
Cu;P//Na3V,(PO,); 2.0-4.0 200 0.6A¢g! 80 38% 6
Graphene//Na;V,(POy)3 0.7-3.7 200 0.1Ag! 84 77% 2
Nale(PO4)3// 12
1.0-1.8 400 10C 30 75%
Na3V102(PO4)2F3.0x
Zn//NazV,0,x(PO4),F 3.0« 1.0-2.0 400 1C 46 85% 12
NaV3.91Mng go(PO4)s// 20
0.5-2.5 300 5C 58 90%
Na3V(POy);
NaTiy(POy)3//NazV,(POy); 0.7-2.4 500 5C 66 67% 7
MSN//NVPOF 1.0-4.0 600 1C 90 92% this work
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