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Fig. S1 The first-principles calculation results of binding energy difference upon the
sodium ion absorption into various molybdenum carbide or nitride.

Fig. S2 (a) SEM image of melamine-based supramolecular precursor show the hollow
structure. (b) SEM image of PM-500 reveal that the annealed sample also maintain
the hollow structure. (c) SEM image of broken melamine-based supramolecular
microsphere. (d) SEM image of broken PM-500 microsphere. (e) TEM image of PM-
500 sample show the uniform dispersion of MoCN, nanoparticles. (f) SEM image of
the melamine-based supramolecular samples without addition of L-glutamic acid
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Fig. S3 TG analysis for the calcination of melamine-based supramolecular precursor

up to 900 °Cin N, gas.
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Fig. S4 (a) XRD pattern and (b) SEM image of the as-obtained carbon nitride matrix.

(c) XRD pattern of the calcined composites before and after FeCl; etching treatment.
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Fig. S5 XRD pattern comparison for PM-500 with (a) MoC,., (JCPDS 01-89-2868), (b)

MoC,. (JCPDS 01-089-4305), (c) MoC (JCPDS 65-0280), (d) MoC (JCPDS 65-6664), (e)

MoN (JCPDS 25-1367) and (f) MoN (JCPDS 89-2904).
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Fig. S6 XRD pattern comparison for PM-600 with (a) Mo,N (JCPDS 03-0907), (b)

Mo,N (JCPDS 25-1368), (c) No,N (JCPDS 65-6236), (d) MosN, (JCPDS 65-4278), (e)

MoN (JCPDS 25-1367) and (f) Mo,N (JCPDS 25-1366)
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Fig. S7 (a) The XRD pattern of pure Mo,C and the mixture compound of pure Mo,C,
MoN and Mo,N. (b) the Raman spectra of pure Mo,C and the mixture compound of

pure Mo,C, MoN and Mo;N.
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Fig. S8 XPS spectra of PM-500 for (a) Mo3d and (b) N1s. XPS spectra of PM-700 for (c)

Mo3d and (d) N1s.



(54
o
o

¢ Discharge of carbon at 500°C
400 —u— Charge of carbon at 500°C

x

v Discharge of carbon at 600°C

300 4 Charge of carbon at 600°C

< Discharge of carbon at 700°C
Charge of carbon at 700°C

1°0-m

0 T T X T ¥ T ¥ T ¥
0 20 40 60 80 100

200

*(_‘.J,_._'_e—-—i

Specific Capacity (mAhg'1)

Cycle Number

Fig. S9 Cyclability tests on the as-obtained carbonaceous materials calcined at 500,

600 and 700 °C at a current density of 0.16 A g for 100 cycles.
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Fig. S10 The Relationship between the peak current and the square root of sweep

rates



Intensity (a.u.)

~——— Experiment
— Fitted Curve
— Difference

Intensity (a.u.)

Experiment
—Fitted Curve
— Difference

30 40 50 60 70 40 50 60 70
20 (°) 20 (°)
i -Experiment Experiemnt
1 ° —— Fitted Curve X —— Fitted Curve
7 —— Difference

Intensity (a.u.)

Intensity (a.u.)

50

20 (°)
Fig. S11 The fitted XRD pattern of the PM-500 electrode (a) without cycling (spot 1),
(b) at the discharge potential 0.9 V (spot 2) and (b) charge potential 3 V (spot 5) by
TOPAS software. (d) The 26 region 33~40 ° magnification for the fitted XRD pattern

of the electrode at the above three step. (spot 3: discharge to 0.01 V; spot 4: charge

to 1.4 V)
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Fig. S12 The TOPAS analysis on XRD pattern of the PM-700 composites.



Table S1 Characteristics of the deconvoluted Mo3d spectra for various composites

Peak Position (eV) Species Percentage (%)
Sample
Mo-C Mo-N Mo-0 Mo-C  Mo-N  Mo-O

PM-500 228.4;230.9 229.1;231.9 232.6;235.5 22.62 33.72 41.66
PM-600 228.6;231.3 229.4;232.2 232.6;235.4 1848 3761 43091

PM-700 228.8;231.6 229.8;232.4 232.7,2355 11.27 4594 42.79

Table S2 Characteristics of the deconvoluted N1s spectra for various composites

Peak Position (eV) Species Percentage (%)
Species
PM-500 PM-600 PM-700 PM-500 PM-600 PM-700

Mo-N 397.1 397.2 397.3 55.87 57.7 58.13
pyridinic-N  398.2 398.6 398.6 17.03 18.62 16.51
pyrrolic-N 399.5 399.8 399.6 15.66 14.22 14.01

graphitic-
400.9 401.3 401.2 11.44 9.46 11.35

N

Table S3 Refined parameters of molybdenum carbonitride at various potential steps

and the cell parameters of Pristine a-MoC,., (JCPDS 01-89-2868)

Samples Refined lattice parameters
MoCN, with no cycling (Spot 1) a=b=c=4.137+0.003 A
MoCN, discharged to 0.9V (Spot 2) a=b=c=4.172+0.004 A
MoC,N, charged to 3V (Spot 5) a=b=c=4.151+0.002 A

Pristine a-MoCy., a=b=c=4.270 A




Table S4 Comparison for electrochemical properties of various anode materials for

sodium ion batteries

Current rate

Specific capacity

Materials Ref
(mAg?) (mAh g)
MgFe,0,/reduced 100 306
1
graphene oxide 500 197.6
100 221
TiO,/C 2
500 173
Cu-doped
100 123
Li4TisO1,/carbon 3
400 79
nanofiber
100 359
SnO,/carbon fiber 4
400 251
03C 133.2
FePO,@MCNT nanowire 5
0.5C 122.2
200 164
Sn3N4 nanocrystal 6
400 127
100 183
carbon-coated TiO, 7
400 149
160 305
MoS2 nanosheets 8
320 251
MoCN,/carbon nitride 160 410 Our
hollow microsphere 500 310 work
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