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Materials Measurements
The crystal structures of the products were measured by XRD using a Rigaku D/max-2550 diffractometer. TG was tested by thermal gravimetric analyzer NETZSCH STA 449 F3. Nitrogen adsorption isotherms of the products were characterized by Quantachrome Autosorb IQ3. The morphology and EDS result were recorded on scanning electron microscopy (SEM, ZEISS Sigma 500). The microstructures were tested by transmission electron microscopy (TEM, JME-2100F). The chemical states of products were determined using XPS using an ESCALAB250 electron spectrometer. The structural information of carbon was studied by a Renishaw INVIA Confocal Raman spectrometer. 
Electrochemical measurements
CR2025 type coin cells were applied to investigate the lithium storage performance of all samples. The working electrodes were obtained utilizing active material, carbon black and Poly(vinylidene fluoride) binder in organic solvent with a ratio 7:2:1. All components were added into a weighing bottle and mixed well for 12 h to achieve uniform slurry, which was then coated on copper foil. Subsequently, the electrode was dried at 100°C for 10 h to evaporate the excess solvent. Subsequently, the coated copper foils were punched into small disks with a semidiameter of 6 mm. The weight of the loaded active materials is 1.0–1.2 mg·cm−1. All coin cells had been packaged in a glove box without H2O and O2. In each coin cell, lithium foil was employed as a counter electrode; polymer (Celgard 2500) was applied as the separator. All measurements were carried out over the voltage range from 0.01 to 3 V. The redox performance of the electrode was explored using cyclic voltammetry (CV). Electrochemical kinetics had been analyzed through electrochemical impedance spectroscopy (EIS) in the frequency range between 100 kHz and 0.01 Hz.
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Fig. S1. XPS spectrum of Mn 3s region for gel precursor.
From Fig. S1, we found the splitting value of Mn 3s is 5.3 eV. According to the linear relationship between the splitting value of Mn 3s and the valence of the Mn ions (Phys. Rev. B, 2002, 65, 113102), the average valence of Mn ions for gel precursor is estimated to be +3.
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Fig. S2. XRD curve (a) and SEM image (b) of MnO/NHC sample calcined at 700°C. 
From Fig. S2(a), we can conclude that the main phase of MnO/NHC sample calcined at 700°C is MnO. From SEM result, we can know that the morphology of MnO/NHC sample calcined at 700°C sample is also honeycomb structure.
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Fig. S3. XRD curve (a) and SEM image (b) of Mn3O4/MnO/NHC sample prepared by manganese chloride tetrahydrate. 
From Fig. S3(a), we can conclude that the phase of Mn3O4/MnO/NHC sample is a mixture of Mn3O4 and MnO. From SEM result, we can know that the morphology of Mn3O4/MnO/NHC sample is also honeycomb structure.
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Fig. S4. TG curve of Mn3O4/NHC composite.
TGA curve for Mn3O4/NHC composite can be divided into two parts: from 30°C to 200°C and from 200°C to 800°C. In the first part, a mass loss of approximately 8.4% (wt%) is observed below 200°C on the TG curve, which can be attributed to the desorption of adsorbed molecules (e.g., CO2, H2O). In the second part, from 200°C to 800°C, the Mn3O4 phase was oxidized into Mn2O3, accompanying the complete removal of carbon. Based on the remaining weight percent of Mn2O3, we can calculate the weight percent of 45.4% for Mn3O4. Thus, the carbon content for the Mn3O4/NHC composite is approximately 46.2% (1−8.4%−45.4%).
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Fig. S5. EDS maps of elemental C, Mn, O, and N for Mn3O4/NHC composite.
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Fig. S6. SEM image of Mn3O4/NHC electrode after 100 cycles at 0.1 A·g−1.
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Fig. S7. Nyquist curves of the Mn3O4/NHC electrode after different cycles at 0.1 A·g−1.
From Fig. S7, we can observe that the semicircle also increases first (from 5th to 40th) and then decrease (from 40th to 100th), which indicates that the electrochemical impedance increases first (from 5th to 40th) and then decrease (from 40th to 100th).

[image: ]
Fig. S8. Cyclic stability of MnO/NHC-700 anode at 0.1 A·g−1.
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Fig. S9. Cyclic stability of commercial Mn3O4 anode at 0.1 A·g−1.
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Fig. S10. Cyclic stability of NHC anode at 0.1 A·g−1.
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Fig. S11. Charge–discharge voltage profiles of the Mn3O4/NHC (a) and MnO/NHC (b) anode at different current densities. 
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Fig. S12. CV profiles (a) and normalized diffusion and capacitive contribution (b) at different sweep rates of the MnO/NHC anode.
From Fig. S12, the capacity contributions resulted from the capacitive process for MnO/NHC anode are 25.9%, 29.3%, 36.0%, 41.7%, 46.9%, and 51.7% at the sweep rates of 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mV·s −1, respectively.
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