


Experiment

1. Synthesisand characterization of b-NMO/C, b-NMO and b-NMO/C-HT

The layeredo-NMO/C was synthesized by a facile-peecipitation method under
water bati3®33 A manganese nitrate aqueous solution (0.5 M, 30 mL) was prepared
firstly. Then, carbon nanotubes (CNTs, 50 mg) and Ketjenblacks (KBs, 40 mg) were
added to the obtained manganese nitrate solution with ultrasonic treatment for 30 min.
A mixture solution of edium hydroxide (1 M, 54 mL) and hydrogen peroxide (30
wt%, 10 mL) was added to the above suspension under vigorous stirring. Next, the
suspension was aged in water bath for 24 h &iC50rhe precipitant was collected
after three times of filtration vieeaitrifugation in DI water at 8000 rpm for 5 min. The
final product was then obtained after drying in a vacuum oven at 60 °C overnight. The
b-NMO was prepared through the same process di-th1O/C without the addition

of carbon additives.The b-NMO/C-HT was synthesized by an additional
heattreatment ofb-NMO/C at 400°C in argon for 4 hfhe XRD patterns were
recorded by a D8 Advance-Xay di ffractometer with a Cu
images were collected with a JEGILOOF microscope at an acceleratiaitage of

20 kV. TEM, HRTEM images and energy dispersiv@a¥ spectra (EDS) elemental
mappings were recorded by using a Titan G2360. FFIR spectra were obtained
using a Nexus system. BET surface areas were measured using a Tristar 11 3020
instrument ly adsorption of nitrogen at 77 Knductively coupled plasma (ICP) test

was performed on the PerkinElmer Optima 4300DV spectrometer. CHN elemental

analyzer was involved in determining the carbon contents in thespared samples



The tested electrodesrfexsitu characterization were obtained by taking apart the
coin cells in a glovebox filled with pure argon gas and washed with diethylene glycol
dimethyl ether and alcohol and dispersed in alcohol with ultrasonic treatment.

2. Preparation of electrodeand electrochemical tests

The electrochemical properties were characterized in -BQi6 coin cells with
sodium metal foil as the anode. The cathode electroded-MMO/C and
b-NMO/C-HT were composed of 85% active material, 1Rétjenblacls (KBs) and 5%
poyvinylidene  fluoride (PVDF) with an  appropriate  amount  of
N-methyt2-pyrrolidone (NMP) as solvent. As for cathode electrodd-6fMO, to
control the same amount of carbon in the composite, 85% active material (92%
b-NMO powder, 4.4% CNTs and 3.6% KBs wa®viously mixed by grinding), 10%
KBs and 5% polyvinylidene fluoride (PVDF) were mixed with an appropriate amount
of N-methyt2-pyrrolidone (NMP) as well. The slurry was casted onto carbon coated
aluminum foil and dried under a vacuum oven at 120 °C2dr.IThe mass loading of
active material is i11.5 mg cn?. The specific capacity was calculated based on the
amount of active material¥he graphiteanode were prepared by mixi8@g@% active
material and 8%MC binder, and then coated éhfoil. The mass loading of active
material is2~3 mg cm?2 For assemble the fulb-NMO/C//Graphite sodium ion
capacitorthe mass ratio of cathodanode is adjusted to 1:1.6, while the cathode is
presodiated previousiy. M NaPF in diethylene glycol dimethyl ether was used as
the electrolyte. The cells were assembled in an afijed glove-box. The cyclic

voltammetry, galvanostatic chargescharge, and electrochemical impedance spectra



(ranging from 0.1 to TOHz) tests werearried out by a multichannel battery testing
system (BidLogic VMP-300). All the measurements were carried out at room
temperature.

3. Calculation of Brunauer-Emmett-Teller (BET) specific surface areas

The BET specific surface areastNMO/C, b-NMO, carbon nanotubes (CNTs) and
Ketjenblacks (KBs) are 26.0, 0.4, 200 and 146Q respectively. Determined from
CHN elemental analysis, the carbon contentd-®fMO/C is 8.09%. Firstly, the
specific surface areas of carbon additives are denotegeasadd the specific surface
areas ob-NMO/C can be descripted as following Equation 1:

© . - T ® .-/ Zw@pb# zyBtwp (1)
According to the calculation, the specific surface areas of carbon additives are about

316.8 nt g'. Thus, the darged surface of th&-NMO/C mainly comes for the

existence of the carbon additives.
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Figure S1.The SEM image (a), TEM image (b), HRTEM image (c) ofliieMO. (d)
The EDS element mappings of theNMO, showing the uniform distribution of Na,

Mn andO.

Figure S2.The SEM image of thB-NMO/C-HT.
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Figure S3.TG and DSC curves of theNMO (a) and b-NMO/C-HT (b). The mass
loss of 7.9% and 2.8% comes from the crystal water loss in the range of 100°@ 300
Combining with the data of ICP (Table S1) and CHN (Table S2), tsyrdkesized
b-NMO and b-NMO/C-HT are identified as NaMnO.-0.5HO/C and

Nao.72MinO2:0.18H0/C.
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Figure $4. XPS spectra of Mn22 core level olb-NMO/C.
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Figure S5. Raman speaim of b-NMO/C.

Figure S6. HRTEM image of CNTSs.



Figure S7. The TEM images, HRTEM images and EDS element mappings of the
b-NMO/C in the SIBs test collected at various charge/discharge states: charged to 4 V

(arc) and discharged to 1.5 V-{J] respectively.



Figure S8. (a-c) CV curves of thd>-NMO/C, b-NMO andb-NMO/C-HT at various
scan rates from 2 mVisto 10 mV st (d) Capacitive contributions (shaded area) to

charge storage of tieNMO at a scan rate of 0.2 mVt.s

Figure 9. (a) Nyquist plots of theb- NMO/C, b- NMO and b- NMO/C-HT,
respectively(b) Fr equency (%) and Z06 valbNMGC, at

b-NMO andb-NMO/C-HT, respectively.
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