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Supporting Information consists of two tables and six figures over ten pages, which
are Figure S1 about XRD patterns, Figure S2 about TG, Figure S3 about the Rietveld
refinement, Figure S4 about the EIS measurements, 100 cycle performance and rate
performances, Table S1 about the EIS values, Figure S5 about XRD patterns of
original and reduced samples, Figure S6 about the XRD pattern and XPS spectra of

VO, electrode, and the Table S2 about the comparison.
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Figure S1 The XRD patterns of Ni doped Na-birnessite and Ni doped Mg-buserite,

which were in accordance with the PDF cards of 43-1456 and 32-1128, respectively.
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Figure S2 The TG curves of Nip;-Mg-1, Nip3-Mg-1, and Nips-Mg-1. The
molecular formula of them were Nij;3MgMnO;,3.2H,0, Nij43MgMng0;,27.5H,0,
and NijpgMgMng01,°5.6H,0, which were obtained by TG curve and the results of
28.98: 91.072: 1253.48, 94.56:90.783:1215.42, and 156.34: 93.15: 1266.73 (ppb)

of Ni:-Mg:Mn.
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Figure S3 The Rietveld refinement results of the Nij3-Mg-1 sample. The Ni replaced

the site of partial Mn and Ni and Mn were mixed located in the same sites, which

indicates that Ni was indeed doped into the crystal lattice of this material successfully.

S4



(a) (b)
. . i ? Ni“-Mg-l
250 4 - . . - 1 @ Ni,-Mg-1
. Ag : _é"lm_ @ Ni Mgl
200+ LI NN : <h @ Ni,-Mg-1
£ ® i £
S 0 S
=150 . A B R T G 'S
5 ° 1 ‘A Re(Z)/ Ohm g_lUU 4
£ . LIS 8
= 1004 A - - e
O Fp's FrgY MR_ <
[ e =]
] i | L | =
® N Mgl: 706, 1464 B
504 o ) 0E, et .
® NiMgl: 513 374 &
il A Ni Mgl | 452 2156,
T T T T T T
0 50 100 150 200 250 300 o P L S,
Re(Z)/Ohm 20 4 60 80 100
Cycle Number
(©),,r (d) .
0.6 - 0.6
80 4l Ni, -Mg-1at 10 mAg” in MgCl 8
A0 o o 2 H04r T,-Mg-1at 10 mAg” in MgCl
] b——Ni, -Mg-1 at 10 mAg™ in Mg(NO,), 5 2
0.2 G =02k Ni, -Mg-1at 10 mAg" in Mg(NO,)
g c——Ni, -Mg-1 at 10 mAg"™ in MgSO, gy 03 ] 32
'SU'D | Eﬂ,o i Ni,-Mg-1 at 10 mAg"~ in MgSO,
5 =
0.2t 02}
=} =,
< -
s 0.4
-0.6 - 0.6 F
© b a . c b 8
-0.8L— : s : - : P PP (. N
0 S0 100 156 200 250 30 0 50 100 150 200 250 300 350

Specific capacity/mAh g Specific capacity/mAh g!

Figure S4 EIS measurements (a) and 100 cycle performance (b) of Nig;-Mg-1, Nig 3-
Mg-1, Nigs-Mg-1, Nigo-Mg-1 electrodes in 0.5 mol dm— Mg(NOs), electrolyte, and
the rate performance of Nijo-Mg-1 and Nig3-Mg-1 two electrodes in three electrolytes
(c and d). We can observe that Rs resistances of three samples decrease gradually as
the increase amount of nickel doping and the Rct resistance of Nip3;-Mg-1 is the
minimum. The Nip3;-Mg-1 electrode shows the best cycle performance, which is
because the lower amount of nickel doping can not play the role of increasing
conductivity and larger one hinder the insertion/deinsertion of magnesium ion.
Therefore, the appropriate amount of nickel doping can be beneficial for Nip;-Mg-1

electrode to exhibit more excellent electrochemical performance.
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Table S1 Evaluated impedance parameters, ¢ and Dy,®" values in the different

electrolytes

solutions 0.5mol-dm™3 MgCl, 0.5mol-dm= Mg(NO3), 0.5mol-dm=3 MgSO,
R(Q)£0.001 3.597 5.128 8.223

CPE-T=0.01 E-5 2.218E-4 2.094E-4 3.445E-4
CPE-P£0.0001 0.78771 0.8141 0.7238

R(2) £0.001 4.440 3.735 12.76

0+0.01 19.97 16.16 23.28

Dy* (em?s7') +0.01E-15  3.43E-16 5.12E-16 2.51E-16
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Figure S5 The XRD patterns of original and reduced Nij3;-Mg-1 electrodes. We can
observe that the peak at 260=9.46° of original electrode shift to the lower angle after
the discharge process, which was the peak at 26=9.33°. It proved that the magnesium

1ons have inserted into the lattice of host material.
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Figure S6 The XRD patterns of different charged/discharged VO, electrodes (a), XPS
patterns of reduced electrode at first cycle (b), oxidized sample at first cycle (c) and
reduced electrode at 30" cycle. It can be found that the original VO, electrode
changed to be a stable new material of MgVOy after first reduced state, which was
composed of Mgy V.05 (JCPDS:89-0610), V5O (JCPDS:80-2027) and the
unknown phase. After the first charged process, the MgVO, electrode with stable
structure is more beneficial for magnesium ions insertion/deinsertion. In 10™ cycle,
20t cycle and 30™ cycle, the XRD peaks of electrode was becoming increasingly
amorphous and widened. Many peaks were getting harder to observe but the peaks of
new formative phase at 26=20.4°, 22.3° and original VO, peaks at 26=25.4° and 30.4°

can be still observed, which indicated that the new formative phase after first reduced
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process was very stable. Fig. S6b shows that the existence of more magnesium ions
was observed in the survey spectra of reduced VO, electrodes. In the Fig.Sé6c and d, a
part of V4" oxidized to V3" during the discharged state, and after 30 cycle, the wide
peak located at 516.5 eV is analyzed and V4 and V3* for reduced sample are obtained
by fitting the datum, which together which further proves that stable MgVO, was
formed after first charged process and MgVO, as the anode will achieve the
insertion/deinsertion of magnesium ions accompanied by the changes of V#* reduced

to V3" and V#* oxidized to V5.
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Table S2 The compared condition on some different magnesium ion battery systems.

current

Cathode/anode Electrolyte density/ Cip acity/mAh
mA g!

Prussian Blue/Polyimide[s1] MgSO, 200 35.0

MgxMosS,/Mg[s2] Mg(AICl,BuEt),/THF 200 75.0

TiSe,/Mg[s3] Mg(AICl,BuEt),/THF 1C 108

MogSs/Mg[4] Mg(BH,),/LiBH,/DGM  C/10 99.5

LiMn,04/LiTiy(PO4);[s5] Li,SO, 4mA/cm?2 40

NaMnO,/NaTi,(POy4);[s6] Na,SO,4 1C 33

Our work MgSO, 200 102.7
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