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The pseudocapacitive effect calculation

The pseudocapacitive effects could be analyzed according to the relationship
between the peak currents and the scan rates, which are acquired from the CV curves
[1, 2]:

i=av’ (D

where a and b are the adjustable constants. The b-value of 0.5 suggests a diffusion-
controlled process, while b is close to 1.0 indicates a capacitive process, which is
determined from slope of the log i versus log v plots. Furthermore, the contributions to
the capacity can be quantified [3] by the equation (2):

i(v) = kv + kav'? )

where kiv and kov'? represent the pseudocapacitive and diffusion-dominant
contributions, respectively.

Zn?* diffusion coefficient (Dzn) calculation

Electrochemical impedance spectroscopy (EIS) measurement is adopted to
investigate the reaction kinetics for the zinc ion batteries (ZIBs) within the frequency
range from 100 kHz to 0.01 Hz. The relevant Nyquist plots are exhibited in Fig. S7(a).
Obviously, all the patterns show the similar shape with the semicircle (at high frequency
region) and the inclined straight line (at low frequency region), indicating that
electrochemical process is regulated by the charge transfer and the ion diffusion [4].
The Rea values of 0-(Mn203@Mn02)-400, o-Mn203@Mn02)-450, a-

(Mn203@Mn02)-500 electrodes are 297.2 Q, 237.7 Q and 175.6 Q, respectively.



Additionally, the diffusion coefficient of the Zn>" (Dz.) in the electrode can be
calculated with the low frequency region of the EIS plots (as shown in Fig. S7(b))

according to the following equation [5]:
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Where the meaning of # is the number of the electrons per molecule, R the gas
constant, 7 the absolute temperature, A the surface area of the electrode, F the Faraday
constant, C the concentration of the Zn?", ¢ is the Warburg factor which has relationship
with Zye:

Z.e =Rp + R, +ow/? (4)

The relationships between Z. and @' (the square root of the frequency) are shown
in Fig. S7(b) in the low frequency region. The Dz is obtained based on the equations
(3) and (4).

GITT measurements and the calculation of the Dza calculation
Based on the GITT tests, the Dzn in the electrodes can be determined by solving
Fick’s second law [6-8] with Equation (5) based on the GITT curves.
2
D=~ (TEH) (5 (5)
where ma is the electrode active mass, Ma is the molar mass of the electrode
material (g/mol) and Vwm is the molar volume (cm3/mol), S is the geometric area of the
electrode (contacting area of the electrode with electrolyte), AEs is the difference in the

open circuit voltage measured at the end of the relaxation period for the two successive

steps, and AE: is the slope of the linearized region of the potential during the current
3



pulse of the duration time. In our work, the equation is simplified on the condition that
the AE+/t'2 shows a linear relationship. Before the GITT measurement, the assembled
cells are first charged/discharged at 50 mA g for one cycle to stabilize the cells. The
current pulse lasts for 30 min at 100 mA g and then the cells are relaxed for 1 h to
make the voltage reach the equilibrium. And these procedures are repeatedly applied to
the cells during the total discharge/charge process.
Theoretical Calculations

All the spin theoretical simulations in our work were carried out on the Vienna ab
initio Simulation Package (VASP) with the version 5. 4. 1 [9]. The Generalized gradient
approximation (GGA) with the Perdew-Burke-Emzerhof (PBE) [10] functional form is
employed to evaluate the electron-electron exchange and correlation interactions while
the projector augmented-wave (PAW) methods [11] are implanted to represent the core-
electron (valence electron) interactions. The GGA + U [12] calculations are performed
with the on-site Coulomb repulsion U term on the Mn 3d and the Uest (Uert = U — J)
values are 4.5 eV [13], respectively. Plane-Wave basis function is set with a kinetic cut-
off energy of 400 eV. The ground-state atomic geometries are optimized by relaxing
the force below 0.02 eV/A and the convergence criteria for energy is set with the value
of 1.0 x 10 ~° eV/cell. Only Gamma point of 1 x 1 x 1 in the Brillouin zone are
considered for our calculations. Gaussian method is employed for the both electronic

structures and total energy of our models and stress/force relaxations.
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Figure S1. FT-IR spectra of bare a-(Mn203-MnO2)-500.



Figure S2. SEM images of the a-(Mn203-Mn02)-550 (a), a-(Mn203-Mn0O2)-600 (b).
TEM images of the a-(Mn203-Mn02)-550 (¢) and a-(Mn203-MnQO2)-600 (d).
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Figure S3. TG and DTA profiles of the precursor of a-(Mn203-MnO2)-500.
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Figure S4. (a) EDS image and (b) the element concentration of the a-(Mn203-MnQO2)-
500.
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Figure S5. Nitrogen adsorption/desorption isotherms of the a-(Mn203-Mn0O2)-400
(a), 0-(Mn203-Mn02)-450 (c) and a-(Mn203-Mn0O2)-500 (e). The corresponding BJH
pore size distributions of the a-(Mn203-Mn02)-400 (b), a-(Mn203-Mn0O2)-450 (d) and

a-(Mn203-Mn0O2)-500 (f).



Figure S6. HRTEM images of the a-(Mn203-MnO2)-450.
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Figure S7. Cycle performance of a-(Mn203-MnQO2)-550 and a-(Mn203-MnQO2)-600

electrodes at current density of 300 mA g!.
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Figure S8. Cycle performance of a-(Mn203-MnQO2)-500 electrode at current density
of 300 mA g in 2 M ZnSOs4 electrolyte.
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Figure S9. (a) Long-term cycling performance of Zn/Zn symmetrical cells in 2 M

ZnS0O4 + 0.15 M MnSO4 and (b) 2 M ZnSO4 electrolytes.
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Figure S10. Cycle performance of a-Mn203 electrode at 200 mA g

14



300 120

w100

g
[
o
o
1

T
®
=)

200 mA g!

Capacity (mAh
£ S
S S
Coulombic Efficiency / %

100 —

(=]
=]

1 —9— Discharge Capacity

0 T T ¥ T v T ' T M 1
200 400 600 800 1000
Cycle Number

Figure S11. Cycle performance of a-(Mn203-MnO2)-500 electrode at current density
of 200 mA g

15



280 -120
o
~ 2404 §1005°
= g
E 200448 80 .S
o
E 8 b=
£ 1604 60 =
3] ! =
. :
G 1204 40 S
=
S
804 @Discharge Capacity -20
40 L] ] v T ¥ T T
0 200 400 600 800 1000
Cycle Number

Figure S12. Cycle performance of a-Mn203+a-MnO2 mixture at current density of

500 mA g
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Figure S13. (a) EIS for a-(Mn203-Mn0O2)-400, a-(Mn203-MnQO2)-450, a-(Mn20s3-
MnO2)-500 electrodes after the first discharge at 500 mA g!. (b) The linear
relationship between Z" and ™2 of the a-(Mn203-Mn02)-400, 0-(Mn203-MnQO2)-450,
a-(Mn203-MnO2)-500 electrodes in the low frequency region.
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Figure S14. GITT profile and calculated Dzn of a-(Mn203-Mn0O2)-500 electrode.
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Figure S15. XRD patterns of a-(Mn203@Mn0O2)-500 electrode at pristine state and
after 300 cycles at current density of 300 mA g
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Figure S16. XRD pattern of a-(Mn203-MnO2)-500 cathode in the 10th discharged

state.
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Figure S17. XPS spectra of survey spectrum of the a-(Mn203-MnO2)-500 electrode at

discharge state during the first cycle of the zinc ion battery.

Table S1. Zn?>" storage performance of a-(Mn203-Mn02)-500 compared with
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previously reported materials.

Materials High rate capacity Cycling Electrolyte Ref.
performance
a-(Mn,05-MnO,)- 180.5 mAh gﬁl at 100 mA | 170 mA gfl after | 2M ZnSO4 +0.15M | This
500 g 2000 cycles at 500 | MnSO4 work
123.7 mAh g ' at 1500 | mAh g™
mAg’'
amorphous a-MnO, 210 mAh g' at 105 mA | 100 mAh g™' after | 1 M ZnSO, [14]
g! 100 cycles at 105
121 mAh g at 1500 mA | mA g’
g!
a-MnO; nanorod / 140mAh g " after 30 | 1 M ZnSO4 [15]
cycles at 42 mA g
Todorokite-type 90mAh g 'at 90 mA g 98 mAh g 'after 100 | 1 M ZnSO4 [16]
MnO, 42mAh g 'at 900 mA g™' | cycles at 60 mA g!
Zn;[Fe(CN)s)a 67mAh g at 60 mA g 81 mAh g 'after 100 | 1 M ZnSO, [17]
53 mAh g ' at 1500 mA | cyclesat 60 mA g
g!
Cu;[Fe(CN)s]2 48 mAh g' at 150 mA g' | 52mAh g ' after 100 | 20 mM ZnSO, [18]
43mAh g 'at 600 mA g”' | cycles at 60 mA g
Mesoporous / 150 mAh g after 1M ZnS0, [19]
v-MnO, 100 cycles at 0.5 mA
cm™
Spinel-ZnMn; 550.4 / 150 mAh g after 50 | 3 M Zn(CF3S0;), [20]

cycles at 50 mA g

Na3 V2 (PO4) 3

97mAh g’ at 50mA g

62 mAh g ' at 1000 mA

108 mAh g after

200 cycles at 100

0.5 M Zn(CH;COO),

(21]

22




-1

-1

g mA g

zinc orthovanadate 201 mAh g at 200 mA | 125 mA h g after | 1 M Zn(TFSI), + 20 | [22]
g 800 cycles at 2000 | M LiTFSI
165 mAh g™ at 1000 mA | mA g™’
gfl

V10024 12H,0 164.5 mAh g'1 at 200 mA | 98 mAh g_1 after 500 | 3 M Zn(CF5S03), [23]
g'! cyclesat 10 A gﬁl
118.5mAh g' at 1000 mA
gfl

V105 100 mAh gf1 at 1000 mA | 121 mAh gf1 after | 3 M ZnSO, [24]
g 400 cycles at 1000
92 mAh g ' at 2000 mA | mA g
gfl

KMngOq¢ 130 mAh g’1 at 100 mA | 77 mAh gflafterIOO 1 M ZnSO4 + 0.3 M | [25]
g! cyclesat 100 mA g ' | K,SO,

Na; V3079 170 mA h gfl at 100 mA | 84.8 mAh gfl after | 1 M Zn(CF;S05), [26]

nanoribbons/graphene | g’ 500 cycles at 1000
100mAh g 'at1A g™ mAg’'

3D MnO,@C 190 mAh g'at300mA | 60 mA h g after | 0.75 M Na2SO4 + | [27]
g! 1000 cycles at 2000 | 0.25 M ZnSO4
75mAhg'at 1.5A g mAg’

ZnMn,04/Mn,0; 82.6 mAh g™' at 500 mA | 111.9 mAh g* after | 1 M ZnSO, [28]
g 300 cycles at 0.5 A
421mAhglat32Ag" | g

MoeSs 62mAhg'at60mA g ' | 55mAhgtafter350 | 1.1 M ZnSO, [29]
53mAhg'at0.6Ag" cyclesat 0.6 Ag™!

Al-doped 82.6 mA h g! at 80 mA | 105mAhg™after50 | 1 M ZnSO, [30]
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VO1.52(0H)o.77 g cyclesat 15 mA g*
52.1mAhg'at0.56 A g™
7Zn,MoSs 134 mA h g' at 6.4 mA | 88 mAh g after 20 | 0.1 M ZnSO, [31]
g cycles at 6.4 mA g*
53mAhg'at128mA g
Layered VS, | 159.1 mAh g 'at 100mA | 110.9 mAh g™ after | 1 M ZnSO4 [32]
Nanosheet g'! 200 cycles at 500
121 mAh g'at 1000mA | mAg™
g
Manganese 137 mAh g at 100 mA | 82.2 mAh g after | 2M ZnSO, [33]
Sesquioxide g 1000 cycles at 2000
38 mA h g! at 2000 mA | mAg™*
g
Ni,Mn3.,0;@C 1397 mAh g at 50mA | 131 mAh g after | 2M ZnSO,4 + 0.15M | [34]
g! 850 cycles at 400 | MnSO,
98.5mAh g at 1200mA | mAg™
g!
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