Supporting Information

Iodine-Doped Hollow Carbon Nanocages without
Templates Strategy for Boosting Zinc-Ion Storage
by Nucleophilicity

Ruiting Niu 1, Huailin Fan **, Qingfu Ban 2, Dezhi Zhou !, Lekang Zhao ?, Jiayuan Yu %%,
Qifeng Chen »* and Xun Hu **

1 School of Material Science and Engineering, University of Jinan, Jinan 250022,
China

2 College of Chemistry and Chemical Engineering, Yantai University, 30
Qingquan Road, Yantai 264005, China

3 Institute for Advanced Interdisciplinary Research (iAIR), School of Chemistry
and Chemical Engineering, University of Jinan, Jinan 250022, China

* Correspondence: huailinfan@163.com (H.F.); ifc_yujy@ujn.edu.cn (J.Y.);
mse_chengf@ujn.edu.cn (Q.C.); xun.hu@outlook.com (X.H.)

1/16



Synthesis of the carbon nanocages

2 g melamine, 0.5 g ammonium iodide and 2 g ellagic acid were dispersed in 60 mL
distilled water under stirring for 1 h. The mixture was transferred into a Teflon-lined
stainless-steel autoclave and further kept 180 °C for 16 h. The solid product was collected
by filtration after cooled down to room temperature. After this, the collected hybrids were
directly carbonized at 900 °C for 1 h in N2 atmosphere at heating rate of 5 °C/min. The
obtained carbon product was also further activated with potassium hydroxide (mass ratio:
1:1) at 900 °C for 1 h. The activated sample was washed with 0.5 M hydrochloric acid and
dried at 70 °C, termed as I, N-CNCs. For comparison, 0.5 g ammonium iodide and 2 g
ellagic acid was hydrothermal treated and activated as N-CNCs (activated carbon spheres).
CMs was prepared with 2 g ellagic acid with the same condition of I, N-CNCs.

Morphological and Structural Characterization

The microstructures of the samples were investigated in a Regulus 8100 SEM
manipulated at 5 kV (Hitachi High-Technologies Corporation) and transmission electron
microscope (TEM, JEM-2100 Plus) with a field emission gun operating at 200 kV. The
crystal structure was characterized by powder XRD (Ultima IV X-ray, Japan) with a Cu
target (Ka—radiation source, A = 1.5406 A). X-ray photoelectron spectroscopy (XPS) spectra
were recorded on a Perkin-Elmer PHI pectrometer with monochromatic Al Ka (1486.6 eV)
source by ESCALAB 250 (Thermo Electron). Nitrogen adsorption-desorption experiments
were conducted in an ASAP 2020 instrument at 77 K. Raman measurements were
performed on a LabRAM HR Evolution (France) with a laser wavelength of 532 nm.

Electrochemical Measurements

Aqueous ZHCs devices were assembled with carbon cathode and Zn foil
anode/current collector separated by Whatman filter paper separator and 2.0 M ZnSO4
aqueous electrolyte in a homemade mould. A slurry carbon cathode was obtained with
active material (80 wt%), acetylene black (10 wt%) and poly(vinylidene fluoride) binder
(10 wt%). The resulting slurry was then brush-coated on one side of a carbon paper current
collector drying at 120 °C for 6 h. Total mass loading of the electrode was ~2 mg/cm?2. Cyclic
voltamogram and galvanostatic charge-discharge curves were obtained by CHI 760E,

Shanghai Chenhua, China. The ZHCs cycle testing was performed in room environment
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on a LAND CT2001A instrument.

The gelatin (3 g) was dissolved in ZnSO4 solution (15 mL, 1 mol/L) with continuous
stirring at 60 °C. After becoming clear, the mixed solution was poured into a glass mold
and kept at ~4 °C in a refrigerator for 12 h. Then, quasi-solid-state electrolyte films with a
typical thickness of 1 mm were obtained and cut into pieces with desirable sizes for
subsequent ZHCs assembly. Quasi-solid-state ZHCs devices were assembled with
gelatin/ZnSO4 gel as a separator. The quasi-solid device was further sealed with polyimide

tape.
Theoretical Calculations

The calculations were carried out with density functional theory (DFT) in the Castep
module of Materials Studio to calculate the energy of different systems. The geometry of
the material was optimized first, and then system energy was calculated. To achieve
structure convergence, Perdew-Burke-Ernzerhof (PBE) exchange-correlation function was
performed, and the systematic energy calculation was carried out on the bases of the
generalized gradient approximation (GGA). In the calculation process, the energy cutoff,
the quality of the k-points, SCF tolerance, pseudopotentials were set as 500 eV, ultra-fine,
5.0e-6, and ultrasoft. The parameters of maximum force, maximum stress, and maximum

displacement are set as 0.01 eV/A, 0.02 GPa, and 5.0e—4, respectively.

Calculation

(1) The Trasatti and Dunn analysis:
i(V)=klv +k2v 1/2

Where i (V) was the measured current as a function of potential that was considered
to be consisted of capacitive currents (which vary as k1v) and diffusion-controlled currents
(which vary as k2v 1/2).

i(V)/v1/2=k1v1/2 + k2

Based on the Equation, we can obtain the values of k1 and k2 by plotting the

relationship curves of i/v1/2 and v1/2, and thus both charge storage contributions are

evaluated.
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(2) The specific capacities (Cm mAh/g) were calculated from the GCD curves using

the following equations:
_ 21 fvdt
™ 3.6Vm
Where 1 (A), [Vdt(Vs), V (V) and m (g) represent the discharge current (A), the

integral area under discharge curve, the voltage after ohmic drop and m was the mass

loading.
(3) Mass energy density E and mass power density P were obtained from the

following equations:
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Figure S1. TEM images of a) hydrothermal melamine, ellagic acid, and
ammonium iodide, b) hydrothermal ellagic acid, c) hydrothermal ellagic acid

and melamine.
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Figure S2. The corresponding EDS spectrum of nanocages and EDS elemental

mapping images of C, N, O, and L
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Figure S3. a) C 1s, b) O 1s and ¢) N 1s high-resolution XPS spectra of N-CNCs

and I, N-CNCs.
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Figure 54. Cyclic voltammetry curves of a) I, N-CNCs, b) N-CNCs and c) CMs

based zinc ion capacitors at scan rates range of 10-200 mV/s. Galvanostatic

charge-discharge profiles at 1-50 A/g for d) I, N-CNCs, e) N-CNCs and f) CMs

based zinc ion capacitors.
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Figure S5. The fitting plot between logarithmic peak current and logarithmic

scan rate for a) I, N-CNCs, b) N-CNCs and c) CMs.
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Figure S6. Capacitive contribution ratios from CV analysis at 100 mV/s of a) N-
CNCs b) CMs based ZHC. The capacitive and diffusion contribution ratios to

the total capacity at different scan rates for ¢) N-CNCs d) CMs based ZHC.
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Figure S7. Ex-situ XPS of high-resolution a) Zn 2p, b) S 2p, and c) C 1s XPS spectra.
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Figure S8. Ex-situ SEM images of I, N-CNCs at various voltage points at five states, A: 1.8
V,B:09V,C:0.1V,D:1.2V and E: 1.8 V.. The Zns$SO4(OH)s-4H20 nanosheets were marked
in red circles.
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Figure S9. (a) CV curves of quasi-solid-state ZHC at various scan rates. (b) CV curves of
three devices in series and in parallel at 100 mV/s, background: purple blue LEDs powered
by three devices in series.
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Table S1 Lattice parameters of carbon materials samples.

Sample 26 (°) dooz * (nm) L ** (nm) La *** (nm)
I, N-CNCs 259 0.35 1.6 20.1
N-CNCs 259 0.35 1.9 20.3
CMs 24.7 0.36 1.1 19.1

* dooz is calculated following Bragg’s diffraction equation: 2dsin® = nA, where n
=1, and A =0.154 nm.

** Lc is calculated based on Scherrer’s equation: D = KA/(Bcos0). In this study,
D is L, K is a constant of 0.89, 3 is full width at haft maximum (FWHM), and A
=0.154 nm.

*** La is calculated based on Tuinstra and Koenig equation: La = (2.4 x 10%) Anm*

(Ic/Ip). In this study, Anm is the laser wavelength of 532 nm.

Table S2 Pore parameters of carbon materials samples.

Sample (iijTg) (Cﬁgjé) (Z;“;;;) V(f;;j;j;“’ Viierof Vi
I, N-CNCs 640 0.73 0.25 0.48 0.34
N-CNCs 813 0.59 0.28 0.31 047
CMs 944 0.42 0.35 0.07 0.83
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Table S3 Energy/power density of I, N-CNCs and other reported cathode

materials for Zinc ion hybrid capacitors.

Cathode E/Wh kg™ P/W kg Ref.
114.07 850
I, N-CNCs This Work
74.8 42500

SOCN 44.2 5896.3 1]
MCHCNF-2 68.7 34400 [2]
LPCS-600 107 86 [3]
HPCS-900 90.2 81.2 4]
3DPC 76 22400 [5]
TB- DA-80 163 138 (6]
NO-CPC-750 97.8 80 7]
LC-750 54.6 20300 [8]
OLDC-750 58.3 20000 [9]
N, S-PCD-800 106.7 160 [10]
HMCS 34.2 16000 [11]

BN-C 105.1 382.6 [12]
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