Supporting Information

Activation of SodiumStorage Sites Prussian Blue Analogues

via Surface Etching

Wenhao Reﬁ,Mingsheng Qiﬁ‘, Zixuan ZhLﬁ Mengyu Yad, Qi Li,*'A Lei Zhang{f

Dongna Liu’}and Ligiang Mai**e

AState Key Laboratory of Advanced Technology for Materials Synthesis and
Processing, Wuhan University of Technology, Wuhan 430070, China

SDepartmenbf Chemistry University of California, BerkeleyCalifornia94720,

United States

Y Materials Science and Engineering Department, University of Washington, Seattle,

Washington 98192120, United States

Corresponding Author

* E-mail: mlg518@whut.edu.cn

* E-mail: gi.li@whut.edu.cn



Experimental Section

Synthesis ofPBAs nanocubesand etchingprocedure NasFe(CN)-10H,0,
NiCl,-6H,0O, NaOH and NaCsHsO; were analytical grade and purchased from the
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Firgeeld@N}-10H,O
(5 mmol) was added in250 ml water with stirring for5 min to obtain the clear
solutionA. NazCsHs0; (20 mmol)andNiCl,-6H,0 (1 g) wereadded inanother250
ml water with stirring for5 min to obtain the clear solutioB. The solutionA was
poured intosolution Bunder magnetic stirring fdrO min. Then the mixture wasged
at room temperaturdor 48 hto get the precipitateAfter that The asobtained
NaNiFe(CN} nanaubeswere filtered, washedwith deionized water and dried
overnightin vacuumovenat80 °C. In the end, e preparedNaiNiFe(CN)} nanocubes
(100 mg) and NasCsHsO7 (5 mmol) were dispersed in 4.M NaOH solution by
sonication foré h. The products were collected by centrifugatiang washed with
water and ethanol for several times. Finally, thengas were dried a80 °C in
vacuum for 24 h.

Characterization XRD measurement was performed to investigate the
crystallographic information using a D8 Advanceray diffractometer withCo K U
X-ray source. Field emission scanning electron microscopy (FESEM) imeages
collected with a JEOL JSM100F at an acceleration voltage of 10 kV. Fourier
transformed infrared (FTIR) transmittance spectra wecerded using a 68XB IR
spectrometerRamanspectra were obtained using a Renishaw INVIA miReoman
spectroscopy system. BET surface areas were measured using Tristar 11 3020
instrument by nitrogen adsorption of at 77 K. Inductively couplesma (ICP) tests
were carried out using an Optima 4300DXPS measurements were performesihg
a VG MultiLab 2000 instrument.

Electrochemical Measuremeni&he electrochemical measurements were tested
with 2016 coin cells assembled in a glove box filled with pure argon gasoBmm
battery sodiumfoil was used as the anode, a 1 M solution of NaGiOethylene
carbon (EC)dimethyl carbonate (DMC) (1 : 1 w/w) and 5% FEC was used as the
electrolyte, and a Whatman Glass Microfibre Filter (Grade GF/F) was used as the

separatorFor lithium battery, ithium foil was used as the anode and 1 M solution of



LiPF6 inethylene carbon (EC)/dimethyl carbonate (DMC) was used addbgolyte.
The cathodeslectrodewas producedwith 60 wt% active material30 wt% ketjen
black and 10 wt% poly(tetrauoroethylgn@TFE). The mass loading of the active
material was2-3 mg cm. The battery was aged for 12 h before test to ensure full
absorption of the electrolyte into the electrodes. Galvanostatic charge/discharge
measurements were performed with a multichannel battefpgesystem (LAND
CT2001A). CV and EIS were performed with an electrochemical workstation
(Autolab PGSTAT302N).

Calculation of N4 diffusion coefficients through GITT resdit§he D®'™ can
be obtainedrom the potentialresponséo a small constantcurrent pulsg€10 mA g*)

via thefollowing Eq. (1)
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WhereUis the constant current pulse tinmg, Vv, S, andMg are the mass, molar
volume electrodéelectrolyte interface area, and molar masbliéfCF, respectively.
In FigureS6 pkis the voltage difference during the open circuit period, rigis
the total change of cell voltage during a constant current pulse excludiiydhap.
Calculation of Nd apparent diffusion coefficients throudHS result$: The
diffusion coefficientvalue O') can be calculated from tligg. (2) and Eq. (3):
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In egn @), w(24f) is the angular frequency in the Idvequency region, and bofR.
and R are kinetics parametergidependent of frequencyThen, the Warburg
coefficient (s,) can be obtained from the slope of fitting line (Figure S7. In egn
(3), Ris thegas constanfT is the temperature, A is the area of the electrads,the
number of electrons transfer per mole of the aatnagerial involved in the electrode
reacton, F is Faraday'sonstant an€ is the molar concentration dfaions.
Calculation of N& apparent diffusion coefficients throudtV results*: The
diffusion coefficientvalue OY)
1,=2.69 10°n*?AD"? Cv!? (4)

can be calculateiom theEq. @):



wherel, is the peak current (Ah is the number of electrons per molecule during the
intercalation A is the surface area of the cathode {18 is the concentration of Na

ions in the electrode (mol ¢y andv is the scanning rate (V%

Figure S1. FESEM image®f the etchingproducts after reaction time for (@)h, (b)
0.5h, (c) 3 h, (d) 6 h.

Figure S2 (a) Low-resolution and (b) highesolution SEM imagesof the NiHCF
products after the etching time 1 h.
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Figure S3. Thecrystal structure afhombohedraNiHCF.
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Figure $4. TG curves oNiHCF-cube and NiHCFetch
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Figure S5. (a) Raman spectra of thdiHCF-cube and NiHCFetch The two peaks
locatedat 2112 cm® and 214 cm® in Ramanspectraare corresponding to the
vibrations of CN group in F&-CN-Ni", and noFe'-CN-Ni" peak isobserved (b)
FT-IR spectraof NiHCF-cube and NiHCFetch.FT-IR profilesalsoconfirm that the
bonding stat®f NiHCF-etchremainsunchangeafter theetching process.
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Figure S6 XPS spectreof the (a) NiHCFRcube and (b)NIHCF-etch. The peaks
located at 536.2 eV and 533.7 eV remain unchanged during the etching process,
which correspondto the physidchemisorbed waterand theoxygen ions in low
coordination at theurface respectivelyBesides, the intensity of the peak at 531.7 eV
becomesstronger after etchingrhis peakis usually associated with oxygen in OH
groups and théncreaseof this contribution in the As specwm indicates that the
surface of theNiHCF-etchis slightly hydroxylated as a result of the substitution of

oxygen atomsr vacanéesat the surface by hydroxyl groups
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Figure S7. The chargadischargecurves of NIHCF-etch and NiHCFcube at the first

cycle with a current of 1.1 C.
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Figure S8. GITT potential response curve with time
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Figure S9. The CV curves of (alNiHCF-etchand (b)NiHCF-cubeat different scan
rate from 0.1 to 1.0 mV's (c) The relation between the square root of the saten
(v and the corresponding currerits oxidation peakslt is found that the peak
currens for both electrodes displaylinear relation with the square root of the scan
rate (/). The calculated®" of NiHCF-etchis about an order of magnitude higher
thanNiHCF-cube conforming to thé&ITT and EIS results.
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Figure S10. EIS results of (pdesodiated and (b) sodiated stateNiHCF-cube(red
curves)and NiHCFetch (black curves)inset is the calculation aVarburgfactor O
(Zy D 0 %Y. In the desodiated state, theharge transfemesistance Ry) of
NiHCF-cube and NiHCFetchis 129.3 and 65.6], and theirDF'* calculated from
Warburg factor(d) is 3.1%10* and 4.0%10%° cn? s, indicating a faster surface
reactionkinetics of NiHCF-etch After sodiation processhe Ry and DF'° of both
electrodesexhibit similar degradation trendgnd the DF'° of NiHCF-cube and
NiHCF-etch decrease td.61x10* and 4.0&10"? cn? s*, which & consistent with
GITT analysis
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Figure S11. (a) The GITTresultsof NIHCF-cube and NiHCFetchvs Li*/Li. (b) The
calculated diffusion coefficients versus state of dischargd&lS results of (¢
delithiated and (d) lithiated state NfHCF-cube (redcurves) and NiHCFetch (black
curves) inset is the calculation &arburg factordl (Zy ® @ 2. It is obvious that
the diffusion coefficiens of NIHCF-etchvs Li*/Li are also higher thaNiHCF-cube,
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Figure S12. Ex situXRD analysisof NiIHCF-cubefrom 2 Vto 4 V.




