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Supplementary Figures and Disscussion
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Fig. S1 a High-resolution TEM image and b corresponding energy-dispersive X-ray
spectroscopy (EDS) analysis of the RuO2 xH20

S1/S8


http://springer.com/40820

Nano-Micro Letters

Ru 3p

Ru 3p3;2
Ru3p,,

Intensity (a.u.)

490 480 470 460 450
Binding energy (eV)

Fig. S2. High-resolution Ru 3p XPS spectrum of the RuO2 xH.0O
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Fig. S3 CV curves of the a-c Zn(CF3S0s3), and d-f ZnSO4 aqueous electrolytes in different
voltage windows: a, d 0.4-1.6 V; b, e 0.3-1.7 V, and ¢, f 0.3-1.8 V. The CV curves were
recorded in 2 M Zn(CF3S03)2 or 2 M ZnSO4 aqueous electrolyte, and meanwhile, zinc foil
was used as both reference electrode and counter electrode, and stainless steel foil was used as
working electrode. We can see that in the voltage window of 0.4-1.6 V, both Zn(CF3S03)2
and ZnSO4 aqueous electrolytes are stable at different scan rates.
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Fig. S4 a CV curves at 2-100 mV/s and b GCD profiles at 0.1-20 A/g of the RuO. H.0||Zn
system with 2 M ZnSO4 aqueous electrolyte
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Fig. S5 Surface morphology and EDS mapping of the RuO; H.O cathode at various
charge/discharge states in 2 M Zn(CFsS0Os)2 aqueous electrolyte: a original state, b, ¢ fully
discharged state (to 0.4 V) and d fully charged state (to 1.6 V). e, f Cross-sectional SEM

images of the fully discharged RuO2 H-O cathode. Inset in f shows the distribution of zinc
element inside the cathode
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Fig. S6 XRD patterns of the RuO> H>0 cathode at various charge/discharge states in 2 M
Zn(CF3S0s)2 aqueous electrolyte
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Fig. S7 Photographs showing a the formation of an insoluble product (we call it “white
precipitate” in the following) when adding KOH solution into Zn(CF3S03)2 aqueous solution
(molar ratio of KOH to Zn(CF3S0s) is 1: 100) and b the dissolution of the while precipitate
powder in HCI solution. ¢, d SEM images and e XRD pattern of the white precipitate. As a
comparison, the XRD pattern of the RuO2 H>0 cathode at 0.4 V in 2 M Zn(CF3SOz3). aqueous
electrolyte is also presented in e

Discussion about Figures S5-S7

From Fig. S5, we can see that when the RuO2 H:0O cathode is first discharged to 0.4 V, many
nanosheets containing Zn, O, F, and S elements appear on the cathode surface (note that these
nanosheets do not exist inside the cathode). After further charging to 1.6 V, the cathode
recovers to its original morphology, accompanying with the disappear of these nanosheets.
According to XRD analysis in Fig. S6, the fresh cathode and the fully charged cathode (i.e., at
1.6 V) have the same phase composition, i.e., amorphous RuO2 H20, while a new phase with
the characteristic diffraction peaks at 26=17.1° and so on appears on the fully discharged
cathode (i.e., at 0.4 V). Apparently, the new phase detected at the fully discharged state
corresponds to the nanosheets in Fig. Sbb. Further, the nanosheets in Fig. S5b, ¢ contain F and
S elements, and the Zn(CF3S0O3): electrolyte is the only source of these two elements,
therefore the nanosheets are considered to precipitate from the electrolyte. Inspired by this, we
designed some experiments to study the nanosheets (Fig. S7). We added OH" into
Zn(CF3S0s). aqueous solution and found that white precipitate formed (Fig. S7a). SEM
observation and XRD analysis in Fig. S7c-e confirm that the white precipitate is the
nanosheets in Fig. S5b. The nanosheets are soluble in acid solutions (Fig. S7b). In a word, the
nanosheets irreversibly form/disappear with increased/decreased pH of the Zn(CF3S03)2
aqueous electrolyte. Very similar phenomenon have been reported in aqueous
Zn||ZnSO4||MnO2 batteries: when the electrolyte pH increases, basic zinc sulfate nanosheets
with chemical formula of ZnsSO4(OH)e xH20 form, and when the electrolyte pH decreases,
the ZnsSO4(OH)s xH20 nanosheets dissolve into ZnSQO4 electrolyte [S1-S4]. According to the
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above discussion, the nanosheets in Fig. S5b can be written as Zn(CF3SO3)2[Zn(OH)2]z xH20
[S1] and their formation at fully discharged state implies an enhanced pH value of the
electrolyte, which is caused by the intercalation of H* from the slightly acid Zn(CFs;SOs3)2
electrolyte into the RuO2 H.0, while the dissolution of the nanosheets during charging
process (Fig. S5d) means that H* can reversibly extract from the RuO2 H:0, leading to a
decreased pH value of the electrolyte.[55*1 We would like to emphasize that H* storage only
contributes to a small capacity to the RuO2 H20O cathode, due to very low H* concentration
(~10* vs. 2 mol L for Zn?* concentration) of the 2 M Zn(CFsS0Os), electrolyte. This
indirectly suggests that the high discharge capacity of the RuO2 H20 cathode originates from
Zn?* storage, which is also confirmed by XPS analysis in Fig. 3 and SEM-EDS mapping in
Fig. S5f.
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Fig. S8 Typical CV curves at 0.5-1 mV/s of MnO;||Zn ZIBs with 2 M Zn(CF3S03), aqueous

electrolytes. The voltage separation between anodic peak and cathodic peak exceeds 0.30 V at
0.5mV/sand 0.35V at 1 mV/s
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Fig. S9 a N2 adsorption-desorption isotherm and b pore size distribution curve of the
RuO H>0 sample
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Fig. S10 a SEM image and b XRD pattern of the anhydrous RuO2 sample. The anhydrous
RuO2 was prepared by heat-treating the RuO2 H20 sample in air at 300 <T for 1 h. In the
XRD pattern, sharp diffraction peaks can be observed, which correspond to the crystal planes
of (110), (101) and so on of RuO; (PDF#21-1172)
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Fig. S11 Electrochemical behaviors of the anhydrous RuO2||Zn system with 2 M Zn(CF3SOz3)
aqueous electrolyte: a CV curves at 2-100 mV/s and b the relationship curve of discharge
capacity summary vs. current density. OCV of the anhydrous RuO2||Zn system is 0.73 V, low
than that of the RuO2 H20||Zn system (1.05 V). As a consequence, the anhydrous RuO-
shows a low Zn?*-storage capacity of 38 mAh/g and unsatisfactory rate performance.
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Fig. S12 Kinetic analysis of Zn?* storage in the anhydrous RuO-: a capacitive contribution
(orange region) to the total current at 20 mV/s; b summary of the contribution ratios of
capacitive capacity and diffusion-controlled capacity; c, d capacitive contribution analyzed
through Trasatti’s method, in which g and v are charge stored and scan rate, respectively. The
maximum charge that can be stored in the anhydrous RuO: is only 126.1 C/g. Meanwhile,
only 61.5% capacity is from the outer surface (77.6 C/g), which will lead to a modest rate
capability of the anhydrous RuOx.

Fig. S13 SEM images of the RuO2 H>0 cathode a before and b after 10000 charge/discharge
cycles at 20 A/g
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