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Fig. S1 XRD patterns of as-synthesized precursors.

Fig. S1 shows the XRD patterns of precursors. The precursors are
identified as typical nickel-cobalt hydroxide carbonate compound
composed of NiCO3(OH),*2H,0 (JCPDS No. 29-0868) and
C0o(C0O3)p5(0OH)+0.11H,0 (JCPDS No. 48-0083), which corroborate with
the precursors for the reported pure spinel NiCo,0, prepared from

chemical co-deposition method for supercapacitors.*?
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Fig. S2 (a) LSV plots of 1 M LiPFg (PC+DMC, 1:1 in volume) at 5 mV
st and (b) CV plots of the first two cycles of NiCo,0, electrode at 5 mV

st

Fig. S2a shows LSV plots of the electrolytes at 5 mV s . The oxidation
potential is known to exceed 4.8 V (vs. Li*/Li), which is larger than the
upper-limit potential of positive electrode (4.5 V), and therefore the
electrolytes can’t decompose by oxidation, while the electrolytes can
participate in forming the solid electrolyte interface (SEI) films*’ and
organic  polymeric/gel-like layer’® via irreversible reduction
decompositions in the negative potential range of 0-1.7 V (vs. Li*/Li)
during the first cycle’s Li ion intercalation (discharge) reactions, which
can restrain the further decomposition of electrolytes as can be seen from
the much smaller reduction current but the almost constant oxidation
current of the second cycle (Fig. S2b). Based on the above reasons, the
electrolytes can be stable in both positive and negative electrodes during

the charge/discharge processes under 4.5 V capacitor’s voltage.
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Reaction mechanisms of the NiCo,0,anode

The intercalation/de-intercalation reactions of Li ion inside the NiC0,0,
anode can be expressed as Egs. (1)—(4).”"*® When NiCo,0, are
electrochemically discharged with Li-metal, the crystal structure
destruction takes place followed by the formation of Ni and Co metal
nanoparticles and Li,O phase, as shown in Eqg. (1). Then, during
charge-reaction (Li-removal), both Ni and Co metal nanoparticles can
reversibly react with Li,O matrix by the displacement reaction forming
the respective nanosize metal oxides (Egs.(2) and (3)). In the most
favorable case, the bivalent Co?* (i.e., CoO) can further react with Li,O to
form Di/tri-valent CozO, as shown in Eq.(4). Therefore, during
charge/discharge cycling, a total capacity corresponding to 7.33

recyclable moles of Li per mole of the starting material NiCo,04 can be

expected.

NiCo,0,+ 8 Li* +8e — Ni+2Co+4Li,0 (1)
Ni + Li,O <> NiO + 2 Li* + 2" (2)
Co+Li,0«<>CoO+2Li" +2e (3)

Co0 + 1/3Li,0 <>1/3C0,0, + 2/3Li" + 2/3¢ (4)
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Fig. S3 Specific capacitance of hybrid NiCo,04//AC Li ion capacitor as a

function of current density.
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Fig. S4 CP curves of symmetric AC//AC Li ion capacitor.

Table S1 A comparison among different hybrid Li ion capacitors.

Hybrid capacitors  Electrolytes Capacitor  Ep-max Pm-max  Cycle life (loss) Ref.
voltage (V) (WhKg™) (WKg™) (current density)

CNF//LiCoPO, 1 M LiCIO4/EC:PC 2.0 11 770 1000 (33 %) 11
(0.5 mA cm?)

TiP,04//AC 1 M LiPF¢/EC:DMC 3.0 13 371 500 (21.6 %) 12
(31 mAgY)

C-LiTiy(POy4)3//AC 1 M LIPFs/EC:.DMC 3.0 14 180 1000 (56 %) 13
(30 mAgY)

NiCo,04//AC 1 M LiPFg/PC:.DMC 45 39.4 554 2000 (no loss) This
(300mAg™) work
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