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Figure S1. SEM images of (a) as-synthesized, and (b) 300 °C, (c¢) 600 °C, and (d) 900 °C heat

treated samples.
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Figure S2. XRD patterns of as-synthesized and heat treated samples. ‘&’ represents

hydroxylcarbonate compounds, ‘0’ represents carbonate compounds, ‘@’ represents hexagonal

structure (trivalent oxides), ‘®’ represents rock-salt structure, and ‘a’ represents spinel

structure.
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Figure S3. Formation mechanism of HESO NPs.

(a) Precursor solution consists of appropriate amounts of the nitrate salts in de-ionized water,

CTAB, and urea.

(b) In the solution, there are two paths (Paths I and II) to form complex, in which metal ions are
attached to CTAB. In Path I, the CTAB monomers form micelles and individual metal ions
are attracted by micelles to become growth units. This type of units is stabilized, in part by
the OH- and CO3* produced from the hydrolysis of urea (Reactions 1-3).l1 In Path II, metal

ion clusters, with enclosing OH- and CO;? to hold the ions, are captured and shared by

several CTAB monomers from different CTAB branches to form different units.

(c) Subsequently, hydroxycarbonate and carbonate compounds form during the hydrothermal
treatment due to the reactions among the metal ions, OH-, and CO;?> (Reactions 4 and 5).!]

The compounds exhibit nanoparticle and nanosheet morphologies due to the growth of

Paths I and II, respectively.

(d) Finally, after the heat treatment at 900 °C, single-phase HESO nanoparticles (Reaction 6)

are obtained.



CO(NH,), + H,0 — 2NH; + CO,

CO, + H,0 — COs> + 2H*

NH; + H,0 — NH,* + OH"

M** + yCO52~ + xOH™ — M(OH),(CO3),
M2 + CO52 — M(CO3)

A

M(OH),(CO3)y; M(CO3) = M;304+ Hy0 + CO;
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Figure S4. Plot of real part of impedance (Z') in Warburg region as a function of inverse

square root of angular frequency (o) for HESO electrode.

Spinel oxide materials Li* diffusion coefficient (cm?s™!) Reference
Co304-graphene nanoflower 1.7 x10714 2]
CoFe,04 1.1 x10°13 [3]
Fe;04@rGO 9.3 x1013 [4]
MnCo,04 1.0x10°14 3]
ZnMn,0y4 1.7x10°14 (6]
ZnCo,04@NiO/NF 1.8x10°14 7]
(Mg, Tip2Zng 2CugFe)2)304 4.7x10°15 (8]
This work 1.3x10712 -
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Figure S5. XRD pattern of HESO electrode after 70 charge-discharge cycles.
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Figure S6. (a) SEM, (b) TEM, (c) HRTEM, (d) SAED, and (e) STEM mapping data of

HESO NPs after70 charge-discharge cycles.



Figure S7. SEM images of HESO electrode (a) before and (b) after 200 charge-discharge cycles.
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