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Pseudocapacitors using Cobalt Carbonate Hydroxide (CCH) electrode material are promising
energy storage devices that provide a good balance between power density and energy density.
However, achieving both cycle stability and capacitance has been a challenge. Therefore, attempts
have been made to improve the properties by controlling the reaction site through morphology
design. But the electrochemical reaction mechanism of the CCH electrode has not been fully
clarified; deprotonation of the Co(OH)2 phase produced from the CCH phase has been proposed. On
the other hand, the reaction mechanism for the CCH phase has not been proposed. Therefore, this
research aimed to obtain a morphological design criterion for the improvement of energy storage
properties from the first-principles electrochemical reaction analysis for CCH crystal. To evaluate
the electromotive force (emf), it is necessary to identify all the atom configurations in the crystal
structure, since the Co vacancies and hydrogen atom configurations in CCH crystals have not been
experimentally identified. Therefore, we predicted the stable configuration pattern from
first-principles screening based on symmetry and bonding theory. The validity of the deprotonation
reaction inside the crystal was examined from the first-principles emf evaluation for the stable
CCH crystal structure. The calculation results showed that the emf was more negative than -3V,
which is much more negative than the potential window of -0.7 V of electrochemical measurements
in previous studies. Therefore, deprotonation inside the CCH crystal is unlikely to occur.
Furthermore, based on the results of electrochemical reaction analysis in this study and previous
studies on morphology control, the trade-off factors between cycle stability and capacitance were
discussed. The previous studies on the control of storage properties of CCH electrode materials have
reported that the capacitance decreases due to low surface area when the crystal growth time is
long. On the other hand, high cycle stability has been reported. The opposite trend is reported when
the crystal growth time is short. From the above, it is important to elucidate the factor by which
high reactive surface area degrades cycle stability to achieve both cycle stability and capacitance.
The degradation mechanism can be explained by the conclusion that the CCH phase does not
contribute to the electrochemical reaction. If the precursor CCH phase has a high surface area, the

CCH phase responsible for structural stabilization will decrease more, Co(OH) phase, which is



responsible for electrochemical reactions, is expected to increase. Therefore, it is inferred that
structural stability against charge-discharge is significantly degraded, but high capacity can be
obtained. Moderate control of the ratio of CCH phase and Co(OH): phase in the CCH electrode by
electrode surface area is considered important to achieve both cycle stability and capacitance.
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