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Fig. 1 Schematic drawing shows chemical processes of a colloidal electrode in the KOH aqueous electrolyte!”

A. after MnCl, electrode is inserted into KOH electrolyte, electrochemical measurement is performed to this electrode immediately;
B. after undergoing chemical and electrochemical reactions, electroactive Mn; 0,5 +5H, O colloids form in electrode; C. Mn(OH), and
highly electroactive Mn; 0,5 +5H, O colloids are synthesized by electric field assisted chemical precipitation; D. faradaic reactions of
electroactive Mn; 0,5 +5H, 0 colloids occur at the same time and electrode, with the corresponding cation reactions of Mn?* <>Mn?*

and Mn?* <>Mn**
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Fig.2  Charge-discharge curves of a Co-based colloidal
ionic supercapacitor[ 8

Black solid line is the measured curve and red dashed line is

the ideal supercapacitor curve based on electrical double-layer

capacitance
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Table 1 Theoretical and practical ionic capacitance data of typical rare earth and

transitional metal cations, and their cation utilization ratios

One-electron theoretical

Current density/

Practical ionic capacitance/

Cation utilization

Active ion .

ionic capacitance/(F-g~") (A-g™") (F-g=") (initial salt) ratio/ %
Ce*+ 1719(0.4 V) 3 2060( Ce(NO;) ;) 120016]
Yb** 1358(0.41V) 1 2210( YbCl) 163[14]
Er* 1047(0.55 V) 3 1811 (ErCly) 1730151
Mn?* 2192(0.8 V) 5 2518 (MnCl,) 1150171
Fel* 3833(0.45 V) 3 4729 (FeCly) 123112
Co?* 3898(0.42 V) 1 1962 (CoCl,) 50018]
Cu®* 5061(0.3 V) 1 5442( CuCl,) 10822
Sn** 1803(0.45 V) 1 2241(SnCl,) 124013]
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Table 2 Theoretical and practical hydroxides capacitances of colloidal ionic supercapacitor

Electrode materials Voltage/V One-electron theoretical capacitance/ (F-g~!) Practical capacitance/(F-g ™)
Ce(OH); 0.40 1262 1510
Yb(OH) 4 0.41 1051 1707
Er(OH), 0.55 804 1388
Mn(OH), 0.80 1357 1555
Fe(OH) 4 0.45 2 008 2471
Co(OH), 0.42 2473 1244
Cu(OH), 0.30 3299 3544
Sn(OH), 0.45 1148 1425

2.3 UEHWARENLEE
20 AT T A B T i A LA O PR e LU o FFD7E (6) HH i m () 5 A
S o AR B LU AR R LU R (32 3) o BR T CoO BHBIST AR B Tl 2 L 7 2 1 FL A
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Table 3 Theoretical and practical oxides capacitances of colloidal ionic supercapacitors

Electrode materials Voltage/V One-electron theoretical capacitance/ (F-g~") Practical capacitance/ (F-g~")

CeO, 0.40 1402 1677
Yb, 04 0.41 1194 1935

Er, 0, 0.55 917 1583

MnO, 0.80 1388 1591
Fe, 0, 0.45 1343 1653

CoO 0.42 3067 1543

CuO 0.30 4045 4347

Sn0, 0.45 1423 1765
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Evaluation of Specific Capacitance of Colloidal
Ionic Supercapacitor Systems

CHEN Kunfeng, XUE Dongfeng "
(State Key Laboratory of Rare Earth Resource Utilization ,Changchun Institute of
Applied Chemisiry ,Chinese Academy of Sciences ,Changchun 130022, China)

Abstract Although they show high power density, supercapacitors often suffer from low energy density. As a
new kind of supercapacitors, colloidal ion supercapacitors that include various transition metal cations and rare
earth cations, such as Mn®* , Fe** |, Co**, Ni**, Cu®*, Sn’*, Sn**, La’*, Ce’*, EX'*, Yb’", eic, show
both high energy density and high power density. Proper evaluation of specific capacitance of colloidal ion
supercapacitors can deepen our understanding of the electrochemical mechanism of electroactive cations in
pseudocapacitive electrode materials. This review firstly outlines the basic concept of colloidal ion
supercapacitors and in situ coprecipitation synthesis methods. Then the specific capacitance based on active
cations( named cationic capacitance) is used to evaluate the performance of colloidal ion supercapacitors. We
then calculate the specific capacitances on the basis of hydroxides and oxides ( named hydroxide capacitance
and oxide capacitance) , which are traditional evaluation methods for supercapacitors. Compared with three
kinds of specific capacitances, cationic capacitance can really reflect the intrinsic reaction mechanism of
pseudocapacitive materials. It is expected that colloidal ion supercapacitors can overcome the technical
bottleneck of the existing electrochemical energy storage devices and be the next-generation high-energy storage
devices.

Keywords capacitance evaluation ;colloid ionic supercapacitor; pseudocapacitance ; Faradic reaction
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