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Abstract : Prussian blue analogues(PBAs) are comprised of cyano-bridged transition metal
ions. The wide and unique open-framework structures of the PBAs enable reversible inter-
calation and deintercalation of various ions such as Na', K*, Mg*, Zn*', etc. In addition,
since PBAs are synthesized through coprecipitation reaction in aqueous solution at room tem-
perature, they are produced economically and environmentally friendly. However, the forma-
tion of crystals proceeds rapidly, and defects such as vacancy and crystal water tend to be
present in the crystals, thereby affecting key battery performance. Therefore, significant
efforts to inhibit defects in PBAs have been made. In the case of vacancy, the reaction rate
was controlled at the synthesis stage to reduce the formation of vacancy, and the crystal
water was removed by heat treatment under vacuum. In addition, by adding transition metals
that do not react within the structure of PBA, the structural instability during the electro-
chemical reaction was largely alleviated.
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Fig. 1. Schematic illustration of the general crystal structure and redox reactions for PBA.
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Fig. 2. (a) The synthetic procedure of PBAs consisting of coprecipitation, dissociation, nucleation, and crystal growth. (b)
TGA curves measured at a scan rate of 10 °C min™ from room temperature to 500 °C in N, atmosphere (conventional
coprecipitation-based PBA: RC-Na,CoFe(CN);, controlled crystallization-based PBA: CC-Na,CoFe(CN)). (¢) The XRD
profiles of the RC-Na,CoFe(CN)s and CC-Na,CoFe(CN)g. (d) Charge/discharge profiles and (e) long-term cycling
stability at a rate of 1 C and 5 C, respectively (1 C=130 mA g). Reproduced with permission.'” Copyright 2015, John

Wiley and Sons.
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Table 1. Elemental compositions of NaCoFe(CN)s from controlled crystallization (CC-NaCoHCF) and NaCoFe(CN)g
from conventional coprecipitation reaction (RC-NaCoHCF). Reproduced with permission.'”” Copyright 2015, John
Wiley and Sons

Na Co Fe C N H
CC-NaCoHCF 11.86% 16.45% 15.6% 20.0% 23.4% 1.3%
RC-NaCoHCF 9.0% 17.5% 14.6% 18.8% 22.0% 2.0%
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Fig. 3. (a) The structure of PBMN. (b) The galvanostatic charge—discharge profiles of PBM, PBN and PBMN when
measured in the range of 2.0~4.0 V at 10 mA g, (¢c) Cycling performance of PBM, PBN and PBMN when measured in
the range of 2.0~4.0 V at 100 mA g”'. Reproduced with permission.'® Copyright 2014, The Royal Society of Chemistry.
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Fig. 4. (a) The TGA curves and (b) IR spectra of air-dried and vacuum-dried Na,MnFe(CN)s. The TGA test was
conducted at a heating rate of 5 °C min' under N, atmosphere. Ex situ XRD patterns of (c) air-dried and (d) vacuum-
dried Na,MnFe(CN), at different states at the first cycle. (e) Rate capability of the vacuum-dried Na,MnFe(CN);. (f)
Cycling performance of vacuum-dried Na,MnFe(CN);. Reproduced with permission.'” Copyright 2015, American
Chemical Society.



A7 3)ekE)A], A 224, A 13, 2019 19

a
| Removing coordinated water | ' RGUYCH
Oxygen containing groups RGO
o S e
o J9L§se » ‘Q_I‘ .
- , w072 b B PR S e S S
> v.o e. \-€ t.ek\.\ ’g '
@< 9 H,0 [ ] J o
0 1 'c'\ > * o
@ 99 ‘e' v
- - - 9
&
©
b C
45
2 PB, RGOPC1, RGOPC2, RGOPC3 150 gy, RGOPC3
> 4.0}
P v.-’c; Qo RGOPC2
gi 3.5} < 120}
= E RGOPC1
= 3.0f —
S 2 90}
= o P8
98 25} S
& S
2.0 [ A A A A 60 [ A A A A ' 2
0 40 ) 80 129 160 0 100 200 300 400 500
Capacity/ (mAh g™) Cycle number

Fig. 5. (a) A schematic mechanism for the removal of coordinated water from RGOPC. (b) The galvanostatic charge—
discharge profiles of PB, RGOPC1, RGOPC2 and RGOPC3 when measured in the rage of 2.0~4.0 V at 30 mA g™. (c)
Cycling performance of PB, RGOPC1, RGOPC2 and RGOPC3 when measured in the rage of 2.0~4.0 V at 200 mA g”.
Reproduced with permission.'® Copyright 2015, The Royal Society of Chemistry.

Table 2. The atom occupation and d-spacing of PB, RGOPC1, RGOPC2 and RGOPC3. Reproduced with permission.'®

Copyright 2015, The Royal Society of Chemistry.

PB RGOPC1 RGOPC2 RGOPC3
Fe2 1 1 1 1
Fel 0.79 0.79 0.79 0.79
Na 0.81 0.81 0.81 0.81
C 0.802 0.791 0.734 0.703
N 0.802 0.791 0.734 0.703
(6] 0.307 0.284 0.103 0.091
D-spacing 10.3423 A 10.3361 A 10.2735A 10.2591 A
R, 4.22% 4.41% 5.36% 5.22%
Ry 5.02% 5.83% 7.14% 6.47%
A AT A AT GO e #Hol Ak A, GO Fdo] B2 RGOPCHUTE AR
US BERIs] fall Gogl el ME o Al Al 9 AAYATEe] Soue RS T £ e,
o] GOPCE ¥Alste] e RGOPCHE A 79k o] Aindae & Exlol| E415 lf Zo)7] wite o]
FUS o2 XYYk st PBAS HwEA = AR, o] SAENSS Rt (Table 2).
Bokth $4 7 MEE2 XRDUOIEE FEHE & ol9} 7+e AL HrFeHAES] AijoME YEl
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