Published on 01 januar 2024. Downloaded on 06.06.2026 18.38.34.

Journal of

Materials Chemistry A

REVIEW

i '.) Check for updates ‘

Cite this: J. Mater. Chem. A, 2024, 12,
2647

#® ROYAL SOCIETY
PPN OF CHEMISTRY

View Article Online
View Journal | View Issue

Research progress of Prussian blue and its
analogues for cathodes of aqueous zinc ion
batteries

Jiayi Liu,®*° Zhongrong Shen 3¢ and Can-Zhong Lu & *2°¢

Aqueous zinc-ion batteries (AZIBs) have garnered significant attention for large-scale applications due to
their low cost, safety, and eco-friendliness. Among all cathode materials, Prussian blue and its analogues
(PBAs) have garnered significant attention and been subjected to extensive research due to their diverse
property-effectiveness, simple synthesis process, reversible Zn®* insertion/removal capability, and other
notable characteristics. However, numerous studies have revealed that the utilization of PBAs as
a cathode material in AZIBs still presents certain challenges, including limited energy density and
prolonged structural instability during cycling. In light of the aforementioned opportunities and
challenges for PBAs, we conducted a comprehensive literature review encompassing synthesis, analysis
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in AZIBs and PBA cathode materials, thereby fostering research and industrialization efforts that
collectively contribute towards the advancement of safe and environmentally friendly energy storage.

1 Introduction

Due to the escalating environmental issues and the surging
demand for sustainable energy, alternative novel energy sources
have emerged as a prominent area of research. Owing to their
exceptional attributes such as high energy density, wide voltage
range, and prolonged cycle life, lithium-ion batteries (LIBs)
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Table 1 Basic information on various metal elements

Metal ions Li" Na* K" Mg>* Zn** AP

Ionic radius [A] 0.76 1.02 1.38 0.72 0.740 0.535
Theoretical specific capacity [mA g g™ '] 3862 1166 685 2205 820 2980
Volumetric energy density [mA h cm ] 2061 1129 610 3834 5851 8064
Standard potential (V vs. SHE) —3.04 —2.71 —2.93 —2.37 —0.76 —1.66
Crustal abundance [ppm] 18 23000 21000 23000 79 82000
Metal cost [$ per ton] 165 000 200 1000 4600 2570 2390

have witnessed an exponential rise in popularity within portable
electronic devices and commercial electric vehicle energy
storage systems over the past few decades. However, the limited
availability of lithium resources, the exorbitant cost of elec-
trodes, and the significant safety hazards associated with the
toxic and flammable nature of organic electrolytes diminish
their competitiveness in addressing the forthcoming challenges
of scalable energy devices."® Therefore, the pursuit of novel
generations of environmentally friendly battery materials has
emerged as a primary objective in large-scale energy storage
research. Diverse types of batteries, including monovalent Na"
and K" and multivalent Mg**, Zn>* and AI** batteries, rapidly
evolved into the next iteration of energy storage devices in the
subsequent period.*” Among them, sodium and potassium ion
batteries have been extensively investigated; however, the
utilization of flammable and toxic organic electrolytes may still
give rise to safety concerns.® Aqueous zinc-ion batteries (AZIBs)
are characterized by their exceptional properties, such as high
safety, eco-friendliness, low redox potential, and good compat-
ibility, which is closely related to the excellent properties of Zn
metal (Table 1). AZIBs eliminate concerns regarding safety
issues associated with flammable metals and toxic electrolytes,
making them the optimal choice for large-scale storage appli-
cations of renewable energy.”'® Furthermore, the substantial
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growth of literature in this field (Fig. 1a) attests to the signifi-
cant research attention in recent years."*™*

The conventional aqueous zinc ion battery consists of a zinc
metal anode, a near-neutral (or mildly acidic) aqueous electro-
Iyte, and a cathode that facilitates the reversible intercalation
(deintercalation) of Zn** ions. Among these, the design and
modification of cathode materials is an essential stage in the
development of AZIBs. Currently, Zn>" can be reversibly inserted
or removed from manganese-based oxides, vanadium-based
oxides, Prussian blue analogues (PBAs), organic compounds,
polyanionic compounds, and two-dimensional layered mate-
rials (Mxene, sulfides, and layered selenides), among
others."*>>* We illustrate the performance characteristics of
various materials with radar diagrams (Fig. 1c). Manganese-
based materials often face challenges of rapid capacity decay
due to structural instability caused by manganese dissolution
during cycling, parasitic side reactions, and structural
transitions.”**” The stability and capacity of compounds based
on the element V are enhanced compared to those of Mn-based
cathodes due to their superior capacitance contribution and
more robust crystal structure.

However, the average operating voltage of most V-based
compounds compared to Zn/Zn>" is approximately 0.75 V,
which prevents the attainment of high energy density.”**
Prussian blue and its analogues (PBAs) stand out as a class of
high-voltage resistant materials. Their operating voltage range
can reach 1.2 V, in addition to their simple synthesis process,
low cost, and environmentally friendly characteristics.**?**

Among the 20 000 species of MOFs, PBAs belong to a distinct
subclass characterized by unique structural and electro-
chemical properties.** The applications of PBAs span across
various disciplines, encompassing hydrogen storage, biosens-
ing, cancer therapy, and sea water desalination.** In recent
years, PBAs have been employed as precursors in the synthesis
of a variety of functional materials. In the framework of PBA
crystals, the substantial gap (~4.6 A) can effectively accommo-
date a wide range of alkali metal ions as well as multivalent
metal ions. The success of monovalent ions in sodium ion and
potassium ion batteries has prompted scientists to investigate
the feasibility of incorporating bivalent ions into such materials
(Fig. 1b).***° The original Prussian blue is ferric hex-
acyanoferrate (Fe,[Fe(CN)g]s). Early research focused primarily
on the available Zn>" storage host, where Fe atoms connected
to N atoms can be replaced and interstitially modified with Cr,
Zn, Mn, Co, Ni, Cu, and other elements to produce a series of
metallic hexacyanoferrates (MHCFs) with a similar composition

This journal is © The Royal Society of Chemistry 2024
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Performance comparison radar diagram of different zinc ion battery cathode materials.

and crystal structure. These salts are known as Prussian blue
analogues (PBAs), which have become an important electrode
material in ZIBs due to their inexpensive raw materials,
straightforward synthesis process, and working voltage of up to
1.5-1.8 V (vs. Zn>"/Zn) in aqueous electrolyte.

The investigation of PB and PBAs has led to an increasing
number of papers reporting their utilization as cathode mate-
rials for zinc ion batteries in recent years. In this review, the
author focuses on the current status and challenges associated
with the use of PBAs in ZIB cathode materials (Fig. 2), by
focusing on the structure and energy storage mechanism of
Prussian blue and its analogues, as well as by referencing
current academic research on the electrochemical energy
storage of Prussian blue analogues. Here, various varieties of
PBAs applied to ZIB cathode materials are described, along with
their respective characteristics and current challenges.

This journal is © The Royal Society of Chemistry 2024

2 PBA crystal structure and cathode
mechanism

An ideal PBA is denoted using the formula A,;M,\Mg(CN)s (A =
Li*, Na*, K*, zeolite water; M, = Fe, Ni, Mn, V, Mo, Cu, Co, Zn;
Mgy = Fe, Co, Cr, Ru). Due to its high stability in aqueous
solution, ferricyanide is the primary raw material for synthesis,
so the preponderance of My sites in the framework are occupied
by Fe (Fig. 3a). PBA is a type of metal coordination compound
with a body-centered cubic structure in which the nitrogen and
carbon atoms of the CN ligand combine with the MB and MA
atoms to form open ion channels and a large interstitial space
(A site). Each individual framework channel (A site) is about 4.6
A.%* Nonetheless, PBA typically possesses the defect vacancy of
Fe(CN)s whose N position is occupied and coordinated by water
molecules (Fig. 3c), so the general formula is typically written as
AMu[Mg(CN)gly—z[0,-nH,0 (0 <X <2; 0<Z<1), [ is a defect of

J. Mater. Chem. A, 2024, 12, 2647-2672 | 2649
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Fig. 2 A summary of this review (reprinted with permission from ref. 88. Copyright 2022, Elsevier; reprinted with permission from ref. 50.

Copyright 2021, John Wiley and Sons).

Fe(CN)e. X is the occupied range of A ions, which is in the range
of 0-2, and the existence of zeolite water will narrow this range.
The defect part of the My(CN); site is represented by Z in the
general formula, and the range of Z is 0-1. As shown in Fig. 3a-
¢, the M, ions in the cubic lattice and the nitrogen atoms in the
C=N ligand form an M,Ns octahedron. Mg ions and carbon
atoms in the C=N ligand form an MyCs octahedron, a 3D open
rigid frame face-centered cubic lattice structure that can
accommodate metal ion insertion. M, and Mg may be the same
transition metal, distinguished by their valence states. Spin
states are frequently determined by the concentration of the
ligand surrounding the central ion. H,O in the general formula
comprises zeolite water in the cavity gap as well as water coor-
dinated with metal ions of M,, where H,O occupies the Fe
[(CN)6]>~ site in advance to coordinate with the metal ions of the
M, site,3341-43

2.1 The energy storage mechanism of PBAs

The 3D framework of MHCF has a large interstitial site (~4.6 A)
surrounded by 12 CN~, which is larger than the radius of the

2650 | J Mater. Chem. A, 2024, 12, 2647-2672

majority of hydrated cations.** At the same time, PBA possesses
a special ion channel with a diameter of approximately 3.2 A in
the (100) direction.*>*® Large insertion sites and ion channels
ensure that the majority of host ions with a small hydration
radius have rapid reaction kinetics when inserting/extracting
PBA, which ordinarily contributes to PBA's excellent cycle
stability.”” According to the principle of charge conservation,
MHCFs are oxidized and guest cations are liberated from the
crystal skeleton during charging. During discharge, the reduc-
tion of MHCFs is concurrent with the reinsertion of metal
cations into the skeleton. Chae et al.*® expressed the mechanism
of Zn** insertion into NiHCF lattice vacancies as:

Ko.86Ni[Fe(CN)glo.054(H20)0 766 + ¥Zn>" + 2xe™ < Ko g6Zn,Ni
[Fe(CN))slo.954(H20)0.766

In 2014, Zhang et al.*® introduced zinc hexacyanoferrate
(Zn;[Fe(CN)s]2, ZnHCF) as the positive electrode of an aqueous
zinc ion battery, which demonstrates the removal of

This journal is © The Royal Society of Chemistry 2024


https://doi.org/10.1039/d3ta06641j

Published on 01 januar 2024. Downloaded on 06.06.2026 18.38.34.

Review

View Article Online

Journal of Materials Chemistry A

Asite
Ma
Mg
Cc
N
0]
H
s Electrolytes Cathode A-PBA cathode  Concentrated electrolyte
P00 ) = 7'_" 557
[ FEF R savs e N R
DD®D®® charging charging A, b4 A b4 " g
eeee — *° ° %% —— ANA AN N - <
coee, ° °°ce e o CYENNL YHANL
Soee discharging ® © © @ @ gischarging X ?;" r;
iy e.0.9.9.9 E = o O 2) Suppressed solvation
heee of M+
Zn ZnSO, ZnHCF .,\N\/’ s !
e > Moving direction of cations @ Zn?* W \3

s\ \
@30
A\

Fig. 3 (a) Ideal Prussian blue analogue crystal structure. (b) Prussian blue ideal framework and its coordination form. (c) Prussian blue frame
containing structural water. (d) Schematic diagram of a zinc ion battery based on a ZnHCF positive electrode. (Reprinted with permission from ref.
49. Copyright 2014, John Wiley and Sons). (e) Schematic of key factors in suppressing metal-ion dissolution of A-PBA in the concentrated
electrolyte. (Reprinted with permission from ref. 54. Copyright 2022, American Chemical Society).

cations(Fig. 3d). The corresponding positive electrode electro-
chemical reaction shown in Fig. 3d can be expressed as:
Cathode:

Zn>* + 2xe” + Zns[Fe(CN)gl, < Zns, [Fe(CN)gl

The investigation of energy storage mechanisms necessitates
careful attention to the structural transformation of PBAs
during charge and discharge. Deng investigated the XRD anal-
ysis of a KMnHCF electrode under various cycling conditions
and observed a monoclinic to cubic phase transition during the
charging process, with both phases coexisting within a specific
voltage range. Subsequently, the cubic phase persisted until
complete charging of the electrode, followed by a reversion to
the monoclinic phase during discharge engineering (Fig. 4a).®
Aili et al. observed a positive shift in the peak of KFCHCF
(K1.66F€0.25C00.75[Fe(CN)¢]- 0.83H,0) in the X-ray diffraction
pattern during the charging process, indicating contraction of
the crystal structure after ion extraction, with a subsequent
return to its original position upon discharge. This subtle
structural change accounts for the high speed and recyclability
exhibited by PBA materials (Fig. 4b and c).**

The Mg site in PBAs is the representative redox active site in
this structure. In addition, the substitution of a different tran-
sition metal M, influences the reaction potential and capacity of
PBAs. The M, and M sites are occupied by distinct or identical
metal atoms, resulting in distinct combination and reaction
potentials.**** Fe, Mn, Co, and V are electrochemically active
within the stable window of the organic electrolyte and aqueous
system in PBAs. When these metal ions occupy the M, site,
a double-electron redox reaction can occur. In situ analysis

This journal is © The Royal Society of Chemistry 2024

techniques were employed to investigate the PBAs at two
REDOX sites. For the VOHCF electrode, the intensity of the
V=0 at 864-921 cm ' gradually diminishes as the charge
progresses, indicating a gradual ion insertion process. Upon
discharge, there is a slow increase in the intensity of the V=0
peak, suggesting reversible ion ejection and embedding within
VOHCF (Fig. 4d). In addition, the [Fe(CN)s]*~ group gradually
shifts to higher wavenumbers at around 2150 cm ™, followed by
a reverse migration that corresponds to Fe*" to Fe*, thereby
highlighting the pivotal role of [Fe(CN)s]*~ as an additional
REDOX active site (Fig. 4e).”® In addition, many PBAs have
a reversible zinc ion intercalation/deintercalation reaction and
high charge-discharge performance due to the coupling of
multiple redox reactions and an ideal crystal structure.

In the process of a charge-discharge cycle, besides the crystal
structure change induced by Zn** intercalation/deintercalation,
PBAs as cathodes also show the dissolution of metal ions in the
bulk.** The bulk metal ion dissolution process undergoes the
following main steps (Fig. 3e):(i) the metal ions in the material
bulk diffuse to the surface of the solid electrode; (ii) metal ions
are solvated by free solvation (free H,O molecules) at the solid-
liquid interface; (iii) diffusion of solvation metal ions to elec-
trolytic liquid phases.**>” The dissolution of the electrode
material in PBAs and its compatibility with the electrolyte will
be comprehensively discussed in the section dedicated to
electrolytes.

2.2 The alkaline metal ions

As the alkaline metal ion hexacyanoferrate is used as a source
material during the synthesis process, the alkali metal ion will
occupy the A site in advance.’® The distribution of K ions in the

J. Mater. Chem. A, 2024, 12, 2647-2672 | 2651
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Fig.4 (a) In situ XRD patterns of a KMnHCF electrode. First two cycles to reveal the structure evolution during Zn?* (de)insertion. (Reprinted with
permission from ref. 50. Copyright 2021, John Wiley and Sons). (b) The ex situ XRD patterns and (c) the enlarged area of the KFCHCF sample at
different charged and discharged states. (Reprinted with permission from ref. 51. Copyright 2023, John Wiley and Sons.). (d) and (e) /n situ Raman
spectroscopic analysis of the energy storage mechanism of VOHCF. (Reprinted with permission from ref. 53. Copyright 2023, John Wiley and
Sons). (f) Schematic illustration of reversible Zn®* intercalation/deintercalation in CoFe(CN)g frameworks during the electrochemical process.
(Reprinted with permission from ref. 60. Copyright 2019, John Wiley and Sons).

lattice vacancies is non-uniform, exhibiting a tendency to form
clusters at specific locations within the compound lattice.
Therefore, how to distribute gap vacancies in the skeleton in an
electrochemical cycle also needs to be clarified by experimental
study. You et al. disclosed the redox mechanism and phase
transition of FeHCF during intercalation/deintercalation of
sodium (Fig. 5a).”° In comparison to sodium-free crystals
occupying Na vacancies, the XRD peak position shifts to a minor
angle, indicating an increase in lattice parameters. Sodium-
containing crystals appear diamond-shaped in comparison to
cubic crystals lacking sodium. Recent research indicates that
although alkaline metal ions occupy vacancies in advance, they
will be removed prior to the intercalation of Zn ions. The
research group of Professor Zhi produced KCoFe(CN)s using
a coordination compound and hexacyanoferrate ion at
a controlled reaction rate.*® When Zn** is encapsulated in the
KCoFe(CN), skeleton at constant current, one K is discharged
from each skeleton in situ, as confirmed by XPS mapping. After
the release of K*, it can still maintain a flawless 3D framework
with only a minor volume reduction. Fig. 4f shows the insertion/

2652 | J Mater. Chem. A, 2024, 12, 2647-2672

deintercalation of Zn®" during the electrochemical discharge/
charge.

In 2016, Ojwang et al.** inserted the K' portion into the
CuHCF structure by reducing Fe(m) to Fe(u) in 0.1 M K,S,03
aqueous electrolyte.®* The parameters of the CuHCF unit cell
decrease as Fe(m) is converted to Fe(u) and as the quantity of K
inserted increases. In their later work, which focused on the
electrochemical-structural relationship of CuHCF cycling in 1 M
ZnS0O,, and it was demonstrated that the average cell voltage
increased and a two-step plateau was observed during the initial
CuHCF cycle.®* Consequently, the initiation (deinsertion) of
zinc is associated with the nonlinear modification of CuHCF
unit cell parameters during material operation. These results
indicate that the reduction of CuHCF unit cells is greater in the
presence of zinc ions compared to potassium ions.

Zhou et al.®®* employed nano-impact electrochemistry (NIE),
a novel technique, to reveal the intrinsic properties of the
electrochemical processes that occur in PB nanoparticles. It was
found that the KFHCEF particle is not solely composed of KFe
[Fe(CN)e] but also consists of K,Fe[Fe(CN)¢] and Fe[Fe(CN)s].

This journal is © The Royal Society of Chemistry 2024
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Fig. 5 (a) Schematic illustration of the redox mechanism of HQ-NaFeHCF. (Reprinted with permission from ref. 59. Copyright 2014, Royal
Society of Chemistry). (b) Schematic illustration of the nano-impact method for the kinetic study of K* insertion/de-insertion in single PB
particles. The ion channels at the interface of Fe[Fe(CN)¢] (c) and KFe[Fe(CN)g] (d). (Reprinted with permission from ref. 63. Copyright 2019, John
Wiley and Sons). (e) Concentration of the oxidation states of Fe** and Mn®* upon electrochemical potentials. The percentage of oxidation states
in hydrated and anhydrated samples reflects the REDOX sequence. (Reprinted with permission from ref. 69. Copyright 2017, American Chemical
Society).

Consequently, the electrochemical behavior of an individual PB When an electric potential is applied between two REDOX
particle enables the measurement of two distinct pairs of centers, both the oxidation and reduction current signals can be
REDOX reactions within the same particle, irrespective of vari- observed; however, the signal difference is related to the
ations among different particles in the set. The feedback aggregation mode of K'.

current signal exhibited by a single particle exhibits variation

with respect to the applied potential, as depicted in Fig. 5b. K,Fe![Fe'(CN)g] = KFe"'[Fe'(CN)s] = Fe''[Fe"(CN)q]

This journal is © The Royal Society of Chemistry 2024 J. Mater. Chem. A, 2024, 12, 2647-2672 | 2653
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The findings of this study demonstrate the kinetic influence
of K on the ion embedding process. Specifically, the presence
of K obstructs a portion of the ion transport channel, thereby
restricting the reduction of KFe[Fe(CN),] through slower inter-
facial transfer with K', which is comparatively slower than the
diffusion rate of K within the particle. In contrast, the reduc-
tion of Fe[Fe(CN)e] is constrained by the K within the particles,
which is considered to exhibit slower kinetics compared to the
transfer of K at the electrolyte composite particle interface
(Fig. 5¢ and d).

2.3 Influence of two kinds of water on energy storage

Due to the rapid reaction rate of metal ions in combination with
Fe(CN)s®>~ during coprecipitation, the products frequently
contain more iron-cyanide vacancies. In addition to occupying
the crystal gap position, H,O also occupies the iron cyanide
defect. On the one hand, the presence of [Fe(CN)s]>~ vacancy
defects reduces the structural stability of the material, and
repeated intercalation of Zn®>" may cause the structure to
collapse; on the other hand, water molecules will impede the
transmission of Zn>* in the crystal structure. Consequently,
reducing vacancy defects and water content is advantageous for
enhancing the cycling performance of electrode materials.**
By means of neutron diffraction and X-ray single crystal
diffraction, it is determined that there are two kinds of water
molecules with different structural positions in the crystal
structure of PBA.®**® The first type is zeolite water, or interstitial
water, which competes with inserted ions for site A, or vacancy
in the framework. Fig. 3c depicts the second form of water,
which is coordination water coordinated with the M, site ion at
the hexacyanoferrate vacancy. The negatively charged oxygen
atoms in these water molecules assist in shielding a large
number of positive transition metal ion charges at the vacan-
cies. There is a correlation between the quantity of vacancies
and coordinated water in the lattice, with vacancy sites
providing space for water molecules coordinated with M, ions
and possibly providing sites for coordinated water. Doping M,
sites in organic systems with nickel or electrochemically inert
metals to preserve the structural stability advantages of vacan-
cies and water is an active area of research. However, the
interfacial charge transfer of an aqueous electrolyte is signifi-
cantly superior to that of an organic electrolyte due to the fact
that ion diffusion in an organic electrolyte requires solvation/
desolvation and ion diffusion to the electrode surface. In an
aqueous electrolyte, the activation energy required for only
partial shedding of ion solvation spheres is less than that in an
organic system; consequently, the kinetics are faster.*”
However, the effect of water on ion conduction in a lattice is
extremely complex and poorly understood. According to one
theory, the movement of ion groups through crystal structure
vacancies involves exchange with nearby water molecules and
rotation around the surrounding ion hydration sheath. This ion
migration assisted by rotation is called a “gear” or “paddle
wheel” mechanism, which is used to move ions through chan-
nels and vacancies.®® It has been found that the presence of
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interstitial water in a Prussian blue lattice has an effect on the
redox platform of transition metals.*® In particular, the tradi-
tional view holds that the redox potential is dependent on the
ionization energy of a transition metal in a particular oxidation
state. In this study, the standard ionization energy of Fe*" is less
than that of Mn®", whereas the ligand field stability energy
(LFSE) of Fe*" (LS) is greater than that of Mn>" (HS), resulting in
an increase in the redox potential of Fe*"**, If the ionization
energy and the competitive effect of LFSE are in equilibrium,
the Fe>* (LS) and Mn”* (HS) redox potentials will overlap to form
a single plateau (Fig. 5e). In a hydrated system, the interstitial
water molecules dilute the ligand field in the FeCs and MnNjg
octahedra and disrupt the structure that defines the spin states.
When the LFSE effect is unable to compete with the ionization
energy, the redox potential gap between Fe**" and Mn*"**
reappears, resulting in a double plateau structure in the elec-
trochemical morphology of the hydrated electrode.

Cappe et al. studied the effect of water on cation mobility in
an A,Zn;[Fe(CN)gl, *H,O skeleton by using impedance spec-
troscopy data, where A = Na, K, Rb, Cs.” It was discovered that
porous hexacyanometallates have low surface polarity and no
partially exposed transition metal coordination centers, which
reduces the possibility of H" and OH ™~ analogue formation. The
presence of weakly bonded water molecules in the lattice
increases the mobility impedance resistance. This inference can
be explained by the fact that increased hydration of the solid
leads to the formation of a denser network of water molecules
within the porous framework, thereby reducing the number of
available pathways for cation migration. When the number of
water molecules in a cationic coordination environment
increases, the water molecules become more closely associated
with the solid, and the barrier to diffusion increases in energy.
Therefore, further theoretical and targeted studies, such as
nuclear magnetic resonance spectroscopy or isotope labeling
studies, can more accurately distinguish the effects of zeolite
water and coordination water on ion conduction.

3 Synthesis of PB/PBAs

3.1 Coprecipitation

According to the papers, there are numerous methods for
preparing coordination compound powders containing two or
more metal elements, among which the coprecipitation method
is a significant method.” " Through various chemical reactions
in solution, it is possible to directly obtain powder materials
with a uniform chemical composition and distribution, and the
process is simple and inexpensive. By mixing a metal salt with
a salt containing [Fe(CN)e]* ">~ in an aqueous solution, nano-
scale particle precipitation can be rapidly produced in the
aqueous solution because the product has a very small K, (Kyp, «
107'°).7%7* The crystal is formed by the coprecipitation method,
whose growth can be regulated by using the concentration,
temperature, stirring speed, surfactant, ezc. (Fig. 6b and c). The
analogues of Prussian blue synthesized by coprecipitation are
summarized in Table 2. Sonochemistry can aid the coprecipi-
tation technique in cont