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lon exchange performances of electroactive nickel hexacyanoferrate
thin films in aqueous solutions containing Pb**
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Abstract: Electroactive nickel hexacyanoferrate (NiHCF) thin films were synthesized by cathodic deposition. The
performance of electrochemically switched ion exchange (ESIX) of the NiHCF film for the separation of Pb*" from
aqueous solutions was investigated. In 0.1 mol/L Pb(NO;), solution, cyclic voltammetry (CV) combined with
electrochemical quartz crystal microbalance (EQCM) technique was used to investigate the electroactive, reversibility of
the film electrodes and the mechanism of ion exchange. The electrochemical behavior of NiHCF film electrodes was also
compared with that in Co(NOs), and Ni(NO;), solutions. The ion selectivity of the film was investigated in 0.1 mol/L
mixture solution containing [Pb(NO3),+Co(NOs),] and [Pb(NO3),+Ni(NOs),], respectively. The elementary composition
of NiHCF films in reduced and oxidized form were also characterized by energy dispersive X-ray spectroscopy (EDS).
The results show that the electroactive NiHCF films have reversible electrochemical behavior in aqueous solutions
containing Pb>*, Co*" and Ni*", respectively. NiHCF film electrodes display a high Pb>* selectivity in both Pb?"/Co*" and
Pb**/Ni** binary mixtures and Pb** can be separated effectively from aqueous solutions by ESIX processes.
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Fig.1 Cathodic deposition characteristics of NiHCF film on

platinum substrate: (a) Cycle voltammograms of film
deposition process (Cycle 5th-25th); (b) Corresponding mass
change plot for same experiment (The inset is an enlargement
of part of the mass change plot; Zone a is reduction and

deposition of film; Zone b is oxidation of film)
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Fig.2 Electrochemical characteristics of NiHCF film in 0.1

mol/L aqueous solution: (a) Pb(NOs),; (b) Co(NOs),; (c)

Ni(NO3), ( Curve a shows the cycle voltammograms of the

film; Curve b shows the corresponding mass change plot for

the same cycle)
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Table 1  Effects of different metal ions (0.1 mol/L, nitrate) on

voltametric behavior of NiHCF film on platinum substrate

Electrolyte rinm ryg¢nm E/V  E,/V —AGhyd/(kJ-molfl)

Pb*"  0.120 045 04684 03173 1439.8
Co*™  0.074 0.60 03810 03483 1922.7
NiZ* 0.072 0.60 0.3575 0.3260 2026.9

I, hya denote the radius of cation and its hydrated form, respectively™; E,,,
E,c denote the anodic peak potential and cathodic peak potential,

respectively; Gyya denotes the standard Gibbs energy of hydration of the

metal ion, calculated according to reference!®",
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Fig.3 Mass—electric quantity plot of NiHCF film in 0.1
mol/L Pb(NO;), aqueous solution
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Table 2 Observed molar mass of electrolyte ions for redox
switching of NiHCF film in Pb(NO;), aqueous solutions
(g/mol)

Electrolyte M o} M o, M o} M R M R,

Pb(NO;), -335 74 —140 161 -394
Mg (i=1, 2, 3), My (i=1, 2): present the observed molar mass of

electrolyte ions for redox switching of NiHCF film shown in Fig. 3
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Fig.4 Cyclic voltammograms of NiHCF film in series of

mixed solutions: (a) Pb*" and Co®" nitrate mixture; (b) Pb>" and

Ni?* nitrate mixture. (Total concentration of mixed solution is

0.1 mol/L and Pb*" concentrations are as follows: a—0; b—0. 1

mmol/L; c—1 mmol/L; d—10 mmol/L; e—100 mmol/L.)



20 4558 9 )

H R, 5. riE P NiHCF SR 7

P> P KBS A e 1807

M 430, BiAE P> BRI N, A%
TR TE . VL) 58 78t nl e PEUE I B
H DS AL R SE, BB e, NiHCF
B0 22 A B SR IK SRR U PO IR AR IR K,

HHOK A H A e M i, A S KA NiHCF
JEE AR, 150 NIiHCF Xf Pb* A SE a1 S Rt

2.4 NiHCF B&#Y EDS &9 #f

b T T 0 2 A R S AR i, AL
I JFORAS T (1) NiHCF &4 51647 T EDS 4. HT
BRI I 2 R IR MR S VA LA R (430 Dk 2.34
F12.05 keV), 7t EDS 4 H R A U6 (1) 7 B 1 52
Wi o AT 45 L, A s B AT TR Y NiHCF 84776 1
[l (KPR 52, nT SR A SRS TR A T EDS
3R

K5 Jr s b A st E DT NiHCF 4 0.1 mol/L
Pb(NOs), Wi, A R 44 5 73 A il AR
FERE JFUIRAS R I EDS . & 7 HEBEE AL AE SRR A
N PO AR R AR, R ) R AR SR P Fe
IR FEAE T IH— R AbEE, X FE T R IR Fe
HME N NS, U —fi 2 rh g 0 v B I B
HETIECE . K5 2.34 keV AbXT Y P> IR I%,
6.40 keV AbXf N Fe( 11/ 14, 7.47 keV AbX) B Ni**
g, P S AT LUE H, NiHCF N Pb* e I8 J50R
AT RV AR R AT e 1 468 v 1A SR IR SR IR AR E IR i
U, PLEARE Y P> IR JEUIRAS A R B s TR
AT AR, KUk, 05 U8 B8 e AR g H A v 5 s
R N EA PO, MEAIRE PRI Pb™,
M Po> 88 743 3153 25

Pb

ElkeV
B 5 AfisRJbfk [ NiHCF ¥ 1 Fe 44 EDS %
Fig.5 Fe-normalized EDS spectra of NiHCF on graphite
substrate: (a) Reduced at 0 V; (b) Oxidized at 1.0V for 15 min
after 10 cycles in 0.1 mol/L Pb(NO3), solution
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