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In situ Electrochemical Hole Doping and Magnetic Response
of Prussian Blue Thin Film
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Recently the electrical switching of magnetization and magnetic properties have been attempted by many
researchers for the application to practical devices. This review introduces a significant magnetic response of Prussian
Blue (PB) thin film incorporated in an ionic-liquid electrolysis cell by applying a DC bias voltage. Electrochemical hole
doping into the PB film oxidized Fe!" to Fe''ions in the film, providing quasi-reversible electrochromic behaviour. We
performed magnetic measurements of the electrolysis cell under a DC bias on an SQUID magnetometer. The switching
of the film from a paramagnet to a ferrimagnet with a magnetic response at low temperatures and an in situ enhancement
of magnetization of the film at 300 K were demonstrated.
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Fig.2 (a) Schematic cross section of PB-film electrolysis cell
composed of the ionic liquid layer and the PB thin film deposited
on the Indium-Tin Oxide (ITO) electrode. (b) Chemical structure
of the ionic liquid DEME-TFSI (N,N-diethyl-N-methyl-N-(2-
methoxyethyl)Jammonium bis(trifluoromethanesulfonyl)imide).
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Fig.3 Fe2p photoelectron spectrum of a PB film on the ITO
substrate obtained by subtracting background originating from
inelastic scattering by using Tougaard method.

bE<—HT D EnD, FUSEMHARD PB A
HERICHEhEZEEZOND,

S5, PB EEIZEEND KA A & Fel 4 4D
TE RN & HEAE G T T X~ 353 61k (ICP-AES) 12XV
1To 72, PB R 2 SR AR & B HIK 2 I CIR MR S W7 AR
HE A ERSITHE, PB WE—KYZVICEEND
Felt'll ¢ A 2 AEOWE EI1LF 500 nmol & FAED b,
XPS OFERN D, PB HIEAKROEKF T A Fell : Fell
~1:2ThnBETHE, Fell 41 A I3 PB HIE— MY 7= 0K
170 nmol EEND EBZHND, iUk, ERESFEIGE
HENT-Fe' £ A OWEE (150nmol) & < — L7,
F KA TN Fel o F L DOESREGSENTNAD I &
MDEASNE o7 (K :Feltll~1:2),

ARFFETIE, FZM:CHRRLL 7= PB WA H\WC, PB#
MRV EZER L, AT OERZIT T,

b. PBEEEMRLIOILY FOYOI XL

YERLL 7= PB WIREM B VICERBLE A NI 52 LI
£ 0, PB MO SRl 23 P E )RR T 5 7212, PB
TR R L DO ATASRANRIL A 7 N VD /SA T A B EAK
FEE AT, AR AT FIVIIE OB E R X %
Fig4 |59, £ 70— 280 UV/Vis/NIR 43 Y
HOV T NAEKE O KRNV F—IZ PB EEEMELE, U
77 Ly ANZIEZEDO® L (TO / Air / ITO) % [HE L=,
BT, B, T RAELEEHILTIREETARY ML
BIEZEATH 1212, BESIMIHEE LAY — A A —
Z—& PB WiEEMELEZT =07 Y v TDONEY — R
M LTz, LiiodEEMR T, &0 PBEEIOE

FEL

-
—>

Reference
ITO /Air/ ITO

}

Sample
ITO/PB/DEME-TFSI/ITO

IHIRé!E

Fig.4 Schematic drawing of the setup for the measurement of
UV/vis absorption spectra of a PB-film electrolysis cell under a
DC bias.

Monochromatic
light

Beam
splitter

Netsu Sokutei 46 (4) 2019



[SEg—4

TNT TN —EEA~DER

LRI R EALEA & Z DORERINE

(b)

720 nm

& 3 E
3 < =
s = o
g 2 3
@ = a
o) = 5]
S |
< s < ' tonort = 0 Min
. — 1 =0 Y — fypon =1 min
. — Vpc =28V — o = 260 min
’ : I Vpe =40V keep unaltered rapid change [ ! == Hpe=0U
400 600 800 1000 0 1 2 3 4 400 600 800 1000
Alnm Vo !V Alnm

Fig.5 Electrochromism of a PB-film electrolysis cell. (a) DC bias dependence of UV/Vis absorption spectra on the PB-
film electrolysis cell. (b) DC bias dependence of representative two bands at 720 and 385 nm. (c) Recovery of UV/Vis
absorption spectra after short-circuiting the PB-film electrolysis cell.
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Fig.6 (a) UV/Vis absorption spectra of a PB-film electrolysis cell under ¥bc = +3.0 V. (b) Time evolution of UV/Vis
absorption bands of the PB-film electrolysis cell under V'pc = +3.0 V at 751 and 394 nm. The gray curve is the best-fit to
an exponential decay curve. (¢) Recovery of UV/Vis absorption spectra after short circuit of the PB-film electrolysis cell.
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Fig.8 (a) Low-temperature magnetization AM induced by Vbc
up to +3.2 V. Magnetic field of 0.1 T is applied. (b) DC bias
dependence of Néel temperature 7n of a PB-film electrolysis cell
under DC bias Vpc of 0 to +3.2 V on the PB-film side with 1000
Oe magnetic field. 7n(¥pc) is defined as the temperature of x-
intercept of the tangent line at inflection point of the rapid
increase of magnetization difference AM as shown in Fig.8(a).
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Fig.9 (a) Sample position dependence of the raw induced voltage
when applying DC bias Vpc = 4.0 V and Vpc = 0 V. (b) The
difference between the detected signals in 0.0 V and 4.0 V dc bias.
The black curve is the best-fit to the response function in eq. (1).
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Fig.10 (a) Enhancement of the raw SQUID signal ¥/(x) under a
DC bias at 300 K with 1.0 T magnetic field. (b) DC bias
dependence of the induced magnetization AM at 300 K with 1.0
T magnetic field.
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