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In situ Electric-Field-Dependent X-Ray Diffraction Experiments for Ferroelectric Ceramics
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Abstract: In functional materials, in situ experimental techniques as a function of external stimulus (e.g., electric field, magnetic
field, light, etc.) or changes in ambient environments (e.g., temperature, humidity, pressure, etc.) are highly essential for
analyzing how the physical properties of target materials are activated/evolved by the given stimulation. In particular, in situ
electric-field-dependent X-ray diffraction (XRD) measurements have been extensively utilized for understanding the underlying
mechanisms of the emerging electromechanical responses to external electric field in various ferroelectric, piezoelectric, and
electrostrictive materials. This tutorial article briefly introduces basic principles/key concepts of in situ electric-field-dependent
XRD analysis using a lab-scale XRD machine. We anticipate that the in situ XRD method provides a practical tool to
systematically identify/monitor a structural modification of various electromechanical materials driven by applying an external

electric field.
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Fig. 1. In situ electric-field-dependent X-ray diffraction profiles of
textured Bii2(Na,K)12TiO3-BiAlOs ceramics at selected electric field
levels and a schematically illustrated set-up. Reproduced with
permission [1].

Fig. 2. Schematic figure of the experimental setup for in situ
magnetic-field-dependent X-ray diffraction of single-crystal nickel
nanowires and the magnetostrain of the Ni NW as a function of the
applied magnetic field. Reproduced with permission [2].
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Fig. 3. (a) Schematic illustration of in situ XRD measurement of 2D
titanium carbide (Ti3C2Tx) MXene films, (b) the (002) peak shift of
Ti3CaTx film during N2 purging for 200 min, (c, d) the (002) peak shift
of TizCoTx film during introduction of (c) CO2 (1%) or (d) ethanol
(0.1%) for 70 min, followed by N2 purging for 120 min to purge out
target gases, and (e) summarized (002) peak shift of TisC2Tx films upon
COz and ethanol introduction. Reproduced with permission [3].
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Fig. 4. Schematic figure of the experimental setup for operando X-ray
reflectivity of SrTiOs; during photo-assisted (electro)chemistry and
light-chopped linear sweep voltammogram of SrTiOs in 0.1 M NaOH.
Reproduced with permission [4].

1.5 O|XI™X| 2] S- 24X HFoM 2%l 2=
= M
|

B 3 5% LiMn,Os &= 2A1S o]-&sto] Alzgt 2 &

0] OJAPI A 9] & w7 of A LiMn,O4 22Af9] A
AR WgHe £A5}7] 93t jn situ XRD AHR|o] =
Alzolt 54 Aoty [5.6]. 574 Aol 2]o]0]
G0l WA URF S=0 2 o]Fste® LiMn,Os &
= aAfo] AUl HItA27t oA, Bt 2 WAl
oA 2] §ol&o] SF0lA F=2o = o]Fsto] &
= &R0 AR} F Atolof] TS0l 2| F EAtE &
E]7] ol 2] WA= solyAl g [6].



434

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 5, pp. 431-438, September 2022: Choi et al.

(a)

(222) (400) (33 (511) (440)

: ) = Y
b vs e e o= v
P S

bas o /\ rs e A
] - N
= == /\ e = v
S N
zi8 e ¥E e v Ve
3 b = =S
s = Ve e v e
£ } < <
= . VS B /\:
ks e bl el o

o “ 20(%)/ CoKa ©om T T 2233

E(V)

Fig. 5. Schematic of the in situ X-ray diffraction experimental setup
for Li-ion battery cell during charge and discharge. Reproduced with
permission [5] and (b) in situ XRD patterns of LiMn2O4 during
charge-discharge cycling. Reproduced with permission [6].
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Fig. 6. Schematic figure of sample preparation process for in situ electric-field-dependent XRD measurement.
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