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Fig. 1. Diffraction geometry of GIXRD and XRR experi-

ments.
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Fig. 2. PFM and SEM images of BTO single crystal.

SRR R ML ER A

R TR ISR pH BTG BTO S Y
FETH L5 A8 B AR, A AT AT AR AR AN AN TR
pH {H AR LRIl T BTO # 58 XRR, If
XN A R T AR T AR B R 4 A4
TR BE Dy ) HL R R A A S S AU A R
3 K Am B s AR LA S5, AET R AT e
BIfEE—A % E/NT R BTO BRTZ. 176
TR, WE 3(a) FiR, 20 = 2°ME A7 7E—
AU AR UG 1 JR I T AR, X — 2 JRE B KA
2.6 nm. YIRS, XA RE A 2.
BERT DUHEN, X — 20T Bt F BTO B AhfEAER
P, R T — 2 KE B 2 oK S
W VT %, 2 T 2R IR B A 2K S5 A LA
Al —1A, A A . LA 2SS T A
AT DERX —HE. B T — 27K 2, BTO %
IR AE— 2 T3 IR R T2, B R
24 3 nm. W&l 3(b), (c) Frz~, 78 N2 8+ K
pH = 1 WEhER 5, 22 0EERE T % %A
HH A A . 5 B R PR A R R TR M 1Y) 2 B KO R
X BTO B fb 2 1 7= A AT Au 52 0 1077 el v 5
(pH = 13 ) NaOH iAW, ¥ 3(d)) ZJ&, FR1HZHK
SRAFAE, (R 2Z AT A 3 nm 3 K F] 30 nm. #
W A PT LA R T2 IR R K.

¥ DA pH RN 2 T A5 R 1Y 5
Wil , T AN [R) VR A4 1 25 44 F #5477 GIXRD 52
5. FE TR [100] J5 ) 1 R AR ) A S A0 53
1REIAFZEB IR T M5 HIME B, Wl 4 s, 76
KA, fh e [R1EE d BE S AR B3 (6 Rz
TEBUREE IR SEB G B8/, Sk 4
JE) 8 A 1 DX 5k P e R JE A DG, AR SR THE ik
A pH = 1 MERBRVE TR, TR PN SR B BE TR A
RIS, FRIEREE A S A RS KA
BB IS, IT HLRG R R A A8 B X IO A A SR AR A
A5 5 R ATR ARZS JLF-AH IR AR e mT DAHE
D, 8 K AR PR TS BTO i iR w2
FEAE, HARM 2R A KA AR . (R s
W25, NS w5/, JFH, £ pH = 13 1)
Bl P i R PR 45, T N AR R B KT 3k 0.18%.
TET PN S 5 T DR 7 ) B8 DX sk A A K
FH Z A Y 0.1°—0.2°4 K F 0.1°—0.3°, BiH] R
MR s, RIHE AR, X5 XRR B
R

106101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 10 (2024) 106101
1010
1.6
(a) = Absorbed water (b) =
ﬁi 1.2F | ! ! E , Surface layer |
109k 55\ | BTO 107 5? 1.2¢ ! ' BTO
—Ua<f, 0.8+ Air —Oc< Liquid |
L g =« < 0.8} |
w108 3! @® 51 '
- PN ) + = QO
E BT 04r g 106 5 0.4
: o} 3 | ] =R
§ = o ! ;sur.facc layer i = 0 ! ) )
= 106 b —40 0 40 80 = —20 0 20 40
§ Depth/A § 10° F Depth/A
= =]
T 105f =
104 F . 104 E .
= Experiment = Experiment
— Fitted — Fitted
103 \ . . . . \ . . . .
0 2 4 6 8 0 2 4 6 8
260/(°) 20/(°)
108 Surface layer,
() = ! Surface layer /1 107 ¢(d) = T
3 ES 1.2+ P Y/ 1 BTO b= 1.2}
w0} 2 o | | S | | w10
) Liquid ! o Liquid |
FU”% 08 ¢ i 106 F "U:Lt q
A A 0 8
w 106 F 5 | 0 5 I :
e} ) + = O
E £ oaf g I
S 100} = 3 100} £ 04r
N 0 . . . = . . . .
>
= —-20 0 20 40 = —200 O 200 400
2 10F . & .
g Depth/A 3 101 Depth/A
= o
— 103 L —
103 F
2 L
10 = Experiment = Experiment
— Fitted 102F Fitted
101 . . . . . . . . . .
0 2 4 6 8 0 2 4 6 8

20/(%)

3 BTO Hdhi) XRR B R AUA 4550, MRAOT7 By SCga 45 28, LA N1l 5 &5 2R, 4 (51 D FL 1% B2 ol % B2 70 e th ¢

20/(%)
(a) RIAE

far kb 385 (b) FE I pH = 1 BIERIR; () WIN KB 7K (d) W0 pH = 13 A9 NaOH % i

Fig. 3. XRR patterns and fitting results of BTO single crystal, black square represents experimental data, red curve represents fit-

ting results. Inserts: electron density profile: (a) Without any treatment; (b) hydrochloric acid (pH = 1) on the surface; (c¢) deion-

ized water on the surface; (d) NaOH solution (pH = 13) on the surface.
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Fig. 4. In-plane lattice constants of BTO single crystal vary
with incident angles.
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Fig. 5. Strain variation with depth of BTO single crystal: (a) Without any treatment; (b) hydrochloric acid (pH =

1) on the

surface; (¢) deionized water on the surface; (d) NaOH solution (pH = 13) on the surface.
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Fig. 6. GIXRD patterns of BTO single crystal at low temperatures.
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Surface structure of BaTiO; single crystal and the influence
of pH value of liquid on its surface structure”
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Abstract

Ferroelectric material is a kind of material with spontaneous polarization, and water is a common polar
solvent. Due to polarity, there are complex interactions at the interface between ferroelectric materials and
water/aqueous solutions. Understanding these physical processes and mechanisms is of great significance for
both theoretical research and practical applications. Herein, the surface structure of (001) orientated BaTiO;
with (001) direction polarization single crystal is studied by synchrotron radiation diffraction technology, and
the effects of liquids with different pH values on surface structure of BaTiO; single crystal was also investigated.
The results show that BaTiO; single crystal contains a surface layer with a low electron density, and due to the
effect of polarity, a 2.6 nm-thick water layer is adsorbed on the surface of BaTiOjs single crystal. After adding
deionized water on the surface, there is no significant change in the surface layer structure of BaTiO;. Low
temperature in-situ grazing incidence X-ray diffraction experiments indicate the presence of ice on the surface,
further confirming the existence of adsorbed water layers on the surface. A hydrochloric acid solution with pH =
1 has no significant effect on the surface structure of BaTiOs, either, which is possibly due to the ability of
acidic solutions to stabilize the original polarization direction. However, an NaOH solution with a pH = 13 can
thicken the surface layer, which possibly results from the weakening of surface polarization caused by alkaline

solutions, thereby changing the surface depolarization field and surface layer thickness.
Keywords: ferroelectric polarization, pH value, surface structure

PACS: 61.05.cp, 61.05.cm, 68.08.—p DOI: 10.7498 /aps.73.20240084
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