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Structure and Dielectric Properties of Crystals with
Second-Order Ferroelectric Phase Transitions
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Dielectrics are materials with dielectric polarization and paraelectricity, and exhibit various properties depending on external field,
stress, and heat. Among them, ferroelectrics are materials in which the direction of spontaneous polarization is reversed by an electric
field. Ferroelectrics undergo a structural phase transition at a certain temperature due to a change in the symmetry of the crystal structure.
Ferroelectric phase transitions are classified according to changes in the physical properties that characterize the ferroelectric material
with respect to temperature. In this paper, we measure the crystal structure and dielectric properties of ferroelectrics undergoing a
second-order structural phase transition and explain the experimental results using phenomenology.
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& GLHIRD b T A O BART-E— A > b, DWW TIX 5%
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Fig.1 Domain patterns of as-grown TGS with positively
charged carbon powder decoration method. Dark and light areas
are negative and positive domains, respectively.'>
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Table 1 Crystal data of TGS below Curie temperature. '3

as-grown TGS

Z;](;?(t) sample 1 sample 2
crystal . .. ..
monoclinic  monoclinic monoclinic
system
space P2 P2 P2,
group
a (@) 9.15(3) 9.1516 (2) 9.1541 (3)
b (@A) 12.69 (3) 12.6028 (4) 12.5989 (4)
cA) 5.73 (3) 5.68750 (14) 5.68628 (16)
£ () 105.7 (3) 105.2448 (16)  105.2452 (18)
v (A3) 640 (6) 632.89 (3) 632.73 (3)
Z 2 2 2
R; - 0.0287 0.0321
wR, 0.0759 0.0867
S 1.085 1.096
extinction
coefficient 0.061 (3) 0.049 (3)
Flack
parameter 0.211 (10) 0.214 (10)
temperature
131 131
&)
@ \ (®)
}‘4'?\{
| —
csinii
(C) N / GIII (d) N / GIII
e Ne 167 IT
t}l«ﬁ‘ [ ;‘% ‘fvlk
e I b,
s Gl "T I A ay Gl pTa r\
3 . Gl @~ k| , >

Fig.2 The crystal structure of TGS viewed from (a) the g-axis,
(b) the b-axis, and (c) the c-axis of sample 1 and from (d) the c-
axis of sample 2. Yellow, red, purple, grey, and white balls
represent sulfur, oxygen, nitrogen, carbon, and hydrogen,
respectively. Glycine molecules shown as open red, blue, and
green circles are Glycine I (GI), Glycine II (GII), and Glycine I1I
(GIID), respectively. The significant difference between samples 1
and 2 is the absolute configuration of GI as shown in (c) and (d).!®
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Fig.3 Dihedral angles in TGS crystals. (a) and (b) show the
glycine molecules and their dihedral angles corresponding to the
crystal structures in (c) and (d) of Fig.2, respectively.'®

Table 2 Dihedral angles of the GI amino groups of TGS.!®
Sample 1 and sample 2 in the table are the same as those in Table
L.

sample dihedral angle (°)
1 202 (4)

—20.0 (4)

+20.1 (5)

b
(©) o &
¥ -
Sl

asinf
‘
<

b

2‘[
g v v
b
(d) N A
Frd
floyt
A l

asinf

X

b

N N kW

+20.1 (4)
—20.9 (4)
—21.1(5)
+20.2 (4)

Table 3 Crystal data of TGS (sample 3).

Fig.4 The crystal structure of TGS (sample 3) viewed from the
c-axis (a) at 131 K (1st measurement below T¢), (b) above T at
338 K analyzed as space group P2i/m, (c) above T¢ at 338 K
analyzed as space group disordered P21, (d) at 131 K (2nd
measurement below T¢).

TGS (sample 3)
1st measurement below T¢ above T 2nd measurement below T¢
(before heating) ¢ (after heating)
crystal system monoclinic monoclinic monoclinic monoclinic
space group P2, P2\/m P2, (disorder) P2,
a ) 9.1504 (2) 9.1792 (5) 9.1792 (5) 9.1524 (3)
b (@A) 12.6034 (4) 12.6697 (15) 12.6697 (15) 12.6044 (4)
c ) 5.68521 (15) 5.7537 (4) 5.7537 (4) 5.68752 (15)
L) 105.2207 (18) 105.702 (4) 105.702 (4) 105.2344 (18)
v (A3) 632.66 (3) 644.17 (9) 644.17 (9) 633.06 (3)
VA 2 2 2 2
Ry 0.0387 0.0550 0.0343 0.0387
wR, 0.0961 0.1449 0.1031 0.1009
S 1.075 1.092 1.133 1.079
extinction coefficient ~ 0.092 (5) 0.249 (14) 0.114 (6) 0.134 (7)
Flack parameter 0.185 (15) - - 0.432 (10)
dihedral angles of the
GI amino groups (°) =21.1(5) - —-19 (1) +21 (1) —20.7 (5)
occupancy (%) _ _ 55.2 44.8
(dihedral angle (°)) (=19(1)) (+21(1)
temperature (K) 131 338 131
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P D 44.8%D GI DT 2/ HA+21 (1)°D i f THIZIE
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Z LV IEIChUhZYAIZRATAZY LTWE, T72b
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LBMTO GL OF 2 O _EA LM EST S
&, 552 %M—=19 (1)°, 44.8%H3+21 (1)°PR LA TV S IRET
HD, O, EITHERO G RILH LRI T D5
fa DB 28 E A2 R LTV D, 2O HEERMIITEERET
HDHZ <‘:7§>% %krbb‘ﬁ:*ittf@ﬁaaﬁi = & R, fiR
RELL Iz ZE[IRE P2u/m OSEIIEMRENZ L 2 W
HL@@ET%ék%i%héoW%%ﬁﬁ&?z@ﬁf
W, BT ESIIHEBIRE R EoZR 6 L0 /hE 2o
Tro 7T 0785 XA—2130432(10),GLDOT I 7 0 iH
fB13-20.7(5° Tholz, DI &b, FEEBIREUT 2
BHTIE, 7T v 785 A—FNHEBEELUT 1 [HH X
DREL 051ZEL Role, HWEEMD O IMFEEM~RE
%TT%&% MBI EMT TOSBO LT N iE S &
X o THBOIRMNRED, RHOHE, KIRIZR 51
&//wuww/ W72, —F, B OLE, ~VF R A
A NIRRT, KR, BRI W E RE 22 KA
A U S NRT L, FEEBIRE 2 S BN 51F S e
RAA DAL E 0T 0 1D REBRTIE, 293 K THERLL
TofbihA, BHEHATI23 K ETHHAL T XERPHIE L,
Z D% 338K £ THENL 72, 338K T XHREIIFHIER, I
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b, ki E S U, FRESREIREE 2> O FEd 7= 1R B R T
Lf_t&’) CNF RAL ozt EZ NS, TGS

WCEBWTIESBEF T U T o BRISELTNDE Z &b,
flﬂ7b>7‘oc7£2’50)ﬂ?7/v R A A VB S 72 BT VIR EE
LR EEZLNDIZD, 75 v 785 A—HR0.5I30F
{lpotzbEZEzbN5,

3. BEE

TGS #&E el Db L7k B R OIRER T % Fig.5 1277,
AETIE, 358 K 5 301 K £, 1.0 Vem™, A 1.0
kHz CHIE L7z, BE# D L RW—H&E/RL, 322 KFHET
T DRET & BT, WO E BRI IR T
BEECHEBT, HENLX2 ) —EH C =279 257,
FHERRIRE CHERN/RET 5 2 L0 LAAESOREIT 2
RCTHHEEZOLND,

4. IEEHE

£, TGS &8 D b @i 511D P-Ev A7V ¥ A—7 (f&
[EAIRR) OWEEERIEME % Fig.6 ([Z~9, AHE T, 298 K,
313K, 333K LiREE EF, Z0O%IEE L TS CHE 298K
THIE L7z, MISBIRELIT O 298 KB L U313 K Tiif
LS 1A WEE ROV — 7 M S 4y, AR IR L
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Fig.5 Dielectric constant and inverse of dielectric constant of
temperature dependence for TGS. Solid lines represent theoretical
values. The experimental values are considered to be disturbed
due to the domain in the temperature region below T¢.
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Fig.6 P-E hysteresis loops of temperature dependence for TGS.
These were measured in order at 298 K, 313 K, 333 K, and 298 K
(after heating).'>
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Fig.7 Spontaneous polarization and coercive field of

temperature dependence for TGS. Solid lines represent theoretical
values.
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Fig.8 (a) Free energy for electric field drawn based on equation
(3). (b) Polarization for electric field. Blue solid line is drawn
based on equation (4). Green plots show the P-E hysteresis loop
below T, obtained from experiments.
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Fig.9 Theoretical specific heat under constant pressure of
temperature dependence.
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