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Abstract

The group-theoretical approach analyzing the domain structure and the domain wall orientations of
the ferroelastic crystal was introduced. These theoretical results were investigated by comparing them
with the experimental results of several ferroelastic crystals, CsPbCl,, Pby(PO,),, and LiCsSO,, which
were grown by the Czochralski and solution methods, respectively. Both results were agreed well and
also consistent with those of previous works such as the strain method and the geometrical consid-
eration. The group-theoretical approach showed that the ferroelastic domain walls must be the crys-
tallographical prominent planes with fixed indices and classified by the symmetry elements
characterizing the permissible domain walls. So the group-theoretical approach could be suggested as
a new method for analyzing the structure of the ferroelastic domain and domain walls.

1. M =

7¥etd AA (ferroelastic crystalye I 73etA
AH(ferroelastic phase)l|r] F+Z= Fdsh} F7H4
vjgke] ME. t}E F oAk wiEFAEl (orientation
state, ©|3} OSyE5 7FAH, o] 0SB 7144l §
2 (mechanical stress)el] 2|3 & 0S4 HE OSZ
HE E 4 g ke ol fgl W EaA

1__ A=} [
Ea(-—la

34

& 7}ebA switchinge]2F 3 o] switching®] Z7}
2 7kFE 71AA G $8E AAE dE ool
opd W3] EAEA HIL o]t WS AphHE
(spontaneous strain)e]2} Ft}. 2 0S= AME ofE
AAAH A A WIS 7R o] 2AIA ElA
= AR 2HEIA S} AR Wgeteed et
A AR 0SE, &, A (domain statey= 3%
Aoz A 45 & 5 gloh 4] FHE AL



A 119 13, 2000

ol2] 7}ekAd switching T3] wAIgE H$ol
ejr o upebr BE b FHES 1A
) £33 (prototype)®|2} = olAFAQl T2 vl
g Helo] AxE A7 4= 9ot 1Eal a5 2
Aol T3 73k 798 (domain wall, S
composition plane)l| 2}l F=2]=]e] )},

Ferroic 49| 793} T #A3t A7 23
o] 7|BEA ZARt 9§45l ol T8
3 J3hg s Al A T2 Bt
A Ao BAL ARk, 7 F7ke] 7ol
EAgez Qs A EAel g FAE
=2 2E A (twinned crystalellA g} o] ME o}
THE2 95 A7 H3] M2 2A] vhe3siA
e}, 7gebadAe] 79 7 799 34, o5 A
off &3t 7952 switching, 18] B E214 A
AL} Agsle] vehbe 23144 IS o83}
o] w|A$)2]ZA 7] (micropositioner) -t 7PA-E3FA]
AA® 5 oJeiiofl] S-4E glvt. Zrbd AAS
EA AT 44 el 7127} B e A
Fzo} TR H3E AT 196951 Aizu7} A3t
A RS AYFPaMTE AREH. 2 R4
AAE A8 ZrAd AN viet F 9k 71
g F(species) 2 Firafolom 2 Foll gk A
W<(state parameter), &, AP €IAME F319]
©}? Sapriek>” Fousek 59" 7|AAZTE 271
7y Aol Zgste] 2E Teby Foll W3 43
T HiEES o]EX 0= Falgc). 1= FoiAl
T FA7lelle 250 wiEk) w7 Y] AME g
zlQl FoHe] FE=w et AA ML kol
Lol FIE}A A5e] Miller ATE 2 2AT
Ao 7 Fist mel WwallZ} F2]2] Miller X455
71A 18] ¥lgke] 2ol ule}l WHEshE Wi-wall®]
T 35 FoHo] EARICIL st Jeong -
7] Aol 2% 5 (group-subgroup)
AL "Es AR A ZF FHEL 2 A9
2 F7HA wiEEE Ferhs AR E 2B ol
slo] Zebd T FAHL FE2F A

E QAFeME Jeong 5] WS AMSl] 2
debA] AAe] Fos) ool Fae) wheks 738}
o] A AR g A5 Avfe} v B 3

4,

N

32 3

¥

ey 7o 7

T o) A3t AT 35

2. 0 =

7 el AR TS Ay 9A
Ao] 43k WA BF7) 22 BES 7
T PAEw] o] 52 APl o5 EE.
o] PRI EIME ZJetA] A olelAe] Aol W
(transition parameter)e]™'? Z} FHo| sFsh= A
olgre) F7hA SiAAL 2t ] FH A
7 Fdsiet. &, PO P, D=tD, ,EGelH. 7]
A Ge 3] AdATels pist PO 2
o D&} DO HolHo|rt. ubidAte] o= 3 7
4 D} AUATL FOe sl o] F%= Goll
79 D] isotropy groupel® G FP9| left coset
2= Fas 4 ot

G=t, FO+1,F+-+4, F?, 1,=E, (,£G. (1)

i

3714 left coset®] 4+ = A 7FsRE T2 0]
I o) G} FP2) A2 (order)?] WlelTt. 2] (1)l
t= coset representative50]3 left coset t;F®= A
o< PO} 8 D 47 PUst DR MBI
82Ee] 33, F, A™E 4D, D)9l twinning
complex T2} 3t 3,

tFOPO=PO=P?, F'D=t;D=D;, t5G,  (2)

o, ZubAAelM @S] 7Fs3 Fe] ot ¢
78 AEE FARD, DYE = 5 AUt i=¢l A
S5 A3 BE FIHEE 79 WE AA=
slod ARl FEE 4 et 2t 3 Wyt
ZAshe AL o). Sapriel 19 71AH FE
Z7 (mechanical compatibility condition)>-ZH-E]
o2 A]e] ARshe Aot #HEH W Wyl EA
ghofar st

detlS,V-S,®1=0 3)

3714 S, 0% S, 0= 242+ 79 Dt DE APk E
BlA2) AE-Foldt.

TEH WA Bl AedTdaEs 3 R
2 classol] &3k FFEst FARES TV AE
B Fogeltt, e classl] &3k TAES GPY
2 ZAE 8l GPY%= GOl S8l ZE AL
Zofl el invariants}?] WEol] AR RE T




36 A 5] ¥

IG5 Ao HT-E AR aiAAde] HE
Geh & 4 i AR RE 9SS Al
= TFEENeRME FHEe] FIHE S8t
B2 olFe] A GE wEI e AL e
TSR YA 84T} ER)seRe Kol

7derd Aol Ao g 72D, D)E s EA}
o]E2 2 classel] 4322 D} D= AATH L
2 533 F,

DjztiJDv tije G. (4)

T DE D= WA= 2450 A%, 5, 79
#(D;, D] twinning complex Tif= 2] (2)9} 7o)
oA 42D, D¢l twinning complex T
ORHE T,=T, = FO) =k, o]m2

D=F;"'D, 5)

£ % 4 9o} FO% 79 D sotropy groupeleh
H GE FY left coset® 2 F38F 4= it

— (@ ... ()
G=u; F”+u,FV+ - +1, FY, 1, =G.

3714 left coset uF9e 244 79 DE DE W
A7 8AEL] Hgo|w o] AL twinning com-
plex Tpob 2ot &, Ty=(Ty) '=u,FO=F;'e|c}. 4]
(4)3} FG)=tijF(i)tij—lil?‘ E1 tij~1F(i)=F(i)tij-1°] e uji=tij—l
7} "t b A (5= D=FO, D=t 'FOD=t; 'D;
=u;D, u,EGE & T i}

Foizl 79D, Dyl &= 79 wyh 7t
Zgfof & A A= F9A (domain state)S in-
variant}A] sh= @4e]l=® £ 79D, Dyt
(Dj7 D)=(D, Dj)t7]' G""ﬂ T’H%H ﬁzé@rx—ifi Eo"%"a‘]'
ofof gl ((gD,, gD)=(D;, D)), g&G).

%, 794D, D)7} ambivalent paird #(D;, D)
Atolel 848 Ty Wt EAjsAE. 7%
(D;, D)7} ambivalent paird] £71-> a,D=D; 1|1
a;D=D;, a;=Gelet. wEbA WA LA af=D, D)%
twinning operation] Al (D, D)®] twinning ope-
ratione|o]of i}, 1|m g

a,=T;N T ©)
olet. 2 (6)% I 84 af] AT WE AH

- AA <

FFAY 23]

3}al ©]E wall-characterizing element(WCE)2] %]
golet 3. W.E AA3 = WCEY A3 w(, j)
2t 3k w(, H=TN Tl

okt Zro] b FoPUE Alolol] FEH
o] Exljgheid 1 F-42F¢] ambivalent 3o} 3L o]
ol & 7Y%zt 2719) transpose® T34l
twinning complexEZtel] F5847} glelofsle 9
ulghe}, aefet FE 84 o8] Tl HEH
o Wyt 2AHrs e e s A4
Al A8, & WCE e} 2573 5+ 9loh
Tl x@Es TR s A 28] Feye] AAHch
g FIHe W owallelgl BABP)R R, %
= 7Fsst 9471A19] Fiebd Fell e AR A
I WCEl € = e dA8AE 23] 3 (wo
fold rotation =~ binary rotation), #-&H (mirror
plane) Z12]31 43| 3A (four fold rotation)2AE-9]
= 33] 337} 63] FF e WCE E & gl
T3l Tl Higk WCEe dht o] ido]l Bz o
WA 84e] fAE WA 23] 3 8| ofs) AR
HE F9EE W, ALeHd 23t AS W, 43] 3]
QA 25k A W, 8l 945 A o}
2 W Wop Wi Wopewall® 25738 4= gl
2l o] BE FAH2 thA) 84 23] A o] H
B2 RE7L Aee] A4E e AR Helgt
& 4= 9l

3. Mg 9 =9

3-1. CsPbCl,

CsPbCla= A& TX9] W2 2%ofx 3] 4
£l el sl EXE deiA gledl, 47°C
o)l My cubic TEEFHE Pm3m)E 7R te-
tragonal(P4/mbm), orthorhombic(Cmem)& A 37°C
o]l A= monoclinic 7=(P2,/myS 7} 7}
&34l 4] monoclinic®] 23] 3HSe] W] F
S shiel d=kel] diiel CsPbCl, EA
m3mF2/m(p) $22 E78 4 " m3mF2/m(p)
Zol| N3t stereogram A= Fig. 13} 2+21, Fig.
1258 AedAde] A G={m3m})E 7]
g 79 DO AT FU=F=({2/m,}9] left coset® 2



A1148 15, 2000 b 47z 9

Feuo) B3t G7 | 37

\_\._2_;_

F(2/m)

Fig. 1. Stereographic projections of G(m3m) and F(2/m) for m3mF2/m(p) species. Subscripts in symmetry
elements indicate orientations of axes in the standard coordinate system of the cubic system; at diads zero
components are omitted, at triads only positive components are given.

Fig. 2. 12 possible monoclinic orientation states
derived from cubic phase (V : an acute angle 89.47°,
@ : an obtuse angle 90.53°).
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Table 1. The partial results of the group-theoretical analysis for m3mF2/m(p) species. The equations of the
permissible domain walls can be determined from the steréographic projection and the corresponding w(i,

J). g@, i) is the point group of domain D,
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Fig. 3. The room temperature growth habit of
LiCsSO, crystals, composed of six twin-domains.
The orientations of the crystal a, b axes for domain
1 are indicated below the figure, while those for
domains 2-6 are indicated by small arrows in the
domains themselves.
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Fig. 4. Stereographic projections of G(mmm) and F(2/m).
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Table 2. The result for the mmmF2/m species
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(b)
Fig. 6. Twin lattice model for (a) W,-wall and (b)
Wy-wall of Pby(PO,), crystal.
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Fig. 7. Stereographic projections of G(3m) and F(2/m).
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