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OR I ENTAT I ON VAR JnNTS IN THE ORDERED {i PHASE. OF STO I CH I OME J R I L:  CUPROUS 

" SELE.N I OE 

J .  G l ad i c ,  O .  M i J a t  

l ns t 1 tcte  o f  Phys i cs o f  the Uni vers i ty of  Zagreb , B i jen i t ka ces ta 46 , 

P .  0 .  B .  304 . Zaqreb 

Hav i ng c l ea.-ed up the or i g i ns of  prev i ousl y  pu� l i shed 

contn3ci 1 c tor y f i nd i nys about tht:> struc t ·.Jr� of l ow temper ature f� phase of 

Cu2Se , M 1 l a t  et a l . / 1 /  desc r i bed i t  in terms of a monoc l i n i c  "b l oc k  ce l l �

�uper struc ture < space q�oup C 3 < Cm >  > ,  sp�nned by  the ordererl ca t i o n� 
subsys tem w i th i n  a un i a� i a l l y  d i s tor ted cub i c  cage suo l a t t i ce .  For 

i nterpreta t i on o f  the i1 pha•:.e e l ec t r on d i ff , ar t ion  pat te.-ns they had to 

take 1 nto ace.aunt th.-ee s 1 mu l tan�ous l y  present •nono,: l i n i c:  su,:ie.- I r1 t t i c e  

a th reefo l d  o r i enta t i on ,,a, i an t�. d 1 f f er 1 ng by  

syfflmetrv  ci >C l S  o •  t. • ,e :ub i c  l aqe s�ib l d t t i r. e .  Th i s  d 1 s t  1 m;1u i shed a x i s  was 

the same one a l •:ing wtu cl", the rhombohedr a J  c age d i s tor t. ion occured . After 

coll'p l et i ng the {.: ., � ., (t hF!cs t i ng and cao l i rnJ cyc l e ,  three ana l ogous 

monoc l i n i c  or 1 en l ii t, i L'O  v.;r i onls  wer i:? observed aga i n ,  couo led to the cage 

e l ongat i on ax i s ,  but  now gener a t�d a l ong ano th��r of t he four 

crys t a l lograph i ca l i y  equ 1 va l ent  < I l l � � d i r ec l i 6 ns .

Tt;e s l i g h t  un i ax 1 a i  d i stor t i o 1 1  o f  the ::1-Cu2Se cub i c  c age l at t i ce

a l ong a body c ube d i agona l a t  the ,.:t -, O phase t, ans i t ion  n,eans that. be!:. i·des

be i ng an order i ng tr ans i t i on fol"" the mob i l e  c a t i on ,;.ubsystem . 1 t  1 s  a l so 

charac ter i zed by reduc i nq the cage uub l at l . i o' symmHtry  from 

(aJ 

F 1 gure ! .  < a l Stereogr aph i c  pro jec t i on  o f  po i nt group 

< b >  Symmetry  t? l ement s  of the group Td( 43m > 6hown i n  the i r  exac t pos i t i ons

w i th respec t to the regu l ar tet rahedron �nsc r 1 oed i n  a cube 
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H, 

� i gure 2. Stereoor aoh i c  p r o J ec t i on o' the subgroup H : £ ( 3m l  3V show i ng

exac t l y the four poss i b l e  or i ent a t i ons w i th respec t to the G group T d< ��m l 

< compare to F i g .  J . >

cub i c  T2 < F43m > to rhombohedra l C� < R3m > / 1 , 51 .d 3v  
or i enta t i on var i ants ar i s i ng upon the .::1 > 0 phase 

tur ned to gr oup - theoret i � a l  co�s i dP.r a t i ons . 

I n  order to eicam i ne the 

trans i t i on in Cu Sr! we2 

The po i nt group G of the d i sordered h igh-tempera ture u-Cu
2
5e 

i s  Td ( 43m l < F i g . I >  wh i ch cont a i ns 24 e l ements i n  S c l asses < see Tab l e  l . > .  

I n  the ordered �-Cu
2
Se phase , the po i nt group of the cage i s

H = C3.,,. < 3111 > . The C3.,.. group < F ig .  2 >  wh ich conta i ns 6 e l ements  i n  3 
c l asses c an adopt  four d i fferent or i en ta t i ons w i th i n  the T d  gr oup , deno ted 

by Hi ( i  = 1 , 2 , 3 , 4 ) .  A l l four Hi groups are crysta l l ograph i ca l l y  equ i va l ent 

and re l ated by svmmetry  opera t i ons of  G.  It  is  eas i l y  checlted tha t  by 

perform i ng the tr �nsforma t i on g - 1H .g  C i  = 1 , 2 . 3 , 4 ; V g � G > one of the four

poss i b l e  H groups is ob ta i ned < see Tab l e  I . I . 

- t - t - 1 - 1 - 1 g g g g g g g 

E E c - 1 C 1 c - 1 C 1 c - 1. C 1 
3 , 3 3 , 3 3 • .a 3 , 4 3 , 2 3 , 2

c - 1 C 1 C 1 c - 1 C 1 c - 1 C 1 c - 1
3 ,  1 3 ,  1 3 • .a 3 , 4 3 , 2 3 , 2 3 , 3 3 . :J 

C 1 c - 1 C C C C C C 3 ,  1 3 ,  1 2 :: 2 :: 2 x 2 :< 2 ;: 2 ),' . 
C1 O' C' C' ::: 0 C1 !ly  5r )· x :y j( y  y ::  y ::  ,: :  )( % 

5 - 1 
5 1 5 - 1 s 1 5 - 1 5 1 

ll :  � =  4 ;.:  4 :<  4 V  4 y 4 ::  4 %  

5 1 5 - 1 s 1 5 - 1 5 1 5 - 1
C' 

'1 • 'y :  4 V  ., y 4 :  4 :  4 X  4 x  

- 1  
H 

- 1 t H • t 
g . H ,g = g H t g = H g l g = H g ''"'s g 

= H, 
2 3 .. 

- 1 E H . l C H - 1 C H - l C H g e g E g e g 
1 2 :  1 2 >:  1. 2 y 1

e S - 1 H e S.- 1 H E s 1 H 4 X  1 . 4 y  1 4 :<  1 

e 5 1 H e 5 1 H e S - 1.H 
4y 1 4 :  1 .a ::  1 

T a b ]ie 1 .  F o r g e  G ,  H .
J 

< e . g .  f o r  i = I ; j = l - 4 )
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I n  o , der to f i nci the var i an t  ge•1er a t i ng g r oup C V .  G .  G . > . we mus t 

l oo k  for a sut:group of G of order four ( 24 / 6  > wh i c h  h as no e l ements i n  

commo n wi t h  H other than the uni t e l ement E .  Ou t o f  thr ee Lubgroups o f  G of

g i ven order D?. < 222 > . C2 ( 111m2 > . 54 ( 4) l ,  groups 02 and 54 qua l i f y  fo r 

the V . G .  G .  Us i ng D2 ard the thr ee :;>oss i b l e  c rys t a l  l ogr aph i i: a l  l y  

equ i va l ent or i ent at i ons o f  s .. s 0' ;  5 < :¥"·: s < => ) w i th i 11 G ,  and p r oceed i ng 
.• 4 ' 4 , 4 

from Tab l e  1 . ,  we can decompose G = \i i n to  c osets of e .  g .  H1 : 

Td 
= EH + C H + C H + C H = D I\ Ii 

1 2x 1 Zy 1 2: 1 2 1 

= EH + C H + s· 1H + S - 1H s · :·0 · H  
1 2x 1 4X 1 4X 1 4 l 

El-I + S · J.H + C H + s l H S
<

y> · H
l 4 y"  1 2y 1 4V 1 4 1 

EH + s \i + S -1H + C H S t :, · H  
4 Z  1 4 :.:.  1 2� _ 1 4 1 

< /\ deno tes sem i - d i rec t produc t , deno t e<: wea k  d 1 r ec t pr odL1c t > .
A l l four V .  G .  G .  ' s  gene,· a te the samf.i set  of var i c1nts  H 

C J = t . ,' . 3 , 4 ) . S i nce a l l  four poss i b l e  ro t a t i on van ant s of the ordered 

s tr uc ture t:harac ter i ::ed by the po i n t groups Hi ar e mu t ua l l y  r e l a ted b y  

symmE' trv oper a t i o ns no t be l ong i ng to the p o 1  nt  group H of t h e  ordered 

phase , they can ar i se w i th equa l probab i l i t i es a t  t he or der i ng t r ans i t i on . 

These four Vilr i ants rep,·e�t.:>nt t h e  four a-, a i  LJb l e  c ho 1 c:e�; o t  one cub i c  

t hreefo l d  a x i s  a s  t h e  d i rec t i on o f  the u n 1 ax 1 a l  rhomhohedr a l  d i s t or t i on o f  

t h e  cub i c  c age sub l a t t i c e .  

I n  or der· to  chec :.. the•:;e t heo ret i c a l  pred i ,: t i o ns , i.-,c equ i pped a 

s tandar d We i ssenber g goni ometer w i t h a m 1 c rofurnar. e  13!  bu i l t fo l l ow i ng 

mos t l y  the des i gn by Tu i ns t r a  and F r aase S t arm 1 4 1 . 

We fo l 1'owed the st ruc tura l change•,. of Cu 2Se mac roscop i c  syng l e  

crysta l , tak i ng . the :.-ero- and h 1 gher - l eve l We i ,;senbE'f CJ ilhot ograph� i n  the 

t emper ature i nter va l f r om 430 V. to  3(1(1 1- ,  that  t �  above and b e l l ow the 

order i ng a �  f t r ans i t i o n  t empe r a ture < 4 1 3  K ) , 

The h i gh temper a turP. a phase pho tographs d i sp l aveo the we l l -known

c ub i c  p a t ter � .  Upon coo l i ng the samp l es through the order i ng a � �

t r ans i t i o n ,  the super s t ruc tur a l  spo t s  appeared , i nd i c a t i ny the doub l i ng of 

per i od i c i ty a l ong the [ I l l ]  d i r ec t i n n .  Some samp l es showed t h i s  fea tur e 

dom i nan t l y  a l ong on l y  one of < 1 1 1 \ axes , wh i l e for the o ther s i t  was 

equa l l y  we l l  pronounc ed a l ong the bo th < l l l ) c a x es wh i ch can be seen w i t h i n

a s i ng l e We i ssenberg pho tograph o f  a c r ysta l r o t a t i ng r ound t h e  [ 1 10 ] . The
resu l t s are comp r i sed i n  F i g . 3 .  

A s  a l r �ady suggested /6/ the cho i ce o f  any o f  body cube d i agona l s  

a s  the d i rec t i on o f  the rhombohedr a l  deforma t i o n upon the a • �  trans i t i on 

wou l d  be equa l l y  probab l e  i f  there were no ex ter na l i nf l uences . Bu t , dur i ng 
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Figure 3 .  Sec t i ons of .. . 
d i sp l ay i ng the ( a 1+a2 ,

c."'1-phase ; b > i n  ;;>-phase 

[ 1 1 1  ] • and [ 1 1  r) • .  
C :: 

( b )  

We i ssenberg pho tographs of Cu2Se s i ng l e  crys td l

a• >  p l ane ( cub 1 � · no ta t ion l : C a >  i n  h 1 gh - temper a Lu r�3 
w i th two or i en ta t i on var i ants  deve l oped a l ong 

the phase t r ansi t i on , the real  crys ta l s  are sub jec t  to d i  f fe,·ent 

anysotrop i c  f i e l ds and tempera ture grad i ents due to i mper fec t i ons i n  

c ruc i b le shape and nonun 1 form hea t i ng .  These mos t  probab l y  resu l t i n  

s i ng l i ng out some prefer red or i entat ions for the cage d 1 s tor t 1pn t o  occur 

upon the u � � trans i t  i on .  
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