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ELECTRON DIFFRACTION STUDY OF CUPROUS SELEtolJDE SINGLE CRYSTAL 

STRUCTURE 

0. Mi l at. .  J . Gl adi c .  Z. Vuci c .  I nst.i t.ut.e of Physics of t.he

Uni versi ty. Zagreb . P. O. B. 304 . Yugoslavi a

We present. the resul ts of electron di ffraction 

i nvesti gati ons on cuprous selenide Cu2_xSe singl e crystals

close to the stoi chi ometri c composi tion C x  � 0) . I n  the high 

temper ature superi oni c a - phase, cr ystal l i ne l atti ce exhibi ts 

cubi c symmetry F43m, whi l e  i n  t.he l ow temperature � - phase, 

the or i ent.ati onal vari ants of monocl i ni c  superl at.t.ice C Cm 

symmetry) are present. . 

The sample of Cu, .  08,Se mounted on heati ng holder was

i nvesti gated usi ng t.he goniometer st.age of transmissi on 

el ectron mi croscope EM 300 C 1
1Phi l i ps 11

) by obser ving selected 

area el ectron di ff'ract.ion patterns C EDPs) s�bjected to: C i )  

heali ng control . so that. we coul d fol low t.he t.emperat.ure 

dependence of EDPs and observe the changes at. � + a phase 

lransi t.i on ;  C i i )  ti l ling cont.�ol , so that. the sequence of 

var i ous zone pat.terns enable t.he reconstruct.i on of t.he 

reci procal space. 

Upon heali ng t.he sampl e ,  subsets of weak spots 

consti tuti ng the room temperature EDPs di sappeared at. � 41 0 K 

and onl y the basi c spots characteri zi ng the cubi c symmetry 

remai ned . Fi g 1 .  Loweri ng the sampl e temperature bel ow 

� 41 0 K .  t.he sets of super l atti ce �pot.s appeared agai n: pai rs 

of weak spots di vidi ng the di stances between t.he basic  spot.s- . 
i n  ( hhO >c di rect.i ons i n  t.hi rds ;.  si ngl e weak ( or medi um:> 

spots - hal vi ng t.he di stances bet.ween the basic  spots i n  

( h 3h h >: di rect.i ons ; si ngl e medi um ( or st.rong) spots

di vi di ng i n  hal ves , and pai rs  o� addi ti onal weak spot.s 

di vi di ng i n  quarters the distances between t.he basi c spots 

paral l el wi th [ hhh 1 •. but. no new spot.s except the basl c ones 
• 

C 

al ong t.he [ hhh )
0 

di rect.i ons .
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pat t erns of 

in  (1 phase 

c u2_xse s i nele

a t  ::: 300 K ;  

(d.:J . (e:> . (f> 8 C h:>  - i n  oc phase at ::: 423 I< .  The oa.s i c  spo t s  

and zone axes are i ndexed i n.  high tem.pera.ture pa t  t.ez·ns . 

These 1'eat.ures are compl et.el y consistent. wi t.h our 

earl i er i nvest.i,gat.i on which r evealed t.he 1'or mat.1 on of 

monocl i ni c  superl at.t.i ce i n  a sl i ght.l y di stor ted cage due t.o 

order i ng of t.he cat.i on subsyst.em i n  t.he low temperat ure 

(1 - cu2Se phase. The l at.t.i ce parameters for t.he monocl i ni c

uni t. cel l . correl ated wi th t.he cage subcel l ( uni t cel l 01' the 

a - phase) • are s uch t.hal d(1 � 4da ; d(1 � 3da ·
oo, , u  020 220 ·  

d(1 � da .200 t u. 

The EDPs i n  Fi g. 1 . a . b .  c and Fi g. 1 . d . e .  � were 

recor ded from the same si ngl e crystal at. T � 300 K < T0 .. (1
and at. T � 420 K > T � respecti vel y, by li l ti ng the crystal 

- '* a .. , .. 
ar ound t.he [ 1 1 0] eax:i s of' the cage subl at.ti ce. The li l ti ng

angl e · between the pat.terns i n  Fi g.  1 . a( d) and 1 . b( e) was 20° 

and between t.he pat.ter ns i n  Fi g.  1 . b( e) and 1 . c( f) i t  was 1 0° ,

1 0. Mi l at. .  2. Vuci c and B. Rusci c ,  Sol i d  .StJat.e t oni cs 23

( 1 987) . 37 
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i n  accordance wi th the i ncl i n�tion of the correspondi ng zone 

�xes i n  .the cubi c subl atti ce: 

,p < [ 112] • [ 111] ) = 19. 46°
;. ,p < [ 111) • [ �32) ) = 1 0. oa0

• 
C C C C 

The super l atti ce refl ecti ons are perman�ntl y  present 

i n  the patterns for any i ntermedi ate ti l ti ng angl e i n  the form . 

of di ffuse streak s . as shown i n  the EDP i n  Fi g. 1 . g. These 

nearl y  conti nuous superl atti ce streaks i n  between the rows of 

shar p basi c C and superl atti ce) spots are a cahsequence of 

particul ar type of pl anar di sorder . 

The superl atti ce i s  composed of ·pl anar 13 networks i n

the l ayers of cl ose p��ked cage pl anes . Due t o  the 

.thi rd  - nei ghbour coordi nati on i n  the subl att..i ce . 13 nets are

fixed onl y i n  the second - nei ghbouri ng C 1 1 1 )
0 

planes 

r esul ti ng i n  a doubl e - l ayer superstr ucture. For a T'3 net i n

the b�tt.om pl ane there are three sets . of subl atti ce si tes tor 

arrangi ng the � net i n  the upper pl ane . Fi g.  2 . The choi ce

among them l eads to three vari ous ori entations of the monocl i -

Fi.6. 2. Th8 super l.a.t t tee nodes 
form.i.n6 t he �3 ne t  i.n. · the s tar t  i n6 
pl.an.e (open. symbo l.s and do t ted l. i. nes.) 
and one cho i.ce of net i.n the . second 
pl.a.ne above (ful. t symbo l. s . and dashed 
Z. i nes) . ' L i6ht Z. i. n.es deno t e . the ne t  of 
S'Ub l.at t ice s i t es ln the upper pl.a.n.e
and C t ::> .  (2::> .  (3:J i.ndica te poss ib l.e
choi ce of s i tes for �3 ne t work. (See 
capt ion of 
t. r t anst e. >

3. for shaded

nic super l at.t.i ce i n  the cage . subl at.t.i ce as ' i s  shown i n  Fi g.  3. 

Regardi ng the reducti on of symmetry from face cent.red 

cubi c F43m . i n  a phase . t.o base cent.red monoc l i ni c  Cm i n  (1 

phase. t.wel ve �r i entat.i onal var i ances are possi bl e2. For t.he

i nterpret.at.i on of EDPs i n  Fi g.  1 .  onl y a subgroup of t.hese 

t.hree vari ances . shown i n  Fi g. 3. ( whi ch ll'."ansfor m lo each 

other by rotation r ound t.he threef'oi d axi s [ 1 1 1 J c  :, . has

t.o be consi dered. I n  thi s case . the ori entat i on of 

super l at.t.i ce throughout. the crystal coul d be . i nterpreted i n  

2
J . Gl adi c .  O. Mi l at. .  lo be publ i shed 
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Fie.  3. £dges of m.ono­

c l i nic uni. t ce l l (heavy 

dashed l i nes> i n  the t hree 

var i ous or ien. tat  i ons wi th­

in the cubic caee sub lat ­

t ice ( par t  ial. l y  drawn by 

l ieht  l i nesJ . The L r ianele 

at  the end of c
m. 

axis is

shaded for com.pa.rison wi th 

Fie. 2. 

terms of uni que slacki ng of -t3 nets i n  consecut.i ve doubl e

l ayers of" C 1 1 1  ) c pl anes . General l y .  

parti cul ar types of slacki ng sequences : 

t.here are t.hree

• . .  ( A) ( A) ( A)  • • •  � 

. . •  ( A) ( B) C A) ( B) . • •  ; . . .  ( A) ( B) ( C) where A .  B. C correspond 

t.o any of ( 1 ) . ( 2) . ( 3) si t.es i n  Fi g. 2. Si nce we have not. 

obser ved nei t.her si ngl e domai n regions . nor si ngle domai n 

EOPs , we presume that. pl anar disorder ori gi nates from 

mi scel l aneous slacki ng of super l alli ce • s -t3 nets . such that.

the coherence l ength for a si ngl e ori ent.at.i on vari ance is of 

the order of a few doubl e l ayers .  
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