
El?-95-426 

V.L.Aksenov, Yu.A.Ossipyan*, V.S.Shakhmatov 

PHASE TRANSITION 

IN AC6o (A= K,Rb) FULLERIDE CRYSTALS 

Submitted to «llHCbMa B )1(3T<lh> 

*ISSP, RAS, Chemogolovka, Russia 



'f.~ 

' : '· 

1. .Introduction' 

From experiment~l investigatio~s,~ e:g.· [1], it is known' that the 
phase transition (PT) from the high temperature face-centered .·cubic 
phase of the Fm3m ( 0~) symmetry't<? the low temperature polymeric­
like phase of the Pnnrri(D~D orthorhombic symmetry is observed in 
AC6o (A=K,Rb) fulleride crystals. ' · · 

The orthorhombic phase is characterized by shorter distances be­
tween. the c6~ nearest molecules in one of the three crystalline direc- . ' 
tions. whiCh Fm3nrphase . .Jattice translational veet'brs are direct~d iri·. 
This difference is on the order of 8% and is the r~sult of a specific dou­
ble bond between hvo of the nearest C6~ molecules. Int~r-arra~ge~ent 

. . . .. .,, . . • . I 

of the crystal cells of the. above two phases is shown in Fig. '1. · 
The_ AC60 cot,npou~dsexhibit a numberofvery interesting physical 

properties. In the Fm3m high· temperature phase,· these compounds· 
demon~trate strong localizati~nof electrons, while in the polymeric­

. like phase, the· AC6o compounds are. quasi-on~dime~sional ·metals. 
Moreover, at low temperatures the metallic state is unstable ~ithre­
spect to the formation of spin or charge density. waves [2].' ' . '' 

At present, investigations of the microscopic nature o(PT to the 
orthorh6mbic phase __ are of great interest.'. In this conneCtiori a compar­
ative analysis 6fthephysicalproperties OfPT in AC60 and C60 crystals 
is to be carried out. Note that at atmospheric pressurethe orthorhom­
bic phase is not observed in C60 and the PTleaos to·a change in the 
symmetry from Fm3m (0~)~ ·~a3. ThePT temp~ratures iri AC60 
crystals are higherthan in C60. For: example in RbC60, T~ ........ 330 K 
and in C6o T~ ........ 260 K. 

. In the present paper,, the Landau p~enomenological theory. of PT 
to the· orthorhombic phase in· AC60 . ( A=K,Rb) crystals is developed 
on the basis of symmetry analysis. The microscopic nature of th~ PT 
is discussed. By analysis ~f the int~ractions b~tween. order parameters 
(OP), probable PT connected changes in the subsystem of metal atoms 
are investigated. 
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, Ftg. 1. Jnter-,arrangementof crystal cells m the Fm3m and Pnnm 

f_.-, .:.:··-~1ff·.flt _ _.l\l< ~~~ ~.;·,-•·:lf)"-JY~"'q , ..... , .. ,,~;~.;,.'{' ,_. t." :-(. '·'_'•: ,-«¥·.··~.: 

,phases. Large" cirCles; refer, 'to C~o . molecules, :smaller cirCles' refer·· to 
~·;'.·• ~:-,;-·"~·'· :.:. ··· ..... : . ·, t :-'-::;., -~·- ... J : , ~- -:. .;: .·~·, .. \! ,__ .. ·._ Hl·~·<-. :f1i ·:.~'-,·.·;t~--~~ · 

metal 'atoms. Black circles. indicate~ metal atoms. arid. C60 .. molecules· 
situated on \~i;ibl~'fa~es· cif t\~o:f~~e~~e~t~r~d 'cubic ~ell~ in' th~· :F.ih'3m 
• .. ·_, ·~·- '·:·~;·" t.:l1 1 .. : t\F >. ;:·•,:. '> ...... , ,.., :./ ,:·· ;._> •·-··. t* · · ,: ,. :; t P· i .·., , .. ·> 1 1 

Ph,(1s~ .. ,};pe _P;imrn)ffa~e: yrystal cell ( fo\ tpe. P_T w,ith ~he:·~ay~, v~Ctor • 
(001)) is sh~wn'' by daslied 'lines. ·• The C~o molecules <;~eating 'the 9c~ 
tahedral en~i~onmenf for the metal a toni ~r~ d~n~ted by'th.~ ·nl!~be:i-8. 
1:;.':\~t .. ·.·,,.,', ·., " . .',·;·, ,;1: > "_',,.- '' ,, •;; ·, , :: ,:;;,p.,•n, . : '';~r~:,,' •' 

2. S~mmetry analy~i~·· · . 1,.; 0 , '~ ) I ~ ," i , : l · '. l: 

'• I ~ 

'1 ' ;--··· ---~ ";_ j 

. ~ccording to experimental data.[1]; the Fm3~--+ Pnnm P'J,',leads 
to' a doubling '6f the'p'rimitive'celPvolume'in the'Fm3m high temper~ 
ature phase. 'Hence, this PT is conn~cted with one of the 'fo'llo\:Jirig 
wave ve<;tors, <?n.th,e, _B~il~ou~n z,'?P.e ~,oundap'-:·. (100);'"'(01.0) .or (OOI)· 
These wave vectors form a.single wave vector star, kiil','in the Fm3m 
Phase {3]. . . . . , , ·~·· , , . ,,., .. , , ... /, ,, . 

', j ;; .. - .. ( '' -.1-- j . , ' • ' 

.. To be specific, let us consider a ·pT,with. the wave.vedor (001), 
i.e. aPT to one of three ray domains (see Table). In one-dimensional 
irreducibleirepiesehtations4 (IR); 1-i;:.:;.f.s;fb:P-has on{~6ri:ipoh~nt:aiid 

'\ ;,::, J· .. ~ ·"~; t· '1t1 ~·1 :~;_, · ,;; ?~ ,.·~,'"_ff~!·.[:rt·.~); :~,_.:")_::~d.t '!'"~--1 ~:rUn~ 
iP"':'* 
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in two-dimensional IR; · Tg and r10, the following combinations of the 
OP components are possible: Ct ':;;fO, C2:;:= 0 (or. C1 ~ 0, C2 :;;f 0), C1 ~ 
C2 :;;f 0 andCt # C2 :;;fO, and thecorn~sponding space groups (SG) 
of the low symmetry phases are.given in the Table .. • · · . 

.• ·,·.., -

Table. Phase transitions fnnn the'Fm3m'phas~'with.thewave. 
vector(OOl). · · . 

•·' 

As it isseen fromthe,Table, the low symmetry pha~e of the Pnnm 
(D~D SG ob~erved in experime;tts [i] c~n arise ~s a ~esulfof.the Ct :;;f 
0, Q2=. 0 (or C1 =;, 0, C2 ,;f O),type,condensation for OJ?. ofthe Tg 

s~ffipl-etry. ;.~ote that OP, 'of,t¥e"7-~ 'sy~!ri.~~~;Y:[4j_?-ri1 a~?~~her tyr,~ of 
· condensation, naJ:Ilely)he C1 := C2,= C3.~ Q4:;:;:: C5= C6 :f. Otype, ~eads 
to the Fm.3m __; Pa3 ·symmefrY!change 'ih .the· C6o ErystaC · · . · · · • · · 
. : Thus,' PT in the C60 cry~t~l i~- ~orinect~d· with. alith~~e rays oft.he' 

• ' :· ~. '· ·.. : · ' • • · , • . f • , .• · ;,·' · : , , • .· • . ~ · 1:"· ·r· .: • . • • ~ ' • . :. • , • " : ·1 

k 10 w'ave vector star a~d PT iii AC6() goes along one ofthethree rays 
of the same wave ve~t'or'star:' '''• ·'' .' ,' ;il' ~ u '') • ' ' ·. ' ' 

The' phenomenologicai'the~~y 'of PT in C6~ 'crystals w~s develop~d 
in a number.of papers (see, for example;'[5,6J); The free energjex­
pansion can be written as 

. ;_,, ' ;(· 

Ft =Fe+ Fee+ Fe•. (1) 

T,h~ F c ~er~ . describes the pr~entation~l. degr~~s of freed()m. of C6o 
.molecules: 

Fc·=_·;.A 
;, 

'2:J Cf -t~(CtC3C6+ CtC4G5'-f-G2p3C/+.C2C~C6)+'· .· 
, i < ,, : '' "' '' ' ' -; ••• -- • /'. • 

"'""22 "'""4 . .•' (~ Cd +P2bCi t :··· . ... (2) 
' ,,. ,- ••••• J 

Dt 

,, ' 

where A. a(T-Tc), a >0, B, Di are the phe,noiJ.lenological cons~~nts 
in the PT theory, {Ci}, i~1, ... ,6- is the six-fold OP. The Ct and C2 

..... '>M~• -... 
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components have the wav·e vector (001); C3, C4 - (lOO).and• C5 , .C6 
. (010). Note,here, .that one can rewritethe cubic; terms in (2):using 
a unitary. transformation in the form.C~C~C~ + C~C~C~ presentedin · 
[51 . ' .. ' ' ' 

~ ~ f ' \ ' • ' • ' 

For cubic symmetry crystals, the elastic energy has the form [7]: 

Fe= >.n(ei+e;+eD+>.i2(ete2+ete3+e;e3)+'>.~4(e~+e~+e~), (3) 
l\_ 

where Ajj are the elastic constants and e; are the spontaneous strain' 
t'ensor components, all in· Voigt notations. ·.Interaction between the 
primary OP components { Ci} and the str.ain tensor components { ei} 
can be written as follows [6]:' ' ; 

Pee= !(Ci+ Ci +.C~ +C~ ~ C~ + Cti)(et + e.2 + e3).- . · (4) 
, , : . •• , , •• • : . , . ~ ' • t_ , I ( · < 

It' should be.noted th,at. the .above,inter:£l:cti~I,l ( 4) .is sufficie~t.f?r, 
the description, . .,of spontaneous .crystal . cell , strains, in· .C6~ ;.following 
P1>vidi.the c;~ .·c2~: <\=. C4= .c~~. C6:#, (J c~nden~ation, butris 
co,rnplet~lY. insufficie~t for' dcscribi~g ~f PT. in,AC6o havi~g .the' cl' i. 

· o;·c2~ o (or c; # o;,c'~~ 0),<::;3~ :c~:=· c5= 6'6= o. con.der~ati~;l: ,In 
• _1 • ~ ' I' . ' " ' • • : ' • • ., • - . ' ' . ' ., • . ' - ' • ••. " ' ' • . ; • ' '· • ' ' ! \ ·' ,, • • ) ~ . " ' " 

the latter case, .additional.interactimis between OP components and 
· ' " i ~ , - ·' . I • '· ... ' !. , 'I'\ ' f • ·' , 1 • ' • • r ; . . , ', • ~ , .• ·• • . , ; i " 

spontan~ous strain "tensor,. components, which trimsform, according to 
1 • ' , : , ;· ' . ' ~. .~' , . \' , '·, I • · •. ' .. , I < I , • , ~ ! ' I ~. • ' ' . • ' ' , , 

. ,the sameiR, take place.: , ·. ; .. ·. ,, , . . ... .. . , · , 
.. 

1
. ·,sot~~ t~o' q~antiti~s, VJ(cf+.:¢~:- c~ ,:·t.C~):and2Ci ~(2C~~-:-, 

> 1 • • • • \ • ~ > , , ' • •• • ,. ~ ' • ' ' ' ,• 1 ' ' > t , t • · . ~ · • • ' '• · ' . ' • f . ' "' I 

C~- C~- c;-: C~, tninsform acc~rding to the two-dimensional E9 ;l.R 
with the wave vector k=O: , . , 

\ ~ ' \ ' ,•, 
'\ 

10 '· 2 2' ,.. 2 ' . 2 
v0(~3 t C4r- 9s -,C6) 

::- .·· ·l, ... Eg·"' 

:!t 1 \< 

... ·. · · ;· ~. . ·:;' ~~ It·:, . ·~::·. ~ 

2c2 2C. 2 c2 c2 ·c2 c2 t+ 2,-. 3--:- 4--: 5- 6h 
) ·~;. ·. t. . r < .. ';. ~ , 

(5) 

and the three quantities; cg~ C~; C5i~.;c~; c;,:, C~;'transforma~cord-• 
ing to the F 29 IR also with, the wave vector k;=O: 
. ~ . ' . ~ ; . ' ,. ' - . ' ~ ·:. . ~ 

' ~ ' , 'l 

F29 "' 

~.r; ; " ,·. 
r ~ 't:• r· 

2. . 2'· cl -·C2': .. 
c2 -c2 
. 3 4 

"C2 c2 ,·:. 5 -:-:· . 6• i 
, "," . 

;.,5 

fl !~.Lf ·.r ·· 

' l 

(6) 



In a similar manner, the t\vo quantities, J3{e1 - e2), ei + ·e2 ·- 2e3, 
transform according to the E9 IR and the three quantities, e6, e4 , e5 , 

transform according to the F 2g IR .. Note here that the quantities e6, e4 

and e5 can be rewriten in full·notation.as exy, eyz and exz, respectively. 
Thus, one obtains the following additional interactions: 

·F' ce·= ~~ [3(C~ + cr- c;- Ci)(et- e2)+ _ 

(2Ci + 2Ci--.,- C~-:- C1- e.g- Ci)(et + e2- 2e3)]+ 
I 2 2- - 2 2·· . 2 2·· , / 2 [(C1 - C2)e6 + (C3 - C4)e4 + (95 - C6)es]. 

~ . . ': ' . . . ' ' '.' 
(7) 

, r, 

Note that the above mentioned unitary transformation of OP com­
ponents .{Ci} will lead to substitution of only Ci·:._·C~, C~ ...:..c~,.C~·­
C~, which transform according to the F29 IR by C1C2, C~C4 , C5 C6. 

Interactions ( 4) and (7) allo~ us to give a complete description of 
spontaneous crystal celf strains following PT with- the C1 f:- 0, C2= 
C3= C4 ='= Cs= C6= 0 condensation of OP components: . 

··. In addition to ·a different type of OP condensation, PT' in AC60 
fullerides differ from the PT in C6o by the {>res~nceiof a 'subsystem 
of alkali metal atoms in AC60. 'This subsyster'n. ·a·f alkali metal atoms 
h~sa'i:n1mber of degree~ of freedcim whkh ca~ hay~ the E9 ; F:.i9 Jwa~e 
vector'k:::Qror Tg (k10 Wave vector star) symmetry:" . 

Let us denote the secondary '0 P with. the' {l~grees of freed~m of 
the E9 , F29 and Tg symmetries as {O;},i=_1,2,:'{7Ji}, i=1,2,3and {ti}, 
i=), ... ,6, respectively.' In full analogy ·with interactions (7}~ orie cap. 
write -· ·. · ' · ' · ·' · ·- · · 

Fco,c71 = f3t [ J3( C~ + C1 - c; - Ci)Ot + 
(2c;· +2C~·;_c~ ~-c1-c{- Ci)B2J+ 

P2 [( Ci- Ci)7JI+ ( C~ 2- C1}772 + ( c;.::_ Ci)1J3]· (8) . ·. . ., ' 

Secondary 0 P { t;} .and primary 0 P { C;} have the same symm~try 
and therefore interact linearly with each other: 

Fcf. ~-f33(Ct6'+ ... + C6t6):'·. (9) 

By adding quadratic terms to all of the introduced secondary OP 
defined above: 

Fo,71 ,f. = 61 (o: + O~)+ 62(77: + 17~ + 7Ji) + 63(~:+ , .. + ~i); (10) 

6 

j 
) 

J 
~] 

we obtain the free energy:·expansi6n.which describes the PT-in AC60, 
crystals as: : . . . ! •.. 

F = P~ + F:e +Fe£. +£co,C7/ +.Fo,71 ;£,.·- -(11). 
( .. · 

3. Subsystem of ~l!dli htetal atoms 

Let'us'discuss_PT inAC60 crystals. In analogy with thePT inthe · 
C6~ cryst<tl, -9ne can assume that 'the. primary OP' { C;} d~scr!bes: the 
ofientati6nal ordering of rota:tioria(~x~s. in C6-~ -m~lecules: Second~ry 
op' { O;}, {7]i} aild·{~;} desc~iB~ changes'ili th'e ffi~t~fatom;sl1bsystem. 

.· ' In: the. case' primary· 0 P ~ondensation' :bf'tb'e type:, C1 j: O; 'C2~ 
C3= C4~. C5 = C6::: 0, intera'ctio~s· (4)',(7-10) le~(l'to cond~nsationof 
the following'se~ondary OP .'~~ ¥= b, 02 ¥:o,'7Jli- 0 as well a:~ diff~rent: 
spontaneous strain tensor components.· · - . .. .. 
. 'Let :u~ cori~idei 'cryst~l c~ll strains .. ·' Similar to . the PT in 'C60, 

iriteraction' ( 4) leads io' the ~app'eaiance>of nori~zerd component's el;;: . 
e2~ .e/f:- 0, whi,ch do not ·affect'the cubic·symriletryofthe cry~taf 
lattice. Then, as.i~--seen from·(7.);.addlt1oml.l·deformationofthe typ_e. 
e1 ~ e2~ -2e3 :jfO and e6 ·1= 0 · ari~e~:<)'he f()'~mer' reduces 'th~ cryst'al 
lattic~-symmetrY: to tetragori:al and the latt'~r· sheaf dHodhatiori: e6 :1/ 
o' est~blishes the orthorhmnbic sym~etry ()£,the cryst~l-latti~~ as it 

. should be for the prima:~y;'condens<tii~n OP_l~itding to the PT from' 
Fm3m (0~)~ Pnnm (D~U~; Note:that ~am~ly the shea~'defo-rmatio~( ·· 
com'poneiit e6 f:-0 leads to str~rig ~tress typecrys·ta:I c~ll d~formatioh in · 
the [llO],of [-'-llO]directioris ~nd 'coirespci~oingly.t'o khorte~ ai~tances: 

. · .• '.,_ -~· ·. --:<, ;:.,·," -~ . _,-," .,. ",'" . ··'~i ~ ·, '_,, ...... ~:_,. '. 

between the nearest C60 molecules in these crystal directions: · 
'' 'Retiieinber that symmetryalialysi.s w~s}riad~ for the ~ave v~ctor' 

( 00 ~ )~_··For; the. ~~vevecthr'( 100), sho~ter distan2~s _betir'e~n the nearest 
molecUles of C60 'take place in the.'direetioris [011] or [0-:il], and for. 
the (OW)' vector in the. [10l] or [-101] directions: . ·. '' __ . 
. '',So, thefree energy'e;cpansi~n (11). describes 'the'expe.rimental data. 
[i ],; namely,' the ,symm~try of th~ low temperature phase and cryst~l 
cell strains.' . ' . ' ' 

. B~low w~ con~ider ch.ang~s iri the s~b~ystem ofalkali' ~etal atom~ 
connected with PT. At 'present, experimental data about the behav-. 

7 



. ,. ,1,-

-ior of the· subsystem of me.taF·atorris ·at: PT are· absenk: Therefore; 
all conclusions about structural charig~s following PT are. the ·model· 
predictions which should b_e verified in further diffraction experiments. 

From experimental data [1] it is known •that a metal atom is in the 
octahedral environment of C6o molecules (see Fig.2a). The small value 
of the alkali atom radius with, respect tothe size of the octahedron 

· composed of la~ge. d60 m~l~~ul~~' :a~' ~eli -~sst;~ng' anls~tropic De bye­
·waller fa<;to~s for.m~taA at<>~~ [1J, ~nm:v an assum~tion that.J,he true 
position ofthealkali:atom is,differ.ent fnnn th~ central p~sitio,n shown 
i;;·Fig:· 2~: In:th~·,g~~~ra(~~s~; ac~ordi~gJo '[3], ~~ ~~e.Em3m ph~~~· .. 

,._ · ·""·'"" ,. ;,_,_{ .. ·, .•.. , , .. · ~··ft··· ,"\•, 1-- •• -~-"-~ ~-·, r · .•. , 1~r·;· .'·, 

the following positions for the octahedral environment are possible: 
the -~~ntr~fpositioA lb'\V)~th\:th~· {i~1) ,c6,~rdi~ate and'i~cal' symll1etry' 

. . . • .. .. . •.•.. " .J... . . . '·' ·. • • . •. 

Oh;the six_:.fold position 6e.wi.th the.characteristic coordinate (OOz), 
, . · . . , , : .',. .~ • . · , . .1 • . . , , . •. 1 I .. · · · .. :-, ; ,, . , • 1 • • , "· - , 

andC4vsymmetry, as well ~s the ~(B:ositi9p, (xxx), C3v;}2.i,.(~xl), 
c2~; 24j, (xyo), c~ a1,1d 24k, (xxz), Cs· ':' .•.... - . . · " .. ·. · . 
.. Jn: the-1 b~ P,<?siHon (f~g:2a) Uw ~~t~i. ~t~ry :.~~~· oil)J', ().s~ilJaf~ p~1~ ' 
ative ,.to its equilibrium. position~ , Such. displftc'eme~t~ with the .w.av~ 

·. v~ct,or k=c=:o · tra:~~for~ in a~~~rcia:U:ce.
1

~ith the' t'hree clim~n~iohaJ 'F ;"· 
' ' ' •• j ~ . ~ ( '· E .-: ·; ;. ' • ' I ; . ' ' ' . . ; •'' ,, <. ·l I ;- ' ~ .,' '·' '. ~ ' . .. • ,' • . . ' ' . ·, ,t 

. I~ and, th~~e~o~e, can}lOt be,rela~~~- to se.coildaryr;9R.?f the Eg or: 
F 29 symmetries. 'rhe same di,splacement~;:with the 'Yave vector ( 001). 

, , •. ,, \ • , ; . • ~ ; · ., • ; , ,I '· . . .~ ~ , , , • . . . 1 · • •• · , •. . J • 

transform in accordance with the r4 and. i 10 IR and also can not be 
'. "· ' ! , < .: ,. !•. : { t } : ") '!< 1 ,; ' • '• ' ' , >l ~ ; '' 0 , ; , I ! 1 , • • • . ; \' ; : ( 

1 
, ; ! , , -!,", ,> ~ ! , , ' ~ '.: •' , 

d~s~ri be~ :by .t~eJ1 . #. :o QP., ~hi~~? has, t,h~, r,~ ~Y,rnrne~~Y· :As, ~ C,?~~e?1 
, qU:ence, .a metal atom in the octahedral center position experiences no 

, ,;;, • • 0 ,' ~- ••:> f ,' S, I \ •,,,\ ;,;~.~~J~: ! ·,·, • ,·:·, •• •; ,·,_\'' ! ! ,,¢•~ 

. structural changes following PT. . .. , .. ·., • .. . . . . . . .. . , 
'. ' i ' ' r :. ·: -~ \, ~;; .l ,1 ' ... ~ ' ' : j ·• \ : .. : < ; . . ;' : J r 1 .• / ' . ~ ;. r l; ' ' ~ • •. : • ·- • ·: •• ' •• ' ' • • • • ' .' 

. , .. If, ~.m~t~l ~t.o.~ ()Cc;upie~; ia p.o~~~n~r,'!-~ posit,i9n? ~hen par:tial o~4er-, 
mg over;the,posttlons indicated m Ftgs ... 2b, c), and, d) takes place 
.-. ;-·; ~ ~·-~ .. ~- -~ · -· ·' "' r t,· .~., .•• ~.J •.. ~ i't ·\'. ~. l.t: .'' 1 

following P:r'. For.· the' 6e positi<>ri 'the single secondary OP fh· #, Q;of, 
th~.E9 sy.~~etry 'de~c~ibt:s parti,~l pr.d~~ing'bf the iri~t'al.at~ms:~~~he~ 

. ont~~. h?r~~?P.~~l.'plan~ (aar;k circle_sL?f: ,ave~. tw,~ .. P9.~.itions }~tu~~~?. 
aJ:>?v~.o~ ?~lo'f: th.~ plap.e (s.hfl~~d, cir~~es) ~. ~~F1 th~ Sf a~d 12.i P.9~i~i'on~" 
(Ftg. 2c and d)) one has ?Jt =f. 0,·6 '=/:- 0 and 02 #, o,· "'t #= 0, 6._# 0,_ 

' ¥ ' ; ' • • • • • : '• • ' ' ' ' • ' ' ' ( • - • • • ~ ' l ' "l -~ ' - ' • - : ; t • ' 1 j ' 

respec;tiyely .. The oc~upie.d po~itioris are shown by dark cjrch~s.' .The 
l~~v~~ ~yinill~trY:k~sit,i<?n~:.~.4j anq_2~,k, ~~ise.fro~th~ i~i~.~:~:sfpo-: 
sitions, respectivelY:. Ordering of met~J ~to~s ov'e~' th~se positions _is 
des~rjb~~by t~r~ese.:;ond~ry OP and are no~_consi<;ler~d in_t.h~.pr~~~nt' 
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·. Fig.2. 
Possible types of 
positions fo! metal 
atoms (smaller cir~ 
des) in the ada-' 
hedral environment 
of C60 molecules 
(large circles): a) 
The · central posi­
tion lh; b), c) and 
d) ,are the 6e, -Sf' 
and 12i positions, 
respec~i vely. 

,. 

One can assume that at a further decrease in the temperature, 
complete ordering of metal atoms will take place and such PT will 
lead to a lower crystal symmetry which' will be fully determined by 
the type of positions. For inst;wce, on~ ofthe three possible variants 
of complete ordering of the metal atoms for the position Sf with the 
~ave vector k=o leads to C~v SG.• · .. 

· Note here that PT to the glass-:-like phase is observed iri the C6o 
crystalat decreasing temperature;: Hence,- the above situation of com~: 
plete ordering of the metal atoms will probably take place. in:the case 
when the PTtemperature to ,the glass-like phase is below the ordering 
type PT temperature. ' 

4. Results 
~. : . . 

'. •. ' • ' . . . .f, ' ' 
In conclusion, one can note that the free energy. expansion ( 11) 

o-btained on the basis of symmetry':·analysis describes the PT to the 
orthorhombic' phase in AC60 fullerides. In· this expansion -the pri­
mary OP. connected with the orientational degrees of freedom of C~o 
riwlecules and .the secondary OP connected with different degrees of 
freedom of the metal atoms interaCt with each other and the lattice 
strains. The obtained fr~e energy representation describes the exper- -
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imental observations of spontaneous lattice strains following PT and 
also permits the .predictions ahBut prqbable change~ in metal atom 
positions to be ~ade. Note that th~)i~ear int·~~action 'pet\yeen pri­
mary OP ~; and secondary OP ~i takes place fo.r the Sf, 12i; 2:'j and 
24k positions .. J'his interaction ahvays leads.to.an incr;eas~in 'the PT 
teii1peratu~e. [8]: - ··· . ·. · 

-~· 
Tc(AC6o) = Tc(CBo) + {fjj4o:83, '(12) . 

• ' :~ ~ - j _. 

where o: > 0 (see (2)) and all 8; > 0 according to th'e" requirement 
of crystal stability with respect to small variations of.secondary OP 
(see ( 10)). · So, the· presented theory explains the increase in the PT 
·t~mperature iri AC60 fullerides in co~paris~n with:the 1C~o crystal. 

.For the experimental determination of the metal atom' positions 
in AC60 we plan to perform diffraction measurements with X-rays or 
neutrons of the type reported in paper [1] but using the symmetry 
analysis made in this paper.. :::• , . ' .·r;. 
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AKc~Hos B.n.; OcHnb~H IO.A., WaxMaTos· B.C. 
<llaJoBbiH riepexoJl s KpHcTaJJJJax.cpynnepHJlOB AC60 (J 

Pa3BHTa cpeHOMeHOJJOrn'leCKIDl Teopml naHJlay' 
B noJJHMepHonoilo6H}'IO cpa3y B Kpm:rannax AC60 JA 

O~HCbiBaeT CllOHTaHHble JlecpopMaUHH KpHCTaJJJJWiecK< 
npe)lCKa3b!BaeT 'laCTH'IHOe ynop~JlO'IeHHe aTOMOB lUeJJ 
KOTOpble B03MO)I(Hbl B OKTa3JlpH'IeCKOM OKp~eHHH M( 

TeMnepaTypbl B03MO)I(HO llO~BJJeHHe eme OJlHOro Cl]J) 
K llOJJHOMY ynOpMO'IeHI;IIO aTOMOB Menuma. llaHO 061 

, I . 

paTypbl <lln B cpynnepHJlaxAC60; no cpaBHetmiO C C
6 

Pa6oTa BblnOJJHeHa B na6opaTOpHH HeHTpOHHC 
0115111. 

OpenpHH; ~JIHHCHHOro HHCTHTyra JUiepHhiX -HCCJIC 

· Aksenov V.L., Oss_ipyan Yu.A., Shakhmatov V.S. 
Phase Transition in Ac60 (A= K,Rb) Fulleride Cryst< 

. The Landau phenomenological theory of phase tr 
like. pha~e in AC60 (A = K,Rb) crystals is developed. 1 

spontaneous crystal cell strains.following PT and als< 
of alkali metal atoms ove~ positions allow~ in the o 

molecules. At decreasing temperature the appearan 
. which leads 'to complete ordering of the metal atoms 
·iii the PT temperature inAC60 fullerides in comparisi 
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