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Ab~tca.ct The l.::ttcic.:C:! vibrations of Na 2co3 in the incamm~fl-
s ur;tlt..: pltasc have been studied by means of R.lmon ond fJ.r 
it,fr •l:-c<.l (F.I.IL) ~pcctnJ:>copy. The results exhibit strong 
c.e:IIP<.'r:'lturc dcpcndcnc.es which cJ.n be related to tllo:>e of the 
nt<..:d u ln t ion p.:1run1c tcr:> ~ 

J NTIWDUC'flON 

An inr..:0mntcosurate cry$tJl structure is characterized by the fact 
thut l.;~bcllin~ of it:; diffracdon p.J.tt:~rn requires more th.:m three 
(int~.:,.;cr) indice$. fo'or .:1. modulated structure c.his means that the 
JH.:r iuJ uf the modu L;ltion i:-; ration.:tlly indcpcndenc of the under
tyin)..; lat:cil!e periodicity. 'J'hcr~forc, incommensurate cryst3.1 struc
tur\.!s do not have 3-dimcn.s{onal !lpace group symmetry. A clear in-

<.1 i c;lt i.on of inr..:onmH . .:nsurabi l ity is present if the. modulo.don period 
v:1ric:-> continUtHJsly w~th respect to the other periods .:ls .:1 function 
uf ~Xl~rn~l r~ramct~r~ (temperature, pressure, etc.). 
Cun~..:qu~nc.ty, ~n that c.;~~c a rational .:1pproximJ.tion is physic.llly 
llut me:u\in~-:ful. 

1'\a2cu 3 in i t:s y-pllasc is .:1n cx.:~mp le of an incommen~;r..Jr.:lt.e modul.lt.ed 
structm·c ~o·ith a strong.ly temper.:.Jturc' dependent W.JVC vector. Tbis 
ph~~<.: ~;xists hduw Ti "' 620 K. The modul.:~.tion consists m;~inly of 
rotoLiuns of the CO:) ions. De Pacer I h.:ls reponed a lock~ in c.r~ns
i.t.i•>n ~IL Tc"' 1201\. In the incommensurate pl\.:1se, the modulotion 
~1mpl i.tuJI.! and both ll.ln~-:Lh .:1nd dir~c.:don of th~ modul.:Jtion w.:1vc 
v~~t:c..a· vtlry ~o~ith t~mper.1tur~ .. Therefore, y-N;J. 2co 3 is v~lt suited 
Lo . .;cudy the L·ffcccs of the modul.Jtion on chc physic.:~l properties 
o( itH:ommensurate cry:;r.;.~l .structures. 



11 \11 I )...! ~. ,., •tl. 

·r h,• .: ry" t.d :-. "''' r~..· ,. r.,-..;11 i 11 ;.~ I' L1l i nu m ,. rut:. i h l ~·. 11 si 11;: l h~..· B I' i dr.:;l.lll 
m~..•thnd. liH!S p.>)~,!.• :n.•in . ..;:n:•pl,·...: 1 .. :ith un~..· pr...:f~.·rr~.·J Jir,:,·ti"'' .!1,•11)', 

Lh..: c nll· i h l '-' ~..:c r~.: ,,LJ L:r i n ... ·J. 
Fur tile F .. ! .. !.: .. (l",lOSIIli~;..;ivll <.:~:p .. ·ri:::<.:t\L~. uifi"~..·!'L:\H .. thill pl.llV:-' \..:.·r,· 
C..:IJL p~.·rp~.·nuicuL•r t-> lilt.• :tl>uv..: r.ll. .. •l\ti,'"~.:u dir~.·,·ti,•n (pr<..·suw . .tll~· th,• 
t:-:..~xis). wh..:rl.!~:> tr;1nsp:.~r.111L rL:~;ivn::. '.t.:rc ..:lwus~.·u (,•r L[,,. 1\.11!\.11\ 

~C:It l L'I" lll):.:.. 

'l'hc F. I. 1\ .. m~.· : t .•wr<.'lliL'OtS" w~..·r(..• d~Jll\! L>..:tw~..· ~...·:l S K :1nu JOO 1-.: in .'\ lk:-
n)olcd cL•ntinuUliS flow (r_yu..;L:It. witl• :l 1-'ouriL·r Lr:~nsfurm tl\t,·rl'~.·r••
nlt.:Lcr. l'h<.: l i~ht s,,un:~.· \.J.Is .1 m..:dium prcssur<.: m~rt.:ury L1mp .. 
F,)r the R:~tn:w L.!xpcrimcn~s. th~ cryst:Jls ~,o,•cr<:! pl,I~L.!d in ,1 sp~.:ci:•lly 

<.kd,._:.11<.:d v.•ri;;bl.:! tL.!nlpcraCl.:r...: cry,lst.:.tt, with \.'Orldn~ c...:mp~r~tcurt..:s 

b~tweo.:n S l\ :mJ 700 K. An Ac+ l.1::;ur (Sl.!t,S nm) ~..:rv~J :..~s <.:x<.:i.tin~ 
r;Jdi.tc_i,,n suurc-c. Tlh· st:;Jtto.:r~u li~ltt w:.~s .:.~n.•lys~J at ri~\tt nn~\<..:1'1 
will! ,1 J•H1bl.; br.lting m0th'<.:hr\)l'i1:ltur, ;JftL.!r which tbt.: si.p1.:1l was 
r~..:<.:oYJ..:u ...:icll Lilt: usu.tl pl1utnn eounting c...:~.·hni.qu...:s. No~ pu!:tri.%:tti.nn 
an:tly:.::..:r W.:\.S usl.!d, buc-;~us..: ol the l.:~c.:k u( sitl~ll! ~:rystals. 

SEI.l·.C'J'!O.'i l{l\LES 

Th0 ,;~· ll't:t iotl rules for l.l~. ;Jbsorrt ion and l{;1m:..tr1 scattt:rin~ Jrc 
cl\,;l·ly r,·):tt•·d L•l th~..· (·ry-:t:!l S)'lllm,•Lry. In LltL' <:.ISL' ,,( :111 Lll

comnlt:t\snr.ttL' :-;~nn..:turL·, tll..: L.>...:k u( tr:msJ:~ti.(lt\al syu•n•~.:Lry pr,,llihit.s 
th<.: us~..: nf of'dl!l:try sp :l~L! f.\roups. De \-.'ol (f- .lllo J~Jnnc't" :1ou J:tns~<..:l\) 
h<~\o:t'Vl·r. h.Jv,: slw~,o,•n t h.tl hi ~-:her ( 3+J) d iml.!ns ion31 ::;o e:1ll o.:d supc r
:;p.H:\'gr"tq•s ..:.1n r..::.Lur ... · t!t~· lr:tnsl;;tiun;tl synullctry f()r in<.:•lHUIIL'I\~ 

~ur.1t•· :ilrlH.:.turc:~. l~i.Lll Lit<: h~lp of lh..::;<.: sup...:rsp:tc...:~rnups, un~; 
c.-w f i11u Lhc .q>prurn· i:.ltc !jC t~.:t iun rule:; (J:tn!>SI!n4 ). 
F<~r ll!v t'.tS«: t•f :\a 2Ct)·3 (~u~o..:rsp.-lCC;!t"ullp pCt/~t in th~ inc.:omm.::nsur:tte 

pll.L-;c .tnd sp:ICL'I:,:r"llup C2./m ll\ the 1\Drnt-..J pl\:-tS<=), thl.! rcs•dLs c:111 h~.: 

found in 'l:tbl <.: 1. 
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\'\ 1\,~rm.tl + 1'.~d3ici.>n;tl; vibr:tLiunal :1t\u r•tl;llton.!l 
r.,,,J ... ·~ unly ...:uncl!rn th~.: eo) ion:;. 
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F. l.l~. Sp,·, · tr .l 
·, ·ll· ··i"C·~·-,:-, .-, · · -:-;··p:.rt of t h<.' low frt:<JIIt:nc.y F.l.R. sp<:ct rum is .shown, 

L••r.•· Lhv r wi th Lhc• LL'IIIp<:rat ur~.: <l<:p,• n tkn t:t: of the mode fr ~.: q <H:n~y 
{I ll'.! I' )(I ,·m- 1) , Fnr .1ll llnHlcs o\.}s,~rv .. ·d, a shift \Jitll incrL· ~tsiog 
lvmp~.·r.tlttl'\' l,H.J:1rUs lPWL•r freqw..,•rH.: il."S i s seen . At tempcr~t urL·S 

.- d>»Vv JOU K thv tr;llh'niLS,.;it>ll bc:t:um.:~ too sm~ll f or mc~ .~url!mcnt. 
Ill h'> 1\ Lh,•rc• i s " · · n ll ~pit:U<>lls c: h:~ng<: in th~ w(T ) p lot, which CJn 
:llsn l>v ><<.' c'll i ll th..: wi dt h u f lh<: modc: ~ s :J f unction of t<:NI' '-'r .H ur<! . 
A c:•hllpa r : li>lc• hu t l ess signifi c ~nt clwngc in chc sl o p e of th« w(T) 
pi•>L is'"'' '" :~ l 120 l\ for :.>no th~r (w "" 63 cm- 1) mode. 
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Ll!f t: 'l'e:mpc·raturc· d<:)>CII<.lc>ll t' O.: of t ht• fr,·quc'lh: y 
o f thl! mndc nl!:Jr 50 cm-1. 

Ri ;.: ht: l..>w frc<Ju~ncy 1'.1.1\. cr~nsmission spectrum 
f o r v~lr i'-,\ IS t elu pc r~l t ur ... 'S. 

· 1.\ ··,.;;,-,=-,-;:~· T -:o nd 3 s ""''' w(T) r l'sul t :-: ;>re she>l.ln for thl' R~m.1n 
uu:a::IIJ"t·ul\·uts. A s Lronr. lt'llll'l'l' :tlur*c dl'lh.'IH I~o•!H'C in p:t rticu1 ~lr ;1t.: t b t.: 

hir.lu:~l l\'lllpL·r;I L ta rc.• s r :t11 be ~lj.Ct l for the L'xlern~tl mlHJL-s (fi~urL" 2). 
ill f:. C L m; lll)' IIH>th• s ;1rl' iJ 1-ucfine<.l <.luc tu the l;Jrf;<! thcrm:ll 
hrn:td\· n ing wil h in~·n•:t};illJ: t~.· mp~.:r ."'llllrc. For the int crn.:ll mod e s 
{Lwu \d wh i \ · \t ;1rv pl,lll\.·d in fjgt lf"L.' J)~ :1 lc.'SX st r- ong, bul lh.' VL"r-



11 ~Ill Id·'·,.,.,/. 

lhL·l~·-...'i <~bvi<nl-> to..•tllp.:r.tLt:r,• Ul'IIL.:!Id~·n.:,· i~ <10:-,~·t·v, ·J. ,\!I i:ttvrn.tl 
ntud,!~ .l\'\'V.\r' in jl.ttrs liT <.:V<'\\ LriplL·~. tit\.' ll'<-'<[1\o..'lh'Y diti\.'Tl't\''\' 

J,•r p«ir:-. to..'th!lll).!. l.>I-.'.I!'J : ; .~<·t·,, 11:1 .tppr.>; tc!tin).: 'l'j. Till' l.<tt,.,. 
l<' llllo..·th'Y is II•'L ,,h1'<..:n:vJ I or .Ill inl<.:r\\;tl hi<)(.J..;s, 
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The Sl r.tn~..: :ntd ;:.t t:'otl).; t...,t:>[h!T.tll!TI-' ul.!p<..:rld..:tH:<.: t•f m:tny t:ll•Jv.'> t:<Htld 
bl.! ~·~p!.tin<.:J by ~ht.: C<Jmbi.ocd inf lut!OI..!C of the tempt..:r:..tturc J,:pcnd
o..'l\CI.! ul tile modul:tti,>~ . ...,avc Vc..!~t<lt" .:JJ\d the ••mplitudl!. l'h<.: coJ)ncet
it~n h.-v ... ·o..·l.!n tht..: c-..·,, can bL' lLIUl\d by L:L>n~idl.!ring :1 h:tr~l'nic ()~<:i l
l.ttuf' !\h.'UI.!l [,,r .tn Llh'liiiiiUl' OSuraLl' sysco..•m, Tlti~ moul..!\, :1ppl [~.:d to 
Rb_~J.nt;r~, h,ls b<.."t!n di:il'Ln.;sl!d in n.:.f. 5. 
Su:unt:tri :.:ing, · .. ·c hav..: ubs~.Jr:VL'(.) r.t.ttlY rnudt:::> with d !:itronh t!:!mperi.ltur.; 
de[)t.:l\Jl.:nL:I!. ,\n cxpl:H'tation for tllcse results is bl!ing workl.:d un. 

I. C..: .. l. J<.: l'·ttL'r .tnd !LU. lk·lmhol<..!t., Phys. !~cv., B_!2, )7J~ (107')) • 
.!. t•.~l. tic \.',tlff, ,\ct:l Cr\':-t., J\"J"J, 4Y3 (1~77). 

'L ,\. J ,1 nn ,.r .\!H.l 'f~li\%~-;=;-:-Phv~ Rev. • Ill 5, 04 3 ( I Y 77), 
!\•~L..:!.,J.:.!:.i:_:'..!:..:., .\~, "3')() (1 1JI'i0). -

~. T. .l:tnsscn, J. 1-'l,ys. <.:: Soli.J St:.~tt.: Pltys., 1~. 5'.!81 (J97Y). 

5. Th. 1\il!iini;:, P. ~~yd~.:.r :..ttH! A. J.:1nncr, r. J.:.~ns~n. ~·.::..:.__~~.:.• B~, 
i)L!~ (IY~2) • 

. \...:knu '.Jl<.:d 0 t:lllo..:nc. - 'l'lli~ 111urf.: i.s p.JC'l uf Lllc t"I.!SL:ilrt:l• pn•;.;r:uu ,,( th<.: 
Sti.cltl iny, VliOr l·ut~<..l.t:u...,ncl.:vl Unu<.!rZul!k dcr i·l:ltl!riu (F(111nJ :ttion l'nr 
Fttttd :tlu•·nt:d f{cst•drch 1111 ~!:tlt<.:r) :tlld IJ<I::i m:'ldl? r>;:ssibll! by fin:t~\t:t:tl 
:->tti'P''rt lr'<llll lit~ · >.\•<krl.wJsl· Org;tni~;.~Lit~ voor /.uiv..:r-\-'t:LL"llSt:ltiljlfH'

lLjk Unu<.:r:£uL:i< (~~o..·Lin.·rLtnJs Or;.: .. .llli~.:.tl i.un fur lit..: 1\Jvartt'.t:t:tt' IIL qf 

J'lll'L' ~~c'SI.: i iTI ' il). 


