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Abstract  The Jatcice vibracions of NayCOy in the incommen-
surate pliase have been studied by means of Raman and far
infrired (FLT.R.) spectruscopy. The results exbibit strong
cemperature dependences which can be relaced to those of the
ncedulation paramerers.

{NTRODUCTION

Au incommensoriate erystal structure is characterized by the fact
that lobelling of its diffracction pattern requires more than three
(integer) indices. For a modulaced structure chis means that the
puriod of the modulation is rationally indecpendent of the uynder-—
tying latcice periodicity. Therefore, incommensuyrate crystal struce
tares do not have 3-dimensional space group symmetry. A clear in—
dicacion of incommensurability is present if the modulation period
viries countinuously with respect to the other periods as a funccion
of coxturnal pavamecers (temperature, pressure, ete.).

Counscquently, in chat case a rational approximacion is physically
not meawingful.

NoyCly in its y-phase is an example of an incommensurate modulaced
structure with a strongly temperature dependent wave veector. This
phase exists below T; = 620 K. The modulation consists mainly of
rotations of the CO§ ions. De Pater! bhas reported a lock~in trans=—
{tivn at Te = 120 K. In the incommensurate phase, the modulation
amplitade and Loth length and dircetion of che modulation wave
vector vary wich cemperature. Therefore, y-NayCOq is well suited

to study the effeces of the modulativn on the physical properties
of incommensurate cryscol structures.
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EXPEREINAL

The crystals wore vrown an o platioes cracible, axing the Bridgaan
method, Lhus polydamain samples with one preferred direction alony
the cruvible were oblained.

For the FoL.R. craosmission experiments, difVerenc thin plates were
eyt perpendicular to the above mentioned dircetion (presumbly the
c~axis), whereas traaspardng regions were choosen for the Ramaen
scatlering.

The F.ol.R. measurosients were done between § X and 300 K. in oa lie=
cooled continuons [low ¢ryostat with a Foarjer transform inLerfceo=
meter. The Light source was a medium pressure mercury lamp.

For the Raman experiments, the crystals were placed in o specially
designed variable temperatere cryostat, with working tumperacures
butween 5 K and 700 K. An dct Laser (514,55 nm) scrved os exeiting
radiacion source. The scattered light was andlysed at right angles
with 1 double grating monvcihromator, after whieh the signal was
recorded with the usual photon counting cechniques. No polarization
analyzer was used, because ol the lack of single ceryseals.

SELECT 10N RPLES

The selevtion rules for LR, absorption and Ramin scattering are
closely redated Lo the cryseal symmetey, (n the case of an in-
commensurate stracture, the lack of trapslutional sywmelry probhibits
the use of ordinary space groups. De Wolif? and Janner and Junssen3
however, huve shown that higher (3+4d) dimensional so called super=
Spacegruaps <an reslore the translutiona! symmetry {or incommen~
surate structures. With e help of these superspacegroups, one

can {ind Lhe appropriace sclectivn rules (Janssen®).

For the case of NayCoy (superspacegroup PC% M in the incommensurate
phase and spacegroup C2/m in the normu] phns;). vhe resells can be
found in ‘fable 1.

TABLE | .\'l(lﬂl ser ol \\n(\dcs in both pliases, indicated os
ormal ¥ l‘_,; irionals vxl:r..anunAl aud rotationdl
rodes only coneern the COq ions.

. Cr) {y) Cr) g L e
(,-'h nupt “r()t "vibt aveivicy
A 445 1+ 4 4+ A Rinuan
4 2 o+ 10 242 "1 + 8 Ritman
A } o+ 10 2+ 3 2+ 8 1.K.
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RN RESULTS

Tepical resulis of the measnrements are the following.

part of the low frequeney Fol.R. spectrum is shown,
Lopether with the temperature dependence of the made {requency
Grear SU em™ ), For 1l modes observed, a shift with incereasing
temperature towvards lower frequencies is seen. At temperatures
above 300 K the transmission becomes too small for measurement.

AL hS K Lhere is a cunspiaunus change in the o(T) plor, which can
also be seen in the width of the mode as o function of temperature.
A comparable but less significant change in the slope of the w(T)=
plot is scen at 120 K for another (w = 63 em™!) mode.
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FIGURE | Lefr: Temperature dependence of the {requency

of the mode near 50 em™ ).
Right Low frequency F.I.R. transmission spectrum
for various cemperatures.

Raman Speetya

To Tinares Zand 3 some w(T) resules are shown for the Raman
measnrements. A strong temperature dependenee in particular at the
highest tenperatures can be syen for the external modes (figure 2).
In Tact miany modes are i) l-~defined due to the large thermal
broadening with increasing temperatnre. For the internal modes

(two ol witich are plotted in figore 3), a less strome but never-
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thetess obvious tepperacure dependence is observed. AL interaal
acelux agpear in pairs ore even criples, the Urequencye ditteremes
Lor pairs tending towirds coro on approactiiog Tio The latter
tendency (s nat phserved toc all interoal modes.
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FIGURE 2 Raman shitc vs. tem- FIGURE 3 Ramun shifts vs,
periacerd for the low fre- tenpertcure for the
queacy external modes. law [requency in-

ternat (vibrational)
medes.,

The strange und steong temperaiure dependence of mimy wodes could
be explained by the combined influence of the temperature depend=
ciice 0f the modulation wave vector and the amplitude. The conneet-
{on between the cwo can be found by considuring o hiurmonic osctl-
Litor model Tor an locomgensurvate syscem, This model, applicd to
Rb,Znbr,, bas been discussed io vel. 3,

Swmmarizing, we hiave obscrved many modes with a stronyg temperatyrd
dependence. An expluniacion for these results is being worked on.
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