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ELECTRIC QUADRUPOLE INTERACTIONS
IN THE CdTI0, PEROVSKITE'

' J R Baumval? F C Zawislak? R N Sanena”
and Lucia Jahnet?

ABSTAACT

The TOPAC tachnigque has been used to messure ths EFG at the Cd ate in the parovikita CdTal., The
wxparirmantal rasult obfmned et 783 K sm comparsd with lonle latcice sum calediaticns of the EFGy In additkon
mastramenls at 16 and 77 C show thal no conssderable mod ification af the EFG |3 obsrved ot the Cd  sie o
Ternparaturet below and above tha proviously deschibed phage ranition et GO K

t = INTRODUCTION

The number of simpla ferroelectrics and antferraslactrics of the oxygen-octahedral type ik
snall  Consequently the synthesis of CdTi0, and the observation of its prapertias 13 of conaderabla
interest A companson between the propertie: of cadmium and the best studiad lead perovekites s alsa
of intarast

The ferroelectric ?ermrslr.rte typa pompound l‘;}l:ITl'l]-3 hat heen iovertgated by vanous techmouet
sueh s Xrey diffraction 128 temparature and pressure dependence of the dielectric constant mn and
infrarsd spectroscopy'>! A considerable amount of information has been obtained fram these
measurementd concerming the crystel structurs phese wansimons and dielectric properties

Another guantity of great interest 15 the ternsl electric Neld gradiant {EFG) Since the EFG
reflects the microscopic charge distrbution 13 determination and especially the investgstion aof =
temparature dependence should give valuable wformation abowt the orysealy In fact measuraments of
the EFG have proved to be a very useful tocl for the understsnding of the mirastructura of the
antrferrouiactric: [ead perovsknes PbHFO, 8} and PbZrGH‘:”

In ordar to extend this kind of investigation W the cadmium parovikites we hive performed a
saris of pracise measurements of the EFG acting on 77 Cd nucler in CATW), using the timediffarentisl
parturbad anqular corralation (TDPAC) mathad

2 — ANGULAR CORRELATION MEASUREMENTS

Tha TOPALC of two successive ¥ rays n a nuclesr sequence messures directly the intersct om
betwaen the nuclear moments of the intermedrmate state and the hyparfine field acting =t the uclaus
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Astuming pnly stahe quadrugole Intaraction oriented randomly (0 space and 8 nuclanr lavel with spin
1= (5/2} the engylar correlation can ba axpressed by

wign = Aﬂ’ + ﬁuﬁulﬂ P,leos 8] + A, G, It P icoed)
where the perturbation factor G, {1} 1z given by

k| &
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Tha amplitudes [ and the fraquencies W, depend on the nuclear quadrupols frequancy
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sndd on the asymmetry parameter of tha EFG tensor

va ~ Vyal

n -
I

v

iz

The term [ = (3/2ko t ] gwes the Lorentzian distribution of frequsncies having a half width =
half maxomum of ﬁmn This meams that the measurement of the Gn{ﬂ perturbation factor containg
information of the magnrtude of the meamel component of the EFG W, acting at the nuclaus 112
symmetry 7 {esentially @ geometry dependent parameter] and the degres of sprexing § of the EFG
Tha PAE formalsm for static mteractions 15 dascribed in Ref (187

Tha polycrystalline Er.lTll.'J perovikite was prapered hy the following prunudu.ru CdO and Ti0,,
weare mixed i the sioichiometric ratu:. pressed into a pellet and $intered at 1000°C for 120 n & mn
atmozphers In ordar to pravent the sublimetion of cadriem oxkde The samplo was subjected to X ray
diMraction apalysie to sonfirm the struttura

Tha radwactva prube nucle warn ohtained by prnton Irradiating the CaTi0, sampla thus
forming *1'in through the ' Cdtpni *1Min reacton The P1lin actvity with haif e T, =284
dacays by electron capture populating nucledr leyals 1 ed we I'nﬂ meakrad the A l."rﬂltl
coetticients for tha 247 keV leval {spin §=(5/2) and 7o, =BAnsec) i '17Cd via the 179274 ke
cmycade The exparimental reults for temperetures of 203 77 and 18°K ora shown in Figure 1 and the
parameters extracted by computer fits mra displayed 1n Table |

In arder to check the lattice posmticn of the probe nucle produced by the (p.n) reaction in
CdTiD, the sample was annealed for 4B hr st 1000°C ta elminate poasible redution damage and the
AHG?'.'J!] coofficient was Mmessured agn goving the same result s befors annealing Thin means that

y u:nl nrl not displeced from the (ettice positiors rd that vt the tima whan the ¥ rays s
sitta tha 11'Cd ions 1tay at repular lathice spes Ag s additional proof of thik point wa hiea
performed a secomd experiment which consisted of nautron orradiating the GdTIG‘ and producing by
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Figure 1 — Ag3Gqq{t} Costficlants at the "7 Cd Site in CdTiQy for the Proton Irradiated Sample
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tha rasction ”nﬂdl:n"rll”mﬁd the isamenc stete at 397 keV ' 'Cd with Ty =48m Ths sate
deceyn through the cascade 160 247 kaV v the same Z247keV leval The AnGﬂ{ﬂ ooefficlent
maysursd for thu cazcads [s shown v Figure 2 whers the fitting wa parformed using the same o and 1
obtained from the proton irradlated wample at 203°K (pea Tabla 1} A larger 5 =0 (8% was used in thh
fitting Due to the short half life of the momeric state, 1t s difficult to perform a preciss mxpariment,
with good statstics but within the arrors the results are the sarme a5 for the proton produced sampl
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Figurs 2 — Ajz3Ga ity Coefficient at the ' ' Cd Site In CdTIOy for the Nautron Activated Sample
Calibrstion B neac/channel

Usirg for the nuclear quadrupols momemt of the 247 ke state the value of =10 Trzpl!
wa obtain the experwnental values of tha maximal component of the EFG 'U’“ for the threo meswunsd
temporatures The resufts are b Table |

4 — DISCUSSION
From X ray diffraction studus'®! the following tacts have bean sstublished

al l::n:l'l'nl:.l:t hat ortharhombw; symmetry with four malecules in the unit call and Iattice
perameters a=5348 A b=7B15A wnd c=5417 A (sse Figure 1 In Ref 2))

bl Three wpace groups wers considered for the crystal namesly Pemnli}, Pemn(2) or Pc2,n

c} The space group Pemnl1) was readily aliminated by consderstion of the {0kl} k odd |
emn class of reflsctions

dl It Is not posuble to ¢himinata easily either of the two other spece groups Ewven so, the
maximumn poslbihins of the technique ware axplored In order to establlsh tha lon
displacemants in tha orthorhombic structures and to find the resl specs group The rsult
wag to proposa the Pe2,n space group for CATIO, and to establish the pomtion of sech
Jon In the wnit call {soe Tabla [ and Figura 2(a} in Ret (#)

Ag w first ftop In the analyes of our results wa parfornwd a calculation of the lonic EFG scting
st Cd nuclui in CdTiO, by the fattice sum method!'®! In this cakoulation we Included the monopole
and dipoke conthibution to the EFG using the pasitions of the spece group Pe2,n proposed by Key and
Mites'®!  the nomimal cherges  tha electric dipole moment of swch lon in the unit cald & glvan In
Ret 1% anct the Sternhaimer antihelding factor 1-_=30'2 The dipole contribution s small
tampared 10 the manapols contributlon in the cawe of CdT 10, Tha result of this celculsmion u
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V::h’.‘ - 316 = 1ﬂ17 n'l:llﬂ =0a3

These values are to be compared wath the experimental results at room temperatura [ea
Teble 1}

Tha discrapancy betwean the calculated and the axpenimantal vatoes of tha EFG an be In
principla sttributed to the departure of the real structura from the structora used in the calculation and
to tha covalency contrbution to the EFG  Ax demonstreted I:\vl;’f::m!{Tr B 6 Xray techriques alone do
not necessariy yield the structure of thewe distorted perovshoites Some studies have been sueceesful anly
when X ray nformation was supplementad by neutron scettening deta Morgovet In the cass of EFG
merrernents at the HF sbss in Pthﬂ and FhErD whowe structures an@ very well known from
combined X rey ard  neutron duﬁrachan exnenmanrts Forker et al !4 3! have obtained very good
sgre=mment betwean the sxperimental valuas of 7 and the valugs cbtained with point charge lattica sum
caloylations 1n spita of the cissgresment batween the sxperimental and calculated V_ values Thes
indicates that a covalancy contribution o tha EFG i» presant in thess compounds and that it o
1sotrapic.

In & secord caleulstieon we heva taken the Pemnl2} space group This spaca group was
elimnated by Kay and Mies'®! on the bass of X ray tiffraction measwaments but as we menticnod
before the elimnetion of this spece group wsing only X ray techmiques 5 rot conclyuve Tha lonlc
shifts permitted by the Pc2 n and Pemni2) space groups are very similar sxcept thet Pemni2) imposas
certatn restrictiong on the displacements ‘Wa have 1mposed thess rastrictonrs and conservad tha lonkc
duplacaments datermined by Kay and Miles which ars common to the spaca groups For the ¢
duplacements of tha O, and O, 1ons we have takan arbitranly values of ~003 and + 003 respectively
The powtions of the variows ong are thown n Table |1 With this structure we have obtained

v
v =905 x 10" o -0

We note from this result the very good agreement batwean the experinental and calculatad
values of i and wgain the axptence of an essentinl covalancy wontribution to V., Unferunately the
sign of 'u"l Wi not measured  Assurming & positive sign for V,, the covslency nnntrlhutiun must ba of
tha order of 40% of the ionic cantrbution with opposite lhpn An V‘“"’ s larger in modulut thin the
sxparimantal valua, it means that in EdTrGJ the covelant unntnbutlon to ¥, het an oppaits tigh to
that of tha ke contribution indupendently of the sign of "u"“

S0 smuming thet the covalent contribation to the EFG st the Cd site in CATi0y 18 sho
wotrapic, this anatyss indicates thet the space group Pomni(2) is sbls 1o socount for the sxperimantal
rosulis arxt has to be taken into eccount in tha dascription of the structure of CdTiQ,

It k& vary imtaresting %0 point aut thet this configuration for the structurs of CATi0, was
suggerted by Hm“” who clumad thet bacamse the Cd lon Iy hald by wasker shectrostath bond
strength In the structurs (2/12 for the C2-O bond as compared with &/8 for ¥1-D), It tearrs likaly that
the cadmium iom are diplaced and the Ti lons ars undisplaced or hwva very smasll displacamensts This
tendency, reinforced by oxygen displacamentt brings the Cd lon clesar to six of #ty rwighbouring
oxygans and further away from the other six resulting in 8 8-coordination for the Cd jon which b mom



Tabla 11

lonic Posltlora In CATW)y Used in the Lathice sum Calculstion

of the EFG with the Space Group Pocmin(2)
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wynopriate to 1t radius Using the datz of Table Nl 1t s rFasily to vanfy that the Gd ons heve six
nearast naighbour oxygana in this structure

Finally we consider the phase transibon at 50 K'1"! It was suggested by Smotensku! '8! th
this 15 a wanstran from the farroelectric to the paraelsctric state

The axparimemntal AHGH{t] coefficienty obtained at 16 and 77 K have umilar values and there
15 no large vanation of ¥, and 7t observad at the Cd sites {see Table I} The small decreass of V. and
1 from 16 to 77 ¥ s due to lattice expanswan andfor vibretion

Wa would (ke to comment on thi result noting imtialiy that CATWO, o 2 duplecw
ferrosiectric and thet a trergition from the fermelectnic to the paraelectric state n this class of
forroelectnics = in general accompemed by & change in the symmetry of the arystal This 15 the case of
BaTi0, FbHIO, and PbZrO, On the other hand sarler measurements of TOPAGH 7 141 o these
cormpeunds showed that a symmetry change of the crystal couses 8 drastic varabion of 1""::. and |
Although all thase mastraments were made with tha probe nuclsus {1 817a} at the pogimon of the B
wns (Tr Zr Hil in these ABD, perovskites we would also expect that a symmetry change 1n CdT:0)
would causs a drastic vaniation of the EFG st the ' 'Cd prabe nuclegs whieh occupias tha site of an A
wn If this 15 really tha cams than the exporimentsl results indicate that there 1 no symmetry
modification argund 90 K and the phase tramsition s probably a4 transmwon from one ferroelectric stava
to another enalogous to the sntiferro antiferroelectric phase tramsitions i PbHfO, at 163°¢115! and
CdHFO,, a1 805°G!*7 ' This 15 not a conclusive argument nat only betause thare could ba a symmetry
change which does not caise a drastic vanetion of the EFG and the Cd site but also because even (f the
symirmetry change oscurs st EO" K 1t eti)l gan ba a transition from ona ferroalectric siata to anather

The nature of the phasa transition at G K jn CdTi0), his bean discumed by Lyubimov st
al 10 \ho claimed thit this may be a tramution from cne ferroalectnc state 1o ancther

4 — SUMMARY

In this paper we report precisa TOPACD measurerments at the Cd mite (0 the ferroslactric
perovskite-typa Sompound thTuDa

The sxperimantal values at room tamperature of V,, the maximal component of the EFG, amd
R the asyrrmatry paramater are compared with wnes lattem sum caleulationd Th cornparson Batwaen
the experimental and calculated values indwates the axistapca of an sssantml covalency contribution to
the EFG Asuming that thn contribution 15 sotropic good sgresment with the experimental result i
obtained f we describa the structure of CdTi0, by tha space group Pemrd2) and F we sdmht 2
covalency contribution to V,, which s of the order of 40% of the Isttice sum contribution and has
opposte sign A wask point of the conclution s that we do not measurs the sign of V,, which
wasastumed poutive Howaver independently of the sign of V1" the covalency comtnbution to V_
has an opponte g0 o0 the lsthice sum conthibution

We have abo measwred tha TDPAC at 77 K srd 18 K Only & smail changs 1n V,, ind 1 4t the
Cd sute waz obsarvad batweon these temperatures Tha result 15 discussed In trms of previout

massurements of TOPAC in perovikite type compounds and a reported ferraslectric phase traraition
DdTﬁ}a at B K

Maasurgments of TDPAC at the Ti ste wn CdTiO; ond calculstions of the covslency
contribution to the EFG are 1n progress
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