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Electric-field gradients at 'Cd in delafossite oxidesABO, (A=Ag, Cu; B=Al, Cr, Fe, In, Nd, Y)

R. N. Attili,* M. Uhrmacher, K. P. Lieb, and L. Ziegeler
Il. Physikalisches Institut, UniversitaGattingen, D-37073 Gttingen, Germany

M. Mekata
Department of Applied Physics, Fukui University, 3-9-1, Fukui 910, Japan

E. Schwarzmann
Institut fir Anorganische Chemie, Universit&adttingen, D-37077 Gttingen, Germany
(Received 31 July 1995

The electric-field gradient of-in(EC)'*!Cd nuclei at cation sites in the delafossi®es'B* 30, have been
measured using perturbed angular correlation spectroscopy. The radidattivieacers were introduced into
the samples via ion implantation. The temperature dependence of the electric-field gradig@uoi the
compounds CuFef) CuAlO,, CuCrQ,, and CuYQ was measured in the temperature range 14-1073 K,
whereas for AgCr@, AginO,, and CuNdQ only measurements at room temperature were carried out. In each
substance at least one electric-field gradient with axial symmetry was found and attribiBesites. The
scaling of this electric-field gradient with the cation-oxygen bond length is discussed and compared with
predictions of the point-charge model and measurements in binary metal oxides.

[. INTRODUCTION observed, which is a stacking variant of tRephase. The
R3m delafossites in the hexagonal descriptidfig. 1(b)]
The perturbedy-ray angular correlation methoPAC)  (Ref. 10 have the lattice constanta=2.8-3.8 A and
has often been used to study, with the help of the hyperfine=17-19 A and the unit cell contains threeBO,. For
interaction of radioactive probe nuclei, the properties of sol-P6,/mmc the lattice constants ara=2.8-3.5 A andc
ids on an atomic scale such as magnetic and structural phasei1.2-12.3 A and only twéBO, are found in the unit cell.
transitions, chemical reactions, and defects. The electric-fieldch a hexagonal description favors another view of the
. y ll . . .
gradient{EFG'9) at*Cd probe nuclei on substitutional cat- delafossite structure: instead of discussing oxygen octahedra
ion sites for binary metal oxides have been systematically,q compound can be viewed as a sequence of planes with
studied in Getingen!~2 including rare-earth sesquioxid®S,  qitterent ions in the order G~Fe"-0-2-Cu"-O-%-Fe 3 Al
b,Lbet'te% SI'Mh 2OP3,)A£: and 'Fernatry . ox;gesl V‘t"ihMZCI:UZO5 [wo-dimensional planes form triangular lattices.
structure’ The experiments for the last two classes of .o va family A**B*30,, the A sites can be Cu, Ag,

compounds gave information on the local oxygen conﬁgurapd, and Pt and thB sites are Al. Ga, In, Sc, Y, Cr, Fe, rare

earths, etc. The Cu- and Ag-based delafossites are semicon-
ductors, while the Pd- and Pt-based ones are conduttbrs.
Sll?]oth kinds of compounds the conductivity is highly aniso-
ropic.

tion in terms of the size of the cation. The great variety of
delafossites, either in the ionic radii of tlBeelements or in

the lattice parameters provides the possibility to extend the
investigations, especially because the oxygen octahedra

delafossites have the same symmdiry, as one of the oc- .

. N | : : The compounds CuFeQCuCrGQ,, and AgCrQ are anti-
tahedra in the bixbyites; therefore a direct comparison W'thferromagnetri)c below their respe%ive'uae?npgatureéll
the detailed results in bixbyitkss possible. The particular and 16 K(Ref. 10, 25 K (Ref. 12, and 24 K(Ref. 13]. The

motivation of the present work was to search for a sys’[emati%resent measurements deal with the nonmagnetic phase: ex-

dependence of the .EFG' either on th? lonic size OfBﬁé periments within the antiferromagnetic phase will be dis-
cation or on the lattice constant itself in copper- and silver-

based delafossites. As the bonding is clearly more covilent cussed in a forthcoming pape.
compared to bixbyite one might expect a different behavior

in the delafossites compared to purely ionic compounds.
Ill. PAC MEASUREMENTS

In order to characterize the delafossite compounds, the
time-differential perturbed angular correlation technique was
CuFeQ was the first compound known to exhibit the used with radioactivé'in probe atoms. As a detailed de-

delafossite structure. The F&ions are located at thB site  scription of the PAC method is found in the literatdreye

in the center of regularly inclined oxygen octahedra, whichgive here only a short introduction how the EFG on a lattice
are connected by monovalent Cions (on theA site) witha  site can be observed.

twofold linear coordination parallel to theaxis[Fig. 1(a)].2 The traceless EFG tensdf; has the three diagonal ele-
The structure belongs to the space gr&®gm, but a poly- ments V,,, V,,, and V,, arranged according to
morphic one having the space groBf;/mmchas also been |Vxx|s|vyy|s|vzj. The tensor is completely described by

Il. THE DELAFOSSITE STRUCTURE (ABO,)
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FIG. 1. (a) and(b) delafossite structureF(?‘n).

the largest of the three components, §) and the asymmetry

parameter
7= (Vyx— Vyy)/sz
with O<# <1. The quadrupole constant

VQ: (eQVZZ)/h

represents the strength of the EFG ampéxpresses the de-

viation of the tensor from axial symmetfy=0).

The standard probé™in decays with a half life of

Using the Gttingen ion implanter IONAS some-10'2
1" jons were implanted into the pellets at an energy of
400 keV. Then the samples were annealed under the condi-
tions described below in order to remove radiation damage.

The PAC experiments were carried out using a conven-
tional slow-fast setup with four Nérl) detectors in 90° ge-
ometry or a fast-fast setup with four BaBetectors posi-
tioned in the same geometty. The perturbed time-
differential angular correlation in polycrystalline materials is
expressed by

W( 0,t): 1+A22622(I)P2(0099), (3)

whereg is the angle between the detectoks;, is the anisot-
ropy coefficient of they-y cascade,P,(cos) the second
Legendre polynomial, and5,,(t) the perturbation factor,
containing all the information on the hyperfine interaction. In
the case of static electric interaction in polycrystalline
samplesG,,(t) is defined as

3
Gzz<t>=n§0 Son(17)€0g Gan( 1) vot]

Xexd —gzn(7) 6tld[gon( M vot, 7] (4)

with v being the quadrup_o_le frequency_ a8, th_e ampli-
tudes of the primary transition frequencies; their values
are defined in Ref. 18. The parameteis the width of the
frequency distribution. The functiod[g,,(7) vot, 7] cON-
siders the damping db,,(t) due to the finite time resolution
77 Of the apparatus.

The twelve time spectra obtained for all possible combi-
nations of the four detectors were used to calculate the ex-
perimental perturbation functioR(t) given by

W(180° 1) —W(90° t)

RO=2 W80  n+2w9o 1) |~

5
Az Z:l fiGL(t),
5

wheref; are the relative fractions for different EFG’s con-
tributing to the PAC spectrum ar@},(t) the corresponding
perturbation factors.

IV. EXPERIMENTAL RESULTS

The various experimental EFG parametegs 6, and 7
obtained in the present work are summarized in Table I. It is
easily seen from the table that in most cases three fractions
were found. In the following we present a detailed descrip-
tion of the sample treatments and EFG fractions observed.

T,,=2.83d via electron capture to the excitdd state of
HICd. This state decays via the emission of the 171—245 keV
y-v cascade to thé" ground state of'!Cd. The intermediate
level (3%) is characterized by the quadrupole moment

After the **in implantation CuFe@was annealed at 653

Q=0.83 b, the magnetic momentt=—0.766u4y and the K for one hour in aN, stream. PAC measurements were

mean life r=122 ns'®

performed at measuring temperaturds,=20-1073 K.

The samples were prepared by mixing the constituentSomeR(t) functions are shown in Figs.(® and Zb). The

(for example, CyO anda-Fe,04, in the case of CuFeQin

measurements at low temperatu(@6—100 K were carried

the correct stoichiometric ratio and heating in a controlledout using a closed-cycle He cryostat and the ones at high
atmosphere. X-ray diffraction analyses were performed fotemperatures in an oven flooded wkh. From 20 to 295 K
all samples. In some cases the samples did not contain the EFG is characterized by a unique quadrupole pattern with

single delafossite phase. Except for Cuy@pace group
P6s/mmg all other compounds belong to tfR8m group.

vq:=124.61.1) MHz and 7,=0 (parameters taken at room
temperature From 423 to 1073 K this frequency slightly
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TABLE |. Experimental hyperfine parameters for all the investigated compounds.

Sample Tm (K) f; vg (MHZ) 8 (MHz) 7 Interpretation
CuAlO, 1 150.42.5 2.2 0 DelafossitéB site)
270 2 13023 20(6) 0.8(3) R
3 1393) 8.53.9 0.307) Al,O5 or CuALO,?
CuCrG 295 1 126.@1.4) 4.7(1.5 0 Delafossite(B site)
2 131(11) 197) 0.3 Radiation damage?
CuFeQ 295 1 124.61.1) 0.6 0 DelafossitéB site)
973 1 131(1) 0.2 0 DelafossitéB site)
2 1576) 0.8 0 Defect?
CuNdG, 1 1404) 3.6 0 DelafossitéB site)
295 2 8910 13(6) 0 ?
3 27425 98(27) 0 Nd,O5?
CuYO, 1 1362) 2.91.6 0 Delafossite(B site)
780 2 93.64.4) 6(4) 0.805) V.00
3 151.G3.6) 43) 0.20(4) 23
AgCrO, 1 131(1) 0.6 0 DelafossitéB site)
295 2 15215) 8 0 c
3 2044) 3 0 Cr0
AgInO, 205 1 91(6) 4 0 Delafossite(B site)
2 12011) (63(19 0.5 ?

8Reference 19.
bReference 6.
‘Reference 20.

increases to 132(T) MHz [see Fig. 83)]. At T,=973 K a possible to quantitatively distinguish between the@l or
second frequencyf,~30%) appears withvy,=157.36.1)  CuAl,O, phases, because the peaks in the XRD spectra over-
MHz and 7,=0. After the high-temperature experiments, |ap.
measurements were performed at room temperature which C. CuYo
showed that the second frequency had disappeared. X-ray ' 2
analyses of the samples before and after the PAC measure- The compound CuY@was annealed at 840 K for one
ments were carried Out’ Verifying that the Compound CLE:eOhOUr in aN2 Stream. after the ion implantation. PAC me:_’:lsure-
had remained in the pure delafossite phase. ments, performed in the rangg,=14-780 K, showedFig.

In the Fourier transforms of the PAC spectra, the ampli-¥ three fracﬂong labeleth, 15, andf. At 780 K the highest
tude ratio of the three primary frequencies, w,, and w, fraction f, (~46% marks the EFG withvg, =1362) MHz

t tvoical f | tall terials. Alth h th and 7,=0. The two other fractions are characterized by
was not typical for polycrystalline materials. oug €t ~31%. » ,=93(5) MHz, and 7,=0.81); and f;~23%,

sample appeared_to be a fine powder_ before the 3|nter|n923=151(4) MHz, and 75=0.2(1). Again a slight increase of

procedure, it consisted of tiny flakes which showed a texturghe quadrupole frequency,; with the measuring tempera-

also after pressing and heating. This could be confirmed ifure was observefFig. 3(%’% The PAC results for the frac-

PAC measurements by mounting the sample in two differentions f, and f ; agree with the results found by Bartesal®

positions(parallel and perpendicular to the detector plane for the Y,0; phase. The hyperfine parameters concerning the

as can be seen in Fig(1%. Y ,0; phase are, due to dynamic fluctuations, very difficult to
fit at low temperatures, but this fact is already known from
the previous workK.The presence of the, 0, phase was also

B. CuAlO, proven by x-ray diffraction.

A sample of CUAIQ was annealed at 1063 K for one hour D. CuCro,
in a N, stream. PAC experiments at different temperatures Following the **!in-implantation CuCr@ was submitted
between 12 and 710 K were performed. All spectra showedtio an one hour annealing at 711 K in a flux Nf; PAC
three EFG’s with the following hyperfine parametétaken  measurements were performedTg;=50-653 K. The ex-
at 270 K. v5;=150.02.5 MHz and 7,=0; v5,=130123) periments at high temperature were done under vacuum. One
MHz and 7,=0.8(3); v53=1393) MHz and 73,=0.3(1) (Fig. spectrum and its Fourier transform can be seen in Fig. 4. In
4). Only a small variation of these parameters with measurall spectra of this compound, two EFG’s were identified. At
ing temperature was observglig. 3(b)]. In the x-ray dif- room temperature, fraction 160% is characterized by
fraction (XRD) spectra taken before and after the PAC ex-v5,=126.01.4) MHz, 7,=0 and fraction 2(40% by
periments additional phases were found, but it was notg,=131(11) MHz, 7,=0.3. Nevertheless, x-ray spectra
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taken before and after the PAC measurements verified theray analysis of the compound after its preparation showed
presence of a single delafossite phase. As in most of tha complex phase mixture containing copper oxides besides
delafossites, the coupling constant shows only a very weakuNdQ,, but the typical hyperfine parameters for CuO and
dependence on the measuring temperaty¢rig. 3(d)]. Cu,0 did not show Ud-

F. AgCrO,

E. CuNdO, As in the case of CuAlg, CuYO,, and CuNdQ, the

After “in implantation into CuNd@ an isochronal an- AgCrO, sample did not show a single delafossite phase. In
nealing cycle af ,=475—893 K was performed iN,, atmo- the x-ray spectrum taken before the PAC measurements,

sphere. After each annealing sten a PAC spectrum was tak some reflexes due to silver and chromium oxides were ob-
P ) g step P rved; in fact the PAC spectra revealed the presence of

at room temperaturé-ig. 5, which was fitted with at least AgCrO, and CkO,,%° and the perturbation functions had to
three EFG'sivg,=1404) MHz, 7,=0; 12 =90(10) MHz, e fitted with three fractions. The fraction 1, attributed to the
7,=0, and vz =278(25) MHz, 7,=0. The fraction 1 was gelafossite, has axial symmetry and a quadrupole frequency
attributed to the delafossite phase, the fraction 2 was nas v51=131(1) MHz. The other two fractions have the
identified and the fraction 3 is due to 5@13.19 Fractionf, known quadrupole coupling constantg,=15215) MHz
decreases above 780 K, whifg and f5 increase, possibly andwq;=204(4) MHz and axial symmetry, typical for'Cd
indicating that the compound starts to decompose. Also then substitutional cation sites in £35.2° An annealing pro-
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showed single phase material. PAC experiments were carried

' ' ' CuFeO' ' ' out at 295 K after the sample had been annealed in air at
160l 2 2 1 T,=473-818 K within one hour for each step. This anneal-
0o ing procedure was carried out in air, carefully avoiding the
140 decomposition temperature of 948°KDue to the small
o o o sample size, the“in implantation was difficult and only a
oo o ® g small portion of the'in beam hit the sample, making the
1204 1 . o ;
activity of the sample quite weak. Consequently only few
measurements with low statistics could be d@fig. 5). The
1001 1 PAC spectra were fitted with two EFG’s;p; =91(6) MHz,
a 7 =0 MHz andvg,=120(11) MHz, 7,=0.5.
CuAlO, V. DISCUSSION
16{-) o o e 1 The PAC experiments described in the previous section
140_0 oo o A 3 | showed up to three EFG’s for each material. In several of the_
A % AA M A delafossite compounds, the x-ray analyses revealed contami-
= 120 0-Uno DD | nations by additional phases, either constituent oxides or dis-
o i 0 i integration products. Using the extended knowledge on
= EFG's for 1Y'Cd in oxides, we were able to identify most
o 100 i foreign phases via PAC, in agreement with the XRD mea-
> b surements. Some unidentified EFG’s may have to be attrib-
< y + t t t t uted to defects, but will not be further discussed in this paper.
3 CuYO, Table | contains all the observed EFG's with their interpre-
o 160 A AD A 1 tations. As can be seen in the table, for each compound one
w a4 A3 EFG is attributed to probes in thi site of the lattice, but no
1401 ° ® 1 1 one to theA site. In the following subsections we will dis-
oo oo cuss each site assignment in detail.
120} -
A. Site allocation
100 1 1. Chemical arguments
opo oo O 02 ¢ L .
, ' ' : ' , The delafossite oxide&BO, have two nonequivalent cat-
CuCro i_on sites in the_ir structure. Thi element with valency+-1 is
160L 2 i linearly coordinated by two O ions, whereas theslement
with valency +3 occupies the center of an O octahedron.
140l 2 | Unfortunately, from symmetry arguments of the EFG we
cannot distinguish between the two sites, which both will
C R o . 9 produce an asymmetry paramete+0, as seen experimen-
120} . o : ;
1 tally. Therefore, additional arguments are needed. Evidently,
in an In-containing delafossite compound no doubts on the
100} 1 probe location exist. For that reason, we made much effort to
d measure AgIn@. During their lifetime (T,,=2.8 d) the

1Yh*3 jons occupy the reguld site in that lattice. In their
electron capture decay they transmuteft€d*? ions. The
Tm(K] first y quantum of they-y cascade used for PAC measure-
ments is only delayed by 110 ps. Therefore, it is reasonable
FIG. 3. Evolution of the experimental quadrupole frequenciesto exclude the possibility of a change in the probe’s position
with the measuring temperatufie, for (a) CuFeQ, (b) CuAlO,,  during this short period of time and during the followitygy
(c) CuYO,, and(d) CuCrQ,. The numbers refer to the fractiofis ~ cascade. However, we cannot exclude a slight distortion of
listed in Table 1. the lattice caused by the larger size of the'€bn. If we
now discuss thé'lin sites in the other studied delafossites
gram was performed where, after each annealing step, PAGe have to collect additional arguments. From a chemical
spectra were taken at room temperat(Fg. 5). If the heat- point of view, the implanted trivalentlin ions should re-
ing was carried out during one hour inNg flux, Ag*l has place only theB*2 elements. This behavior has been already
reduced to A§and the delafossite decomposed into constitu-observed in some other families of oxide compounds. In the
ent materials. Therefore, longer annealing cy¢lsand 24  high temperature superconductivifdTSC) precursors of
h) were performed in an oxygen stream to recover thecuprate structurél ,Cu,0Os with M=Sc, In, Y, Yb, Lu, Ho,
delafossite phase as verified via x-ray and PAC spectroscopgnd Th! the *in probes were found to substitute the**
ions, but not the Cu ions. This family is correlated to the
G. AdinO delafossites as, at_leastz(YuzO5 can be reduced to CuYpO
- AgIND2 Another example i$8-Ga,0;3,% which has two nonequiva-
Tiny crystals(<1 mmx1 mm) of AgInO, were produced lent lattice sites with either an octahedral or tetrahedral O
following the procedures given in Ref. 21. X-ray analysiscoordination. Again thé'lin probes were found to reside on
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the octahedral sites, replacing Gdons. Finally, the HTSC

Y-Ba-Cu-O should be mentioned; this complex oxide has 12°f y __ i al
many different cation sites of different valencies. Detailed 100 ¢ § Bioyite, O-site
PAC and electron channeling experiments concerning the lat- [ + 8 Copre.
tice location of the'*in probes led to the conclusion that 80 X Rodeoum
M1 jons only replace the ¥ ions?* ! Y *¢
2. Comparison between CEMS and PAC in CuFgO o + i

Fe compounds can be analyzed by ddbauer spectros- 40 N ¢ g
copy using®’Fe. Conversion electron lésbauer spectros- £ 1 T B ;—§—¢'¢¢~ ------------- Bee
copy (CEMS) measurements in CuFg@ere performed at % 20 - ©
room temperatuf@ to compare the EFG’s of thtFe and X a f_ s
cq probes. In this measurement tBesite allocation for ¥ 120 ; b
%Fe is evident. If thd™in PAC probe replaces an Feion, 3 & 7950
the lattice part V2% of the EFGV'=V,,/(1- y.), should & 100} Fe O CuBO,
be the same in both experiments. At room temperature cr ©
CuFeQ shows a Masbauer absorption spectrum character- 80r a
ized by the quadrupole splitting Av=(eQV, )/ o o
(2hw)=0.31(1) mm/sec and an isomer shift of 039 6op Cr
mm/sec?®?® Using the quadrupole moment @f=0.082b*®
for the 14.4 keV state of'Fe, and the Sternheimer shielding o In
factor y.(>'Fe=-9.142" we arrive at V'&=3.58x 107 20l * P
V/m?. From the PAC measurement and using the quadrupole v T
moment Q(**'Cd)=0.83 b'® and y..(**'Cd)=—29.27% we A . , ‘ , ,
obtainV'=2.06x 10?° V/m?. As both values are reasonably 8 18 20 21 22 23 24 25
close, we suggest that th&'Cd*? is at the Fe site. The dif- d(Cation-0) [A]
ference between the results may be partly due to the uncer-
tainties of the quadrupole moments®4e (Refs. 16 and 29 FIG. 6. Experimental shielding factgs= vq(exp)h3'(PCM)
andcd. versus the bond lengthin oxides(a) taken from the compilation in

Ref. 30 and(b) for the B site in delafossites.
3. Antiferromagnetism in CuFe®, CuCrO,, and AgCrG;
Further support for'in occupying theB sites comes cation, the lattice parameter or the distance between cation

from PAC measurements in CuFeQCuCrQ;, and AgCrQ and oxygen. To test this dependence, the EFG’s in oxides
below their respective Nz temperature§'N=’11—25 K. in having the same crystallographic structure but different lat-

comparison with Mesbauer effect measurement in CugeO gcf fpare_lmeters hf?ve begn compffé:h this hcontext the di
According to Fig. 1b), the B-site ions are in a triangular elafossites may play an important role, as they cover a dis-

coordination in the different layers of hexagonal structure [ANCe range by far larger than all other oxide classes investi-

f o ._gated so far.
Eﬁgtﬁgﬁofag;g&ﬁhséteﬁg”tsenﬁgefggrg_r' PAG giggﬁ; o Theoretical predictions of the EFG in oxides are difficult
performed at 4.2 K in CuFegand at 15 K in CuCr@and and rare. In most cases the_ unit cell is too comphcatgd and
AgCrO, showed a slight damping of the perturbation func-contains too manydlfferenl)_lons to perform a caIcuIat_|on. .
tion, consistent with a combined electric and magnetic hy_Furthermore band calculations may not be appropriate in

perfine interaction, pointing to a very weak magnetic field Ofthese insulating or semiconducting compou_nds. Here we at-
about 0.3 T. Using Mssbauer spectroscopy in CuReO tempted to calculate the EFG using the point charge model

Mekataet al° had observed a strong magnetic field of 51.7(PC€M) which is known to work reasonably well in ionic
compounds. In the PCM the ions on their lattice sites are

T at 4.2 K. The surprising results obtained with PAC may be L .
explained by the release of spin frustration caused by théepresented by their ionic charge and the EFG at the probe’s

nonmagnetic solute impurity*’Cd substituting a Fe cation. Site sums o’ver all ons. As in the PCM the distortion of t_he
For details, see Ref. 14. probe atom’s electronic shell due to the external crystal field

It is clear from the previous discussion that the availabl cannot be considered in a self-consistent field calculation, it
data do not allow a definitive lattice location assignment, Wiqas to be accounted for by suitable shielding factr:

believe, however, that the evidence given indicates that th hielding factorS)'/oc \.NhiCh describe the enhancement of the
indium atoms are probably iB sites. FG of a charge infinitely far away, have been calculated for

several probe atonf§.The experimental EFG is expressed as
B. EFG calculations with the point charge model(PCM)

During the last years a large number of EFG’s f6Cd Vij=(1— y) V=g Vit (6)
on substitutional cation sites in metal oxides has been
collected® In all these compounds oxygen ions are the nexif V!‘]-"“ is the EFG produced by the external charges.
neighbors of the PAC probElin. One therefore expects that ~ The results of the former compilation of the EFG’s in
the experimental EFG is influenced by the ionic radius of theoxides by Wiardaet al®® are condensed in Fig.(#. The
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TABLE Il. PCM calculation for theA and B sites in delafos- TABLE IIl. Distances fromA and B cations to the nearest-
sites. neighbor oxygen ions in delafossites.
A site B site d(A-O) d(B-O)

Compound R R Ref.
Compound vg (MHz) 7 vo (MHz) 7

CuAlO, 1.861(1) 1.9121) 34
CUAIC, 889 0 69 0 cucro, 1.854) 1.992) 35
CuCra, 900 0 58 0O CuFeq 1.8359) 2.0334) 36
CuFeQ 923 0 40 O cuNndo, 1.840% 2.374%
CuNdG, 952 0 239 0 cuvo, 1.83512) 2.2765) 37
Cuyo, 955 0 200 0 agcro, 2.07 1.99
(R3m) AgInO, 2.0768) 2.1744) 21
CuYO, 941 0 210 0
(P63/mmg 3Calculated by PCM.
AgCro, 664 0 48 0
AgInO, 638 0 92 0 whereas most of the corundum oxides show higat short

bond length. Some doubts remained whether the crystalline
structure caused the variations Bfor whether really the
experimental shielding fact@= vo(exp)w3"(PCM) is plot-  hond length is the decisive parameter. The delafossite data
ted versus the average Cd-O bond lengtt€Cd-O). For  now solve this problem. The same lattice structure extends
d(Cd-O=2.1 A nearly all data are within the range over the whole range of bond length. No splitting of {Be
19<p<36. The weighted average experimental factorbranches appears, which is reasonable as in the same crystal
B=32(2) at these large bond lengths is in perfect agreemendtructure the overlap of the electrons should proceed in a
with the theoretical values.=30.27?% For smaller bond continuous way. A second important remark can be made. In
lengths the data seem to split into two branches, one with ®ef. 30 it was proposed, that covalent bonding may be the
high value aroung3~85 and the other one with values be- source of the additional EFG and increagesThe delafos-

low B~10. The critical distance of 2.1 A has an easy inter-sites are known to present covalent bondifigeading to our
pretation: it is just the sum of the Shannon r&tiif O >and  conclusion that, in fact, covalency is the reason which en-
Cd*? ions. A shorter distance is equivalent to an overlap ofhances or reduces the experimental shielding factor. The em-
the electronic shells, consequently covalent bondings arisgirical relationship between the bond length gddumma-

and additional contributions to the EFG have to be taken inteized in Figs. ) and @b) calls for a theoretical
account® interpretation of EFG’s in metal oxides.

To compare the measured EFG's in delafossites with
PCM, calculations have been performed using the antishield-
ing factor 8,,=—30.27(Ref. 28 and delafossites coordinates
found in the literature. In the case of CuY@e calculations Using PAC the electric hyperfine interactions'&iCd im-
were made for the space groupS8m and P6;/mmc For  purities on substitutional sites in delafossite oxida80,)
CuNdG, a PCM calculation was performed using the coor-have been investigated. In all compounds an EFG with axial
dinates calculated according to Ref. 9, because no valueaymmetry has been found which shows nearly no tempera-
were found in the literature. Resulting, and » values for  ture dependence. This EFG has been attributed to probes on
the A andB sites are given in Table II. the substitutionaB site. This conjecture is mainly based on

A fist comparison with the experimental data in Table Ithe preference of th&€in probe for a site with valency3
shows that only the Agin©compound is correctly repro- and supported by low temperature PAC measurements in
duced by the PCM. All the other PCM calculations disagreeCuFeQ, CuCrQ,, and AgCrQ; and a CEMS measurement
with the experiments by up to factor 3. In Ref. 30 it was of CuFeQ.
proposed, that thd(Cd-O) bond length has to be larger than  The strength of the experimental EFG’s cannot be repro-
2.1 A. These bond lengths are listed in Table Ill and showduced with the PCM, except for AginOBut just this be-
that such condition is only fulfilled for AgIn9 CuYG,, and  havior is a new strong support for the conclusions drawn
CuNdG,. In fact the AgInQ compound is the only case from the systematics of EFG’s in many oxides presented in
where the PCM prediction for thi site is in agreement with Ref. 30. The delafossites now directly prove that covalent
the experimental result. bonding is responsible for the variation of the experimental

To test the delafossite data with the assumption of Ref. 3@nhancement factgs with the bond length.
we plotted in Fig. @) our results(taken from Tables I, I,
and Ill) in the same way as Fig(#®. We, indeed, obtained a ACKNOWLEDGMENTS
very similar correlation betwee@ andd(B-0O). If we would
add our data to Fig. (@) all points would lie on the branch The authors are indebted to Dr. A. Bartos for suggesting
with high 8 values at short distances. This immediately leadghis study, to D. Purschke for his help during tHéin im-
to two important consequences. In Figadata from differ-  plantations, to O. Schulte for the x-ray diffraction analyses
ent crystal classes are collected leaving one uncertainty: thend Dr. P. Schaaf for the Nsbauer measurements in
different classes seem to favor certain regions of the plotCuFeQ. R.N.A. thanks CNPqg-Brazil for the financial sup-
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