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Electric-field gradients on mercury sites of the HgBaO, , 5 high-T, superconductor were measured with
the perturbed angular correlation technique and interpretedakitimitio calculations. Under oxygen anneal-
ing, an asymmetric electric-field gradient has been assigned to the presence of single oxygen atovh&gO
are located in the Hg planes. These experiments provide an atomic scale tool for studying charge-density

variations occuring in the neighborhood of the Hg atoms, which can be induced, particularly, by pointlike
defects.

. INTRODUCTION laronic type and of charge inhomogeneity in the Gleyers

have become the main issue of research in the field of super-

Since the compounds of the family conductivity. Neutron-diffraction studies performed on pow-
HgBaCan-1)Cu,Opn1 215 have been synthesized they der sampléesas well as more local methods such as extended
have been revealed as one of the most interesting systermgray-diffraction fine structurepointed to the existence of
among highT .. superconductorsThese compounds crystal- local distortions in these compounds. So far it is not clear if
lize in a tetragonal latticéspace groug®4/mmm) with lat-
tice parametersa~apeoyskité™ 3.88A and c~9.5+3.2(n
—1) A (Fig. ). While the bond between Hg and the apical
oxygen (2) seems to be quite strong and incompressible,
the Cu-@2) bond length is pressure dependent. At 30 GPa a
critical temperatureT.) as high as 164 K can be achieved in
the Hg-1223 i=2) compound. Such facts created the ex-
pectation that precise measurements of the structural proper-
ties would provide a better understanding of the charge-
transfer mechanisms that generate carriers in the ,CuO
superconducting planes. However, it was soon realized that n>1
the Hg planes are particularly disordered. In fact, there are Hg1201 Hg,Ba,Ca,,Cu,0,,.,.;
Hg vacancies, impurities replacing Hg and the nonstoichio-
metric oxygen, @ that is considered to be the dopant that FIG. 1. Schematic view of the Hgl1201(left) and
regulatesT. .2 Meanwhile, structural distortions of the po- HgBaCa,_1Cu,Oun. - 5 (right) crystalline structures.
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199m Hg1201 fi=1) compound as a function of the oxygen dop-
42.6m 13/2+ ing concentration.

374 keV Il. EXPERIMENTAL

2.4ns 5/2- Hg1201 powder samples were produced by solid-state re-
158 keV action under high pressurd8 kbajy and high temperature
1/2- (1193 K) of a mixture of a precursor with the nominal com-
199 position BaCuQ, and the stoichiometric amount of Hg@
Hg Loureiro'®**®) The mixture was placed inside a gold cap-

sule for the high pressure—high temperature synthesis. In or-
FIG. 2. y-y cascade in the decay of the isomeric stat¢®¥fHg  der to reduce the ©concentration the synthesized material
(Tyz=42.6 min to the *Hg ground state. was annealed at 523 K under 1 bar Ar flow during 24 h.
. . . Thereafter, to obtain homogeneous samples the annealed
such effects are linked to the superconductivity meChan'SrBowder was thoroughly mixed in an agate mortar and packed

or are simply due. to crysta_l—|mpur|ty chemical eﬁect;. in self-sustained pellet disks, each one with approximately 5
Nuclear hyperfine techniques like nuclear magnetic reso-

mm diameter and 0.5 mm thickness. To avoid contamination
nance(NMR) and nuclear quadrupole resonanBQR) are or degradation the pellets were stored and manipulated in dr
extremely useful in providing atomic scale information on 9 P P y

the probe-element interactions with the lattice Holst.par- Ar atmosphere. Sma!l samples W'th. approximately O..53mm
ticular, the measurement of the electric-field gradigg) ~ Were cut out of the disk to be used in the PAC experiments.
at specific probe-element nuclei provides direct information 1€~ Hg isotope was produced at the ISOLDE/CERN
about the local charge distribution. The EFG is highly sensi{Ref. 12 on-line mass separator and implanted into the
tive to the probe’s local environment and can thus provide £a2mples with 60 keV energy under vacuum at room tempera-
fingerprint of the lattice site or of a defect that is located inture (RT). The ***"Hg projected range i®p=17 nm with
the probe’s neighborhood. Unfortunately, NQR &Hg,  the straggling ofe=7 nm.** In order to produce a homog-
the only stable isotope with spiril/2, is not too promising €nous implanted zone and to minimize the implantation dam-
and very few experiments on different materials witHg  age the'®*™Hg beam was swept to achieve a relatively low
were reported since 1954 by Dehmellternatively, time  dose of 5< 10*at/cnf. Under these conditions, 15 min an-
differential perturbed angular correlatidRAC) of y rays, nealing at 473 K suffices to eliminate the implantation dam-
from the decay of the 42.6 min half-lifé®®"Hg isomeric  age in the!®*Hg neighborhood. The experimental setup was
state(Fig. 2), is a very well-suited method for this purpose. equipped with a high-precision temperature controlled fur-
PAC measures the EFG that is generated by the deviatiomace where the annealing can be performed during the mea-
from cubic symmetry of the charge distribution around thesurement under gas flotf.For controlling the sample qual-
probe nuclef In the case of'®Hg, the interaction of the ity and the oxygen concentration, x-ray-diffraction
EFG with the quadrupole mome@=0.674+-0.077 b of the = measurements of the lattice parameters were done before and
5/2~ 158 keV intermediate state of the cascade leads to thigfter the PAC experiments on each sam{lable ).
level energy splitting. That induces a time-dependent modu-  The PAC experiments were performed with a highly effi-
lation G(t) on the intensity of the angular correlation be- cient 6-detector TDPAC-camera equipped with conical
tween the first gamma rayy(), which populates the 158 shaped Bajscintillators, which has 650 p&ull width at
keV intermediate state, and the second gamma-rgy) ( half maximum time resolution for the'*®Hg cascadé® In
emitted when the intermediate state decays to fffelg  this setup 6y,-7y, coincidence time spectra from detector
ground state. ExperimentallyG(t) will be observed as a pairs atd=180° and 24 coincidence time spectra from de-
modulation that is superimposed on the half-life decay curvéector pairs a=90° are simultaneously recorded. With the
of the 158 keV state. coincidence countratebl;(180°t), j=1-6, andN;(90° t),

In the present work, the PAC technique was applied fori =1—24, for each detector pair, the experimental r&{o)
the first time to investigate the EFG’s on Hg sites of theis formed[Eqg. (1)]:

TABLE |. a andc lattice parameters measured by x-ray diffraction on the samples before and after the
1994 implantation and the PAC experimensswas estimated from the lattice parameteas presented in
Fig. 5 and explained in the text.

Experiment:T,, t,, gas a(A) c(A) Tc (K) 5 (%)
As-prepared 3.87850.0004 9.4998 0.0013 88 10.0
First exp.: 490 K, 220 min, Ar 3.88(10.0005 9.502-0.002 Not measured 7.9
Third exp.: 490 K, 180 min, Ar 3.88200.0007 9.506:0.002 9.1
Second exp.: 490 K, 200 min,,0 3.8768+0.0002 9.498% 0.0007 10.7
Fourth exp.: 490 K, 240 min, O 3.8758+0.0009 9.4950.003 11.1

aT ,=annealing temperaturé, = annealing time.
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G\/HJGNJ(18OO I) _ 24&/Hi24Ni(900 ,t) 10 T,= T,= 490K, under d.l‘yAl‘ﬂ g 100
R(t)=2 . (1) R® ; ; &
Q/IEN;(180° 1) + 224/ T1 2N, (90° t) 005 1w)
This ratio eliminates the half-life exponential component, re- ™
vealing the perturbation function that contains all the rel- ou
evant information. For each angt the angular correlation  ,, el
functionsW(6,t) are calculated numerically by taking into o 100
account the full Hamiltonian for the nuclear quadrupole hy- =
perfine interactio:'® Equation (2) defines the theoretical ~— ©5
function Rg(t), whose parameters are fitted to the experi- T
mentalR(t) function: o001
W(180°t) —W(90° t) 016 100
Ri(1)=2 W(180°t)+2W(90°t) @

0.05

For a y-y cascade with the intermediate level of spin
=5/2, three frequencies are observable per EFG. From thes
frequencies the coupling constant of the interactiog
=eQV,,/h and the asymmetry parametem=(V,y 0.1 T,= T2 490K, undor dry Oy flo

—V,y,)/V,, are extractedV,, is the principal component of
the EFG tensor that is produced by the charge distribution | }
outside the probe nucleus,, andV,, are the components

‘

50

0.00-

+100

EFG,

150
of the tensor along thg and x axes, which are chosen ac-

EFG,

cording to|V,,|>|V,,|>[Vy,|. In the case of an interaction ~ 0% RSP "|“‘ w ]
with randomly distributed defects a distribution of frequen- . ;"_”i’i"fgg; — AV Y
cies is observed, which broadens the frequency spectrum an W LT R under ay 1o

thus attenuates thB(t) function. In this work only weak

distributions are found, which were assumed to be °%

Lorentzian-like. These are characterized by the average valu i
I

EFG,

EFG,

+50

EFG,

v and standard deviatiomg , which depend on the density .0
and variety of the lattice defects.

T X T
experiment 4 W l
sum spectrum, annealing under Q.

Ill. RESULTS ‘ ‘
0.05
A. Experiments
Figure 3 shows the experimenfa(t) functions(left) and 0.00

0.10-

+100

+50

|
the corresponding Fourier transforrisT’s) (right) of four ap2+eapd 111 W | 0
experiments that were performed on the described samples o 5 ﬁmel'%us) 15 20 © (ﬂ?ad/s) 100co

In order to enhance the quality of the fits, which are repre-

sented by continuous lines in tH(t) spectra, the corre- FIG. 3. PAC time spectr&(t) (left) and the corresponding

sponding Fourier transforms of the theoretical functions areourier transforms of th&(t) functions(right). In theR(t) and the
included as thicker lines on the FT plots. In order to improveFourier spectra the thicker lines represent the fit function and the
statistics, the summed data taken under the same experimerourier transform of the fit function, respectively.
tal conditions are also included in Fig. 3. Table Il shows the
fit parameters. ltalic characters are subsequently adoptedyg npyclei interact with a nonaxially symmetric EEG
when referring to fit parameters of added spectra. characterized byg,=1229+ 14 MHz and 7,=0.21+0.04.
When annealing at 489 K under dry Ar flow, the spectraThys a large fraction of Hg atoms are on lattice sites with
of the experiments 1 and 3 show a frequency triplet thajower than tetragonal symmetry. A third EE@as observed
reveals one axially symmetric EfGcharacterized byq:  which is characterized byf;=11+2% and vo3=673
;;4484—“5 MHz and n,=0. This clearly corresponds t0 +21 MHz. In this case they; parameter was set equal to
Hg nuclei placed on regular sites of the Hg1201 latticezero, since the small fraction and the overlap of other fre-
with local tetragonal symmetry. A small attenuation of thegyencies does not allow us to determine it unambiguously.
R(t) spectra is still observable that is characterizedo®y  pye to the small attenuation of tHR(t) spectraog,= o3

=35+ 3 MHz. Most likely the long-range disorder of the Hg — g was further assumed for the sake of simplicity.
planes produces this small EFG distribution.

When annealing at 489 K under oxygen flow, the spectra
of experiments 2 and 4 exhibit three frequency triplets. Two
of them correspond to slightly different EFG’s. A fraction  In order to interpret the experimental data, EFG calcula-
f1=665% of Hg nuclei interact with the same axially tions were performed with theab initio full-potential-
symmetric EFG as above, while a fractiof,=23+4% of linearized-augmented-plane-wave (FLAPW) electronic

B. EFG calculations
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TABLE Il. EFG fitting parameters of the PAC experiments. Values expressed in italic characters are obtained by fitting the sum of the spectra, vetkieh weder the same experimental

conditions.

0'30
73° (MHz)

|sz|2 Uzc fa YQ3 |sz|3
(VIA?) 7, (MHz) (%) (MHz) (VIA?

VQ2
(MHz)

01 f,
7, (MHz) (%)

(VIA?)

Vo1 |sz|1
(MHz)

fa
(%)

b

ta
(min) gas

=T,2
(K)

Tw

Experiment

28

893 0
+102

~220 Ar 100 1455
+4

490

First exp.

58
+14

~180 Ar 100 1437 882 0
+101

490

Third exp.

+10

35

888 0
+102

1448
+5

100

Ar

490

Sum of first and third exp.

11 641 393 0 0

0.18
+0.04

757
+87

21 1233
+19

29

893 0
+102

~200 O 68 1456
+8

490

Second exp.

+34 +50

*2

0

704 432 0

12

0.27
+0.01

27 1224 751
+17 +86

29

893 0
+102

~240 O 61 1456
+8

490

Fourth exp.

+50

+16

413 0 0

673

11

0.21
+0.04

754
+87

23 1229
+14

*4

29

893 0
+102

1456

+7

66

Sum of second and fourth exp. 490

+21 +49

+2
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annealing temperature.

PAC measurement temperatufig,=

bt , = annealing time.

Tu

‘Parameters set to zero during the fits, explained in text.
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o(l)c
L0(1)b)"?
e
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FIG. 4. Representation of the Hg planes of Hg1201 as viewed
along thec axis. Shaded regions represent tedoped(5=0),
overdoped 6=0.25), andsaturated C{a) andCf(b) (6=0.5) su-
percells, which were used for the EFG calculations. Ellipses which
enclose italic characters show the position of rowsBe&, Bab,

Bac, andO(1)a, O(1)b, O(1)c atoms, which are located out of the
Hg planes, as it is explained in the text.

structure method using thkcal-density approximatiaff
This method allows, in particular, the computation of hyper-
fine parameters in crystalline solids by only requiring the
lattice constants as input parameters, which in this work
were taken from neutron diffraction experimefitable | in
Ref. 11b)]. To account for the @doping, several supercells
were considered with composition HBanCuOsmasn -
They are denoted amdopedfor 6=0 (m=1, n=0), over-
doped for §=0.25(m=4, n=1) and saturated for &
=0.5(m=2,n=1). Figure 4 shows a schematic view of the
supercells projected along th@01] axis onto the Hg planes.
Table Il presents the EFG parameters obtained forutine
dopedcase, for each lattice element. They are in good agree-
ment with previous calculations by Singh.t should be
stressed that the present calculations were performed by set-
ting the internal structure parameter of the apicé&®)xy-
gen tozp;=0.2061, as obtained from neutron diffraction
data. By slightly increasing/decreasiag, a strong varia-
tion of the EFG at the Hg site was found, e.g.,
|0V 421 9202 Hg~2% 10¢ VIA? (see Table II). As expected,
the EFG at the @) site has also strongly changed. More
surprising is the big influence of sma, variations on the
EFG at the Ba site, while for Cu and(D the results are
virtually unchanged. Additional information can be obtained
from the calculated forces acting on(Z). When allowing
the apical oxygen to relax, while keeping the lattice param-
eters unchanged elsewhere, one would obtain a theoretical
value forzq;=0.2086, somewhat different from the experi-
mental data.

In order to calculate the effect of the oxygen doping in the
Hg planes, twosaturatedd=0.5 supercell¢a) and(b) were
constructedFig. 4). These correspond to an unrealistic high



PRB 61 LOCAL O, PROBING IN THE HIGHT, . .. 11773

TABLE Ill. EFG parameters obtained from FLAPW first- the Baa site where even the Sign MZZ has Changed' due to
principles calculations for thendoped 5= 0) cell. For those posi- theﬁsence of the nearby; @tom (Table IV).
tions with a calculated value af=0, the principal system of axis In order to study a more realistic case with smaller oxy-
(psa of the EFG has theaxis parallel tq001] and thexandy axes 4o qoping concentration, the EFG at the Hg site with only
parallel to thg 100] and[010] directions. For the @) position the one O, neighbor in the tetr'agonal plane has to be calculated
zaxis of the psa of the EFG is parallel [tb00), along the Cu-Ql) The primary difference between thidopedand theCf(a) -
bond, thex axis isAparaIIeI to[O}(?\l] and they axis is parallel to saturated supercells is the presence of twos @toms as
[010}. a=3.88881A,c=9.5398 A, 25,=0.302. neighbors to Hg. Since only moderate changes of the EFG at
the Hg site are calculated, a first guess for the effect of one
O, as a neighbor to Hg may be obtained by interpolating
Standard ~ Compressed  Expanded between these cases leading \WJi=751V/A? and 7™

Zo(2)

0.2061 0.2011 0.2161 =0.17.
Element V; (VIA%) (p (VA%  (p (VIAH (9 Further calculations were performed with theerdoped
Hg V,, —8188 0 _929.4 0 6534 0 superlattice with6=0.25 which is close to the maximu@
Ba v 604 0 484 0 85.6 0 ~0.235 ever found in HngOE. Due to the much longer
cu sz _o84 0 982 0 27 0 computing time needed for this large supercell, full conver-
sz _43'3 _42'7 _45.6 gence in the self-consistency cycle was not obtained. The
XX ' ' ' extrapolated EFG parameters obtained from the trend in the
o) Vyy —83.9 0318 -846 0329 —83.2 0.292 5 |ation are shown in Table IV. There are now three dif-
Vo 1272 127.3 128.8 ferent sites for Ba, e.gBaa, Bab, and a newBac site that
0@ Vzz 1410 1288 0 163 0 corresponds to Ba atoms which are located of and far-

thest awayfrom O rows. For Q1) there are only two dif-
erent possibilities e.gQ(1)b andO(1)c (Fig. 4).

The overall consistency of the EFG calculations has been
ther cross checked for thendopedand overdopedsuper-

degree of doping and describe two different configurations o;
two Oy atoms located around every Hg in relative positionsfur

(—1/2,-1/22,49)(1/2,1/22,g)[CT(a)] and (1/2-1/22hg)  |4ttices that approximately reproduce the EFG’s at the Cu

(1/2,1122,4) [ C1(b)]. I_n this way the_EFG’s at the Hg s_ite site, as measured by NQR witf{Cu on differently doped
produced by two @neighbors are estimated to be nonaxially Hg1201 material&’

symmetric and much weaker then the one found foruhe
dopedcase(Tables Il and I\. In Cf(a) and Cf(b) two

sites exist for Ba, e.gBaa andBab, which are located in
! i —_ . IV. DISCUSSION
and out of Q rows parallel to th¢001] axis. O1) has only
one equivalent siteD(1)b, in Cf(a), while it has three By comparing the experimentfV,,| values that were ob-

inequivalent sites irCf(b):0(1)a locatedin betweentwo  tained when annealing the samples in(Aable 1) with the

O; rows, O(1)b located neaonly oneO; row, andO(1)c  calculated one at the Hg site for thadopedcell (Table 111),

located in sitesvithout O5 rows nearby. an excellent agreement is found. Therefore, EE&ssigned
Due to Fermi level changes, the EFG at the Cu site is0 Hg atoms at regular Hg1201 lattice sites withoyf @

significantly changed between thadopedand thesaturated  other defects in the near neighborhood.

Cf(a) andCf(b) simulations. The EFG is most affected at  The values ofV,, and 7 that characterize ERG which

TABLE IV. EFG parameters obtained from FLAPW first-particles calculations onsttarated(a) and (b) configurations withé
=0.5 andoverdopedwith §=0.25 supercells. For thBaa andBac sites the EFG psa is defined as in Table Ill whgn0. For the EFG
attheO(1)a, O(1) b, andO(1)c sites the psa is identical to that of Din Table IIl. For the EFG at the Hgab, Cu, O2), and G sites,
the psa is now defined with theaxis parallel td 001}, thex axis parallel td 110], along the Hg-Q direction, and they axis parallel to the
[1-10] direction. For the localization daa, Bab, Bac, O(1)a, O(1)b, andO(1)c in the unit cell see Fig. 4 and text.

A Vyy Vix |77|
Saturated Overdoped Saturated Overdoped Saturated Overdoped Saturated Overdoped

Element Cf(a) Cf(b) Cf(a) Cf(b) Cf(a) Cf(b) Cf(a) Cf(b)
Hg —682.8 —602.8 —760 +457.1 +305.7 +468 +225.7 +297.1 +292 0.339 0.015 0.232
Baa —110.6 —99.6 —94 +55.3 +50.2 +47 +55.3 +49.4 +47 0 0.008 0.000
Bab +46.8 +34.0 +46 —-234 -—19.2 —245 —234 148 -215 O 0.129 0.065
Bac +39 -19.5 -19.5 0.000
Cu —-522 —58.0 -13 +26.9 +30.6 +6.5 +25.3 +27.4 +6.5 0.031 0.055 0.000
O(1)a +144.3 —-82.1 —62.2 0.138
O(1)b  +154.5 +146.3 +150 —-84.0 -84.9 -76.5 -705 -61.4 —-73.5 0.087 0.161 0.020
O(1)c +144.4  +148 -85.1 =77.7 -59.3 -70.3 0.179 0.050
0(2) +125.2 +1215  +131 -67.2 —65.7 —67.5 —-58.0 -—55.8 —63.5 0.074 0.082 0.030

Os —158.6 —127.2 —86 +79.3 +80.0 +43 +79.3 +47.2 +43 0 0.258 0.000
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was found when annealing under oxygen flow, compare well 0.2 T—~r—————— —
with the EFG parameters calculated for Hg sites with asingle _ { "~ O & from X-ray 1
near-neighbor @ atoms, as calculated with theverdoped 1 Raw @ &fromPAC experiments |
superlattice and by interpolating between thedopedand '
saturated Cfa)EFG estimations. Therefore, EFGs as-
signed to Hg atoms that have one single oxygen atom in their0.11
neighborhood in relative coordinates (/2,=1/2z2,). T
At this point it should be stressed that the main contribu-
tion for the EFG at the Hg site comes from the tightly bound
apical oxygen, @), that dominates the influence of the
weakly Hg-bound Q defect. This is clearly seen in the ex- 0.0

O, annealing

perimental data, as well in the calculations of theerdoped I Ar annealing N

model, where the presence of a singlg &om mainly T s87s 38%0 asss  ago0 3895
changes the asymmetry parametgs £ 0) of the EFG at the a (A)

Hg site.

For realistic low Q concentrations the PAC fractions  FIG. 5. Trend ofé as a function of the lattice parameterThe
should provide information o@ within the implanted region continuous line is a parabolic fit to the experimental data collected
of the sample. The EFG calculations showed that only thén Ref. 11. The dotted lines confine the region of the fit within 95%
overdopedtonfiguration explains the fractidi of Hg nuclei ~ confidence level. For the sake of clearness the experimental points
interacting with EFG. From the atomic point of viewf, where the fit was done are not included in the figure.
accounts for the Hg atoms that have only ong d&om in
their neighborhood, which are located at the center of the HJ he first one is the fact that the shallow implantation depth
square. Since four Hg atoms surround each @e corre- of the ®*™Hg nuclei is very close to the surface. Conse-
sponding abundance is given bByc= f,/4~0.06. quently, during annealing treatments tH&"Hg probe nuclei

It should be noted that when annealing under oxygen flonare more exposed to oxygen release than the bulk of the
a fraction of °¥"Hg atoms interact with an additional and samples that is probed by x-ray analysis, resulting in nonho-
weaker EFG. Oncef, is small, the full characterization and mogeneous @concentration. The second reason has to do
assignment of EFGto a specific Hg-defect configuration with the fact thatdpac only accounts for those oxygen atoms
cannot be achieved with the present set of data. However, tHeat exist as single Qatoms at the center of the Hg planes
fact thatlvzzsl =413+49V/A? has a much lower value than without defects nearby. As it was already discussed, the PAC
expected for configurations of Hg atoms with twg @ear-  data show that other defect complexes should exist, but, so
neighbors, as predicted by trsaturatedmodel, hints that ~far, with unknown oxygen content. When using the tradi-
EFG, cannot be due to simple Odefects. Hence, more t|on_al nonlocal_technlques for measuring the oxygen concen-
oxygen-related defects should exist near the Hg planes iffation, on which the systematic trend of Fig. 5 is based,
unknown configurations and with unknown oxygen content Single oxygen atoms are not distinguished from other

Once the PAC experiments were finished, x-ray-0Xygen-related defects. This can lead, in particular, to an
diffraction analyses were done on the same samples. The§¥erestimation of the concentration of the simplg dafect.
revealed tha& andc have changed as expected, i.e., increas-
ing on the samples which have been annealed under Ar and
decreasing on the samples which have been annealed under
oxygen flow, relative to the lattice parameters of the The EFG's at the Hg site in Hg1201 have been measured
preparedmaterial (Table ). with the PAC nuclear technigue. Annealing performed under

Looking forward to estimated on an independent way Ar and O, flow revealed that the EFG’s at the Hg site are
from the PAC experiments, Fig. 5 shows the trendd@fs a  quite sensitive to the §doping concentration. After oxygen
function ofa. The continuous line is a parabolic fit to a set of annealing a value 06p,c=0.06 is found, which represents
6 values which were experimentally measured by several auhe concentration of Qatoms located at the center of the Hg
thors and compiled by Loureird.Based on this trend and on squares. PAC has further revealed that more unidentified
the x-ray-diffraction data was estimated in the present oxygen-related defects must be present near the Hg planes.
samples to b&~0.08 ands~0.11 after annealing under Ar These can lead to a misinterpretationsoffhen measured by
and Q, respectively. the more traditional bulk techniques.

It should be noted that from the PAC experiments, which EFG first-principles calculations were performed for the
were performed during annealing under Ar flow, no fractionundoped and oxygen doped Hg1201 lattice structure. These
of Hg atoms interacting with © was found €; reproduced well the experimental values obtained for the
=100%= 6ppc=0). Only when annealing under oxygen EFG at the Hg site, as well those which were measured by
flow was a value fodpac=0.06 found as obtained from the Mach?® for the Cu site. Theb initio calculations have con-
fraction of Hg atoms that interact with singles@toms. In  firmed that Hg is tightly bound to the apical oxygen, whose
both casesSpac is much smaller thad estimated from the contributions dominate the EFG at the Hg site. The calcula-
lattice parameters. tions have further shown that the EFG at the Ba site is ex-

Besides the uncertainty that characterizes the systematicemely sensitive to the Qpresence. This fact suggests that
trend of Fig. 5, different reasons can explain this differencean experimental effort should be envisaged to measure the

V. CONCLUSIONS AND PERSPECTIVES
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EFG’s at the Ba site, in order to probe the changes of the Benechanisms as well as on the local behavior of Hg and its
local charge density and symmetry as a function of dopingelectronic environment as a function of temperature.

and temperature.
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