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Abstract The electric field gradients 4#°™Hg nuclei have  More than 20 years after this remarkable discovery, the re-
been measured via the perturbed angular correlation (PAQationship between doping and charge ordering is still under
technique, allowing a full characterization of the Hg neigh-review [2,3]. Although some aspects related to the proper-
borhood charge distribution at high oxygen doping on thdies of these compounds are generally accepted, the topic of
Hg planes. The PAC technigue has been applied to investinhomogeneous distribution of charge carriers is still in de-
gate the effect of high oxygen pressure during the measurdate [4]. Moreover, evidence of organized patterns were re-
ment. Polycrystalline HgB&aCwOg, 5 (Hg-1212) samples ported and terms like phase separation, stripes and checker-
have been annealed at 152 bar pressurized oxygen. The ineard patterns are concepts still heavily discussed [5—7].
fluence of oxygen pressure during the experiment was thelefrom all high-Tc superconductors, the Hg-based family [8—
investigated by measuring the samples at atmospheric pres0] is one of the most promising systems due to their sim-
sure and under 152 bar oxygen pressure. ple tetragonal crystalline structure and the highest supercon-
The present set of PAC experiments shows that at higbucting transition temperaturesd)l' Although these com-
oxygen concentrations there is a non-uniform oxygen dispounds present simple structures, disorder at the Hg planes
tribution. Moreover, the Hg environment is not free fromis believed to be related to the location of excess oxygen,
oxygen and the results hint to a new type of ordering. Os, in these planes [11,12]. Thus, the role ¢f @ the for-
mation of charge inhomogeneities and its influence on the
local electronic and structural properties is not yet clear and
of great importance.
In the present work, the perturbed angular correlation (PAC)
technique was applied to investigate the electric field gradi-
ents (EFG) at the Hg sites of th8%member of this family

The discovery of superconductivity in La-Ba-Cu-O systemOf compounds (Hg-1212), under high oxygen doping con-

_ characterization of the Hg neighborhood contributing as lo-
T.M. Mendonga J.P. Araujo _ __cal information for G rearrangements in the Hg planes.
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T.M. Mendonga P. Odier- C. Darie Hg-1212 polycrystalline samples were synthesized using the
Institut Neel, CNRS, Grenoble, France high pressure - high temperature technique (HP-HT) [13] at
P.B. Tavares 1.6 GPa, 1073 K for one hour. The quality of the samples
Centro de Quimica -Vila Real, Universidade dé3+s-Montes e Alto  was controlled via X-ray diffraction (XRD) measurements,
Douro,Vila Real,Portugal which were performed using a Siemens D5000 diffractome-
M.R. da Silva: A.M.L. Lopes ter, with Cu K, radiation (2\:1.541,&), in a 20 range be-

Centro de Fisica Nuclear da Universidade de Lisboa, Lisboa, Portugglyeen 10 and 90. The lattice parameters were refined us-



ing the LeBail method with the program Full Prof Suite [14]. that is produced by the charge distribution surrounding the
Magnetic characterization was performed using a Quantumrobe nucleus. ¥ and W, are the components of the EFG
Design SQUID magnetometer under an applied field of 0.00nsor along« andy axes, which are chosen according to
Tinthe range 4-150 K in zero field cool (ZFC) and field cool |Vz,| >|Vyy| >|Vxx|. In the case of an interaction with ran-
procedure (FC). domly distributed defects a distribution of frequencies is ob-
The study of oxygen ordering, at high concentrationsserved, which broadens the frequency spectrum and thus at-
in the mercury planes was performed using the Perturbeténuates the R(t) function.
Angular Correlation (PAC) technique. Similarly to refs. [15,
16], Hg-1212 samples were implanted witf™Hg (T1/2=
42 min) at the ISOLDE/CERN facility [17]. After implan-

tation, the effect of high oxygen pressure during the rneaTo control the sample quality, XRD and magnetization mea-

surement was investigated. The samples were annealed a

surements have been performed. The raw Hg-1212 samples
463(10)K under 152 bar pressurized oxygen for 25 minutes

crystalllze in the tetragonal structure, space grélupmm

After annealing, two different procedures were followed: forWlth cell parameters=3. 8690(8}\ and c=12. 6746(6/)\ in
measurements at atmospheric pressure, the pressure was re-

o agreement with the values reported in literature [10, 20]. Ex-
leased and the samples were then sealed inside copper cQ
NE) oxygen content of 0.22(3) was inferred from XRD data.

tainers; for the measurements under 152 bar oxygen Presy,

he samples were found to be almost single phase though a
sure, the temperature was lowered and the samples were

aII amount of CaHg®(<8% Vol.) was observed Mag-
kept under pressure. Both measurements were perform

s 2 gy SicientPAGH2y B GloirSoUD 11, e e e e o com 1
at room temperature. 20] '

The PAC technique is based on the hyperfine interaction
of nuclear moments with extra EFGs, which are generateﬂ(t
by the charge distribution in the Hg surroundings. The in-
formation taken from the PAC experiments is obtained from
the time perturbation function, R(t), modulated by the inter-
action of the quadrupole moment of the 158 keV mterme
diate state in thé%¥™Hg decay cascade. The experimental
R(t) function is calculated from the time spectra following
the equation:

3 Results and Discussion

Figure 1 displays the experimental perturbation function
) (left) and corresponding Fourier transforms (right), for
measurements at atmospheric pressure and under 152 bar
pressurrzed oxygen. The fits are shown by continuous lines
n the R(t) spectra. The resulting fit parameters are summa-
rized in Table 1. The analysis of the data showed two repre-
sentative EFG distributions present in these samples. How-
ever, a third EFG distribution had to be included to account
for the attenuation observed in the spectra and improve the

quality of the fit. This EFG is believed to be related to a ran-
|‘|NJ(180D t)— % |‘|N (90°,1)

dom distribution of defects and/or to probes out of regular
(1) sitesin the Hg-1212 lattice. Thus this EFG is considered of

6 |_| N; (1807,t) + 22 |_| N; (907, 1) Ir;(:;ti::ir::%rrtegre;igatrve e;‘l regular Hg sites in the Hg—121_2
\r \/ . ysis will not take into account the pres
.r o €nce of this EFG distribution.
where N/N; arey-y coincidences spectra measured at’180 The experiment performed at atmospheric pressure (Fig-
and 90, after subtraction of the chance coincidences backure 1(a)) shows a dominant EFG distribution, named EFG
ground. This ratio eliminates the half-life exponential com-. is given by 69(10)% of thé®™Hg probe atoms, which are
ponent revealing the perturbation function, which contains mteractmg with it. This EFGis described byo.=1267(63)
the relevant information. For each and@ethe angular cor- MHz and an asymmetry parametgs=0.25(4). The second
relation functions, W§,t), are calculated numerically by ta- EFG distribution found, EFG is deserrbed byo,=800(40)
king into account the full Hamiltonian for the nuclear quadru Yoo~

MHz and n,=0.76(2). This highly asymmetric EFG distri-
pole hyperfine interaction [19]. The theoretical function, Whooutlon accounts for 31(8)% of the probes interacting with it.
se parameters are fitted to the experimental R(t) function, i

Fhe measurement performed under 152 bar pressurized oxy-
given by: gen, displayed in Figure 1(b), shows the same EFG distri-
Ri(t) = W(180,t) —W(90’,1) (2) butions. However, the fractions of probes interacting with
W(180°,t) +2W(90°,1) EFG, and EFG were found to be slightly different. A dom-
For ay-y cascade with the intermediate level of spin 1=5/2,inant fraction of 83(5)% was again found to be interacting
three frequencies are observable per EFG. From these fraith EFG,, which is characterized byg,=1175(70) MHz
quencies the coupling constant of the interactiag)(given  andn,=0.24(6). Similarly to the atmospheric pressure mea-

by vo = eQV;,/h, and the asymmetry parametgrare cal-  surement, the highly asymmetric EF&as also found, and
culated. V4, is the principal component of the EFG tensoris characterized byg,=904(70) MHz and),=0.69(5). EFG




Table 1 EFG fitting parameters of the experimental R(t)ctions.

Preliminary Measurement] EFG EFG,
Exp. Annealing Conditions 14 Voa  |Vzla Na O fu vab  [Vzlp Nb (o3
Conditions % MHz VIA? % MHz V/A?
@) Pressurized © | Atmospheric 69 1213 744 0.26 0.07 31 854 524 0.76 0.07
(152bar) Pressure +16 +60 +86 +0.01 +001 | £8 +43 +60 +0.02 +0.03
(b) | Pressurized © 152bar 83 1175 721 0.24 0.06 17 904 555 0.69 0.06
(152bar) +5 +60 +60 +0.06 +0.01 | +4 +70 +50 +0.05 =+0.03

EFG distributions, which are observed for both measure-

0.1 . 1.4 ments. This result is in agreement with a recent study in
(a) atmospheric pressure |

LapCuOy,y superconductor where it was observed that the
oxygen interstitials order is highly inhomogeneous, being
this ordering characterized by a fractal distribution of dopants
[21]. Also, the present data show that the Hg environment
was found to be not free from oxygen as obtained from the
EFG parameters where botf and ny, are different from
zero. The correct assignment of each experimental EFG shall
be done with the help of the new simulations, which shall
account for high oxygen concentrations.
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The EFGs at the Hg site in Hg-1212 have been measured via
Fig. 1 (left) Experimental perturbation functions, R(t), and (right) cor- the PAC technique. For high oxygen concentrations, there
responding Fourier transforms, for measurements performed at (a) as non uniform local oxygen distribution and the Hg local
mospheric pressure and (b) under 152 bar pressurized oxygen. T'éenvironment is not free from oxygen. The results suggest

thicker lines over the spectra are the fitting functions. . .
the existence of a new oxygen ordering.
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