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Structure of HgBa,CuO,, 5 (0.06< 6<0.19 at ambient and high pressure
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The results of a neutron-diffraction study of the HgBaGO,, s structure at ambient pressure and under
external pressure at different extra oxygen concentrations are presented. The results have been analyzed
together with the data of previous investigations. It is shown that in the cation-stoichiometric samplgs the O
oxygen is only present in the center of the mercury lafgris parabolically dependent ofy and T yax iS
obtained atf,,=0.13+0.01. The influence of pressure on the structure strongly depends on the doping level.
At low oxygen content §~0.06), the compression of the structure is practically uniform. An increase of the
extra oxygen content to 0.1®verdoped stajeresults in the larger compression of the apical G@Gand
Ba-O; distances, while the Hg@lumb-bell as well as the distance between Ba and O belonging to the, CuO
layer become practically pressure independent. These results are in agreement with models, in which the effect
of the charge transfer from the reservoir to the (Gulayers does not play a dominant role in figincrease
with pressure at low and optimal values, while in the overdoped state the charge transfer is enhanced under
pressure, thus inducing thie, decrease[S0163-18209)03006-4

I. INTRODUCTION and & are still controversial. The data publishéske, for
example, Refs. 2 and) 8lo not contradict the universal para-

The HgBaCuO,, ; phase (Hg-1201) is at the moment bolic dependence of Preslaed al:*
one of the most thoroughly studied high-temperature super-
conductordHTSC’s) from the point of view of the relation- Te=Temall—d(d— 5opt)2] , D
ship between atomic structure and physical properties. Its ] )
structure, presented in Fig. 1, can be described in terms @Hthough recent resuktare not in agreement with the above
four layerst (HgO, )(Ba0)(CuQ)(BaO), stacked along the €duation. The quantitative disagreements are mostly due to
c axis of the tetragonal unit cell. The (HgPand (Cug)  the uncertainty in the,y, the value at which the maximum
layers are flat, while the Ba and O atoms in the (BaO) layefuPerconducting transition temperatutig;may is observed.
are displaced-0.9 A from each other along theaxis due ~ The Hg-1201 structural refinements based on powder
to the interaction of these atoms with the neighboring layersheutron-diffraction data, gavé,; values comprised between
Owing to the high crystallographic symmetry and the small0-06 (Ref. 6 and 0.18:
number of atoms, the structure has only a few variable pa-
rameters, which can be determined with a high degree of
reliability from structural refinements based on diffraction Cu JM
data. Unlike the majority of the other HTSC compounds,
such peculiarities as stacking faults, structure modulations, 7
large static displacements of atoms, etc., are practically ab-
sent in Hg -1201. 02

It is generally assumed that the (HgPlayer acts as 4
charge reservoir for the (CyPplanes. The insertion of © —
oxygen into it leads to the appearance of charge carriers Hg ﬂ
(holes in the (CuQ) layer. By adjusting the oxygen content
in the (HgQy) layer, the doping level of Hg-1201 can be  FiG. 1. Schematic representation of the Hg-1201 structare
easily varied over a wide range, from strongly underdoped t@aif of the unit cell. The values of the compressibilities obtained in
highly overdoped states of which some are nonsuperconducie present papdsee Sec. 11l B of the selected bond distances are

ing. written on the left for the underdoped sample, and on the right for
Both functional and quantitative relationships betw@gn the overdoped sample.
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Another question about Hg-1201 still remaining without a [ T ' ' ' ' T
clear answer, is the reason for the variationTgfwith in-
creasing external pressure. Getaal.” and more recently Qiu
et al® have measured in a wide 8 range and shown that .
dT./dP strongly depends on the doping level. The under- : .
doped and optimally doped Hg-1201 samples exhibit initially
an increase ofT. with pressure up to 6—8 GPa with
dT./dP=2 K/GPa, while the latter rate is smaller and be- |
comes even negative for overdoped samples. These autho| |
concluded that the superconducting region seems to shrin| |
significantly with P, and, theT. vs & dependence changes é

-+

from inverse parabolic at ambient pressure to truncated tri{- AfeRMN Wy . :
anglellke above 10 GPa. Th@c,max under pressure Wa.S [ ||+|| " b Il+ll ni II+I IIIIIIIII LU U R U LI 1T B B )

found to be nearlys independent around the optimal doping = = = L L L

level, which supports the idea put forward in Ref. 8 that the 20 (deg)

pressure-induced charge transfer only plays a minor role in

the pressure effect on . FIG. 2. The diffraction pattern of sample C, measured at D2B at

The experimental ;(P) dependence was analyzed in sev-a pressure=0.5 GPa and analyzed with the Rietveld method.
eral theoretical articles. In Ref. 9, the electronic band-
structure calculations were carried out and the correct sigdata® for the optimal and overdoped compositions. The
for the lattice anisotropic compressibility was obtained. Thestructure of Hg-1201 at ambient pressure has also been rede-
value of T, is related to the position of van Hove singularity, termined and compared to previous wdfkThe analysis of
depending on the carrier concentration as well as on the exall these structural data has led us to comprehension of the
ternal pressure. In Ref. 10 the authors supposed that; vs § dependence.
pressure-induced changeslipare related to two effects: the
charge transfer from the reservoir to the (Gu@ayer and
the dependence oR of the energy-gap value. The detailed
analysis of the experimental data on the influence of pressure Three samples of HgB&uQ,, ; were prepared according
and doping level was carried out in Ref. 11. These authorso the procedure described in Ref. 15. The syntheses were
showed that in terms of the indirect-exchange model the obperformed in sealed silica tubes in a furnace with controlled
served T,(P,5) dependence cannot be explained withouttemperature gradient. The sample in the underdoped state
considering that the oxygein the (CuQ) layer and those (sample A, T.~75 K) in the final stage of the preparation
close to if has the role of an intermediary in the process ofprocess was annealed in argon flow at 350 °C. Sample B
the electron coupling. From this follows the necessity of conwhich is optimally doped T.~97 K), was annealed at
sidering the structural reorganization close to the (§uO 250°C in 1 bar oxygen atmosphere. The third san{e
layer while analyzing theT(P,8) dependence. Thus, the overdoped,T,~70 K) was annealed at 270°C under an
importance of determining the Hg-1201 structure with differ-oxygen pressure of 90 bar. The preparation method, the su-
ent doping levels(under, optimally and overdopedis a perconducting properties, and the unit-cell parameters of
function of pressure is obvious. these samples were similar to the Hg-1201 samples, previ-

Until now the data on the influence of external pressurepusly studied with the HRFD diffractometer in Dubna at
on the Hg-1201 structure were only obtained for the opti-ambient pressur¥’
mally doped compositiond,,~0.12), up to 0.6 GP&Ref. Neutron-diffraction patterns of A and C samples were
12) and up to 5.1 GP& and partly for the composition with measured at the D2B diffractometer at the I{Grenoble at
dopr=0.19 (overdoped staje”® The analysis of the results several values of the external pressure, while sample B was
showed that the main effect of pressure is the shortening aheasured only at ambient pressure. A high-pressure cell of
the apical Cu-@) bond length, while the Hg-O distance in the “cylinder-piston” type with Fluor Inert liquid as the
the HgQ dumb-bell is practically pressure independent. Forpressure-transmitting medium was used to generate the de-
example, the relative variations of these distances are 3§ired pressures on the sample. The diffraction patterns in the
+0.8% and 0.40.8%, respectively’ These results were range 20%¥26<150° were obtained at 0, 0.5, and 0.85 GPa
not unexpected because at ambient pressure the apical Cut@ sample A and at 0, 0.5, and 0.7 GPa for sample C. No
bond length is unusually large with respect to those found irpeaks from impurity phases were found in any of the diffrac-
other Cu-based higfi;. oxides(for example, almost 0.5 A tion patterns. The total number of the Bragg reflections used
larger than in the Y123 compouhdConsequently, this bond in the refinement, exceeded 100 in each case. A typical dif-
is weak. On the contrary, the chemical bonds in the KHgOfraction pattern measured in the high-pressure cell is shown
dumb-bell are strongly covalent, and this is the main reasoin Fig. 2. Additionally, the diffraction patterns from samples
for its small variation under pressure. B and C were taken at normal conditions without the cell. A

In this article the results of powder neutron-diffraction diffraction pattern of sample A at normal conditions was also
structural experiments are presented. They have been carrietitained with the HRFD diffractometer at Dubna in the
out on Hg-1201 samples witd~0.06 (underdoped state range ofd spacing 0.77—-2.12 A in order to make a com-
and 6~0.19(overdoped stajaunder external pressures up to parison with the previously obtained data, which would re-
about 0.8 GPa. The results are compared with our earlieveal possible systematic errors.

Il. EXPERIMENT
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The Rietveld refinements were carried out with the use of TABLE I. Structural parameters of the optimally doped sample
the GsAs and MRIA programs. The measured intensity of B, measured at D2B at ambient conditiohk,, andU;; are isotro-
scattered neutrons was corrected for the relatively strong alic and anisotropic thermal parameters multiplied by a factor 100.
sorption of neutrons in Hg-1201 due mainly to the Hg atoms.N.Uf“berS in parentheses are statistical errors in the last significant
The neutron absorption cross sections from Ref. 16 werdigit.
used. Several hypotheses for the structural model were

checked during the refinements for all compositions. They?©: d€g 16-147
were: a deficiency in the occupation of the Hg site, the posghkl' A 0.831-5.71
sibility of splitting of the Ba site along the axis, the pres- & 3.883674)
ence of static displacements of Hg in the basal plane and & A 9.52981)
O(2) in a plane parallel to the basal plane, the disordering oV: A3 143.7313)
O(3) in the basal plane along the diagonal of the unit cell,z(Ba) 0.29841)
and the possibility of the existence of additional oxygen inz[O(2)] 0.20781)
the (0,0.5,0) orx,0.5,0) positions. None of these hypothesesn[O(3)] 0.1364)
were found to be statistically significant. This is in very goodU(Hg), AZ 1.39
agreement with the conclusions drawn recently in Ref. 17U,,(Hg), A? 1.6Q13)
These authors reported the detailed x-ray-diffraction study 0tJ,,(Hg), A 2 0.995)
15 Hg-1201 samples synthesized in sealed quartz tubes with,(Ba), A2 0.61
different nominal Hg and Cu concentrations. U, (Ba), A2 0.483)
Therefore, the refinements were carried out using they,(Ba), A2 0.875)
standard structural modésee, for example, Ref. 14The  y_(cu), A? 0.22
occupancy of the mercury position was fixed at 1 and the, (cy), A2 0.01(3)
oxygen 3) thermal parameter was fixed as isotropic at theU33(Cu) A2 0.656)
value of 0.8 A? The thermal parameters of the other atomsy 0[0(1')] A2 0.52
were _refin_ed in the anisotropic model e}ccording tp th.e re'Lf)Z[O(l)],‘Az 0_4'(15>
spective site symmetry. Since the precise determination qf, JO(1)], A2 0.195)

the thermal parameters was not the scope of the presepf 2
study, the refined values of the thermal parameters are pr%’a[o(l)]’ A 0-98(6)

] 2
sented in the Table | only for the optimally doped compound «d0(2)]. A 1.42

No significant changes for these parameters were observed WL O], A z 1.644)

the other refinements. The results for the other compositiongsd O(21: A , 0.986)
and at different values of the external pressure are presentéﬁ?o[o(:”)]' A 0.8

in Tables Il and IIl. Hg-0(2), A 1.9801)
Cu-Q2), A 2.7841)

Ba-(1), A 2.73158)

lll. RESULTS AND DISCUSSION Ba02) A > 87875

A. Ambient pressure: T vs é dependence Ba-0(2) (—1), A 0.8642)

The content of extra oxyged is a very important param- 52-0(3) (=1), A 2.8441)
eter in the structural analysis of Hg-1201. In the papers ana¥? 1.72

lyzing the influence of pressure on the structure &pdsee,
for example, Refs. 11, 18the authors used the value of
dopt=0.18, obtained by Huanet al? Such a value oB,is  pancy factor is close ta-0.01. This value was corroborated
in clear disagreement with results obtained by the time-ofby additional measurements on one of the samples studied at
flight neutron powder diffraction study of the Hg-1201 struc- HRFD, carried out at the 3T2 diffractometer of LLB. The
ture (Sopr=0.12—0.13) 14 as well as with the iodometric ti- coincidence for the results in the same limit§.01 was also
tration which gavesopt~o_08—o_093, In order to explain the obtained for a sample studied both at D2B and HRFD. These
large & optimal value, the authors of Ref. 2 assumed arresults gave us the confidence to assume that our three
unusual formal valence for the extra oxyge(80on the Hg  groups of samples were really under-, optimally, and over-
layer. In the present study particular attention was given t¢loped, with mean contents of additional oxygen close to
the problem of the extra oxygen concentration in samples AQ.06+0.01, 0.130.01, and 0.120.01, respectively. The
B, and C. Data at ambient pressure was collected for d. vs 6 dependence for all seven samples investigated is
sample of Hg-1201 by using a different neutron facilige ~ shown in Fig. 3. The experimental points are fitted by @9.
D2B constant wavelength instrument at )Land refinement with  parameters T; ;a,=97.5£0.8 K, q=52+9, §yy
program(GsAs from those used in Ref. 14. ~0.127+0.005, i.e., withd,,; approximately 1.5 times lower
The detailed procedure of the extra oxygen determinatiothan that obtained in Ref. 2. The error estimates include the
from the diffraction data measured at the HRFD was dis-experimental uncertainties in both the valueJ gffrom =1
cussed in Ref. 14. It was shown that the quality of theto =4 K) andé (*0.01).
samples and the experimental setup were apt for determining The &, value turned out to be significantly lower than
o, the oxygen in the (1/2,1/2,0) position, with a precisionthe 5, given in Ref. 2, but, at the same time,+sl.6 times
+0.01. The situation with the measurements carried out dtigher than the value predicted by the simple ion doping
D2B is the same, namely the precision of th€3Ooccu-  model, that isd,,=0.08. This assumes that there is the for-
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TABLE Il. The structural parameters for the underdoped sample A as a function of pressure.

HRFD, D2B,P=0, D2B, D2B,
ambient in the cell P=0.5 GPa P=0.85 GPa
20, deg 18-150 22.56-150.9 22.6-150.5
dhii, A 0.77-2.12 0.825-5.07 0.823-4.06 0.824-4.06
a, A 3.88723(3) 3.8891(1) 3.8815(1) 3.8768(1)
c, A 9.5372(2) 9.5407(3) 9.5138(3) 9.4964(3)
v, A3 144.1116 144.301(6) 143.338(7) 142.728(8)
z(Ba) 0.3004(3) 0.3006(3) 0.3007(3) 0.3006(3)
7[0(2)] 0.2077(3) 0.2073(3) 0.2075(3) 0.2076(3)
n[O(3)] 0.05(1) 0.054(8) 0.064(9) 0.069(9)
Hg-0(2), A 1.981(2) 1.977(3) 1.974(3) 1.971(3)
Cu-02), A 2.788(2) 2.793(3) 2.783(3) 2.777(3)
Ba-Q(1), A 2.721(2) 2.720(2) 2.713(2) 2.710(2)
Ba-0(2), A 2.887(1) 2.891(1) 2.885(1) 2.880(1)
Ba-O(2) (1), A 0.884(3) 0.891(4) 0.887(4) 0.884(4)
Ba-O(3) (1), A 2.865(2) 2.868(3) 2.861(3) 2.855(3)
x° 1.24 0.87 0.82 0.85
mation of two holes in the (Cuf layer per oxygen atom B. Pressure dependence of the structural parameters

inserted into the Hg layer, the standard valences of the atoms The variations of the andc unit-cell parameters and the
are: Vga=Vug=+2, Vo=-2, and the optimal number of main interatomic distances in Hg-1201 as the function of
holes in the (CuQ layer is n,,=0.16. The study of the pressure are shown in Figs. 4—6. For the optimally doped
effect of doping by fluorine, instead of oxygen, in Hg-1201, sample the points corresponding to ambient presfuea-
carried out by Abakumovet all® showed that the sam&,  sured at D2B are shown and the line slopes correspond to
values in the oxygen- and fluorine-doped compoundshe compressibilities derived from Ref. 13. The compress-
(HgBa,CuQ,, s and HgBaCuF, ) are obtained for 3~ y. ibilities of the unit-cell parameters and the main interatomic
As the charge of F is hardly different from1, the charge of distances in Hg-1201, defined ag,=—(1/q)Aq/AP
the extra oxygen is equal te-2. In order to explain the (10 3/GPa), whereyis the specific parameter, are presented
difference between thé,, andn,, Abakumovet almade in Table IV and in Fig. 7. In order to calculateq/AP, the
the speculation that the holes induced by the insertion ofinear least-squares fits of the experimental points were used.
oxygen are distributed over the (CgQayers and other parts The fits are shown in Figs. 4—6. For comparison, the com-
of the Hg-1201 structure, e.g., the Hg@umb-bell. pressibilities calculated from the data of Ref. 12, correspond-
The obtained absolute values of the interatomic distanceing to the optimally doped Hg -1201 sample, are also pre-
and the range of their variations for increasifigre in good sented in Table IV.
agreement with the values published in previous neutron- The pressure dependence of the Hg-1201 unit-cell param-
diffraction studies. eters show that the occupation of th€3Dposition does not

TABLE lll. The structural parameters for the overdoped sanipkes a function of pressure.

D2B, D2B, P=0, D2B, D2B,

ambient in the cell P=0.5 GPa P=0.7 GPa
20, deg 18-152 22.4-150 22.+152.5 22.77+ 152
dne, A 0.82-5.08 0.825-4.1 0.82-4.03 0.82-4.03
a, A 3.87923(6) 3.8790(1) 3.8716(1) 3.8693(1)
c, A 9.5244(2) 9.5237(3) 9.4990(3) 9.4913(3)
V, A3 143.327(4) 143.302(9) 142.381(7) 142.100(7)
z(Ba) 0.2970(2) 0.2976(4) 0.2967(3) 0.2962(3)
Z[0(2)] 0.2083(2) 0.2080(3) 0.2088(3) 0.2086(3)
n[O(3)] 0.194(5) 0.176(11) 0.185(10) 0.172(9)
Hg-0(2), A 1.984(2) 1.980(3) 1.983(3) 1.980(3)
Cu-0(2), A 2.778(2) 2.781(3) 2.766(3) 2.766(3)
Ba-QO(1), A 2.739(1) 2.734(3) 2.734(2) 2.736(2)
Ba-0(2), A 2.870(1) 2.873(2) 2.862(2) 2.860(1)
Ba-O(2) (—1), A 0.844(3) 0.854(5) 0.835(4) 0.831(4)
Ba-O(3) (—1), A 2.828(2) 2.835(3) 2.818(3) 2.811(3)
2

X 1.08 0.87 0.88 0.96
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strongly influence the lattice compressibility. The valuecgpf 00 02 04 06 08 10 12
in sample A is higher than those in B and C samples. This ' ' P GPa) '

can be attributed to the comparatively higher compressibility

of the Hg-O(2) bond Ie_ngj[h in the redgc_ed structure of FIG. 5. The dependence on pressure of the HB-@) and the
Sample,A' The Compress'b'“ty_ along thaxis in samples B Cu-Q(2) (b) apical distances. The lines for the underdoped and
and C is almost fully determined by thec,.oz). For all  yerdoped samples are the least-squares fits. For the optimally
three levels of doping the compressibility anisotropy is quitegoped state the point measuredPat 0 is shown together with the
high, reaching./x,~1.47 for sample A. The compressibil- jine siope determined in Ref. 13.

ity becomes less anisotropic when extra oxygen congent

increasesk./ k, decreases from sample A (1490.02) to C
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FIG. 4. The unit-cell parameters of Hg-1201 as a function of
external pressure for three samples. The lines for the underdoped FIG. 6. The distances between the Ba layer and the Hg layer
and overdoped samples are the least-squares fits. For the optimabyd between Ba and(@© atoms(b) as a function of pressure. The
doped state the point measuredPat O is shown together with the lines for the underdoped and overdoped samples are the least-
line slope determined in Ref. 13. The experimental errors aresquares fits. For the optimally doped state the point measured at
smaller than the symbols. P=0 is shown together with the line slope determined in Ref. 13.
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TABLE IV. Compressibilities of the lattice parameters and the main distances in Hg-1201. The com-
pressibility is defined ag&,=—(1/q)Aq/AP (10 3/GPa).

Parameter Sample A Sample B Sample C Data from Ref. 12
data from Ref. 13
a 3.73(4) 3.3(2) 3.60(6) 4.25(6)
c 5.48(4) 4.6(1) 4.90(6) 5.82(6)
\Y, 12.9(1) 11.2(3) 12.1(1) 14.3(2)
Hg-0(2) 4(2) 0.5(1.5) 0.1(2.9) —0.5(4.8)
Cu-0(2) 7(2) 8(1) 8(2) 10(3)
Ba-O(1) 5(1) 3.7(7) —0.9(1.5) 6(2)
Ba-0(2) 4.2(7) 4.4(4) 6.7(9) 4.9(9)
Ba-02) (I1-1) 9(7) 16(4) 39(10) 15(10)
Ba-O(3) 5(2) 5(1) 12(2) 5(3)

(1.36:0.03). This behavior is due to the fact that the can be found by analyzing the behavior of the other bond
Hg-1201 structure becomes more isotropic when th{8) O distances in the structure. It is obvious that the compressibil-
site occupancy increases. ity of the Hg-QO2) bond should depend on the compressibili-

It is remarkable that the compressibilities of the in-planeties of the other bonds, such as C@D and
Cu-O(1) and Hg-G3) bonds are practicallyy independent, Ba-O(3) [O(2)], which become more compressible for in-
while the compressibility of the apical bond distances,creasing of the O(3) content.

Cu-O2) and Hg-@2), are strongly dependent upon the dop- The compressibility of the apical Cu¢®) bond length
ing level. The compressibility of the apical Hgi®) bond is  increases when the(8) content increases despite the short-
close tox, for sample A, but with increasing doping level ening of this bond for largew values. This bond length
(samples B and L it becomes practically incompressible. shortens in these samples proportionally to the decrease of
This was observed in the pressure range up to 5.07 and 2.3fe c axis length, i.e., the pressure dependence of the apical
GPa for the optimally and overdoped compositions,Cu-O(2) bond length for all three types of samples repro-
respectively:®> The HgG dumb-bell is a very rigid element duces the pressure dependence ofahmit-cell parameter.
of the structure. The results presented here show that thehe valuexc,.qp) is greater thanc, which in part is due to
length of the Hg-@2) bond depends on the extra oxygen the low value Ofkpg-o) - If Khg-o2=0, then we should have
content in the Hg plane: an increase of the coordination NUMx .o = k(C/2 cy.q2), Wherelc,.qp) is the length of the
ber of the Hg atoms results in an increase of the apicatu-O2 bond.
Hg-O(2) bond distance. This bond becomes incompressible The compressibilities of the Ba-O distances strongly de-
with the presence of the significantly large amount ¢8)dn pend on the doping level. The compressibility of the B&)O
the Hg layer. This behavior may seem unusual, howeverdistance becomes larger when the doping level increases. For
bond lengths increase when the coordination number of ththe A and B samples the compressibility of this distance
cation increases and this is exactly what happens to the ceorresponds approximately i, while for the C sample it
ordination number of Hg for increasing It is possible that is almost 2.5 times larger thag., i.e., for increasing pres-
some bending of the HgQlumb-bell occurs. The departure sure the Ba atom in the overdoped sample is rapidly moving
of the Hg atom from the (0,0,0) position may lead to antoward the basal plane. The compressibility of the B8O
apparent shortening of the bond length. Another explanatiodond length becomes also larger for increases of the extra
oxygen content. The unexpected result is that the BB-O
. - . . distance/between Ba and O of the (CyPDlayerg becomes
124 Ba.03 ] incompressible in the overdoped state. This distance does not
change under pressure, and the compressibility has even a
9 i small negative value, while in the underdoped and optimally
doped samples this bond decreases for increasing pressure.
Cu-02 Figures 7 and 1 summarize the variations of selected bond
61 T compressibilities with the change of the doping level. An
increase of the ) content results in larger compressibili-
i ties of the Ba-@8) and Cu-@2) distances, while the
Hg-O(2) and Ba-@1) ones become practically incompress-
ible. Therefore, pressure induces anisotropic eff@stsich
depend on the doping leyebn the structure of Hg-1201
compound and, in particular, on the local arrangement of the
(CuG,) layers which are responsible for superconductivity.
In the overdoped state the separation between these layers

FIG. 7. Compressibilities of the main Hg-1201 structural param-and neighboring Ba cations does not decrease under pres-

eters for three doping levels. sure, while the apical @) anions shift highly toward the Cu

Compressibility, (103 GPa™)
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Oxygen content
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cations. In the under- and optimally doped structures preshigh extra oxygen concentrations in the Hg lag@mder- and
sure causes the shortening of the Bd)Gseparation and a overdoped states The results are analyzed together with
smaller compression of the Cut® bond. Such variation of previous dat&>* The main conclusions are as follows:
the atomic interactions due to the change of extra oxygen The superconductor HgBGuQ,, s, prepared according
content can be one of the reasons for the enhancement of the the procedure described in Ref. 15 is a cation-
charge transfer from the reservoir block to the conductingstoichiometric compound exhibiting the higheéBt at the
(CuQ,)) layers in the overdoped state in comparison withoxygen concentration in the Hg layég,=0.13+0.01. This
under and optimally-doped superconductors. oxygen is only situated in the center of the Hg layer. The
One of the most discussed questions in the literature igsalue of 5., was determined by the measurements of seven
why T.(P) for the Hg-1201 phases varies differently with Hg-1201 at three diffractometers, two of whi¢b2B and
the different doping level. This subject is discussed in a few3T2) are of the classical type with=const, while the third
theoretical article$®***8Even though each is based on vari- (HRFD) utilizes the time-of-flight technique. All the mea-
ous models, all conclude that there are two main reasons theured points of th&.(5) dependence lie on one curve which
T, change: the increase @f . in Eq. (1) and the variation  strongly indicates that thé, value is realistic.
of the charge-carrier density in the (CgQayer due to the At low O; concentration the Hg-1201 structure com-
charge transfer from the reservoir. From the experimentapresses uniformly, i.e., the compressibilities of the main in-
data on theT; vs P and é dependence presented in Ref. 7 it teratomic distances correspond to the unit-cell compressibil-
follows thatdT./dP~const=2 K/GPa ford< d,, at least ity. However, at higher @ concentrations the Hg<@) and
up to 1.5 GPa pressures. The analysis of @y shows that Ba-O(1) bonds become practically incompressible, while the
in this case the pressure-induced charge transfetdP, Cu-O2) and Ba-@3) undergo a strong compression. The
would have to decrease for increasidg vanishing até  analysis of the interatomic distances variations allows us to
= Jopt- The absolute value of the charge transfer is verypropose that in the under and optimally doped states the
small, not higher than 0.002 holes/GPa for the underdopedharge transfer from the reservoir to the (Gu@yers plays
state’®?° From the homogeneous character of the structure minor role. The enhancement®f under pressure is due to
compression revealed in the present study one can conclud® increase of thd . value. The decrease df. under
that the effect of the charge transfer from the reservoir to theapplied pressure for the overdoped Hg-1201 superconductor
(CuQ,) layers does not play the dominant role in the may be explained by charge-transfer enhancing overdoping.
Hg-1201 structure under pressure &k J,,. At the same
time, the strong shift of the Ba atoms in the overdoped state
toward the (HgQ) layer under applied pressure may be ACKNOWLEDGMENTS
considered as the signature of a significant charge transfer
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