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I. INTRODUCTION 

The HgBa2CuO4+o phase (Hg-1201) is at the moment one of the most thoroughly 
studied high-temperature superconductors from the point of view of relation between atomic 
structure and physical properties. Its structure 111 can be described in terms of four layers, 
(HgO0)(BaO)(CuO2)(BaO), stacked along the c axis of the tetragonal .unit cell. The (HgO0) 

and (CuO2) layers are flat, while the Ba and O atoms in the (BaO) layer are displaced -0.9 A 
from each other along the c axis due to the interaction of these atoms with the neighboring 
layers. Owing to the high crystallographic symmetry and the small number of atoms, the 
structure has only a few variable parameters, which can be determined with high degree of 
reliability from structural refinements based on diffraction data. Unlike the majority of the 
other HTSC-compounds, such peculiarities as stacking faults, structure modulations, large 
static displacements of atoms, etc. are practically absent in Hg-1201. 

It is generally assumed that the (HgO0) layer acts as charge reservoir for the (CuO2) 

planes. The insertion of 0 0 oxygen into it leads to the appearance of charge carriers (holes) 
in the (CuO2) layer. By adjusting the oxygen content in the (HgO0) layer, the doping level of 
Hg-120 I can be easily varied over a wide range, from strongly underdoped to highly 
overdoped states of which some are non superconducting. 

Both functional and quantitative relationships between Tc and o are still 
controversial. The data published (see, for example/21

• 
131

) do not contradict the universal 
parabolic dependence of Presland et al. 141

: 

Tc=Tc.nrnx [l - q (0-0op,)2], (1) 
though recent results 151 are not in agreement with the above equation. The quantitative 

. disagreements are mostly due to the uncertainty in the Oopt, the value at which the maximum 
superconducting transition temperature, Tc.max is observed. The" Hg-1201 structural 
refinements based on powder neutron diffraction data, gave Oopt values comprised between 
0.06 161 ,llld 0.18 121. 

Another question about Hg-1201 still remaining without a clear answer, is the reason 
for the variation of Tc with increasing external pressure. Cao et al. 171 and more recently Qiu 
et. al. 181 have measured Tc in a wide orange and shown that dTcfdP strongly depends on the 
doping level. The underdoped and optimally doped Hg-1201 samples exhibit initially an 
increase of Tc with pressure up to 6-8 GPa with dTc/dPae2 K/GPa, while the latter rate is 
smaller and becomes even negative for overdoped samples. These authors concluded that 
the superconducting region seems to shrink significantly with P, and, the Tc vs. o 
dependence ch,fnges from inverse parabolic at ambient pressure to truncated triangle-like 
above 10 GPa. The Tc.max under pressure was found to be nearly o-independent around the 
optimal doping level, which supports the idea put forward in reference 181 that the pressure
induced charge-transfer only plays a minor role in the pressure effect on Tc, 



The experimental Tc(P) dependence was analyzed in several theoretical articles. In 
Ref. 191

, the electronic band structure calculations were carried out and the correct sign for 
the lattice anisotropic compressibility was obtained. The vaJJe of Tc is related to the 
position of van Hove singularity, depending on the carrier concentration as well as on the 
external pressure. In Ref. 1101 the authors supposed that pressure-induced changes in Tc are 
related to two effects: the charge transfer from the reservoir to the (Cu02) layer and the 
dependence on P of the energy gap value. The detailed analysis of the experimental data on 
the influence of pressure and doping level was carried out in Ref. 1111

• These authors showed 
that in terms of the indirect-exchange model the observed Tc(P,o) dependence cannot be 
explained without considering that the oxygen (in the (Cu02) layer and those close to it) has 
the role of an intermediary in the process of the electron coupling. From this it follows the 
necessity of considering the structural reorganization close to the (Cu02) layer while 
analyzing the Tc(P,o) dependence. Thus, the importance of determining the Hg-1201 
structure with different doping levels (under, optimally and overdopcd) as a function of 
pressure is obvious. 

Until now the data on the influence of external pressure on the Hg-1201 structure 
were only obtained for the optimally doped composition (o~0.12), up to 0.6 GPa 1121 and up 
to 5.1 GPa 1131

, and partly for the composition with o~0.19 (overdoped state) 1131
• The 

analysis of the results showed that the main effect of pressure is the shortening of the apical 
· Cu-02 bond length, while the Hg-0 distance in the Hg02 dumb-bell is practically pressure
independent. For example, the relative variations of these distances are 3.7±0.8 % and 
0.4±0.8 %, respectively 1131

• These results were not unexpected because at ambient pressure 
the apical Cu-0 bond length is unusually large with respect to those found in other Cu-based 
high-Tc oxides (for example, almost 0.5 A larger than in the Yl23 compound). 
Consequently, this bond is weak. On the contrary, the chemical bonds in the Hg02 dumb
bell are strongly covalent, and this is the main reason for its small variation under pressure. 

In this present article the results of new powder neutron diffraction structural 
experiments are presented. They have been carried out on Hg-1201 samples with o~0.06 
(underdoped state) and o~0.19 (overdoped state) under external pressures up to about 0.8 
GPa. The new results are compared with our earlier data 1131 for the optimal and overdoped 
compositions. The structure of Hg-1201 at ambient pressure has also been redetermined and 
compared to previous work 1141

• The analysis of all these structural data has led us to 
comprehension of the Tc vs. o dependence. 

2. EXPERIMENTAL 

Three samples of HgBa2Cu04+8 were prepared according to the procedure described 
in 1151

• The syntheses were performed in sealed silica tubes in a furnace with controlled 
· temperature gradient. The sample in the underdoped state (sample A, .Tc~75 K) in the final 
stage of the preparation process was annealed in argon flow at 350°C. Sample (B) which is 
optimally doped (Tc~97 K), was annealed at 250°C in I bar oxygen atmosphere. The third 
sample (C. overdopcd, Tc~70 K) was annealed at 270°C under an oxygen pressure of90 bar. 
The preparation method, the superconducting properties, and the unit cell parameters of 
these samples were similar to the l-lg-120 l samples, previously studied with the HRFD 
diffractometer 1161 in Dubna at ambient pressure 1141

• The composition >with o=0.057(10) and 
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Tc=7 l K from 1141 corresponds lo sample /\. the two compositions with o=0.124(9). Tc=98 K 
. and o=0.12( I), Tc=96 K correspond to sampk B. and the composition with 0=0.19( I) and 
Tc=83 K corresponds to sample C. 

Neutron diffraction patterns or /\ and C samples were measured al the D2B 
diffractometer at the ILL (Grenoble) al several values of the external pressure. while sample 
13 was measured only at ambient pressure. A high-pressure cell or the "cylinder-piston·· type 
with Fluor Inert liquid as the pressure-transmitting medium was used lo generate the desired 
pressures on the sample. The diffraction patterns in the range 20°<20< I 50° were obtained 
al 0, 0.5 and 0.85 GPa for sample /\ and at 0. 0.5 and 0.7 GPa for sample C. No peaks from 
impurity phases were found in any of the diffraction patterns. The total number of the Bragg 
relkctions used in the refinement, exceeded I 00 in each case. /\ typical diffraction pattern 
measured in the high-pressure cell is shown in the Fig. I. Additionally. the diffraction 
patterns from all three· samples were taken at normal conditions without the cell. .-\ 
diffract inn pattern ol sample A was also obtained with the I !RFD difTraclomclcr al Duhna in 
the range of ,/-spacing 0.77 - 2.12 /\ in order lo make a comparison with the prc\'iously 
obtained d:1la, which would reveal possible systematic errors. 

The Rietvcld rcJinemcnls were carried out with the use or the GS1\S and l\1RI.-\ 
programs. The measured intensity or sc·atte1nl neutrons was co1Tcctcd for the rclatin·ly 
strong ;1hsorplion or neutrons in llg-120 I due mainly lo the Ilg atoms. The 11L'Ulron 
absorption cross-sections from 1171 \\'ere used. 
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Tahle I. Structural paro111eters <?lthe optimally doped sw11ple B, mea.rnred ot 
D2B at mnhient conditions. U;", and U,, ore isotropic and on isotropic thermal parameters 
m11ltiplil'd hy afoctor JOO. Nw11hers in porentheses ore stotisticol errors in the last 
sigmficwll digit. 

20, deg 16- 147 
d1i,1, A 0.831 - 5.71 
a, A 3.88367(4) 
C, A 9.5298( I) 
V,A' 143.737(3) 
z(Ba) 0.2984( I J 
z(02J 0.2078( I) 
11(03) 0.136(4) 

Uiso(Hg},A- 1.39 
UI ](Hg), A2 1.60(3) 
U33(Hg), A2 0.98(5) 
ui,o(Ba), A2 0.61 
U I !(Ba), A2 0.48(3) 
U33(Ba), A2 0.87(5) 
ui,o(Cu), A2 0.22 
UI l(Cu), A2 0.0 I (3) 
U33(CuJ, A2 0.65(6) 
U;,0 (01), A2 0.52 
U] 1(01), A2 0.40(5) 
U22(01J, A2 0.19(5) 
U33(01J, A2 0.98(6) 

0 2 
Uiso(02), A 1.42 
Ull(02),A2 1.64(4) 
U33(02J, /\ 2 0.98(6) 
ui,oC03), A2 0.8 
Hg-02, A 1.980( I) 
Cu-02, A 2.784(1) 
Ba-01, A 2.7315(8) 
Ba-02, A 2.8787(5) 

Ba-02 (1-1), A 0.864(2) 
Ba-03 (1-1), A 2.844(1 J 

? 

1.72 x-

4 

Tahle 2. The structural parameters for the underdoped sample A as a function of 
pressure. 

HRFD, D2B, P=O, 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 
dhkl, A 0.77-2.12 0.825-5.07 0.823 -4.06 0.824 - 4.06 
a, A 3.88723(3) 3.88907(9) 3.88153(12) 3.87683(12) 
c,A 9.5372(2) 9.5407q) 9.5138(3) 9.4964(3) 

V, A' 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) 
z(02) 0.2077(3) 0.2073(3) 0.2075(3) 0.2076(3) 
11(03) 0.05(1) 0.054(8) 0.064(9) 0.069(9) 

Hg-02, 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-01, A 2.721(2) 2.720(2) 2.713(2) 2.710(2) 
Ba-02, A 2.887(1). 2.891(1) 2.885(1) 2.880(1) 

Ba-02 (1-l), A 0.884(3) 0.891(4) 0.887(4) 0.884(4) 
Ba-03 (l-l), A 2.865(2) 2.868(3) 2.861(3) 2.855(3) 

y2 1.24 0.87 0.82 0.85 

Table 3. The structural parameters for the overdoped sample Casa function of 
pressure. 

D2B, D2B,P=O D2B, D2B, 
ambient in the cell P=0.5 GPa P=0.7 GPa 

20, deg 18 - 152 22.4 - 150 22.7 - 152.5 22.77 - 152 
dhkl, A 0.82- 5.08 0.825 - 4.1 0.82 - 4.03 0.82 - 4.03 
a,A 3.87923(6) 3.87902( 14) 3.87156(12) 3.86931(11) 
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) 0.2-976(4) 0.2967(3) 0.2962(3) 
z(02) 0.2083(2) 0.2080(3) 0.2088(3) 0.2086(3) 
11(03) 0.194(5) 0.176(11) 0.185(10) 0.172(9) 

Hg-02, A 1. 984(2) 1.980(3) 1.983(3) 1.980(3) 
Cu-02, A 2.778(2) 2.781(3) 2.766(3) 2.766(3) 
Ba-01, A 2.739(1) 2.734(3) 2.734(2) 2.736(2) 
Ba-02, A 2.870(1) 2.873(2) 2.862(2) 2.860(1) 

Ba-02 (l-1), A 0.844(3) 0.854(5) 0.835(4) 0.831(4) 
Ba-03 (l-l), A 2.828(2) 2.835(3) 2.818(3) 2.811(3) 

? 
1.08 0.87 0.88 0.96 x-

Several hypotheses for the structural model were checked during the refinements for 
all compositions. They were: a deficiency in the occupation of the Hg site, the possibility of 
splitting of the Ba site along the c-axis, the presence of static displacements of Hg in the 
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basal plane and of 02 in a plane parallel to the basal plane, the disordering of 03 in the 
_ basal plane along the diagonal of the unit cell, and the possibility of the existence of 
additional oxygen in the (0,0.5,0) or (x,0.5,0) positions. None of these hypotheses was found 
to be statistically significant. This is in very good agreement with the conclusions drawn 
recently in reference /lst_ These authors reported the detailed X-ray diffraction study of 15 
Hg-1201 samples synthesized in sealed quartz tubes with different nominal Hg and Cu 
concentrations. 

Therefore, therefinements were carried out using the standard structural model (see, 
for example, 1141

). The occupancy of the mercury position was fixed at I and the oxygen 03 
thermal parameter was fixed as isotropic at the value of 0.8 A.2• The thermal parameters of 
the other atoms were refined in the anisotropic model according to the respective site 
symmetry. Since tht? precise determination of the thermal parameters was not the scope of 
the present study, the refined values of the thermal parameters are presented in the Table 1 
only for the optimally doped compound. No significant changes for these parameters were 
observed in the oth_er refinements. The results for the other compositions and at different 
values of the external pressure are presented in Tables 2 and 3. 

3.RESULTS AND DISCUSSION 

A. Ambient pressure. Tc vs. 8 dependence 

The content of extra oxygen 8 is a very important parameter in the structural analysis 
of Hg-1201. In the papers analyzing the influence of pressure on the structure and Tc (see, 
for example, /11/, 

1191
) the authors used the value of 80 p,=0. l 8, obtained by Q. Huang et al. /2/_ 

Such a value of ◊opt is in clear disagreement with results obtained by the time-of-flight NPD 
study of the Hg-1201 structure (80 p,~0.12-0.13) 1141 as well as with the iodometric titration 
which gave 80 p,~0.08-0.09 131

• In order to explain the large 8 optimal value, the authors of 121 

assumed an unusual formal valence for the extra oxygen 03 on the Hg layer. In the present 
study particular attention was given to the problem of the extra oxygen concentration in 
samples A, Band C. New data at ambient pressure was collected for a sample of Hg-1201 
by using a different neutron facility (the D2B constant wavelength instrument at ILL) and 
refinement program (GSAS) from those used in reference 1141

• 
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Figure 2. Dependence of Tc on the 
oxygen contents 8for Hg-1201. The 
various symbols refer to neutron
diffraction experiments at the HRFD (~. 
D2B (□) and 3T2 (+) diffractometers. The 
solid line is the parabola drawn by the use 
of the least squares method; its parameters 
are presented in the right upper corner. 
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The detailed procedure or the extra oxygen determination from the diffraction data 
mcasun:d at the HRFD was disrnsscd in reference ,i-1,_ It was shown that the quality of the 

samples and the experimental set-up were apt for determining 8, the oxygen in the 
( 1/2, 1/2.0) position, with a precision ±0.01. The situation with the measurements carried out 
at D2B is the same, namely the precision or the 03 occupancy factor is close to ±0.0 l. This 
value was corroborated by additional measurements on one of the samples studied at HRFD, 
carried out at the 3T2 diffractometer or LLB. The coincidence for the results in the same 
limits ±0.<l l was also obtained for a sample slt!dicd both at D2B and HRFD. These results 
gave us L'onridcnce to assume that our three grnups or samples were really under-, optimally 
and ovcrdopccl, with mean contents or additional oxygen close to 0.06±0.01. 0.13±0.01 and 
0.19±0.01, rcspcctiYcly. The Tc 1·s. o dcpcnclcncc for all seven samples investigated is 
shown in Fig.2. The experimental points arc fitted by equation ( l) with parameters 
T<.nrn=97 .:'i±0.8 K, q=:'i2±9. 8.,p,~0.127±0.00:'i. i.e. with o,,p, approximately l .:'i times lower 
than thal obtained in reference 121

• The error estimates include the experimental uncertainties 

in both the values or T,. (from± I tP ±--1 K) and Ii (±0.0 l ). 
The 8"P' value turned out to he significantly lower than the 8"1'' given in reference 

0
, 

but, at th.: same time. is~ 1.6 times higher than the value predicted by the simple ion doping 
model, 1 hat is 8"P'=0.08. This a.,sumcs that there is the formation of two holes in the (Cu02) 
layer per oxygen atom inserted into the Hg-layer, the standard valences of the atoms arc: 
V Ha=Y11

0
=+2, Vo=-2. and the optimal number or holes in the (CuO2) layer is 11.,1'1=0. l 6. The 

study of the effect of doping by fluorine. instead of oxygen, in Hg-120 l, carried out by 
Ahakumm· ct al. 1201 showed that the same Tc values in the oxygen- and fluorine-doped 
compounds (HgBa2CuO.1+c and HgBa2CuO.1Fy) arc obtained for 28 ~ y. As the charge of Fis 
hardly different from -1, the charge or the extra oxygen is equal to -2. In order to explain the 

dilTcrcncT between the <'l.,p, and n.,p, /\bakunm,· ct al. '
20

' made the speculation that the holes 
induced hy the insertion of oxygen arc distributed m·cr the (CuO2) layers and other parts of 

the H_g-120 l structure, e.g. the HgO2 dumb-he! l. 
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The dcpcmkncc or some or the intcratnmic distances _upon 8 arc presented in Fig.3. 
/\s the negative charge on the (llgO;;) lawr,c increases, the Ba atom moves gradually toward 
the (HgOi\) layer, that is toward 03. N,,tic·L· that the points corresponding to the Ba-O3 
di.stances for both series or samples lie Lill the same curYc (Fig.3a). The situation ror the Hg
O2 distance is different (that or the· Cu-O2 distanec is the same. hut inYcrsc). The 
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experimental points from the samples of each of the two series lie on two lines with visibly 
different slope (Fig.3b). In general, the ah,olute values of the interntomic distances and the 
range or their variations for increasing 8 arc in agreement with the values published in 

. previow, neutron-diffraction studies. 

B. Pressure dependence of the structural parameters 

The variations of the a and c unit cell parameters and the main interatomic distances 
in Hg-120 l as the function of pressure arc shown in Figs.4-6. For the optimally doped 
sample the points corresponding to ambient pressure (measured at D2B) are shown and the 
line slopes correspond to the comprcssihilities derived from mi_ The compressibilities of the 
unit cell parameters and the main interatomic distances in Hg-1201, defined as Kq = -(1/q) 
dqldP ( l (r3/GPa), where q is the specific parameter, arc presented in Table 4 and in Fig.7. In 
order to calculate dqldP, the linear least-squares fits of the experimental points were used. 
The fits are shown in Figs.4-6. For comparison, the compressihilities calculated from the 
data of reference 1121, corresponding to optimally eloped Hg-120 l sample, are also presented 

in Table 4. 
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The pressure dependence of the Hg-1201 unit cell parameters shows that the 
occupation of the 03 position does not strongly influence the lattice compressibility. The 
value of Kc in sample A is higher ~han those in B and C samples. This can be attributed to 
the comparatively higher compressibility of the Hg-O2 bond length in the reduced structure 
of sample A. The compressibility along the c-axis in samples B and C is almost fully 
determined by the Kcu-OZ· For all three levels of doping the compressibility anisotropy is 
quite high, reaching K/Ka'd.5 for sample A. The compressibility becomes Jess anisotropic 
when extra oxygen content 8 increases: Kc/K, decreases from sample A (1.48) to B (1.45) to 
C (1.36). This behavior is due to the fact that the Hg-1201 structure becomes more isotropic 
when the 03 site occupancy increases. 

Table 4. Compressibilities of the lattice parameters and the main distances in 
Hg-120 I. The compressibility is defined as Kq = -( 1/q)dq/dP ( 10-3 /GP a). 

Parameter Sample A Sample B, SampleC data from n 1J 

data from /13/ -
a 3.71(12) 3.20(35) 3.63(21) 4.25(6) 
C 5.48(11) 4.63(11) 4.93(26) 5.82(6) 
V 12.9(4) 10.9(6) 12.2(7) 14.3(2) 

Hg-O2 3.69(5) 0.5(3) 0.1(5) -0.5(4.8) 
Cu-O2 6.71(16) 7.7(6) 8.5(2) 10(3) 
Ba-O1 4.6(5) 3.5(8) -0.8(7) 6.1(2.3) 
Ba-O2 4.23(5) 4.3(4) 6.8(6) 4.9(0.9) 

Ba/l-O2/l 9.4(1.4) 16.7(2.7) 40(5) 15(10) 
Ba-O3 5.5(5) 5.3( 1.0) 11.9( 4) 4.8(3.0) 

It is remarkable that the compressibilities of the in-plane Cu-O1 and Hg-O3 bonds 
are practically 8 independent, while the compressibility of the apical bond distances, Cu-O2 
and Hg-O2, are strongly dependent upon the doping level. The compressibility of the apical 
Hg-O2 hond is close to Kc for sample A, but with increasing doping level (samples B and 
C), it becomes practically incompressible. This was observed in the pressure range up to 
5.07 and 2.37 GPa for the optimally and overdoped compositions, respectively 1131

• The 
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HgO2 dumb-bell is a very rigid element of the structure. The results presented here show 
that the length of the Hg-O2 bond depends on the extra oxygen content in the Hg-plane: an 
increase of the coordination number of the Hg atoms results in an increase of the apical Hg
O2 bond distance. This bond becomes incompressible with the presence of the significantly 
large amount of 03 in the Hg-layer. This behavior may seem unusual, however, bond 
lengths increase when the coordination number of the cation increases and this is exactly 
what happens to the coordination number of Hg for increasing 8. It is possible that some 
bending of the HgO2 dumb-bell occurs. The departure of the Hg atom from the (0,0,0) 
position may lead to an apparent shortening of the bond length. Another explanation can be 
found by analyzing the behavior of the other bond distances in the structure. It is obvious 
that the compressibility of the Hg-O2 bond should clcpencl on the compressibilities of the 
other bonds, such as Cu-O2 and Ba-O3(O2), which become more compressible for 

increasing of the 03 content. 
The compressibility of the apical Cu-O2 bond length increases when the 03 content 

increases despite of the shortening this bond for larger 8-values. This bond length shortens 
in these samples proportionally to the decrease of the c axis length, i.e. the pressure 
dependence of the apical Cu-O2 bond length for all three types of samples reproduces the 
pressure dependence of the c unit cell parameter. The value Kcu-o2 is greater than Kc which in 

part is clue to the low value of K11g-02· If K11g-02=0, than we should have: Kcu-02 = Kc•(c/21cu-
02), where lcu-02 is the length of the Cu-O2 bond. 

The compressibilities of the Ba-O distances strongly depend on the doping level. 
The compressibility of the Ba-O3 distance becomes larger when the doping level increases. 
For the A and B samples the compressibility of this distance corresponds approximately to 
Kc, while for the C sample it is almost 2.5 times larger than Kc, i.e. for increasing pressure 
the Ba atom in the overdoped sample is rapidly moving toward the basal plane. The 
compressibility of the Ba-O2 bond length becomes also larger for increases of the extra 
oxygen content. The unexpected result is that the Ba-O I distance (between Ba and O of the 
(CuO2) layers) becomes incompressible in the overdoped state. This distance does not 
change under pressure, and the compressibility has even a small positive value, while in the 
underdopccl and optimally eloped samples this bond decreases for increasing pressure. 
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Figure 7. Compressihilities of the 
mail! Hg-1201 structural parameters 

.frir three dopillg levels 

Cu 

Hg 

Figure 8 . Sche111atic representation 
of the Hg-1201 structure. The l'(ll11es 

of the co1111Jressihilities of the selected 
/){)nd distance.1· are ll'ritten 011 the left 
fi,r the 1111derdoped sample. and 011 
the rightjiJr the orerdoped .1·m11ple. 

Figs. 7 and 8 summarize the variations of selected bond compressibilities with the 
change of the eloping level. An increase of the OJ content results in larger compressibilities 
or the Ba-O3 and Cu-O2 distances, while the Hg-O2 and Ba-O1 ones become practically 
incompressible. Therefore. pressure induces anisotropic effects (which depend on the 
doping level) on the structure of Hg-1201 compound and, in particular, on the local 
arrangement of the (CuO2) layers which arc responsible for superconductivity. In the 
ovcrdoped state the separation between these layers and neighboring Ba cations docs not 
decrease under pressure, while the apical 02 anions shift highly toward the Cu cations. In 
the under- and optimally-doped structures pressure causes the shortening of the Ba-O1 
separation and a smaller compression of the Cu-O2 bond. Such variation of the atomic 
interactions due to the change or extra oxygen content can be one of a reasons for the 
enhancement of the charge transfer from the reservoir block to the conducting (CuO2) layers 
in the m·erc!opcd state in comparison with under- and optimally-doped superconductors. 

One of the most discussed questions in the literature is why T,(P) for the Hg-1201 
phases ,·arics differently with the different doping level. This subject is discussed in a few 
thcoretiL·,tl articles mu 1.

211
• Even though each is based on various models, all conclude that 

there arc two main reasons the Tc change: the increase of Terna, in equation (I) and the 
variation or the charge carrier density in the (CuO2) layer due to the charge transfer from the 
reservoir. From the experimental data on the Tc 1·s. P and 8 dependence presented in 

· reference 171 it follows that dTJdP == cons!. ==2 K/GPa) for 8<8,,r, at least up to 1.5 GPa 
pressures. The analysis of equation (I) shows that in this case the pressure-induced charge 
transfer. dn/dP, would have to clccrcasc for increasing 8, vanishing at 8=8,,p,- The absolute 
value or the charge transfer is very small. not hiQhcr than 0.002 holcs/GPa for the 
undcrdopcd state 110

•
2

11_ From the homogeneous ch,~·actcr of the structure compression 
revealed in the present study one can conclude that the effect of the charge transfer from the 
reservoir to the (CuO2) layers docs not play the dominant" role in the llg-1201 structure 
under pressure at 8<0,,p,- At the same time, the strong shift of the Ba atoms in the ovcnlopcd 
state toward the (HgO0) layer under applied pressure may be considered as the signature of a 
signific,111t charge transl"cr into the (CuO2) laycr. 
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,\ccording to the theory of indirect exchange via the oxygen anions as the 
intermediary in the electron coupling 111

', the change in the TJP) behavior for o > 0.,p, cannot 
be expl.,incd without taking into account the variations in the density of the "active" oxygen 
atoms. In Hg-1201, these "active" oxygen atoms arc those of the (CuO2) layer and the apical 
oxygen 02. This means that the variations to he considered are those in the oxygen 
distribution in the (CuO2) layer and its surrounding. Our results show that the movement of 
the Ba ;110111 (for example, that of Ba away from the (CuO2) layer at 0=0.19) should also 
affect the general balance of the interactions. 

These considerations can be made more quantitative by calculating the variations of 
the total charge on the (CuO2) laycr by the BYS method 1221

• It is easy to see that, in the case 
of Hg-120 I. only two bond lengths need to be considered: Ba-O1 and Cu-O2. Furthermore, 
it is important to remark the fact that, if constant r0 parameters are used, BYS are strongly 
affected by out-of plain strain, therefore change of BYS vs. pressure can not immediately be 
interpreted as resulting from charge transfer. Nevertheless, it is clear that the bond strength 
of the Ba-O I bond increases under pressure for the A and B samples, while there is no 
change for the overdoped sample. The shortening of the Cu-O distances under pressure and, 

· consequently, an increase of the Cu formal valence is not compensated by the decrease of 
the Ba-O1 separation in the overdoped sample, while in the under- and optimally-doped 
samples a homogeneous compression occurs. The difference of the formal charges for the 
(CuO2) layers appeared due to pressure corresponds to 0.07 for the underdoped structure, 
while this value is close to zero for the overdoped phase. In the other words, we can say that 
the (CuO2) layers become more isolated and positively charged in the overdoped state under 
pressure, which enhances a charge transfer leading to a stronger overdoping, thus decreasing 
Tc-

4. CONCLUSIONS 

In the present article we have presented a neutron diffraction study of Hg-1201 under 
high pressure at low and high extra oxygen concentrations in the Hg-layer (under- and 
ovcrdoped states). The results arc analyzed together with previous data 113

•
141

• The main 
conclusions arc as follows: 

The superconductor HgBa2CuO4+8, prepared according to the procedure described 
in1111 is a cation-stoichiometric compound exhibiting the highest Tc at the oxygen 
concentration in the Hg-layer 00r1=0.13±0.0 I. This oxygen is only situated in the center of 
Ilg layer. The value of ◊opt was determined by the measurements of seven Hg-1201 at three 

· cliffractPmctcrs, two of which (028 and 3T2) arc of the classical type. with A=const., while 
the third (HRFDJ utilizes the time-of-flight technique. All the measured points of the Tc(◊) 
dependence lie on one curve which strongly indicates that the ◊opt value is realistic. 

,\t low 0 8 concentration the Hg-120 I structure compresse~ isotropically, i.e. the 
compressibilities of the main intcratomic distances correspond to the unit cell 
compressibility. However, at higher 0 0 concentrations the Hg-O2 and Ba-O1 bonds become 
practically incompressible, while the Cu-O2 and Ba-O3 undergo a strong compression. The 
analysis or the interatomic distances variations allows us to conclude that in the under- and 
optimally-doped states the charge transfer from the reservoir to the (CuO2) layers plays a 
minor role. The enhancement of Tc under pressure is due to an increase of the Tc.max value. 

12 

The decrease of Tc under applied pressure for the overdoped Hg-1201 superconductor may 
be explained by charge transfer enhancing overdoping. 
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EaJJarypOB A.M. II 11p. El4-98-216 
Clp)'KTypa HgBa2CuO4 + 0 np11 HOpMaJJLHOM II BLICOKOM )laBJleHHII np11 0,06 :,; o:,; 0,19 

ITpe11cTaRJJeHLI pe3yJJLTaTLI HeiiTpoHorpacjmqecKoro nccne.z:toBauHJJ cTp)'KTyJJLI HgBa2CuO4 + 0 
np11 HOpMaJJLHOM II BLICOKOM BHeUJHeM )laRJJeHHH )IJJJI COCTaBOB C pa3JJHqHl,[M co11epJKaHHeM /IOU0/11111-
TeJJLHOro KHCJJopo11a . o. IToKaJaHO, qro B CTex110MeTp11qeCKIIX no KaTHOIIHOMy COCTaBy o6pa3_Uax 
11on11p)'IOWHii KHCJJOp0/1 pacnonaraeTCll TOJILKO B ueHTpe pryruoii IIJJOCKOCTII, TeMneparypa Tc CBepx

npOBO/lllll.lero nepexo11a napa6on11qecK11 JaBHCHT OT o, /IOCTHfall MaKCHMYMa np11 0opt. = 0,13 ± 0,01. 

BJJHllHHe BHelIJHero )laRJJeHHll Ha CT))YKTYPY CHJJLIIO 3aBIICHT OT ypoBHll 11on11pOBaHHll. ITp11 He6oJJLWOM 
co11epJKaHHH KHCJJOpo11a (o ~ 0,06), CJKaTHe CTp)'KTyJJLI npOHCXO/IHT npaKTHqeCKII 1130TpOnHO. ITOBLl
weH11e co11epJKaHHll /IOUOJJHIITeJILHOfO KIICJJOpo11a /10 0, 19 (B nepe11on11pOBaHHOM COCTOllHHII) npHBO)IIIT 
K 6onee CIIJJLHOMY CJKaTHIO MOCTHKOBLIX paCCTOllHHii Cu-O2 11 Ba-O5, B TO epeMll KaK raHTeJIL HgO2 

II pacCTOllHHe MelK)ly aroMaMH Ba II 0, npHH3JVIeJKawero IIJJOCKOCTH (CuO2), CTaHOBllTCll npaKTHqecKH 

HeCJKIIMaeMLIMH. 3TH pe3yJJLTaTLI HaxO/lllTCll B cornac1111 C MO/leJJllMII, B KOTOpLIX nepeuoc 3apll.!la 
113 pe3epeyapa B nJJOCKOCTII (CuO2) He 11rpaer Be11yweii pOJJH B UOBLIIIIeHHII Tc C poCTOM )laBJleHl!ll 

np11 Hll3KIIX II O!ITIIMaJJLHLIX 3HaqeHHllX 0, Torna KaK B 11epe11on11p0Ba1IHOM COCTOllHIIII nepeHOC 3apll/la 
no11 )laRJJeHHeM ycHJJnBaeTCll, qro npHBO/IHT K CHHJKeHHIO Tc- . 

Pa6oTa BLIUOJJHeHa B Jia6opaTop1111 ueiiTpOHHOii cjJH311KII HM. 11.M.<llpauKa OlUIH. 

Coo6wem1e O6-Le1111Hemmro 11HcT11ryra ll/lepHLIX 11ccne11oeau11ii . .!ly6Ha, 1998 · 

Balagurov A.M. et al. El4-98-2l6 
The Structure of HgBa2CuO4 + 0 at Ambient and High Pressure at 0.06:,; o:,; 0.19 

The results of a neutron-diffraction study of the HgBa2CuO4 + 0 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 prevoius investigations. It is shown that in the cation-stoichiometric 
samples the 0 0 oxygen is only present in the center of the mercury layer, T,. is parabolically-dependent 

on o, and Tc. ma.,. is obtained at oup1. = 0. 13 ± 0.01. The influence of pressure on the structure strongly 

depends on the doping level. At low oxygen content (o ~ 0.06), the compression of the structure 
is practically isotropic. An increase of the extra oxygen content to 0.19 (overdoped state) results 
in the larger compression of the apical Cu-02 and Ba-00 distances, while the HgO2 dumb-bell as well 

as the distance between Ba and O belonging to the (CuO2) layer become practically pressure independent. 

These results are in agreement with the models, in which the effect of the charge transfer 
from the reservoir to the (CuO2) layers does not play a dominant role in the Tc increase with pressure 

at low and optimal o values, while in the overdoped state the charge transfer is enhanced under pressure, 
thus inducing the Tc decrca~e. 

The investigation has been perfom1ed at the Frank Laboratory of Neutron Physics, JINR. 
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