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A bstract : A review of the high pretiute studies made by the authors on the recent high 
superconducting xixide materials has been presented. Both high pressure elearical resistivity and 
high pressure X-ray diffraction studies have been carried out on La^,jA,Cu04 (where A s  Sr, Ba) 
RBa20 i3. ^ , 07,^ (R -  Y, Gd, Dy, Ho and Pr, M = Bt) and Ls|,^j(Ba2_xCu307^  oxides at room 
temperature. A brief description of the experimental set up employed has also b d n  presented.
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1. In troduction

The importance of high pressure investigation was realised soon after the discovery of 
superconductivity around 30 K in a La-Ba-Cu-O system by Bednorz and Muller (198^). The 
superconducting transition temperature (Tc) of this system is increased by about 10 K under 
pressure of 15 kbar which is not observed in any known superconductors (Chu et al 1987). 
In fact this led to the successful idea of replacing La by the smaller Y, resulting to 
YBa2Cu307 superconductor with a of 90 K (Wu et al 1987). More than hundred papers 
were so far appeared on the effect of pressure on the high temperature (HTc) superconductors 
(Wijngaarden and Griessen 1989). Present paper is a review of the work carried out in this 
laboratory for the past three years. It includes both high pressure electrical resistivity and 
high pressure X-ray diffraction studies carried out on HTc superconductors at room 
temperature. A brief description of the experimental set up employed was also presented for 
the sake of completeness.

2 . E xperim en ta l

2.1, Experimental set up for electrical resistivity measurements at high pressures :

The opposed anvil high pressure device is widely used in solid state studies, as this method 
is simple and easy to assemble compared to the other apparatus. For the present study also,
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this method has been chosen and fabricated. Figure 1(A) shows the schematic diagram of ihc 
experimental set up for electrical resistivity measurements at high pressures. Tlie anvils 
have been made of EN 24 (AlSl 4340) alloy steel, hardened to RC 60. The wcMrking face of 
the anvil is 10 mm and the outer diameter is 99 mm. As the taper angle decreases, the 
massive support factor increases and so the taper angle is chosen as 10 degrees so as to have 
maximum massive support. The load is applied through a 100 ton hydraulic press 
(Lawrence & Mayo (India) Pvt Ltd) and the sample cell assembly is placed in between the 
two opposed anvils.
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Hgure 1. (A) The experimental set up for high pressure ressistivuy measurements. (B)
Schemauc diagram of the sample cell.

2,2. Sample cell assembly for resistivity study :

The sample cell assembly is schematically, shown in Figure 1 (B). The gasket is the 
pyrophyllite, and has the dimensions of 10 mm outer diameter, 2 mm inner diameter and a 
thickness of 0.5 mm. Steatite disk serves as the pressure transmitting medium. 
Simultaneous pressure calibration has been done by using metallic bismuth. TTie four probe 
method IS used to measure the resistivity as most of the materials have low resistivity at 
iwm  temperature. Tungsten wire of diameter 0.1 mm have been used as the electrical leads, 

ey emerge from the cell via grooves between a pair of gaskets in the split gasket
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configuration. High sensitivity digital microvoltmeter (Aplab 1041 DC Standard) and 
constant DC current source (Pacific Electronics Type PMV 16) have been used to measure 
the resistivity (p).

It is found that the alloy steel with nominal strength of 10 kbar can be used as the 
anvils uplo 1(X) kbar for many cycles at room temperature. By controlling the dimensions 
of the gasket, it is possible to get good reproducibility in the pressure calibration.

23. Experimental set up for high pressure X-ray diffraction :

The measuremcnis of unit cell parameters and the cell volume as a function of pressure can 
be done in a number of ways. Bridgman used the piston displacement measurements 
extensively upto 100 kbar (Bridgman 1971). X-ray diffraction studies offer the advantage of 
measuring the lattice parameters and studying the changes in crystal symmetry directly 
under pressure. In the last few years various types of high pressure X-ray apparatus have 
been developed (Bassett and Takahashi 1974, Graham 1986).

X-RAY

SAMPLE CELL FILM OR 
DETECTOR

Figure 2 . Schematic diagram of X-ray diffraction sei up at high pressure.

In the present study, Bridgman opposed anvil principle has been used to obtain high 
pressure X-ray diffraclogram. The'basic principle is as shown in Figure 2. The X-ray beam 
is passed perpendicular to the axis of the load in the opposed anvils and the diffracted beam 
is detected eitho* by film or X-ray detectors. For the present work a Bridgman anvil clamp 
type high pressure cell has been designed and developed. The clamp cell offers the advantage 
of loading and locking the high pressure at the hydraulic press iuself, so that only the cell is 
placed near the X-ray generator.



2.4. Sample cell for X-ray diffi'action study :
The sample cell is the heart of the high pressure cell. Amorphous boron wafer and 
amorphous boron with epoxy resin (40 wt. %) are used as the gasket The dimensions of 
the sample cell a re : the outer diameter is 3 mm, inner diameter 0.2-0.3 mm and thickness
0.3 mm. At the maximum pressure the gasket thickness reduces to 0.2 mm. The sample is 
mixed with NaCl and filled in the hole of the gasket. NaCl acts both as the internal 
calibrant and also as a pressure u-ansmitting medium. The maximum pressure attained in 
this cell is about 80 kbar. Mo K„ radiation (X = 0.7107A) from a rotating anode X-ray 
generator (Rigaku, Japan) of 12 kW power (60 kV, 200 mA), is employed. The target 
rotation is 6000 rpm and the beam focus size is 0.2 * 2 mm.

25. Proportional counter X-ray detecting system :
The diffraction patterns from the clamp cell are recorded by using the proportional counter 
detecting system (Victor Jaya and Natarajan 1988) and the details are given below. The 
detector is the krypton filled propmtional counter and is scanned at a speed of 1.6 deg./min.
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Figure 3. Block diagram the high pressure X-ray dif'nctameter.

by using a synchronous motor. Fixed sample and moving detector technique is used. This 
low rate of scan gives better intensity data coUection. Figure 3 shows the block diagram of
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the diffractometer set up devel<q)ed for the present high pressure X-ray diffraction work. 
2 irconium foil is used as the filter and it is placed at the detector window. This method was 
found to give better counts when the patterns are recorded at high pressures. The distance 
between the detector and the sample is 100 mm. The accuracy in 20 measurements is 0.08 
degrees. The electronic parts used are manufactured by ECE., India. The strip chart recardo' 
(Ominiscribe SOOO, of Digital Electronics Ltd, Bombay), is used to record the 
difEractograms.

2.6. Materials preparation and characterisation :

The compounds are synthesised by high temperature so l^  state reaction method using high 
purity oxides and carbonates. The samples are characterised by X-ray powder diffraction 
method (XRD) and supoconductivity above 77 K was checked by Meissner effect. The high 
pressure X-ray diffraction and electrical resistivity measurements were carried out at room 
temperature upto 100 kbar.

3 . Results apd discussion

Most of the high pressure studies on oxide superconductors reported in the literature wme 
related to the variation of with pressure and some of them were carried out on multiphase
samples especially of the Bi and T1 based superconductors. Further as the HTc 
superconductors are very sensitive to its oxygen stoichiometry, substitution and its 
concentration ana also on the processing condition, there is no systematic high pressure 
study in this regard. Results w oe often rqx>rted using a single technique only on a single 
composition. We have carried out high pressure study of a series of oxides of the LBCO 
(40 k siqimeonductcvs) system and also of die YBCX) (90 K siqmconductors) system. These 
systems were chosen as they were easy to prepare in single phase and also exhibit 
interesting behaviour with respect to the above parameters. We have always employed both 
resistivity study to monitor any variation in the electronic behaviour and also X-ray 
diffraction method to check actually the decrease of the unit cell volume and also any 
structural transition under pressure. The results are presented below together with the 
relevance of the system chosen for high pressure study.

3.1. 40K superconductors:

The supoconducting oxides of the 214 family viz La2-x^xCu04 where M = Ba, Sr, and Ca 
show large increase of Tg under pressure which is about an order of magnitude larger than 
the previously studied superconductors (Chu et al 1987). These unusual large pressure 
effects are not clearly understood at i^esent. In addition they also reveal anomaly in dTJdp 
leading to two pressure regions such that for p<pg, dTJdp a  0.1 K/kbar while for p>pg 
dTJdp s  0.04 K/kbar, with Pg s  6.4 kbar for example in Lai.7Bao.3Cu04 (Moret et al 
1988).



The subsiiiution of bismuth for lanthanum in the La2_xSfxCu04 superconductors 
also increases the T, as high as 42 K (Michel ei al 1987). Bi ion is indeed characterized by 
the presence of the lone pair of electrons and can play the role of an anion, thereby can 
modify the oxygen firamework. Also owing to its ability to form lamellar oxides including 
thp recently discovered bismuth based superconductors, bismuth substitution in lanthanum 
compounds is worthwhile to examine.
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u ! s r  Bi (A).Ui.,Biia3CBO«(D)

The variation of resistivity with pressure of La,.*Sro.2Cu04 , Laj.7BaoaCu04 and 
Lai.6SroiBio.2Cu04 are shown in Figure 4. For comparison, pressure variation of La2Cu04 
is also m the srnne figure. The ‘p' of undoped oxide increases Steeply with pressure up to 30 
kbar and then remains nearly constant up to 80 kbar. This behaviour as  typical of a 
semiconductor. However all the substituted oxides show sharp drop in ‘p ’ up to 30 kbar, 
indicating metallic behaviour. The p of La,,Sro.2Cu04 , which is a superconductor at 40 K, 
reaches a very low value compared to oth» oxides at 80 kbar.
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The variation of unit cell volume (V) with pressure for La2Cu04 , Lai.gSro.2Cu04 and 
Lai 6Sro.2Bio.2^04  oxides, as determined by X-ray powdo- diffraction method is shown in 
Figure 5. The ‘V’ of La2Cu04 decreases continuously with {nessure up to 70 kbar, but ‘V* 
of Lai.6Sro.2Bio.2Cu04 decreases only to about 5% at this pressure. This can be due to Bi 
substitution which is known to improve the grain boundary cohesion of conventional 
ceramics. The compressibility values determined agrees well with the reported values 
(Dietrich et al 1987a, 1987b, Takahashi et al 1987). The values of the obsCTved peaks of

Figure 5. Reduced unit cell volume (V/V,) vs pressure for Laj gSro,2C u0 4  (O), 
L*i.eSro.2Bio 2Cu04  ( ) and La2Cu04  (A).

Lai 7Bao.3Cu04 ^  ^ function of pressure is shown in Figure 6 and these values above 10 
kbar could not be best fitted to the normal tetragonal structure. This may due to a possible 
shuctural transition around 10 kbar as reported by Moiet et al (1988).

32. 90 K superconductors:

The salient feature of YBa2C u307_, superconductors is its sensitivity to oxygen 
stoichiometry. The orthorhombic structure of the superconductor with x < 0.5 results from 
the oxygen vacancy ordering and for x > 0.5 it undergoes structural transition to 
tetragonal, non-superconducting phase (Jorgenson et d  1987). This reversible orthorhombic 
to tetragonal transition also occurs on heating at 1023 K and thus the tetragonal phase can 
be easily realized by air annealing from this temperature (Schuller et al 1987). Application 
of high pressure can also cause the structural transition of the superconductors (Victor Jaya 
et al 1988). Further high pressure study of the tetragonal phase will also be interesting to 
check the possible transformation to other phases which may have still higher T .̂



116 S Natarajan et al

Figure 7 shows variation of ‘p* with pressure for both the superconducting and non- 
superconducting phases of YBa2Cu307>x • As expected the superconductor shows a shaip 
drop in *p\ a typical of metals up to 20 kbar, while the tetragonal phase shows a relatively 
slow decrease of 'p’ extending up to 30 kbar pressure. At higher pressure, above 70 kbar, 
only the ‘p’ of the superconduaor starts increasing, indicating a transition around this 
pressure.

F igu re  6. 'd' values vs pressure for U j  7Bao 3Cu04.
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e iqxMd onhortombm m mnagonal nansidon at aramd 200 kbar. OdBaiCnA-.
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under pressure remains orthorhombic with preferential decrease of c-axis up to (SO kbar as 
sh o w n  by Ecke et al (1988). The PrBa2Cu307_, although forms with the same crystal 
stnicture as the 123 phase, it is not superconducting and the lack of superconductivity in the 
pr compound seems to be of structural origin, since the large Pr ion can possibly occupy

Figure 7. Normalised resisitvity vs pressure of YBa2Cu3Q, for Onho (O) and Tetra f 0  phases.

Ba position, leading to a strongly deformed coordination polyhedron (Dalichaouch et al 
1988). This might affect as the presence of the magnetic atom is adjacent to Cu-O 
chains. Pr in a mixed valence state in these compounds have been observed exprimentally 
and Pr ion could in principle also substitute a Cu position. Metal Pr shows several 
structural modifications under pressure including an electronic transition (Wittig 1981). In 
this context high pressure studies of PrBa2Cu3(>7_, will be very informative.

The variation of resistivity of RBa2Cu307_, (where R = Dy, Ho, Gd and Pr) oxides 
with pressure is shown in figure 8. Surprisingly all the oxides including the 
nonsuperconductor PrBa2Cu307 shows a sharp drop in ‘p ’ up to 20 kbar pressure. Above 20 
kbar all the superconductors show further decrease in ‘p ’ up to 80 kbar, but the resistivity of 
Pr compound starts increasing from 40 kbar onwards which may due to some structural 
iransition at this pressure.



Figure 9 shows the variation of the unit cell volume of the superconductors 
YBa2Cu307, DyBa2Cu307 and HoBa2Cu307 and also of the nonsuperconducting 
YBa2Cu307_ ,. Compressibility of the superconductor obtained from the above data, are in 
agreement with the reported values (Dietrich et dl 1987a, 1987b). However the 
compressibility of the nonsuperconductor is low compared with thbse of superconductors. 
This is anticipated as the tetragonal phase is at less oxygen content than the 
superconductors.
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Figure 8. Nomalised resisuvity vs pressure for RBejCujO, (where R = Dy, Ho. Gd and Pr).

Partial substitution of Fe for Cu in the superconductor YBa2Cu307 shows structural 
transition from orthorhombic to tetragonal phase (Maeno et al 1987). But the T, is not 
sensitive to the transition although the magnetic atoms like Fe are disttibuted in the
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superconducting plane rather than in any other sub lattice leading to interesting coexistence 
of magnetic ordering and superconductivity. For X = 0.033, it is possible to stabilize either 
X or O structures at room temperature by simply varying the final high temperature 
treatment in different aunospheres (Kurisu et at 1988). Air cooled sample is orthorhombic 
and superconducting above 77K while oxygen annealed sample is tetragonal and is not 
superconducting. Application of high pressure can induce superconductivity in the latter 
phase.

Figure 9. Reduced unit cell vdume (V7V  ̂vs pressure for RBa2Cu307 (where R = Dy, Ho,
Y(0)«id(r)).

Figure 10 shows the ‘p ’ variation with pressure of YBa2Cu2.9iFeo.<»07_x oxygen 
annealed sample. For comparison the ‘p ’ behaviour of the air annealed superconducting 
sample of the same composition is al% shown in the same Hgure, which is same as that of 
any other ceramic superconductors studied earlier. However, ‘p ’ of the nonsuperconducting 
phase initially increases up to IS kbar followed by a continuous decrease up to 80 kbar 
similar to that of the air cooled superconducting phase. As the initial increase of *p’ with 
pressure is typical of semiconductors, the observed behaviour at IS kbar suggests possible 
metallizadoo around this pressure.



33. La, ̂ :fia2„Cu30ŷ y system :

The system mentioned above, depending upon the value of x, leads to three different 
compounds, viz La3Ba3Cu60i4, i , La4BaCu50i3,4 and Lai.i5Bai_g5Cu307. La3Ba3CugOi4 j 
being semiconductor shows a slow decrease under pressure in its normalize resistivity value 
up to 80 kbar (Figure J 1). La4BaCu50i3.4 which is metallic, exhibits a steeper fall up to 1 1 
kbar, a slow decrease up to SO kbar and almost constant value up to 80 kbar as a function of
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ormalEed resisnviiy curve falls sleep up to 9 kbar, decreases gradually 141 to 50 kbar and
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shows constant level almost coinciding with the value of normalized resistivity of
La3Ba3CufiOi4.i •

The structure of the superconductor as coifirmed by X-ray powder diffiractitm method 
is orthorhombic while that of the other oxides are tetragonal. The variation of normalised 
unit cell volume with ivessure of all the oxides is shown in Figure 12. It is evident from 
the figure that the compressibility of the supocondnctor is the highest while that of the 
metallic oxide is the lowest of all the three.

Figure 11. Nonnaliied retittivity of La)B«3CufOj4.i (A). La4BaCujOi3^ (O) and 
Lai,|sBa|J5Q13O7 ( □  ) ooddea under pretauie.

A summary of the high pressure resistivity and high pressure X-ray diffiaction results 
of the high Tg superconductors studied are givoi in Table 1.



122 5 Natcarajan et a l

Figure 12. The variation of nonnnalized unit cell volume with {^essurc of all the oxides.

Table 1. Cell parameters, resistivity and compressibility data.

Samples
Cell parameters p(5 kbar) 

f2-cm

Compressibility

(fcbar~̂ )a(A®) KA®) C(A'^

3.76(2) 3.76(2) 13.13(5) — —
3.75(6) 3.75(6) 13.19(20) 1.29x10’^ 6.45xl0‘̂
3.75(5) 3.75(5) 13.32(2) 9.78xl0‘^ —

YBa2Cu307.^(0 ) 3.82(8) 3.89(8) 11.62(4) 1.45x10’ lO-SxlO"^
YBa2Qi307^(T) 3.86(1) 3.86(1) 11.63(4) 7.85x10-' 4.73X10T*
HoBa2Cu3(>7_̂ 3.84(5) 3.89(7) 11.68(2) 5.31x10"* 1.15x10'*
PrBa2Cu307_̂ 3.92(5) 3.92(5) 11.76(2) 7.53x10"* 5.59x10"’
GdBa2Cu307„, 3.83(3) 3.89(5) 11.67(7) 7.92x10"* 1.25x10"’
DyBajCujO,,, 3.83(6) 3.84(6) 11.89(20) 1.69x10"* 7.69X10T*
U3Ba3QigPi4.i 5.52(5) 5.52(5) 11.89(13) 9.14x10"' 1.98x10"’
La4BaCu50i3,5 8.53(7) 8.53(7) 3.87(4) 1.45x10"* 1.49x1(T’

3.67(0) 3.99(1) 11.63(3) 1.65x10"* 2.30x1(t ’
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