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Preparation and characterization of HTSC LuBaCusOg. Single crystals
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For the first time large HTSC (high temperature superconductive) crystals of LuBgCusOg.x (Up to 5x5x0.2 mnT) were
obtained from the Lu,Os-BaO-CuO system by a flux growth method. The crystals obtained were characterized by differential
thermal analysis (DTA), chemical and X-ray diffraction analyses. The temperature of incongruent melting of the phase was
defined more exactly (950+%C). The composition of crystals corresponds to the formula LUB&usOe.x. The crystal structure

of the tetragonal form was determined and x=0 was found for this case.
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Introduction Data on the growth of 123-Lu single crystals are
extremely limited also. In references [12-14] some
After the discovery of superconductivity near 90 K in physical properties of 123-Lu single crystals with a size
YBa,Cu:0g., (123-Y) every possible substitution of 1.2x0.9x0.07 mni can be found but the conditions for
cations, and first of all, full substitution of Y by crystal growth were not given. Earlier, we have
different R (R=rare earth elements) was conducted. All reported briefly about growing 123-Lu single crystals
compounds 123-R, with the exception of Ce, Pr, and and their properties [9, 15-17]. In this paper we focus
Th, demonstrate some superconducting properties. Thisour study on the special features of 123-Lu phase
gives grounds for many experimenters to say that theformation in the process of spontaneous crystallization
R3* cations play a role in the formation of the structure from the nonstoichiometric molten kD;-BaO-CuO
of 123-R phases [1-3]. However, decreasing the ionic system, the optimization of the growth conditions and
radius of the R cations in the row of rare earth the refinement of the structure of 123-Lu single
elements has an influence not only on the stability of crystals.
123-R compounds, the kinetics and mechanism of their
formation [1, 4, 5], but also influences their physical Experimental
properties [6-9]. The substitution of thé*Ycation by
Lu** cation which is the smallest one among thé R Crystals were grown by spontaneous crystallization
series is of special interest for the study of the from the nonstoichiometric molten kDs-BaO-CuO
influence of ionic radius of R on the superconducting  system. All starting compounds (@, BaQ, or BaCQ
properties. However, this compound has been studiedand CuO) had a purity not less than 99.99%0Al
least among the HTSC 123-R series.. This can becrucibles were used. A crucible with an initial mixture
explained by difficulties of synthesis of single-phase (a total mass is about 50-100 g) was placed into a
ceramic samples of 123-Lu as well as growing crystals vertical electrical furnace, the temperature gradient in
of it. which was about 2 Kcm The detailed description of
Repeated attempts by different researchers to obtainthe equipment and growth method was published
this compound using solid state synthesis gave onlyearlier [15,16]. The cationic composition of the
small quantities of the 123-Lu phase along with related crystals obtained was determined by chemical and
compounds [2, 10]. Hodorowicet al [4] concluded microprobe methods. For analysis of Lu, a spectro-
that the 123-Lu phase could not be obtained because ophotometric method (Arsenaso lll, spectrophotometer
the small size of L. Other authors [11] think that the SF-46) was used. Ba was determined by flame photo-
lowest limit of the R’ radii, which allows the metry, and Cu - by atomic absorption (air-acetylene

formation of the 123 phase, is close to*Yb flame, Hitachi Z-8000) methods. Al impurity content in
crystals was determined by atomic emission spectro-
*Corresponding author: metry (PGS-2, Germany). Some other methods for
fel 3832 3402 characterization were applied: X-ray powder diffraction
E-mail: fed@che.nslc.se (DRON-3, Cu K,); DTA (TA-7000, Japan, heating rate
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5 Kminute ; mass of sample was about 50 mgQAl At
crucible, +8C); scanning electron microscopy (JSM-
35, Link). Superconducting properties were determined 087
from electroresistivity data [9]. To change the oxygen 0.8
contents the crystals were heated in air or an oxygen
flow. 74
Structural refinement was carried out using diffrac- -
tion data obtained from single crystals. Data were g6
collected by standard techniques at room temperature
on an Enraf Nonius CAD-4 diffractometer up to  0.54
Bna=35%, using MoK radiation (=0.71069 A) andw-
2q scan mode. Data were corrected for absorption 0.4+
using the real habit of crystal (face indexes). 03

Results and Discussion 850 900 950 1000

-]

It is known that in the systems,®-BaO-CuO the ) _ te
crystallization temperatures of 123-R and BaguO Fig- 1.DTAheating curve of LUB&UOe.x.
phases become close in the row of rare earth elements
R after Gd [15, 18]. For example, for the system Lu- 123-Lu.
Ba-Cu-O, the rival crystallization of BaCuOn the In the existing literature we did not find reliable data
concentration field of the crystallization of the 123-Lu on the phase diagram of system theQ@BaOCuO
phase is a reason for unstable crystal growth for thenor the incongruent melting temperature of 123-Lu. It
later phase. Therefore to optimize the growth of 123- seems that incongruent melting temperatures of@B80
Lu single crystals it is necessary to depress the growthand [8] 870C [19] are conservative values because of
of the BaCu@ phase using an optimal initial chemical the inhomogeneity of samples studied. Therefore we
composition and an exact temperature interval deter-have determined the melting temperature for three
mined from the incongruent melting temperature of single crystal samples of LuB2usOg.x Obtained from

Table 1. Experimental conditions and results of LuB&Os. Crystal growth

) Isothermal . Decanting Phase composition of crystallization
N Molar ratio 123-Lu, Cooling rate, ; . ;
experiment Lu,O3:BaO:CuO mass. % Togeattl,nsours Kho%r‘ tempo%ratureggztlt:\c/:;stic(jlcr)]))/ visual-microscopic
1 0.008:0.287:0.705 10.5 990 10 0.3 900 Bag (87 mm)
LuBagAl,O,
2 -« -« 985 10 0.3 890 123-Lu (1-1.5 mm)
BaCuQ up to 5 mm
3 -«- -«- 980 10 0.5 885 123-Lu (not much)
BaCuQ, CuO (1-2 mm, not much)
4 -« -«- 985 24 0.5 887 123-Lu up to 2 mm

BaCuQ (1-2 mm)

CuO (1-2 mm, not much)
5 -«- -«- 990 24 0.3 885 123-Lu (1-2 mm)

BaCuQ (5-7 mm)

CuO (1-2 mm, not much)

6 0.014:0.293:0.692 20 1000 25 0.3 885 BaGuQuO, LuBaAl,O,
7 0.010:0.290:0.700 15 990 15 0.3 885 BaGuP to 5 mm,
CuO, LuBaAl,0y, Lu,BaCuQ (not much)
8 0.010:0.289:0.701 13.6 1005 20 0.3 887 Bagu@to 5 mm, CuO,
LuBagAl .0y, Lu,BaCuQG (not much)
9 0.009:0.288:0.703 12.8 1005 40 0.3 880 123-Lu up to 2-3 mm and one large crystal

6%x7%0.3 mm, BaCu@up to 2 mm, CuO up
to 2 mm, LuBgAl,O,
10 -«- -«- 1010 45 0.3 885 123-Lu up to 3 mm (large yield)
BaCuQ up to 2 mm (not much)
CuO, LuBaAl,O,
11 -«- -«- 1005 25 0.3 Without 123-Lu (3-4 mm), large blocks BaCpO
decanting CuO
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Fig. 2. Micrograph reflecting the result of competitive proces§es o
crystallization of 123-Lu and BaCyO

different experiments using the DTA method. These
samples were practically single phase ones with only
very small quantities of impurities (traces of CuO and
BaCuQ). Fig. 1 shows a heating curve of 123-Lu,
which is similar to other 123-R phases [19-21]. There |
are two endothermic effects: a small peak at 990+5
which is often attributed to melting of the ternary
eutectic [22] and a large peak at 958x%vhich corre-
sponds to incongruent melting of Luf8ak0Og.y.

The results of crystal growth in the system,Q
BaO-CuO are presented in Table 1. During the process
two types of crystals, namely BaCu@énd 123-Lu, are
usually formed and sometimes these crystals are joined =
In some experiments additional phases (CuO, EaAl
LuBasAl,0,) are observed. The size of crystals of 123-
Lu can run up to 5-7 mm. Figure 2 demonstrates the
result of the competitive processes of crystallization of
123-Lu and BaCu® a crystal BaCu® (shown by crystal and its repeatability for different crystals are
arrow 2) is growing on a crystal 123-Lu (arrow 1) rather high (Fig. 4b). The content of the Al impurity in
which was formed in the first stage; in the final stage 123-Lu crystals, which comes through interaction of
thin films of 123-Lu (shown by arrow 3) begin to grow the reaction melt with the ADs; crucible, did not
again. The phases were identified by morphological exceed 0.2%. The small Al content in crystals is rather
features as well as by using a microprobe method. a positive fact, since high Al contents are a remarkable

The best results on crystal preparation were obtainedfeature of 123-R crystals for Tm and Lu (the end rare
using the following experimental conditions: starting earth elements). This can be explained by a lower
composition (LyO3:BaCQ;:CuO =0.009:0.288:0.703)  crystallization temperature of 123-R (R=Tm, Lu), as
was heated up to 10D, kept at this temperatuee 25 well as preferable participation of %Alin the formation
hours and then cooled with rate of 0.3 K/hour to 880- of secondary phases, in particular R&aO,, that
885°C. At this temperature the crystals were separatedalways exists in visible quantities in the Tm- and Lu-
from the liquid phase by decanting. This procedure systems.
allowed us to obtain a repeatability of experiments and Crystals in the optimal oxygen-saturated state have
to increase the yield of crystals of 123-Lu, although high superconducting transition parameters;90-92
BaCuQ was the main attendant phase in the final pro- K, AT:=0.2-0.5 K. X-ray powder patterns from 123-Lu
ducts. The crystals obtained were of plate form (Fig. 3) crystals in the as-grown state show a typical picture for
with mean sizes abou3x0.2 mn?, although some of  the orthorhombic 123-R structure (Fig. 5a). But crystals
them run up to 5-7 mm. obtained at high rates of cooling (10-20 Khyurad a

Chemical analyses of the crystals give a composition tetragonal structure (Fig. 5b); and it is these crystals
Lug oBay 906+« The cation ratio Lu:Ba:Cu is also which have been studied by X-ray single crystal dif-
equal to 1:2:3 from microprobe analyses data (Fig. 4a).fraction method.

The homogeneity of the cationic composition along a The crystal data are: tetragonal, space group P4/

Fig. 3. Grown crystals of LUuB&u:Og..
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Fig. 4. EDX analysis (a) and elemental profiles (b) along 123-Lu
crystal.
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Fig. 5. XRD patterns of ground 123-Lu crystals: orthorhombic
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Table 2. Fractional atomic coordinatesl(), equivalent isotropic

(x10° and anisotropic displacement parameteréx for

T=exp[-2r¢{h?a'2U,; +--+ 2hkd b'Uy}], U = 0 if i%]

Atom X y z Ugq U Up  Us
Lu 5000 5000 5000 6(1) 5(1) 5(1) 8(1)
Ba 5000 5000 1958(1) 9(1) 8(1) 8(1) 11(1)
Cul 0 0 0 12(3) 11(1) 11(1) 13(1)
Cu2 0 0 3635(1) 7(1) 4(1) 4(1) 13(1)
o1 0 0 1526(5) 13(1) 15(1) 15(1) 11(1)
02 0 5000 3813(4) 9(1) 9(1) 4(1) 12(1)

0=10-1%, u=34.099 mrit, crystal size (0.540.32x
0.014 mm) and with the habit shown in Fig. 6.

The data collection werex>20, 6,,,=35, absorption
correction analytical, },=0.0351, T,»=0.6185, 1712
measured reflections, 288 independent reflections, 279
observed reflections {>20(l)], R;=0.036, three
control reflections, intensity decay < 4%.

The basis of refinement was: refinement of)y F
SHELX97 [24], R=0.0240, wR=0.0549 for 249
observed reflections and;£0.0246 and wkR0.0552
for 288 independent reflections. The initial coordinates
of atoms for the structural refinement have been used
from [25] for 123-Y. The fractional atomic coordinates,
equivalent isotropic and anisotropic displacement
parameters are given in Table 2. Refinement of the site
occupation factor (s.0.f.) was carried out for all atoms.
It was shown that these parameters are identical to
those for space group P4/mmm in the “International
Tables for Crystallography”. The difference in electron
density at x=0.5, y=0, z=0 has shown that there are no
atoms in this positionConsequently, the composition
of the crystal studied must correspond to LR8O,

i.e. with x=0.

The environment of each metal atom is typical for

123-R compounds: dumb-bells and pyramids for Cu(1)

plane 0 0 1

phase, a=3.822, b=3.883, c=11.69 A (a) and tetragonal phase
a=3.846, c=11.845 A (b). Peaks for orthorhombic phase were
indexed by comparing with literature data [23] for orthorhombic

123-Tm. Peaks for the tetragonal phase were calculated fiom ou

experimental data.

mmm, a=3.8404(5) A, ¢c=11.818(3) A, V=174.30(5)
A3, 7=1, D=7.014 g/cri, MoKa radiation, A=0.71073
A, cell parameters from 24 reflections (with Fridel),

Fig. 6. Micrograph and faces of crystal. Distances from crystal
center to planes (0 1 0), (1 1 0), (R)1(0 10), (120), (100), (1

0), (0 0 1), (0 0 jLare 0.164, 0.157, 0.270, 0.164, 0.186, 0.236,
0.229, 0.007, 0.007 mm
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rare earth elements) but some technological parameters,
mainly the very narrow interval of its thermal stability.

The work was supported by grant N 00-02-17914
from RFBR, grant N 98009 from the State scientific
program on physics of condensed matter (section
“Superconductivity”).
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