
Appl. Phys. Lett. 51, 625 (1987); https://doi.org/10.1063/1.98368 51, 625

© 1987 American Institute of Physics.

Effect of crystal structure on
superconductivity of Y-Ba-Cu-O system
compounds
Cite as: Appl. Phys. Lett. 51, 625 (1987); https://doi.org/10.1063/1.98368
Submitted: 19 May 1987 . Accepted: 08 July 1987 . Published Online: 04 June 1998

Xiaoping Jiang, Huafeng Yu, Ze Zhang, Naiping Zhu, Hongbo Qi, Guoyue Shu, Yunchuan Tian, Dexing
Pang, Xiaobiao Zeng, and Zhongjin Yang

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/1283736143/x01/AIP/Lakeshore_APL_PDF_2019/Lake_Shore_AIP_Applied_Physics_Letters_1640x440_Cryogenic-temperature.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.98368
https://doi.org/10.1063/1.98368
https://aip.scitation.org/author/Jiang%2C+Xiaoping
https://aip.scitation.org/author/Yu%2C+Huafeng
https://aip.scitation.org/author/Zhang%2C+Ze
https://aip.scitation.org/author/Zhu%2C+Naiping
https://aip.scitation.org/author/Qi%2C+Hongbo
https://aip.scitation.org/author/Shu%2C+Guoyue
https://aip.scitation.org/author/Tian%2C+Yunchuan
https://aip.scitation.org/author/Pang%2C+Dexing
https://aip.scitation.org/author/Pang%2C+Dexing
https://aip.scitation.org/author/Zeng%2C+Xiaobiao
https://aip.scitation.org/author/Yang%2C+Zhongjin
https://doi.org/10.1063/1.98368
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.98368


Effect of crystal structure on superconductivity of Y "'BaMCu~O system 
compounds 

Xiaoping Jiang, Huafeng Yu, Ze Zhang, Naiping Zhu, Hongbo ai, Guoyue Shu, 
Yunchuan Tian, Dexing Pang, Xiaobiao Zeng, and Zhongjin Yang 
Institute of Metal Research, Academia Sin cia, Shenyang, People's Republic of China 

(Received 19 May 1987; accepted for publication 8 July 1987) 

This letter reports the effect of distortion of crystal structure on the superconductivity of 
YoBa-Cu-O compounds. The result shows that the cooling rate is responsible for the 
superconductivity in the range of LN2 temperature with the same composition and heat 
treatment temperature, The changes of intensity of three dominant x-ray diffraction peaks 
caused by structural distortion in the perovskite orthorhombic phase may become an 
important criterion of superconductivity. 

Recently, superconductors with high Tc's above 90 K 
have been reported in Y -Ba-Cu-O system compounds, \-3 It is 
regarded that the superconducting phase is a layered percv
skite orthorhombic phase with lattice parameters a = 3.820 
A, b = 3.893 A, and c = 11.688 A.4 In our work, it has been 
found that the cooling rate is responsible for the supercon
ductivity ofY-Ba-Cu-O system compounds in the range of 
liquid-nitrogen (LN2 ) temperature with the same composi
tion and heat treatment temperature. This letter reports the 
effect of distortion of the crystal structure caused by differ
ent treatment conditions on the superconductivity of 
Y-Ba-Cu-O system compounds. 

Samples of the YoBa-Cu-O compound were made of 
Y2 0 3 with purity 99.99% BaO 97% and CuO 99%. 
Powders, mixed and shapped, were sintered in silicon-car
bon furnace and in air atmosphere. X-ray diffractions both 
at room and low temperatures were carried out using Cu Kz 
radiation. The compositions, heat treatment regulations, 
and resistance properties of the tested samples are listed in 
Table I. 

Figure 1 shows x-ray diffraction spectra of samples with 
the nominal composition of Y 1 Baz CU3 0 9 _ x at room tem
perature following the same heat treatment temperature, but 
different cooling conditions. Sample A, following furnace 

TABLE 1. Conditions of tested samples. 

Samples No. Composition Heat treatment 

A Y,Ba2Cu,09_ x 930 'CIS 11 furnace 
cooling 

B Y,Ba2Cu,,O,, _ x 930 'CIS hair 
cooling 

C Y,Ba2Cu:;09 --, 930 TIS h water 
cooling 

D Y,Ba1Cuj 0 9 __ x the same with A (losing 
superconductivity) 

E y lBa,Cu,015 _ x 950 eC/8 h furnace 
cooling 

F Y2Ba3CuSO'5 -., 950 T/8 h air cooling 

cooling, presented excellent superconductivity with zero re
sistance at 92 K; however, both samples Band C, following 
air cooling and water cooling, showed the resistance proper
ties of semiconductors at LN 2 temperature (Fig, 2) , Sample 
D first showed superconductivity as sample A, but lost su
perconductivity at LN2 temperature after aging for 2 h in 
water vapor, All the x-ray spectral peaks for sample A can be 
indexed by an orthorhombic crystal system with space group 
Pmm2 and lattice parameters a = 3.930 A, b = 3.892 A, 
c = 11.702 A [Fig. 1 (a) ], and the diffraction intensity is 
generally consistent with the result obtained by Beyers et al. 
in singleocrystal diffraction of the orthorhombic phase.4- It is 
interesting to note that the geometric positions afx-ray spec
tral peaks of samples Band C fit well to those of sample A 
[Figs, l(b) and 1 (c) L although they showed no supercon
ductivity at LNz temperature. This indicates that the three 
kinds of samples with different resistance properties had the 
same crystal structure which belongs to the orthorhombic 
layered perovskite, if small distortions were not considered, 
However, for these three kinds of samples, an important dif
ference was found in the intensities of the three pairs of dif
fraction peaks in the orthorhombic phase, which correspond 
to crystal planes 031 and 130/101, 060/002 and 200, 
132/161 and 231, that their intensities gradually reverse 

Resistance properties 
(R = 0) at LN2 temp. 

semiconductor. 
RB <Rc 

the same with B, but 
Rc>RB 

Rp =Rc 

625 Appl. Phys. Lett. 51 (8),24 August 1987 0003-6951/87/340625-03$01.00 @ 1987 American Institute of Physics 625 



.FlG. 1. X-ray patterns of samples with composition of Y I DaO' ell, 0 0 " 

following various cooling and treatments: (a) furnace cooling, (b) llir cool
ing, (c) water cooling, (d) losing superconductivity at LN2 temperature 
after aging in vapor. 

with the increase of cooling rate. In the case offurnace cool
ing, the intensities of diffraction peaks of 031, 200, and 231 
planes were weaker than those of their neighboring peaks of 
1130, 060, and 132, respectively [Fig.! (a) J; under the condi
tion of air cooling, the three pairs of peaks tended to overlap 
t'o become single peaks respectively [Fig. 1 (b) 1, and follow
ing water cooling, the intensity ratios of the three pairs of 
peaks were just contrary to the case offurnace cooling. Obvi
ously, the reversion of the three weaker peaks corresponds to 
the change of resistance properties of the samples from su
perconductor to semiconductor. 
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FIG. 2. Temperature dependence of resistance in Y lEa, Cu, Oq< com
pounds sintered at 930 "C/8 .h following furnace cooling (F. C.) and air 
cooling (A.C.), respectively. 

626 Appl. Phys. Lett.. Vol. 51. No, 8, 24 August 1967 

Because the compositions and structures of the three 
samples are alike, the differences in their diffraction intensi
ties should be attributed to the change of atom arrangements 
in the orthorhombic lattice. It is considered that the perov
skite may form various structures via displacement transfor
mation as the temperature drops, causing different physical 
properties. Therefore, the cooling rate during heat treatment 
may influence strongly on distortions of oxygen octahedra of 
perovskite orthorhombic phase in Y-Ba-Cu-O system com
pounds, which causes the changes of atomic distribution on 
atom planes 031,060, and 132, thus resulting in the changes 
of x-ray intensities scattered by th.ese atom planes as men
tioned above, and sman shifts of peaks. Perhaps it is the 
change of structural details that dominates the resistance 
properties of Y-Ba-Cu-O system compounds at LNz tem
perature via structural distortions. 

Figure 1 (d) shows x-ray spectrum of sample D losing 
superconductivity at LNz temperature after aging in vaper. 
The changes of spectrum intensities are similar to those of 
sample B [Fig. 1 (d) ]. This proposes that some polarizing 
atmospheres could calise structural distortion, thereby the 
mechanism of superconductivity in Y -Ba-Cu-O system com
pounds would be concerned with polarization processes 
caused by distortion. For x-ray spectra of multiphase sam
ples with composition Y 2 Ba3 eu, 0[5_ x under different 
cooling conditi.ons, the reversion rule of spectrum intensities 
]s completely consistent with that of samples A to C as 
changes of cooling condition. The difference is that the in
tensity reversion of the three pairs of diffraction peaks is 
more obvious under the same cooling conditions. This sug
gests that the existence of the second phase may also contrib
ute to the distortion of the orthorhombic phase, and may 
affect the superconductivity and the stability of the com
pounds to a certain extent. In conclusion, intensity reversion 
of the three pairs of main diffraction peaks may predict the 
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FIG. 3. Low-temperature x-ray patterns of the Y 1 Ba,Cu, 0, com-
pound. 
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law of structural distortion and may become an important 
criterion of superconductivity of Y-Ba-Cu-O system com
pounds. 

Moreover, low-temperature x-ray diffraction of sample 
A shows that both geometric positions and diffraction inten
sities of the spectrum have not changed obviously from room 
temperature to LN 2 temperature (Fig, 3). This indicates 
that no first-order phase transitions occur in the range of 1~, 
temperature for Y-Ba-Cu-O system superconductors. De
tailed investigation on mechanisms of structural distortion 
and superconductivity will be reported in the next two pa
pen;, 
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