P . Y
INTEERNATIONAL ATOMIC ENEBEROGY AGENOCY
UNITED NATIONS EDUCATIONAL, HOIENTIFIO AND OULTURAL ORGANIZATION

INTERNATIONAL CENTRE FOR THEORFIJTIOAL PHYSICS

84100 TRIESTE (ITALY) - P.0.B. 688 - MIRAMANK - STRADA COSTIERA 11 - TELEPHONE: 2340-1
OABLE: CENTRATOM - TELEX 480393 - 1

SMR/348-8

EXPERIMENTAL WORKSHOP ON
HIGH TEMPERATURE SUPERCONDUCTORS
{11 - 22 April 1988)

THE CRYSTAL CHEMISTRY & STRUCTURES OF
HIGH T, SUPERCONDUCTING OXIDES

XIE SISHEN
Instituie of Physics
Academia Sinica
P.O. Box 603
Beijing
People's Republic of China

These are preliminary lecture notes, intended only for distribution to participants.




The crystal chemistry &
structures of high T

Suplﬁcandu.cl: ing oxides
XIE SISHEN

C INSTITUTE oF PHYSICS  BEIJING)

What is the 9“'3"' Tc superconductor 7

dascover} of asx L
' ¢ Bendnoty 3 Muller )

, . .
- = . M

_S‘"Jfﬂﬁ - of Qok YBa2 Cug Spex
¢ Chu , Zhao, Tavraake )

--ig-ini:l.‘ﬁng of 8s-llok I — e e fene S - 0 oxides
CmMmaeeda) based on I"’E-..',-- Tam oxide
c MICH.' 4 qu‘u)

f"'"""'\g of too-t2sk Tl-Ba-Ta-Cu- € eoxides

C Hermmen ¢ ahang )

Al of 9\332 Te supercon ductors :

ld-‘,er distorted - Pcrovsacii'e s¥ructure

or Ia.yor Bismulh structure
<Bi2 O, douvble layers +
distorted perovskite

what 15 e percugxite structura t g ) |

stabils ;a’.ti’ou

Fer Ra dieveried Pc.mnﬂ*e,

®
of Cubic Perovs ki te ;

of A aw B Cationg
Ry + Ro =-=l:nz(re5+n

vadii
' aa{'isf'g

o)
.8{-'& .9

Ra > Rp

Cubic |, Pmim
o% 3.9 A
S econd :
(’:ng".:)orrcaoni of Perovsikite nJ'ruc.'lure '
The featuras of ideal Perovskite ;
a,. Not contain

b.

close Packed oxygen long
B~0 chain —» B o Sheet -» R..0

X dimensional 4\"¢mwort,

t teles laryge ranqge f value |

e~



. .
- PR . - -
. Y .. L A ., 0

Ideal AP O; type perovskite .

txa..mrhs: CaTi O3 | SeTi Oy ¢ fig. 1)

distorted orden .
Cubic — T.‘l'rd-gﬂﬂaﬂ — Orfnor;\omb'c
hiqR fomparahone low Bup, phase

. Pavovskite - velated structure

M. M EL type

. { » { " 1 . 1 « - -t douvble “va"'

Lag Cu Q4 3 Lu,-g Sf’ Cn 04

* . . . v Se La=-©0 (La;03)
—— Gt } Smt)le |¢,¢r Cu -0
* . . —_— O Od‘.h.&fﬂ.

—_ Czadp'-——-g

A tSP‘ & derivation

ABO; —» AmBm Oy, Cm=z,3. 4.5)

m

3
R= Y «d Ba 8= O

®

. ®

@

~ 0«0 Square plane !,q,ger
- Ba
Ca~0 Pyra.mid, lq,,".

Y C a oxygen l-aer was ta
oeut )

YB«., &3 °q - YB‘,G&J O,
¢

/_’—‘_) \".‘ Cus O?_‘-

How t? determine the stvucture:
t‘eohniz,ucs: . %=Tay powder diffraction (Pro{-‘lc
~ wefinemant) — Ristveld ™Mt od
- X-vay "“ﬂl'. orugfal d‘FF\"u&fidﬂ-
C four circles diffractomator)
v feutvron powder cgq,ti'cr.‘ng-ﬁu'efve.‘{;f,
! electron microscopy .

Superunducf.tng Phase in Y-8a - Cu-0O syt

a. phase velationg in YBCO system g stable

phases : Y Bca C443 Oqux

b. Te 2 9ok . A.c.} o Misgner offeat
OmitoWopic resistaucra meaduremert,

[ d.ﬂ-.sh"on 3 M =3 S -» SP
an=b plane 1 ™ - Sp

®




<, S’und:n& R S'ua C"wfx OMOMI“Q . ann @

d. phaee banatin , T, T0% Or
Laice constedts '
aud Onygew conteut |

af, by, ¢t (vt)when O clange from 7.0 1o 4.5 (0

dunac Ml’Sofwrfc"a, with #Ha T'&

asb, ¢t when O fom 65 to co.
Two plateans . Qox (70—635), 6ok ¢ €35 = 6.45)
‘t. ()
€DTATE N, Rermal offect —a ‘low entelpy
wdai-* loss on hoa‘l‘-‘ns C max, at 00 %)
w.,‘.:ld' 7-.5'\ on c-olini_ ]
{. Siructure of 1-2-3 Compouad, ("Or )

N {:r‘uple |M4¢rs Pcm-vskitc -
. one dimensional Cu-0 chain in b euxies

3, Besic data

C see tuble )

9. Micro structure
Twln, demain , s‘hnc'ttna Pm.ﬂt,

inhome geneous composidic

Amor Ph"“s }

e - Sf"ﬂ‘t—"‘ﬂ. 0“ Nen- Swwducxhg YBG; Cuj O‘

®

T e R

t.“'r‘aﬁl\ﬂ.l S, G, P“/mmm @

{daggu ameunt ; 653 x 3 6.0
digtribution. of oxYgen , Vacauwt

—® No Cu-0- Cu.opo chain

No twin

Compo s i'ro-'u

s WO demaln
fnf&.eiua.fl‘on

Semi a.nd...te...-xg, wmtil 4.2k

Commen structire features of YBa, €i,0, & Y8, G, O,

triple lMJ‘r; 2 aubeel of Perovaxite

B‘ - Y= B., -e.,- Y O'I'J‘-I':ll: d.ﬁ, z

Cu=-0O bend !.nai& -~ l_.qsx

Uncertain things about 1-2-3 ,

.. Oxidation stale or vafence

C“_"'.c._.'*.c_:“ ‘FC-‘“M

or C-.-“/C«?" mixlure

+.3 1 XADES, Xps. s
'} dimengionality . |, 5 F or °§.7
3, exact vole of oxygen 7
“4. vole of defacts 1

low criticall curvent denad
1o* anps / cod

S, isotepic effeet | o't = o't

©

e} — C-."

I.u. b “;C_‘ .

¢ budx rmf’f- ) 210% a0

- ES

- . M



for LayuSra G Oang T ~osx »
Y &.%O;-- T~ eopw ——

O

.;..v YB‘. Cu., o'-' .
no obviews Laote pe effoct t'-
no Amppert Bcs | wo egeinet 8¢S,
6. C rmlnd‘or a..,-.r ...I.“ O B L%

"“3 small au..wr 4 ¢ rmmd«' due o

s Bond lensﬂ. of Cu-0 bovd J“? c uau
T, it #a e veason r— qoX p.faxmduotlw??

? Pd-{“ﬂ- orJu'in.} gﬁ_ maau vacauci a!ong.

b emies |

It & st cmfirmed by otfars,

SuPucon:—ud:i"\g le.sas in La-Ba-C. -0 sastm
ABos type L. 8y Cuy O; -x ¢ Bok)

K\NiFs type  Lla, B c, O4-y  (30-40k)

La Ba, Cugy Oex — La Ba cy,

Cs-x  Cor L"l Bay Cueg Qe
Solit Selutieon

structura dma,l c-n'l:-‘nn.o-un‘a .
Te $rem Box 4o 4ok be culjuuted-

-> la 2 Ba ord‘-"?ﬂa not nqus.\-wr#

La

g - ¥ qu Cua 04-3

ley Cu O4 stoicliometric compound
—_— Semi cmd.eﬁw‘ry untl)l 4,2 ¢

Lag Cu_y O4 4-y non sto'chiometric
— ,su_r"e.nd“o.t-.u.t'j at Jo~ 4ok
onLJ can &3-#&..;.,3,. at ﬁ..,z Bsporaler
and £igR Ouy gon Predcure
lasen 0y by adding Ba
Ortorlombic —» 'l.'q:ira-sonnﬂ

Cu -0 chain ?




@

Su baﬁt&t&cm °F Y

most of vare earig except of Co R Pn T
e, o e atr ,4' al"(-w-c.«ﬂ-‘, ’ )

F-0 compound , 50k ? b |
Substitution. cf Ba , (mono; - 'ir;-V‘lﬂ“)

Cn in a-bsot«.l'd.a_ ne cassary .

Four cmtivia -ﬁ-«- lu'du‘na, of nes or Bigl T
MT..-;.MP& : <
e Zero M\’:-"y
o Madssner - off '

o lu‘?ﬁ. s-l-q.b-ildj , .
o ha reproduci bads
3“" F B‘lﬁ /%O, ,%




':73 &)




The stnblq ths ;ﬂ. Yzq,-B.O-CuO aaar&hb

('-f..mel. ’3'!'"‘{"} lattice canstents ¢A>
Batuc, Cubic awiB. aé
Ba; (Y] '3* ? '
Ba, Yz Os 'E*vuaon-f Q= 334,  a= 1852
Ba v2 O4 o"*o"‘l\oubu'c @awl/0388, buideo, Cx3.448
Y’ c“l Os
( Qrean ) oﬂa."‘“"bk ?
2 Bacu © |
z(i"“) §F (an) Orlleclombi¢ am 2ny, b1z iy ts 5i6eq
YBag €y Cqin (8)  Coborberki,  gmimd bnisa?, esnmés
¢ blax ) “W‘uc«tl‘.n: r‘m
Y Ba, Gz O6 Tetagonal  aw3 s6es, cu ¥
Chigh TYaep,)
phesce
Y 50.4- G 3C8.5 ‘-
Y 8ag Cia 035 ?
i + Y: Os
fikg & phlps la, Cw O
' Ba ©

® @

F



<.—..il:n,+it,h of Phytcs . B R

03

scxcmpwms C Arb.unit )

-2bk
7.8 ——
-dp
—Ra
920
T e
T}
Ty o5,
wT

R w T 4 A.C.f

‘B-- He bulx su‘a\q..

O,

Resistance




Qnisctropic uaisl:lv;‘l'; ve t.urgm..i:u.re
Curves of ha small s.‘ualc c:rashl )

70 150
T (K)

230 310

O -

R S

A
B < $22

), N T J

P

0

,—

20

40 60 0
TEMPERATURE  (K)

o

100

— i a——

N

- e MDY

B



olg'logsoe

briopontel

harang wn
Jasarasi =2

0

ity

012

srslyd §» Mrarser

~amorhorih0 'g
‘ whE =0
1y PO‘.G sd j%
i L AL T g
r 5 B B ¥
| S o
g 2y 3 %5 o
Q
‘6 E E 2| %
NEIE
2.0 & o0 o o &
() ATHT-S

P Peasandvn

o ' '
o

007

r’wy“r’*‘d’v—ﬁ‘f“v’w

MO LTIMBILO WIS O} t 2 J

fﬁ’V"m

002

0056

003

0g

z
3
w
]
lry
e
1,0,10 8
1
130033 303 9
i
=~ 26~ 206,018,108 §
417 0
_1251—3214,2 5
-_2__1_6_155—’123,1?6 007
___7‘—1—5—106- 016,120

-006,114,020




Y Bag Cax Orox— u-ray -ty

S-:, w. d
© 4
k 1
o 2
0 )
0" o
i 2
0 2
el 3
0 3)
t of
' '
i 2
0 5
q 4
! ]
H ‘l
o
i 0
1 3
i a;
2 1f
] a,
2 o
0 3
' o
2 1
? 2

~ 41,76

.

4. (A)

OBS

5.844
1.893
y.eu2
.23
1.198
1.150
1.726

2.6%)
1.469
2.336
2.32%
.an

1.946
L9l
1,715

1.1

.13

1.7i6

1.b862

-
1o (%)

e t————

F
1]
3}
3
3
0
100

13
1

)

siniziedwe;

L r -

—

L L)

sandd i)
[~y pr

*v;:zﬂ by

* Punedwes 1) fo

Endo,

[ ] 1

0zé

Cooling

e rm me . L wm v—

B

C A e ==

N Y

B ==



=y

e ?— 4 uot.ﬂw'

"ooL

059

29

caoe

08t

AN3LNOD NIDAXO

js et
106t

e ——— Y
x
+

wrq'e

x
x
4 L A ——t
- - - O
- - -
- o N
-

c(d)
v
L
1'.” b ¢ n
< 100
-1 80
{ 6o
- l-.
. 12
11,70 - Oxygen Content
‘ 1.0 6.95 ©,90 6,71 6.5 6.

1ha ' 300 ! 50 ' ho

Tnstitute of ﬂ-,ﬁu ’ 3‘33'"} .

5



—0 Observed Average
T o
partial occupancy
' Orthorhombic Twins
@)
vacancy
i i
l
‘ Dynamic Disorder
S
partial ocorpancy (] <]
RN P
{

Static Disorder

[ 3

The malels for twin

5

Jable |1: Atomic paraseters

Ba CuyBs  Whalu0p
{this work)  (Ssatore

et al.) 4

sa3a501) 8 222.8570(1)

Th gl

(Beno 0t 01} (1Y
[T 2 -2 ITEY)

be2. 0853118

cont 52(08  conraiga(af cort.eson2)i
Prun

Lis,Cuy0,

(Cappont ot al.}(14
asd g6 1R
sed.ags{1)R
cott.6rs2(0R

®

om Parameter  M/oem P Fovm
¥ ] 4 1 . .
b 4 .5 .5 .5 .8
t .5 .5 .5 5
v .00s3{2) .
Vg L005)2) Uygo" 02(S) v, -.0058(S) 50" 0073014}
'y . 0086(3)
ocg, 1 1 1 1
[ x .5 .§ $ 5.
¥ .5 .5 .8 5
H 1951{2) .1952(2) X)) 1841(4)
v, 0085(1} t .
v .0085{1) Viyot-0063E) v e.0088(8) V5000750 1)
vy 010901),
oce. 1 1 1 1
(1) = ' 0 0 e
Y 0 0 [ ]
] ] [ ] [] ]
") J0139(4)
2 0139(4) Vige™ 128D wy e.0063(6) gy 0" 00AB{1e}
Uy .0113(5)
occ. 1 [ | !
i) = 0. ’ 0 []
y ] (] ° o
T -3609(1) 1) L3556(1) . W3509(2) .
i 043(2) :
L L0043 2) Uysot-00S2(4)  u e 003N(5) o 0065(9) i
vy Q122(4) ?
[ 1 1 ' ¥ .

L
b e



HET 50\ 60 70 bo n tuh

IlaCan Cul) mol.®k
“4r. ' The phase disgram of lLa-Ra~Cu-0) pystem in Cuv=rich
rebon, 212 and Wty refer to the non-puparconducting, phage
comporitions ""2"“(:"2”6 and 1.ah|ia0u>nm_7, regpoctively.
“he phase at placa A L8 |.a?_xﬂuxCuﬂ‘(0‘ x£0.07). The hatched

it imdicatas the reglon of solld colution which has an e

ApLer Che fal. and 1»7 of.of

compuglitlon I.nl.laf(lnjll‘*.

(Inst. o] Phys)

@

n)

.e!!gk\}»- &
\ 9

r
1 3
v 7 \p
LU - 3 oF
Lt Ly m

® La
O Ba
o Cu




i

R e

= -

T

-

S ——






