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Outline:

• Layered cuprates:

Hg-based Cu mixed oxides

Cu-based oxyfluorides

• Bismuthates

• Borides and vanadites
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Au –2223

“Au2Ba2Ca2Cu3O8”

VCu = +2

Double chains of the AuO4 

squares  orthorhombic 

symmetry

dAu-O = 2.06 Å in 

AuBa2Y0.6Ca0.4Cu2O7 

(Tc=80K)

(P. Bordet et al. Physica C 

276 (1997) 237)

Paul Grant, Physics 

Today, May 1998
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CuO2 layer

Perovskite structure
Empirical criteria for superconductivity in layered 

cuprates:

1) Filling of the s* conducting band (formal Cu valence)

- +2.05 VCu  +2.25 - p-type SC (carriers - holes)

- +1.8  VCu  +1.9 - n-type SC (carriers - electrons)

2) 3dx2-y2(Cu) and 2px,y(O) overlap: 1.9Å  deq(Cu-O)  1.97Å,

Cu-O-Cu  180°

3) nearly two-dimensional structure: dap(Cu-O)  2.2Å
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Cu mixed oxides with fluorite slab
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Intergrowth structures

Rock-salt

block

Perovskite

block

Fluorite

block

CuO2 layer
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HgBa2CuO4+ (Hg-1201)
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Hg-based superconducting Cu mixed oxides

HgBa2Can-1CunO2n+2+

The dependence of Tc vs. a-parameter for the

HgBa2Can−1CunO2n+2+δ series
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Influence of high pressure
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Tc= 100K

a = 3.8560(4)Å

c = 15.839(5)Å

Ti, 500 oC

Tc= 134K

a = 3.8524(4)Å

c = 15.819(4)Å

O2, 300 oC

Tc= 138K

a = 3.8501(2)Å

c = 15.773(3)Å

XeF2, 200oC

Fluorination of HgBa2Ca2Cu3O8+

dTc/da ≈ -1.35103 K/Å for Hg-bearing HTSC

Cu2-O2-Cu2 = 177.3 - 178.4o for Hg-1223

dTc/da ≈ -1.0103 K/Å for epitaxial La1.9Sr0.1CuO4

thin films (J.-P. Locquet et. al., Nature, 394, 453(1998))

dTc/da ≈ -1.6102 K/Å under pressure

Cu2-O2-Cu2 = 175.0o for Hg-1223 under 2GPa

The dependence of Tc vs a parameter for oxygenated

and fluorinated HgBa2Can-1CunO2n+2+ phases, n=1-3
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Fluorination of La2CuO4

La2CuO4

a = 5.352Å

b = 5.400Å

c = 13.157Å

II. La2CuO4-xFy

XeF2, t = 230 – 250 oC

a = 4.038Å

c = 13.093Å

I. La2CuO4Fd (0.18)

Tc = 35 – 40K

XeF2, t = 150 – 200 oC

a = 5.328Å

b = 5.427Å

c = 13.194Å

III. La2CuO3.6F0.8

XeF2, t = 300 – 400 oC

a = 17.36Å

b = 5.62Å

c = 10.59Å

b = 91.5o
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Fluorination of YBa2Cu3O6.11
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YBa2Cu3O6F2

F2

F1
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YBa2Cu3O6

c = 11.8Å

YBa2Cu3O7

c = 11.7Å

O2-
YBa2Cu3O6F2

c = 13Å

2F-
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Anion-deficient perovskites La8-xSrxCu8O20- (x~1.5)

a=10.8269(4)Å

c=3.8665(2)Å

XeF2

a=3.7921(3)Å

c=4.0515(4)Å

CuO2

(La,Sr)(F,O)

CuO2
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[010]*

Bi-2201

[110]*

Bi-2201F

Fluorination of Bi-2201

a = 5.398Å

b = 5.368Å

c = 24.349Å

a = 3.837Å, c = 26.18Å
XeF2, 200oC

Bi-2201 Bi2NbO5F
Bi-2201F
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Superconducting properties of fluorinated and oxygenated layered cuprates

Compound Тс (К), oxyfluoride Тс (К), oxygenated prototype

YBa2Cu3O6F2 94 92

Y2Ba4Cu7O14F2 62 80

HgBa2CuO4F0.24 97 97

HgBa2CaCu2O6F 128 127

Hg0.8Ba2Ca2Cu3.2O8F 138 134

Sr2CuO2F2+ 46 -

La2CuO4F, 0.18 35 - 40 38

Nd2CuO3.7F0.3 27 24

Sr2CaCu2O4.6F2 99 -

Sr2Ca2Cu3O6.2F3.2 111 -

Sr2Nd0.2Ca0.8Cu2O5F 85 -

La1.6Sr0.4CaCu2O6

Sr2CaCu2O4+xCl2-x 80

60
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Problems of synthesis of oxyhalogenides 

Metastable compounds (easily 

decompose or redox reactions):

1) by soft chemistry:

a) LT fluorination of parent compounds

b) anion exchange

2) under high pressure

3) by electrochemistry
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Bi-based superconducting oxides

Sr0.4K0.6BiO3 12K Kazakov S.M. et al., Nature 390 (1997) 147 

K0.9Bi1.1O3 10K Khasanova et al., Physica C 305 (1998) 275  

La0.2K0.8BiO3 12K Khasanova N.R et al., JSSC 144 (1999) 205 

Compound Tc Reference 

BaPb0.75Bi0.25O3 12K Sleight A.W. et al., SSC 17 (1975) 17 

Ba0.6K0.4BiO3  30K Mattheiss L.F. et al., PRB 37 (1988) 3745 

Cava R.J. et al., Nature 332 (1988) 814 

BaPb0.75Sb0.25O3 3.5K Cava R.J. et al., Nature 339 (1989) 291 
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Sr1-xKxBiO3  

K content t Bi-O-Bi,

deg.

Superconductivity

0.0 0.795 149.1 NS

0.33 0.903 166.3 NS

0.43 0.923 170.0 NS

0.60 0.944 173.5 Tc = 12K
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Superconductivity vs. structure distortions

Bi1 - Oaver. - 2.31Ǻ   V(Bi1) = 3.21

Bi2 - Oaver. - 2.11Ǻ   V(Bi2) = 4.57
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HfN                       Tc = 8.8 K

Li0.48(THF)yHfNCl Tc = 25.5 K

From 3d to 2d structures

L.F. Mattheiss ( RPB 45 (1992), 12528): Superconductivity in layered bismuthates?
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Layered Bismuthates

An+1BinO3n+1:

n = 1   A2BiO4, n = 2   A3Bi2O7, n =   ABiO3

A3Bi2O7 (n=2)

K(Rb)-Sr(Ba)-Bi-O

Sr1.6K1.4Bi2O7

a = 4.155 Å

c = 21.83 Å

450C, 40-80 atm О2

500C, 

5-150 atm О2

(Sr,Rb)3Bi2O7

a = 4.184 Å

c = 22.188 Å

Ba1.7Rb1.3Bi2O7

a = 4.263 Å

c = 22.27 Å

Ba1.7K1.3Bi2O7

a = 4.252 Å

c = 21.89 Å

500C

5 atm О2

450C, 2-3 atm О2
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A3Bi2O7 (A = Ba, Sr, K, Rb)

Sr1.6K1.4Bi2O7

Ordering Sr and K cations

Ba1.9K1.1Bi2O7

Ba/K ratio = 1.4 -1.8
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Properties

(Ba,K)3Bi2O7
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(Sr,Rb)3Bi2O7



Road2RTS, Loen, Norway, 17 - 23 June 2007

Structure features

 Ba1.7K1.3Bi2O7 Sr1.6K1.4Bi2O7 (Sr,Rb)3Bi2O7 

Bi – O1ap (Å) 2.174 2.154 2.128 
Bi – O3ap (Å) 2.035 2.040 2.030 
Bi – O2eq (Å) 2.131 2.098 2.110 

< Bi – O >(Å) 2.12 2.10 2.10 

(Bi-O2-Bi) () 170 163.5 165 

VBi 4.65 4.7 4.7 
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(Ba,K)2BiO4 - 0201

S.G. I 4/mmm

a = 4.3Ǻ

c = 13.2Ǻ

EDX:

Ba/K/Bi = 1.3/0.7/1.0

(VBi = + 4.7)



Road2RTS, Loen, Norway, 17 - 23 June 2007

Search for new B-based superconductors
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Mg3RhB8

MgB2
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PbVO . Comparison with other ABO  perovskites
3 3

/  = 1.000c a /  = 1.064c a /  = 1.229c a

h

Lone pair of Pb2+ localization

+
Stable square pyramidal coordination

for V4+

=
layered structure

P4mm

a=3.80005(6) Å

c=4.6703(1) Å
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Synthesis:




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