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PrBaZCu307

Orthorhombic P4/mmm

Cu?2
a=3.83 A
b=3.88 A :
c=11.68 A ig

13 atoms/cell Cu2
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Gd-: 95.8K
Y- 942K
Sm- : 93.2K
Nd- : 92.2K
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eName: praseodymium
oSymbol: Pr

*Atomic number: 59

*Atomic weight: 140.90765 (2)
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Justifying the insulator behavior of PrfgaiLO.

Hole filling:

Pair breaking:
Hybridyzation (FR):
Charge transfer:
Hybridyzation:

LM:
Mis-substitution:

Semiconductor model:

Percolation:
Coexistence:
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Superconducting PrB&u,0O- 5
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BaCuQ

PrCuQ

» Equivalent positions

BaCu
e Small¢ 2




Mis-substitution

BaCuQ

RCuQ,

BaCuQ



Hole content

12

—) Pl

Pr

* M.R. Mohammadizadeh and M. Akhavan,, Eur. Phys. J. B 33 (2003) 381-390.
* M.R. Mohammadizadeh, H. Khosroabadi, and M. Akhavan, Physica B, 321 (2002) 301-304.
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* M.R. Mohammadizadeh and M. Akhavan, Phys. Rev. B 68 (2003) 104516.



Computational details

(L/APW+lo) = WIEN2k DFT

Exchange-correlation energy = LSDA & LSDA+U

Rotational invariant LSDA+U =» around mean field (AMF) version
U& J=> EFG

Ferromagnetic ordering

8x8%2 mesn ( 200 special k-points) = (16 k-points 1BZ)

Plane wave cutoff of K __ =7.5/R,,+

Chargedensity = G__ =14

Ryt of Pr, Y, Ba, Cu, and O atoms/ 2.8, 2.74, 2.9, 1.8, 0.65 Bonr
Total energy = 0.1 meV/Cedll



PrBa,Cu,;0-

LSDA

e Pr-4f , LSDA = LSDA+U
* splitting =» Magnetic moment



LSDA+U
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Pr(BaPr)Cu;O, v

Energy(eV)

* metal
* hole. o = decreases




F) r(BaP r) C U3 . LSDA+U(Pr,Cu)

EnergyleV)

Energy(ev)

 approaching to insulator
* U & J, ion relax, cell relax, O,




EFG

The calculated EFG (Vzz) in units of 1021 Vm-2 at oxygen and copper sites
of PrBa2Cu307 for various sets of U and J values in Ry.

case | I, U, | dour | Yeus | Jouz | Yoo | Cul | cu2 | 01 | 02 | 03 04
1 0 0 0 0 0 0 5.9 3 | 176 | 97 | 99 12
2 0 0.3 0 0 0 0 62 | 52 | 179 | 127 | 12 12.1
3 0 0.5 0 0 0 0 63 | 53 | 18 | 134 | 138 | 122
4 0 0.74 0 0 0 0 63 | -53 | 179 | 134 | 133 | 122
5 005 | 074 | 01 | 025 | 01 | 025 | 63 | 62 | 181 | 128 | 139 | 122
6 005 | 074 | 01 | 035 | 01 | 035 | 76 | -107 | 174 | 12 | 127 | 118
7 005 | 074 | 01 | 055 | 01 | 055 | -106 | -166 | 17.1 | 102 | 109 | 11.4
8 005 | 074 | 01 | 075 | 01 | 075 | -134 | -203 | 155 | 95 10 10.2
9 0 0 01 | 045 | 01 | 045 | 79 | -112 | 161 | 78 | 80 | 117
10 | 005 | 054 | 01 | 045 | 01 | 045 | 90 | -149 | 178 | 107 | 108 | 121
11 | 005 | 074 0 0 01 | 055 | 64 | -166 | 188 | 99 | 105 | 116
12 | 005 | 074 | 01 | 045 | 01 | 025 | 88 | 62 | 171 | 125 | 132 | 121




n

The calculated asymmetry parameter nj at oxygen and copper
sites of PrBa,Cu,0, for various sets of U and J values in Ry.

case | J | Up | Jouw | Your | Jour | Yo | Cul | Ccu2 | 01 | 02 | 03 | 04
1 0 0 0 0 0 0 0.4 01 | 04 | 01 | 01 | 03
2 0 03 | o0 0 0 0 0.5 01 | 04 | 03 | 01 | 03
3 0 05 | 0 0 0 0 0.5 01 | 03 | 03 | 02 | 02
4 o | o074| o 0 0 0 0.5 01 | 03 | 02 | 02 | 02
5 | 005|074 | 01 | 025| 01 | 025 03 00 | 03 | 03 | 03 | 02
6 | 005|074 | 01 | 035]| 01 [ 035 | 07 00 | 04 | 03 | 02 | 02
7 | 005 | 074| 01 | 055| 01 | 055 | 09 00 | 05 | 04 | 03 | 03
8 | 005|074 | 01 | 075 | 01 | 075 | 0.7 01 | 05 | 04 | 04 | 03
9 0 0 01 | 045 | 01 | 045 | 10 00 | 05 | 02 | 02 | 04
10 | 005 | 054 | 01 | 045 | 01 | 045 | 0.9 00 | 04 | 03 | 03 | 03
11 | 005 | 074 | © 0 01 | 055 | 06 00 | 04 | 04 | 03 | 02
12 | 005 | 074 | 01 | 045 | 01 | 025 | 0.9 01 | 04 | 03 | 02 | 03




EFG

o1

02

O3

04

First calculation

17.8

12.7

12.9

12.1

Second calculation

17.7

13.1

13.3

12.2

Experiment: nonsuperconducting Pr123 sample |

20} -

6.9

10.2

111

Experiment: superconducting Y123 sample [36

117.3

10.5

10.2

11.6




The experimental EFG (Vzz) in units of 1021 Vm-2 and asymmetry parameter n
at oxygen sites of nonsuperconducting PrBa,Cu,0, 5, YBa,Cu,0, 5, and
YBa,Cu,O .

01 02 03 04
PrBaCu0, EFG 6.9 10.2 11.1
[46] n 0.09 0.40 0.24
YBa,Cu,0, EFG 17.3 10.5 10.2 11.6
[24] . 0.41 0.21 0.24 0.32
YBa,Cu,0, . EFG 9.4 9.4 11.0
[51] H 0.23 0.23 0.29




Pr(BaPr)Cu,0,
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The calculated EFG (Vzz) in units of 102!
Vm-2 and asymmetry parameter n at O2
and O3 sites of Pr(BaPr)Cu,0O, in LSDA

or4 o3 02" | 03

EFG | 5.9 6.0 5.0 4.9

V. Ghanbarian , M.R. Mohammadizadeh, Phys. Stat. Sol. ¢ 3 (2006) 3122.
V. Ghanbarian , M.R. Mohammadizadeh, Euro. Phys. J. B 61 (2008) 309.



The EFG (Vzz) in units of 102! Vm-2 at oxygen and copper sites of PrBa,Cu,0,

case Cul Cu2 o1 02 O3 04
4+ 6.1 0.6 17.2 8.3 8.3 11.6
itinerant 6.5 -2.5 17.8 9.4 9.8 12.0
3+ 7.0 -5.6 17.8 13.1 13.7 11.7

Asymmetry parameter (n) at oxygen and copper sites of PrBa2Cu307

case Cul Cu2 o1 02 O3 04
4+ 0.6 0.3 0.3 0.2 0.3 0.2
itinerant 0.6 0.2 0.4 0.2 0.2 0.2
3+ 0.7 0.1 0.3 0.3 0.3 0.1




DOS(state/eV-unit cell)
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EFG

01| 02| O3 | O4

First calculation 17.8| 12.7| 129 12.1

Second calculation 17.7| 13.1| 13.3| 12.2

Experiment: nonsuperconducting Pr123 samples [29}- 6.9 | 10.2| 111










Conclusions:
e Y123 ~ Pr123
e = Prl123is not perfect
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