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a=3.83 Å
b=3.88 Å
c=11.68 Å

13 atoms/cell
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• RBa2Cu3O7-δ (R-123)
• Gd - :  95.8 K
• Y- :  94.2 K
• Sm- :  93.2 K 
• Nd- :  92.2 K
• Dy- :  91.8 K





•Name: praseodymium 
•Symbol: Pr 
•Atomic number: 59 
•Atomic weight: 140.90765 (2) 
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Hole filling: Horn et al., Phys. Rev. B 36 (1987) 3895.
Pair breaking:                     Peng et al., Phys. Rev. B 40 (1989) 4517.
Hybridyzation (FR):            Fehrenbacher & Rice, Phys. Rev. Lett. 70 (1993) 3471.
Charge transfer: Khomskii, J. Supercond. 6 (1993) 69.
Hybridyzation:                    Wang et al., Phys. Rev. B 50 (1994) 10350.
LM:                                     Liechtenstein & Mazin, Phys. Rev. Lett. 74 (1995) 1000.
Mis-substitution: Blackstead & Dow, Phys. Rev. B 57 (1995) 11830.
Semiconductor model:      Kakinuma et al., Phys. Rev. B 56 (1997) 3494.
Percolation:                        Horii et al., Physica C 282 (1997) 809.
Coexistence: Yu et al., Phys. Rev. B 59 (1999) 3845.

Justifying the insulator behavior of PrBa2Cu3O7-δ



Superconducting PrBa2Cu3O7-δ!!!
1) Zou et al., Phys. Rev. Lett. 50 (1998) 1074.                        single crystal
2) Blackstead & Dow, , Phys. Rev. B 57 (1995) 11830.          powders, thin films
3) Luszczek et al., Physica C 322 (1999) 57.                           single crystal
4) Usagawa et al., JJAP 36 (1997) L1583.                               thin film
5) Shukla et al., Phys. Rev. B 59 (1999) 12127.                      single crystal
6) Araujo-Moreira et al., Physica B 284-288 (2000) 1033.      polycrystal
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• Smallξ
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• 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.

• M.R. Mohammadizadeh and M. Akhavan, Phys. Rev. B 68 (2003) 104516. 
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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 
8×8×2 mesh ( 200 special k-points) ���� (16 k-points 1BZ)

Plane wave cutoff of Kmax= 7.5/RMT

Charge density ���� Gmax= 14
RMT of Pr, Y, Ba, Cu, and O atoms / 2.8, 2.74, 2.9, 1.8, 0.65 Bohr

Total energy ���� 0.1 meV/Cell 



PrBa2Cu3O7 LSDA

• Pr-4f , LSDA � LSDA+U
• splitting � Magnetic moment



 LSDA+U

 .ايده پشت آن، همان ايده هاي ساخت هاميلتوني هاي مدل است•

جملاتي شبيه                     در ها ميلتوني هابارد و اندرسون•

.منحصر به فرد نيست•

... هم مي توان GWاز روي •
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Pr(BaPr)Cu3O7
LSDA+U(Pr)

• metal 
• holeCu-O � decreases



Pr(BaPr)Cu3O7
LSDA+U(Pr,Cu)

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



EFG

12.113.212.517.1-6.28.80.250.10.450.10.740.0512

11.610.59.918.8-16.66.40.550.1000.740.0511

12.110.810.717.8-14.99.00.450.10.450.10.540.0510

11.78.07.816.1-11.27.90.450.10.450.1009

10.2109.515.5-20.3-13.40.750.10.750.10.740.058

11.410.910.217.1-16.6-10.60.550.10.550.10.740.057

11.812.71217.4-10.77.60.350.10.350.10.740.056

12.213.912.818.1-6.26.30.250.10.250.10.740.055

12.213.313.417.9-5.36.300000.7404

12.213.813.418-5.36.300000.503

12.11212.717.9-5.26.200000.302

129.99.717.6-35.90000001

O4O3O2O1Cu2Cu1UCu2JCu2UCu1JCu1UPrJPrcase

The calculated EFG (Vzz) in units of 1021 Vm-2 at oxygen and copper sites 
of PrBa2Cu3O7 for various sets of U and J values in Ry.
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0.20.30.40.40.00.60.550.1000.740.0511
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0.30.30.40.50.00.90.550.10.550.10.740.057
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0.20.30.30.30.00.30.250.10.250.10.740.055
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O4O3O2O1Cu2Cu1UCu2JCu1UCu1JCu1UPrJPrcase

The calculated asymmetry parameter η at oxygen and copper 
sites of PrBa2Cu3O7 for various sets of U and J values in Ry. 



11.610.210.517.3Experiment: superconducting Y123  sample [36]

11.110.26.9---Experiment: nonsuperconducting Pr123 sample [29]

12.213.313.117.7Second calculation

12.112.912.717.8First calculation

O4O3O2O1EFG



0.290.230.23---

Η 11.09.49.4---EFGYBa2Cu3O6.6
[51]

0.320.240.210.41

η 11.610.210.517.3EFGYBa2Cu3O7-

δ
[24]

0.240.400.09---

η 11.110.26.9---EFGPrBa2Cu3O7-

δ
[46]

O4O3O2O1

The experimental EFG (Vzz) in units of 1021 Vm-2 and asymmetry parameter η
at oxygen sites of nonsuperconducting PrBa2Cu3O7-δ, YBa2Cu3O7-δ, and 
YBa2Cu3O6.6. 
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0.30.30.20.2

η 4.95.06.05.9EFG

O3˝O2˝O3

΄
O2

΄The calculated EFG (Vzz) in units of 1021

Vm-2 and asymmetry parameter η at O2 
and O3 sites of Pr(BaPr)Cu3O7 in LSDA 

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



The EFG (Vzz) in units of 1021 Vm-2 at oxygen and copper sites of PrBa2Cu3O7

11.713.713.117.8-5.67.03+

12.09.89.417.8-2.56.5itinerant

11.68.38.317.20.66.14+

O4O3O2O1Cu2Cu1case

Asymmetry parameter (η) at oxygen and copper sites of PrBa2Cu3O7 

0.10.30.30.30.10.73+

0.20.20.20.40.20.6itinerant

0.20.30.20.30.30.64+

O4O3O2O1Cu2Cu1case
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11.110.26.9---Experiment: nonsuperconducting Pr123 samples [29]

12.213.313.117.7Second calculation

12.112.912.717.8First calculation

O4O3O2O1

EFG 
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V. Ghanbarian , M.R. Mohammadizadeh, submitted to PRB (2008). 



Conclusions:
• Y123 ~ Pr123
• � Pr123 is not perfect
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