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ESIC-LSD [n] = ELSD [n] - ¬ ­ ® ¯ [n ¯ ]® ¯ [n ¯ ] = EXC(LSD)[n ¯ ] + EH[n ¯ ]
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Contains 4 electrons

Contains 3 electrons
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<>=6?8@>A�=6@�? B�C�B�D>EFC G�A#B�C H I�B�=6H GJDK=6? B�D>ILH =6H G�D>IMH D N1OJP

compound t ransit ion P t (kbar) Vh (a0
3) Vl (a0

3)
t heo. expt . theo. expt. theo expt .

CeN B1(d) ! B2(d) 620 - 148 - 141 -
CeP B1(l) ! B1(d) 71 90a ,55b 325 308a 297 298a

CeP B1(d) ! B2(d) 113 150(40)a 288 285a 246 247a

CeAs B1(l) ! B2(d) 114 140(20)c 332 315c 265 274c

CeSb B1(l) ! B2*(l) 70 85(25)d 400 398d 353 354d

CeSb B2*(l) ! B2*(d) 252 - 311 - 295 -
CeBi B1(l) ! B2*(l) 88 90(40)e 427 399e 376 360e

CeBi B2*(l) ! B2*(d) 370 - 317 - 304 -

Q�R S T�U R T�S V�W6V�X�Y0Z [�U V�W \ ] V�R \ [�X
^�S [�_�`�S R \ `�]�[�a b�`
c�[�X�[�_�X�\ U R \ Y�`�]

A. Svane, Z. Szotek, W. M. Temmerman, J. Lægsgaard and H. Winter, 
J. Phys.: Condens. Matter 10 (1998) 5309-5325



� � ��� ��� � � 	�

����� ��� � ��� ����� � 	���� 	�� ��� � � ���
��� ��� ����� 	
����� �

� � !�"
��� � ���#�����$����� ����
�% �#��� ��� &�'�� (*) +�, � -$.�	�� � ��� ��� ���0/�� ��� � � 	�
��1-�� 	�2�� ���436587836587 9�56: ;

Nvalency = Z- Ncore- NSIC(LOC)

P. Strange, A. Svane, W.M. Temmerman, Z.Szotek and H. Winter, Nature 399 (1999) 756.
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Trivalency or Divalency amongst the f systems

Correlation between the number of band f electrons in the
trivalent configuration and the energy difference between the divalent and

trivalent atomic configurations for the actinides (filled circles) and rare
earths (crosses) 
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Total energy versus volume for Americium in the fcc structure.
Several configurations of the localised 5f subshell are considered. The

dashed line marks the tangent at the crossing point between the tetravalent
and trivalent energy curves.

Divalent f8, Trivalent f7 & Tetravalent f6 Cm
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Q�R S T U V W#T X Y Z [
\ ] ^ _ `#a�] b c d e f g h ij8k l m�n o p�q r s r

t u v w8x y z z { w { | } ~ u � � ~ y � { x#� u | z y � v w � } y u | �8~ y {���y } � y | � � ���6� � � �
� � ��� � � � � � � � �6� � � �8� � � �   ¡ ¢ £ ¤ £ ¥

¦¨§1©Nª «>ª ¬K­¯®P°I±>ª ² ª ³K´#ª ±Kµ·¶¨¸C² ±>µ¹­Pº¦¨§1©Nª «>ª ¬K­¯®P°I±>ª ² ª ³K´#ª ±Kµ·¶¨¸C² ±>µ¹­Pº

TABLES

Vteo (a.u.) Vexp (a.u.) B teo (GPa) Bexp (GPa) Pteo (GPa) Pexp (GPa)

±-Pu 217.9(+ 30%) 168a 38.4 32b 15 » 0

Am 213.4(+ 8%) 198 39.5 45 43 23

Cm 204.7(+ 1.2%) 202 42.4 33(5) 70 43

Bk 199.6(+ 6%) 189 35.0 25(5) 15 32

Cf 199.5(+ 8%) 185 37.3 49(5) 30 41

Es 256.0(-4.1%) 267, 321 19.5 - 11 -

Fm 247.4 - 29.6 - 28 -

TABLE I. Calculated and experimental equilbrium volumes, V , bulk modulii, B , and

f ¡ elect ron delocalizat ion pressure, P, for the actinide elements. Experimental values are from

[5], except a: Ref. [4], andb: Ref. [21]. For the theoret ical est imate (upper bound) of P , see text .

For magnetic Pu solution; much improved volume from non-magnetic solution
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;=<0>;=<0> ?? @BADC@BADC
E=F
GE=F
G ??

UPd3: Prediction of
delocalization of f-
electrons at 25 GPa

Phys. Rev. Lett. 88 (2002) 
216403
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;=<?>;=<?> @@ A�BA�B CC DD EE

O.K. Andersen et al., PRB 49, 4145  
1994-II)

c

a

b

Cu

OY

Ba

F=GIHKJML NPOMQIRF=GIHKJML NPOMQIR S OMT HMQIUWV HIXS OMT HMQIUWV HIX

YY ZW[ \�]�^ _a`�bWc$dZW[ \�]�^ _a`�bWc$d eaf6g�hji�k8lnm oqpro�hrsjf t4u t�vxw�u m o�hzyeaf6g�hji�k8lnm oqpro�hrsjf t4u t�vxw�u m o�hzy
l$pzs�o�f w�f hroq{8s�y�|}w�~rsjf tzf6� hrw�f*f6grhl$pzs�o�f w�f hroq{8s�y�|}w�~rsjf tzf6� hrw�f*f6grh
� ������� ��� �r�=�z�$�z����� ��� �r�M�r���#�����r���r�� ������� ��� �r�=�z�$�z����� ��� �r�M�r���#�����r���r�
��� ��� �r�q�8�$���� ��� �r�q�8�$� �6��6� ��

�� �*�8� ����� ���r W¡$¢�*�8� ����� ���r W¡$¢ £a¤6¥r¦j§�¨8©«ª ¬q­r¬�¦r®j¤ ¯4° ¯�±#²�° ª ¬�¦z³£a¤6¥r¦j§�¨8©«ª ¬q­r¬�¦r®j¤ ¯4° ¯�±#²�° ª ¬�¦z³
©$­z®�¬�¤ ²�¤ ¦r¬q´8®�³�µ}²�¶r®j¤ ¯z¤6· ¦r²�¤*¤6¥r¦©$­z®�¬�¤ ²�¤ ¦r¬q´8®�³�µ}²�¶r®j¤ ¯z¤6· ¦r²�¤*¤6¥r¦
¸ ¹�º�»�¼ ½�¼ ½r¾4¿jÀ$ÁzÂ�Ã�Ä »�Ä ¹rÃM»rÃ�Å#Æ�Ç�Èr»�½rÂ¸ ¹�º�»�¼ ½�¼ ½r¾4¿jÀ$ÁzÂ�Ã�Ä »�Ä ¹rÃM»rÃ�Å#Æ�Ç�Èr»�½rÂ
Ã�Ä »�Ä ¹rÃqÉ8À$ÁÃ�Ä »�Ä ¹rÃqÉ8À$Á Ê6ËÊ6Ë ÌÌ
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SIC selects the number and symmetry of the localised states

Ionic Configuration of YIonic Configuration of Y3+3+BaBa2+2+
22CuCu2+2+

22CuCu1+1+OO22--
6  6  gives rise to an insulatorgives rise to an insulator
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Configuration of YConfiguration of Y3+3+BaBa2+2+
22CuCu2+2+

22CuCu3+3+OO22--
6 6 gives also rise to an insulator. gives also rise to an insulator. 

The two Cu chain d states are split off from below the bottom ofThe two Cu chain d states are split off from below the bottom of the valence band, the valence band, 
and occur, occupied, at the top of the valence band.and occur, occupied, at the top of the valence band.

<>=@?<>=@? AA B�CB�C DD EE FF

GIH JLK�M NOK�P�M N�QIRTS P�RUNIVIWTX�R Y�ZI[�\#MI] R N�K�R@R ] R#K�S Y Z�N�^GIH JLK�M NOK�P�M N�QIRTS P�RUNIVIWTX�R Y�ZI[�\#MI] R N�K�R@R ] R#K�S Y Z�N�^



� � ��� ��� � � 	�

����� ��� � ��� ����� � 	���� 	�� ��� � � ���
��� ��� ����� 	
����� �

� � !�"
��� � ���#�����$����� ����
�% �#��� ��� &�'�� (*) +�, � -$.�	�� � ��� ��� ���0/�� ��� � � 	�
��1-�� 	�2�� ���436587836587 9�56: 3 ;

Configuration of YConfiguration of Y3+3+BaBa2+2+
22CuCu2+2+

22CuCu3+3+OO22--
6.5 6.5 still gives rise to an insulator. still gives rise to an insulator. 

This is accomplished by creating more unoccupied chain and planaThis is accomplished by creating more unoccupied chain and planar Cu d states.r Cu d states.

Configuration YConfiguration Y3+3+BaBa2+2+
22CuCu3+3+

22CuCu3+3+OO22--
6.56.5 is metallic and  is the state with the lowest total energy.is metallic and  is the state with the lowest total energy.
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W.M.Temmerman, H. Winter, Z. Szotek and A. Svane, PRL 86 (2001) 2435

Metal-Insulator Transition in YBCO

The evolution in the CuO2 plane from insulating to metallic behaviour upon 
oxygenation is accomplished by the delocalisation of the majority Cudx

2
-y

2-O2px-O3py

band
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J.D. Jorgensen et al., Phys. Rev. B 41 1863 (1990)

Apex O

W.M.Temmerman, H. Winter, Z. Szotek and A. Svane, PRL 86 (2001) 2435

Structural Aspects of Cu valency of CuO3



� � ��� ��� � � 	�

����� ��� � ��� ����� � 	���� 	�� ��� � � ���
��� ��� ����� 	
����� �

� � !�"
��� � ���#�����$����� ����
�% �#��� ��� &�'�� (*) +�, � -$.�	�� � ��� ��� ���0/�� ��� � � 	�
��1-�� 	�2�� ���436587836587 9�56: 38;

<>=@?BA@=@?DC E FBG<>=@?BA@=@?DC E FBG

HH IKJML
N#OIKJML
N#O PP
QQ R�SMTMU VR�SMTMU V
QQ W X�Y�SMZ [�\ ]�^W X�Y�SMZ [�\ ]�^
QQ _a`�bDc dfe gMh�i#j_a`�bDc dfe gMh�i#j
kk l
ml
m n8on8o p�q rMs q t u�vp�q rMs q t u�v

ww x�yMz
{�|x�yMz
{�| }}
~~ ��� �6� ��� � �#�D��� �M� ���� �6� ��� � �#�D��� �M� �
�� � �����M� ��� ���� �����M� ��� ���
�� �a�M�0� ��� �M���#��a�M�0� ��� �M���#�
�� �
��
� � �� � ���   � � ¡ ��¢���   � � ¡ ��¢

£ ��¤ �M¥�¥�¦M¤ � ¦ ¢K����� ��� � ¥�¡ ¥ � ¦ ��§�� ¡ �D¨ ¦ © ª « ¬ ­ ®K¯ ¬ °
±�² ³´ µ�¶�·K¸ ¹
ℵ º ℵ »K¼ ½

¾>¿@ÀBÁ@¿@ÀDÂ Ã ÄBÅ¾>¿@ÀBÁ@¿@ÀDÂ Ã ÄBÅ

ÆKÇMÈ
É#ÊÆKÇMÈ
É#Ê ËË Ì ÇMÈ
É�ÊÌ ÇMÈ
É�Ê ËË

t2g

eg d4

S=4/2

t2g

eg d3

S=3/2



� � ��� ��� � � 	�

����� ��� � ��� ����� � 	���� 	�� ��� � � ���
��� ��� ����� 	
����� �

� � !�"
��� � ���#�����$����� ����
�% �#��� ��� &�'�� (*) +�, � -$.�	�� � ��� ��� ���0/�� ��� � � 	�
��1-�� 	�2�� ���436587836587 9�56: 38;

<>=@? ?�ACB DFEHG =@IKJLG INM$DPOQIKR<>=@? ?�ACB DFEHG =@IKJLG INM$DPOQIKR SS

TT UHV W�X$Y�V XFW�ZUHV W�X$Y�V XFW�Z
TT U1[F\ ]U1[F\ ]
TT ^$_$`Ka�bFc^$_$`Ka�bFc
dd egf�hFi j�kKl megf�hFi j�kKl m



� � ��� ��� � � 	�

����� ��� � ��� ����� � 	���� 	�� ��� � � ���
��� ��� ����� 	
����� �

� � !�"
��� � ���#�����$����� ����
�% �#��� ��� &�'�� (*) +�, � -$.�	�� � ��� ��� ���0/�� ��� � � 	�
��1-�� 	�2�� ���436587836587 9�56: 38;

Cubic LaMnO3

Correct valency

Distorted LaMnO3

Correct magnetic structure in LSD (and also for Mn d4)

Orbital Ordering
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Assuming the experimental physical structure,
the correct valency, magnetic and orbital ordering is obtained.

Distorted LaMnO3

Results readily explainable in terms of intuitive picture of 
minimising overlap between Mn eg orbitals and adjacent 

oxygen p orbitals. 

Density of states in the Orbital Ordered State

Unfavourable

AF ordering: (3xAF ordering: (3x22--r2, 3yr2, 3y22--rr22) ) 
along along shortshort bond lengthsbond lengths

Most favourable

AF ordering: (3xAF ordering: (3x22--r2, 3yr2, 3y22--rr22) ) 
along along long long bond lengthsbond lengths

Mn d-O p overlap is minimized

Strong Mn d-O p hybridization

O 2s

La 5p

Mn d4
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De-localisation transition in LaMnO3 as a function of pressure

MetalMetal--Insulator Transition at 32Insulator Transition at 32 GPaGPa (I. Loa et al, PRL 87 (2001) 125501)(I. Loa et al, PRL 87 (2001) 125501)

212 Å3

Experimental:
Ω (ambient pressure) 244 Å3

Ω (metal) 210 Å3

;=<�>�?@< A=BDC;=<�>�?@< A=BDC

SIC-LSDA + KKR-CPA

Dynamical KKR-CPA DMFT+QMC (auxiliary fields)

EDF�G H�I8J F�K LMLONPHPQ J R8J QSEDF�T�U
V�W�X�Y[Z*\P]PW_^ Y
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Local SIC: KKR-SIC Method

• simple implementation of the SIC: phase shifts instead of bands

• Green’s function is obtained via multiple scattering equations
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SIC calculation with KKR-ASA

µ =1.7µB
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SIC calculation with LMTO-ASA [4]

µ =1.7µB

NiO, antiferromagnetic alignment
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