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T =�Yu=�DuB B��mY[B.I@tuLvZSI�tE_

��!m�&)*� ������4 �������-�04��B��e���i��� � [V1��
� Hm_ � R�n � Hm_ TIF G _ W _B� hSYutcI�B]NOt[ZSI a k-� B]W�B.I|i D B]hINOLOtuYuLOx W�B]tuxyDMLOK�YuLvZSI ZRTot[Y[DuZSIBKUN �

xyZIDuDuB]NOhSY[B]W�?qhSY[BEDMLOhINOt]_
� Hm_ TIF n � dw_~RIR �U=�hRI���_@<GZ&�IZUh�a kmK|hILJI|i E O�BEZIDuBEYuLOxEhINbt[Yu=�WB� ZRT YcO�B G h0KSI�BEYuLOtu?/LeI

G ZUNvB]xE=@NOhSD G hSY[BEDMLOhINOt>=�tuLJIBKhSA�LeI�LvYuLvZ

}=�hRIwYu=�? Q�O�B]?�LOxEhIN G BEYcO�ZmW�t]_

� dw_~RIR�n � dw_ PIF G LOx8O�B]NvB?Q hSY[YuL a W YuhINJ��i � LvBEeEZmB]NvB]xyY[DMLOx:hRI�WjT BEDMDuZwB]NOB]xyY[DMLOx}K�DuZIKCBEDuYuLOB]t
ZRT xyDP�mt[YuhINrt A �
hSA�LJI�LOYuLvZ�KCBEDMLOZmW�LrxnvFQ J p xEhINOxE=�NrhSYuLvZSI�tE_

� dw_ PIF n � km_~RIR � �!�/ ��!�!����4 �

�
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R �m_~RIR�npR �m_ PIF <>LOxyZUNrhIt � hSK@hRI�LOxyZUNOhSZU=&a UfDuBEB]xyB i k	B]?qL n B]?K@LODMLOxEhINCLJIwY[BEDMhSY[ZU?qLOx}KCZIY[B.IwYuLOhINOt

T DuZU? �|DMt[Y n K�DMLeI�xELvK@NvB]t Y[ZIYuhIN nXB.I�BEDcKR�
xEhINrxE=�NOhSYuLvZSI�t]_

R �m_ PIF npR �m_ FSR N�_�kC_|kmY[BEK@hRI �m=�g a UfBEDM?�hRI ��i G h0KSI�BEYuLOtM? ��kmY[DM=@xyYu=�DuB hRI�W W IwY[BEDMhIxyYuLvZSI�t
ZSI�YcO�B hSY[ZU?qLOx:tuxEhINvBI_

R �m_ FSR�n � R	_ � F J:_BN _ D =�A@hRI adcfB.I�?qhSDug�i Q ZSI ��KU=�DMhSYuLOZSI�hINCYcO�BEDM?Z	WB�bI�hI?qLOxEt ZRT ?BEYuhINONrLOx
hINrNvZ��	tXT DuZU? �@DMtuY n K�DMLJI�xELOK@NvB]tE_

� R	_ � F n � R	_��UR k�_ W _|k�LO?qhSg a k-� B]W�B.I|i p DMW�BEDMLJILK LeI ?�=�NOYuLOxyZU?KCZSI�B.IwY hINrNvZ��	t
T DuZU? �|DMt[Y n K�DMLeI�xELvK@NvB]t]_

� R	_��UR�n �I� _ � R ~?�(���-������� �L: � � �!�/ ��!�!����4 �
 �����	��
���� ��� !&�6�4 � � ���F���/S�L�&���4*!m���<)*� ��� ����6��-4*�-���*!"!"! !��&�-'<! �
�I� _ � R�n �I� _ TIF g _@cfDuB��	tut��B a5a�DMhRI�xyB i g Z��#Y[Z�W�B]tuxyDzLvACB}tuB]N Trn ZIDPKUhRI�LOtuhSYuLvZSI

hRI�W N _ E ZIgShSD a5a�DzhRI�xyB i LeI{O�BEY[BEDuZRKIB.I�BEZU=�tft=�	t[Y[B]?qtE_
�I� _ TIF n � Pm_~RIR �UhRI�ZUt�� ZUNON �hSD:a g =LIBKUhSDc��i G hSY[BEDMLOhINrtGW�B]tuLJKSI LJI YcO�B

xEhINrxE=�NOhSYuLvZSI ZRT tu=�DPT hIxyB:tuY[DuB]tut
hRI@W't[Y[DM=�xyYu=�DMhIN LJI�t[YuhSA|LONONOLvYuLOB]t ZRT
KCBEDuZ&�mtugmLvY[B]t]_

� Pm_~RIR�n � Pm_ PIF J>W�hI? � LvB �cI�h a � ZUNrhRI�W|i J>A@t[ZIDMA@hSY[B:t[Y[DM=@xyYu=�DuB]t ZSI'?qBEYuhIN
hRI@W Z��LOW�B tu=�DcT hIxyBI_

� Pm_ TSR�n � Tm_ TSR vb=LI�x8O
� Tm_ TSR�n � Tm_ FIF k	hRIBKIBEBEYuh kBO�hSDM?qh adJf=�t[Y[DMLOhji <>ZSI	npNOLeI�B]hSDlhRI�W'NOLeI�B]hSD ZIK�YuLOxEhIN

K@DuZIKCBEDuYuLvB]t ZRTot[B]?qL npxyZSI@W�=�xyY[ZID
tM=�KCBEDMNOhSY[YuLOxyB]tE_

� Tm_ FIF n � ��_ PSR rX= _d� = _�NoBEg	LONvZ&� a D =�tutuLrhji 
 =�hItuLOxyDc�	t[YuhINOt hRI@W YcO�B]LvDlhSK�K|NOLOxEhSYuLvZSI�t]_
� ��_ PSR�n � ��_ FIF g hSDMLOY[ZSI � ZUNOhSY[ZRKUNvZU=&a U}DuBEB]xyB i W I �IB]t[YuL KUhSYuLvZSI�tGZRToW�B�T B]xyYut

LeI BEK@LvYuh ��LOhINON � KIDuZ��VI¨U}hI<:_
� Fm_~RIR�n � Fm_ TSR Q Z0��BEB:A�DuB]hSg�_Xc}LOtuxE=�tutMLvZSI _
� Fm_ TSR�n � Fm_ FIF JGDuY[B]? h hSDzhRI�Z�� a UfBEDz?qhRI ��i Q ZIA�ZUNOYtI�hRI�ZULOtuNrhRI�W�t ZSI¡Q =ba �I�I� iz_
 �����	��
���� ��� !&�6�4 � � ���F���/S�L�&���4*!m���<4\�*/ ���-�L�{'@�B�&� �0�����! �
� Fm_ FIF n � Hm_ PSR N�_ p LOt[ZSI hRI�W�a5a�DzhRI�xyB i K&=2]�:\;B:*'*:�G xEhINOxE=�NOhSYuLOZSI�t ZRT

a _�N�LONrNOhILO?Ba5a�DMhRI�xyB i W�B�T B]xyYut>hRI�W'W�L}� =�tuLOZSI LeI ?BEYuhINOtE\
hqYcO�ZU=�DuZU=BKSO�t[Yu=�WB� ZRT
�ShIxEhRI�xELvB]t>LJI W DuZSI _

� Hm_ PSR�n � Hm_ FIF U _ D ZU?�h�a5a�DMhRI�xyB i J �@Dzt[Y K�DMLJI�xELOK@hINOt t[Yu=�WB� ZRT�I@hSYuL �IB
W�B�T B]xyYut9��xyZSI�xyB.IwY[DMhSYuLvZSI�t9�|t[B]N T nXW�ZIK@LJIBK+�
hRI@W'W�L}� =�tuLvZSI LJI hINOK�O�h�n Nm=�hSDuY[eI_

� Hm_ FIF n � dw_ PSR � �hSD p Nrtut[ZSI�a k-� B]W�B.I|i D B]hIxyY[ZIDf?�hSY[BEDMLOhINOtE_

� dw_ PSR�n � dw_ TSR ~ ����!�54*6@���-'<�L��:\! �
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(d1-d2LI ) hybridization (Uozumi et al., 1993). Cluster-
model analysis has revealed considerable weight of
charge-transfer configurations, d3LI ,d4LI 2, . . . , mixed into
the ionic d2 configuration, resulting in a net d-electron
number of nd.3.1 (Bocquet et al., 1996). This value is
considerably larger than the d-band filling or the formal
d-electron number n52 and is in good agreement with
the value (nd53.0) deduced from an analysis of core-
core-valence Auger spectra (Sawatzky and Post, 1979).
If the above local-cluster CI picture is relevant to experi-
ment, the antibonding counterpart of the split-off bond-
ing state is predicted to be observed as a satellite on the
high-binding-energy side of the O 2p band, although its
spectral weight may be much smaller than the bonding
state [due to interference between the d2→d1

1e and
d3LI →d2LI 1e photoemission channels; see Eq. (3.12)].
Such a spectral feature was indeed observed in an ultra-
violet photoemission study by Smith and Henrich (1988)
and in a resonant photoemission study by Park and
Allen (1997). In spite of the strong p-d hybridization
and the resulting charge-transfer satellite mechanism de-
scribed above, it is not only convenient but also realistic
to regard the d1-d2LI bonding band as an effective V 3d
band (lower Hubbard band). The 3d wave function is
thus considerably hybridized with oxygen p orbitals and
hence has a relatively small effective U of 1–2 eV (Sa-
watzky and Post, 1979) instead of the bare value U
;4 eV. Therefore the effective d bandwidth W becomes
comparable to the effective U : W;U . With these facts
in mind, one can regard V2O3 as a model Mott-Hubbard
system and the (degenerate) Hubbard model as a rel-
evant model for analyzing the physical properties of
V2O3.

The time-honored phase diagram for doped V2O3 sys-
tems, (V12xCrx)2O3 and (V12xTix)2O3 , is reproduced
in Fig. 70. The phase boundary represented by the solid
line is of first order, accompanied by thermal hysteresis
(Kuwamoto, Honig, and Appel, 1980). In a Cr-doped
system (V12xCrx)2O3 , a gradual crossover is observed
from the high-temperature paramagnetic metal (PM) to

FIG. 69. Photoemission spectra of V2O3 in the metallic phase
taken using photon energies in the 3p-3d core excitation re-
gion. From Shin et al., 1990.

FIG. 68. Corundum structure of V2O3.

FIG. 70. Phase diagram for doped V2O3 systems,
(V12xCrx)2O3 and (V12xTix)2O3. From McWhan et al., 1971,
1973.
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